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1 Introduction 

The European data sets for historical financial and firm data are heterogeneous due to different laws and 

regulations, languages, and currencies of the individual countries (Karapanagiotis, 2019). Nevertheless, 

EURHISFIRM brings countires with different data sets to agree on flexible standards for the said data, 

allowing users to analyse such heterogeneous source data based on an extendable common data model 

(CDM) with, amongst other means, a uniform identification scheme across the countries. 

All data points relevant to EURHISFIRM remain in the past. However, data models and respective standards 

need to evolve as the retrieval of the data has not been finalised yet. Chapter 2 presents various triggers 

for necessary changes to the CDM after the initial implementation. The CDM consists of several 

dimensions, all of which are affected by changes. We explain these dimensions and the changes to them 

in chapter 3. Chapter 4 presents the semantic equivalence model to support varying underlying 

technologies. The changes require EURHISFIRM to design an initial CDM and develop a process to reflect 

in the future newly collected data so that this model fulfils the users' underlying data requirements. This 

process is explained in chapter 5. It has already been applied practically within the project and in chapter 

6 will be elaborated how to continue after the project. The different steps within metadata management 

in EURHISFIRM are explained and illustrated using the EURHISFIRM Legal Entity Standard for the 

indentification of legal entities (e.g. corporations). Finally, in chapter 7, we will summarise the results and 

place them in the project's overall context. 

2 Justification for Changes to the CDM 

In the later implementation of the EURHISFIRM system, a set of initial standards for different types of data 

shall be available, which allow the compatibility of data on a European and a national level. If further data 

with different characteristics were integrated into the system, the existing standards for these data would 

have to be revised. For new subject areas for which no standard has yet been defined, data cannot be 

integrated with other data until required standards are defined and implemented. 

Revising the standards may be necessary due to the appearance of new data or data characteristics and 

changes in user requirements. 

Changes can therefore be classified into two dimensions. They are either data- or end-user-driven, and 

they are either changes to an existing data type or require new ones. 

This two-dimensional matrix illustrates how change can be initiated. 

Table 1: CDM Change Scenarios 

The following examples illustrate potential changes within said 2x2 dimensions.  

CDM Change Scenarios Covered Subject Areas New Subject Areas 

Data-driven Use Case 1 Use Case 3 

End-user-driven Use Case 2 Use Case 4 
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Use Case 1: The CDM has to be adapted to a new collection of of financial and corporate data. For 

instance, data from a European country that has not yet added any data sets. Since historical financial 

and firm data can differ significantly between countries, it is possible that the regional specifics of the 

data set are not considered in the existing standards. Thus, it must then be decided to what extent the 

source's additional features should be reflected in the CDM. 

Use Case 2: Due to EURHISFIRM's focus on data up to 1980, users may wish to link data to another 

database with more recent  data to conduct cross-cutting analyses. The other databases may not use 

the same identification scheme as EURHISFIRM. This may lead to the consideration of adding a link 

table to the CDM to enable the user's analysis. 

Use Case 3: EURHISFIRM mainly deals with financial and firm data collected by various institutions and 

individual researchers. Hypothetically, the latter may have investigated the link between stock prices 

and a subject area that was not yet part of EURHISFIRM, such as results of a national election, which 

is why the researcher's data set contains both types of data. Therefore, it must be decided whether, 

for instance, election results should become an integral part of the CDM and whether their standards 

should be defined. 

Use Case 4: The focal point of EURHISFIRM is on financial and firm data. However, users might pursue 

broadening the scope and extending to other data from new subject areas, such as socio-technical 

(e.g. patents) and sociological (e.g. staff careers, shareholders, and partners) data, which would 

require an extension of the CDM to new subject areas. In contrast to the previous example, the request 

here is made by the user of the system and not by data that is already available. 

The four use cases show that it is necessary to define a process for further developing the CDM after its 

implementation. 

3 The three dimensions of the Common Data Model 

The CDM development in EURHISFIRM takes place in three dimensions: the federated system architecture, 

the stages of processing of data from raw source to harmonised end-user content, and the CDM that 

provides semantic definitions and relationships. These dimensions will be explained in this chapter.  

A standardisation committee, named Working Group of Identification and Standards (WGIS), consisting of 

experts from all work packages and external consultants, plays a central role. Over 18 months, the WGIS 

met every 14 days to discuss and when necessary to revise the CDM's standards. The process of this 

revision will be explained in more detail in the following chapter 5.2. The entire CDM is too complex to 

generate all versions in one run. Instead, it was developed incrementally within the project's framework 

to have more communicable and thus manageable sub-packages, which can also be revised again in the 

ongoing process. We expect such revision processes more often at the beginning of such a work schedule 

and have these occurrences be substantially reduced over time. 
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3.1 Federated System Architecture 

First, the intended development process and data architecture were discussed in the project. A Federated 

System Architecture was already mentioned in our proposal to the European Commission and during the 

project's meetings identified as the most suitable solution, based on which the following diagram was 

created. The federation comprises actors who share equal rights and have agreed to common subject 

standards and communication standards. The federation of research infrastructures based on a National 

Competence Centres network is invisible to the European data model user. Figure 1 visualises that users 

only see the Common Data Access Service (CDAS), but not the underlying gateways, even if they 

simultaneously access all their data. This leads to enhanced usability for the users but requires the data to 

be transformed from raw to standardised. 

 

Figure 1: EURHISFIRM Common Data Access Service Data and Technology Standard Zones (by Jefferson Braswell) 

This diagram was the first idea of a later design, revised in the project's subsequent developments. First, 

the diagram's components will be explained in more detail, so that their relationship to one another can 

then be explained. 

A Legacy Database (L) is a currently existing database containing relevant data in the scope of EURHISIFRM 

(for instance the French D-FIH database, https://dfih.fr). In the drawing, we have, for instance, L1 and L2. 

This data is in a digital but non-harmonised format compatible with the CDM. In contrast, Legacy Source 

(S) is a scan of a newspaper or a spreadsheet (i.e., OCRed), again not yet harmonised. The initial hypothesis 
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of Data Gateways (G) tasks was to dynamically access local data and transform that data to support the 

common data access service. So G1 would dynamically access and transform L1 and L2 into a CDM 

compliant format. This dynamic virtual access was intended behind this gateway, and the design has been 

evolved during the project to process stages explained in the next chapter. NCA 1 is a source contribution 

to EURHISFIRM by a National Competent Authority in which the CMD standards have been realised 

employing their own Data Governance (DG1). A CDM Compliant Gateway (CDMG) is an implementation 

that complies internally with the CDM specifications. This allows the database to be readily accessed. 

Consumers (C) are users that interact with the system in various forms, via e. g. a web browser or an 

application programming interface (API) connection. Data Admins (A) are individuals, groups, or 

organisations that perform metadata management or data governance functions. The Common Data 

Access Service (CDAS) is the service that provides an initial point of access and facilitates user requests to 

access data in the EURHISFIRM federated architecture. Metadata Management is the process by which a 

data model is maintained and enhanced, and Data Governance (DG) is the process by which data quality 

is ensured (Bernstein, 2003, Khatri and Brown, 2010). 

The layers in the diagram above represent a vision of the system architecture based upon the objective to 

translate user requests using a CDM to the representations of sources. Successive work on this vision has 

led us to realise that the gateway layer on this diagram is best realised by a series of process stages 

described in Figure 2. In this diagram, two primary types of standards have been identified: Data standards 

and technology standards. The need for data standards is being addressed with the CDM. The need for 

technology standards is being addressed in another dimension which has to do with data staging and 

operational system governance (Work Package 9). The different layers in the original vision diagram 

describe different types of needed standards and are relevant at that architecture level. These standards 

are objectives which must be developed for the implementation of a EURHISFIRM infrastructure. That is, 

the standards at the top levels involve the CDM. The standards at the lower levels involve the conventions 

for acquiring and cataloguing source data in a form that will allow the data to be harmonised and 

integrated with the higher-level CDM.  

Furthermore, users submit queries to the CDAS. After receiving the data, the user may find mistakes or 

gaps in the data provided and may wish to correct or contribute additional data updates or revisions. As a 

part of this process, the end-user can drill down to the sources to validate their feedback or contributions. 

To this end, raw sources shall be preserved, and mechanisms for accessing them will be provided. This 

offers a mechanism to allow the correction of data errors in EURHISFIRM.  

3.2 Data Staging 

The 'gateway' function in the original diagram has been replaced by a series of process stages already 

described in Report D5.2 (Karapanagiotis, 2020) that accomplish the objectives of transformation and 

integration of sources into the CDM representation. These steps are described in Figure 2. 
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Figure 2: EURHISFIRM Data Staging (by Jefferson Braswell) 

This diagram shows the process stages to perform the previously mentioned transformation of original 

data to CDM-compliant data to provide data to end-users with the CDAS. It visualises the sources out of 

which data is collected by Data Collection Units (DCUs). The Data Submission Units (DSUs) have the 

objective of harmonising data formats and labels collected by the DCUs to submit harmonised data to the 

Network Integration Centres (NICs). Harmonisation means to transform the data using the same metadata 

description as tags, labels and field formats. The NICs process the data submitted by DSUs to provide 

common identification of – as first examples - entities and financial instruments to support CDM access by 

end-users. The NICs can then integrate data and provide it to end-users in the CDAS.  

The coordinated operation and coordination of the different process stages are essential to provide high-

quality, consistent data to end-users. The harmonisation, identification, and consolidation of data in this 

fashion is crucial to achieving the EURHISFIRM research infrastructure's objectives. 

This process does not prevent users from examining multiple layers of CDM-compliant data to source data 

as transformation steps should be transparent. The harmonisation process between DCU and DSU is also 

consistent with the Data Documentation Initiative (DDI) metadata definitions of variables for local data 
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and conceptual variables for harmonised data. Local language labels for financial terms will be replaced 

with common terms for the same data elements. 

3.3 Core Data Model of Firms and Securities and Derived Entities 

Content-wise, the very core of the future EURHISFIRM data structure concerns the "financial realm" of 

listed corporations (as an initial legal entity type). This approach results in financial data on firms (for 

instance as contained in the profit and loss statements) and in their stock data on (as an initial financial 

instrument type) e.g. share price. Both entities enable the modelling of the stock market as an initial 

market type, with currency as an attribute. These three subject matters constitute the centre three 

columns in Figure 3. Our wording "initial" implies that this very core data structure later can be and has to 

be incrementally extended, for instance by additional entity types (e.g. natural persons) and by additional 

financial instruments.  

A common identification of the very core entities enables common access of end-users to data. Thus, we 

need identification standards for legal entities, financial Instruments and markets. 

 

Figure 3: EURHISFIRM Central Entities (by Jefferson Braswell) 

Specifications that elaborate aspects of this semantic model have been developed using a widely accepted 

standards development methodology (Enterprise Architecture (see D5.4)). by a standards development 

team in EURHISFRM (the WGIS). The development of these standard specifications evolved throughout 

the project by leveraging specific existing industry standards that pertain to the identification of 

organisational entities and financial instruments. That is, the ELEI (EURHISFIRM Legal Entity Identifier) is 

derived from the reference data standards for the LEI (Legal Entity Identifier) as published by the Global 

Legal Entity Identifier Foundation (GLEIF). The ELEI extends the reference data of the LEI by enabling 

historical snapshots of changes in entity reference data (something which is not supported in the GLEIF 

standards). The EFII (EURHISFIRM Financial Instrument Identifier) likewise is derived from the Object 

Management Group (OMG) Financial Instrument Global Identifier (FIGI) standard, which provides for the 

identification of securities at different hierarchical levels, namely trading venue, sovereign jurisdiction, and 
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the issuing corporation. These two identifiers, ELEI and EFII, establish the initial foundation for organising 

and integrating data from various sources related to these two fundamental classes. The double arrows in 

the diagram indicate that these entities have a relationship to all various data elements that a user can see 

when accessing the system. 

Below the two core entities, there are the corresponding artefacts. In the diagram, artefacts are a 

mechanism to collect data samples in flexible containers that do not have rigid structures, which will be 

further explained in the subsequent chapter 7.  

Current work is ongoing regarding CDM standards for collecting and identifying financial data associated 

with these two fundamental classes. 

4 Overarching Semantic Equivalence 

In light of the different platforms that may be most appropriate to use at various stages of a data collection, 

data harmonisation, identity-matching and end-user common access layers of functionality that exist in 

EURHISFIRM – as well as the data formats that would be used to transfer data between stages -- a higher-

level, the semantic approach is needed.  

This "semantic equivalence" approach allows for the interaction and integration of data on collaborating 

platforms in a distributed, federated architecture that can be a hybrid of technological platforms best 

suited for use in different areas of the system. The figure below shows this compatibility with varying types 

of sources. This approach enables historical data to be collected at one level and propagated through the 

system to other user access levels that may involve different access and storage forms. 

 

Figure 4: Overarching Semantic Equivalence 
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On the bottom are the different possible technologies in which source data is stored. Depending on the 

type, they can be grouped into more general classes such as relational data, object data or graph data. The 

semantic equivalence model allows the user to accommodate these different formats to account for the 

needs and requirements. These needs and requirements exist – as defined in Enterprise Architecture – on 

the different architectural levels of business, data, application, and technology. 

5 Metadata Management 

Metadata management is the end-to-end process that facilitates the integration and evolution of a schema 

describing the underlying data (Bernstein, 2003). With the higher complexity due to heterogeneous and 

unstructured data, a semantic model is used instead of a schema, because it is more flexible (Rajput and 

Khoja, 2018). It describes the characteristics of the existing values, the different expressions of the values 

and their origin. An example of the DDI metadata description describing the sources can be obtained from 

the data and sources documentation provided by Work Package 4 (Poukens, 2019). As a result, only the 

described values can be stored in the system. Like the staging system displayed in Figure 2, there are 

various layers of metadata on each stage. We have metadata on the bottom layer describing the sources 

and a different metadata level to build the relationship between the sources and the harmonisation layer. 

On top, we have the metadata that the end-user is utilising to query the system. All these levels need to 

be maintained and managed. 

To illustrate the governance of these changes to the CDM, we describe a procedure based on the model 

of GS1, an organisation that has been implementing a process for generating and updating standards for 

logistics data management for many decades (GS1, 2019). This process of self-binding cooperative 

decisions on standards (a concept of committed consensus) has already been similarly applied by the 

Working Group of Identification and Standards (WGIS) within the project. For this purpose, after some 

ramp-up activities of all working packages, an agreed initial list of  standardised objects was defined. This 

list, presented in Table 2 in chapter 6 of this report, was distributed to all consortium work packages. 

Subject matter experts of each work package were then delegated to the group, which developed and 

agreed on the standards together. These standards were designed to align with the FAIR principles, to 

provide a research infrastructure that facilitates findable, accessible, interoperable and reusable data 

(Wilkinson et al., 2016). 

5.1 Participants of the change process 

We explain the different roles depicted in the metadata management process diagram in Figure 5 and the 

individuals and organisations who fill these roles to understand the metadata management process. 
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Figure 5: Metadata Management Visualization 

5.1.1 Stakeholders: Organisation/Person 

Who should be able to request changes to the EURHISFIRM CDM? Every stakeholder should have the 

possibility to request a change to the EURHISFIRM system if enough evidence is provided to justify the 

change application. 

5.1.2 Metadata Management Operational Unit 

To accompany the further development of the EURHISFIRM system and its CDM, an operational unit must 

deal with metadata management. It should be composed of specialists and representatives from the 

different members of the EURHISFIRM system. It is advisable to fill voids with external experts' 

competency. 

5.1.3 Mission Group 

The mission group deals with the definition and development of standards, which are not yet realised in 

the implementation of EURHISFIRM. This group is fulfilling the work that was performed by the WGIS 

during the EURHISFIRM design project. The group should consist of subject matter experts (SME) for 

metadata management from various countries. This means that they are also already part of the Metadata 

Operation Unit of EURHISFIRM described above. This group should be enriched with external experts for 

the topics to be discussed as necessary. 
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5.1.4 Maintenance Group 

This group is not visible in the process diagram and not operating until an initial implementation of the 

EURHISFIRM system has taken place. Like the mission group, the maintenance group is also part of the 

operational unit of metadata management, and a person can potentially work in both groups. This group 

is concerned with further developing existing standards, once they are decided to be implemented in the 

EURHISFIRM system. This group is closely connected to the EURHISFIRM data governance responsible for 

ensuring the various members' implementation. As long as the system is not in an implementation state, 

this group is not active. 

5.1.5 EURHISFIRM Governance 

The overarching governance of the EURHISFIRM system is manifested by the organisational structure and 

rules within the community. Governance comprises a set of processes aside from metadata management. 

Part of the EURHISFIRM governance is the data governance topic, ensuring that the mission group's 

decisions are enacted and maintains data quality (Khatri and Brown, 2010). These processes will not be 

discussed in this report, as the system governance and business model are part of the reports of work 

package 10. This includes, for example, the various processes for decision-making within EURHISFIRM, but 

also the monitoring of implementation and compliance with them. 

5.2 Metadata Management Process 

To update and extend standards within the EURHISFIRM system, the metadata management's underlying 

process will now be explained in detail. 

Initially, any stakeholder is entitled to request changes to the metadata of EURHISFIRM. This is enabled 

regardless of the communication channels or the nature of the requested change. These submitted 

suggestions for changes are pre-filtered and prioritised by the Metadata Management Operations Unit of 

the EURHISFIRM project. In an already implemented system, it would also be evaluated whether the 

requested change concerns a standard already implemented or a standard not yet implemented, to 

evaluate a potential impact on the metadata and the governance unit. 

The mission group should meet at regular intervals to discuss the various standards. Following the 

EURHISFIRM design project, the current set of standards will need to be revised, which the mission group 

should address. Once a standard has been revised, the mission group should submit it to the EURHISFIRM 

Governance Unit. The EURHISFIRM Governance Unit will debate and finally decide on the alteration or 

implementation of the standard. However, once a standard has been adopted, this should not mean that 

the mission group cannot develop it further. On the contrary, standards should be continuously reviewed 

and revised based on the model of Continuous Integration / Continuous Deployment (CI/CD), as it is 

applied in large software companies (Gallaba, 2019). 

6 Evolving Common Data Model 

We propose to develop and refine the CDM in the same way as the initial set of standards was designed 

in the project. This means that the CDM parts will be revised again and again based on the  requirements 
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changing over time. In the second half of 2019, leaders from all project work packages met to prepare the 

roadmap of the WGIS in close collaboration with the architecture designed by work package 9. 

Table 2 shows the development schedule for the various CDM (sub-)standards in 2020, where we also find 

the Data Staging topic elaborated in section 3.2. Each standardisation topic has been introduced in a first 

WGIS meeting, discussed in detail after 14 days and after another 14 days has been summarised and 

decided upon. 

EURHISFIRM CDM standards development schedule 

Date Meeting Standardisation Topic 

22. Jan 2020 WGIS 2020 Standards Development Roadmap 
06. Feb 2020 discussion   

20. Feb 2020 Feb WGIS Legal Entity Data (Identifying) 

05. Mar 2020 discussion   

19. Mar 2020 Mar WGIS Legal Entity Data (Historical) 

02. Apr 2020 discussion   

16. Apr 2020 Apr WGIS Legal Entity Data (Staging/Integration/Access) 

30. Apr 2020 discussion   

13. May 2020 May WGIS Financial Instrument Data (Identifying) 

28. May 2020 discussion   

11. Jun 2020 Jun WGIS Financial Instrument Data (Historical) 

25. Jun 2020 discussion   

02. Jul 2020 Jul WGIS Re-evaluation of the First Five Increments 

09. Jul 2020 discussion   

23. Jul 2020 Jul WGIS 2 Financial Instrument Data (Staging/Integration/Access) 

  Aug break   

03. Sep 2020 discussion   

10. Sep 2020 Sep WGIS Financial Data (High-Level Taxonomy) 

24. Sep 2020 discussion   

08. Oct 2020 Oct WGIS Financial Data (Historical) 

22. Oct 2020 discussion   

05. Nov 2020 Nov WGIS Enumerated Codes and Categories 

19. Nov 2020 discussion   

03. Dec 2020 Dec WGIS Data Provenance Drill-Down 
Table 2: EURHISFIRM CDM standards development schedule 

However, in this work sequence, a decision  four weeks after its introduction means a decision on this 

‘increment’ given our present state of knowledge. With the emergence of new findings, e.g. new data or 

use-cases, a discussion of a new or altered standard may become necessary. For instance, as visible in the 

table, identification topics have been treated repetitively to account for new insights, and in the middle of 

the schedule, a re-evaluation of the first five increments took place. The discussions were also in 

collaboration with the system architecture design created by work package 9. Other topics defined that 

did not fit in the plan for 2020 but still need to be discussed like the API design and access plan. These have 

been handled at the beginning of 2021. 
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As a content-wise example of the incremental development combined with additional data structures,  we 

see Figure 6, an updated version (after two revisions) of the central entities' standards elaborated earlier 

in Figure 3. The earlier version only shows the elements visible to the end-user; Figure 6 also shows the 

parts of the sources from where the harmonised data is derived. The figure also shows normalised versions 

of financial statements and indices. The additional lower section depicts data collection from sources 

described with appropriate DDI metadata definitions from the previously mentioned work package 4 for 

entity and market data. 

  

Figure 6: EURHISFIRM Central Entities with Sources (by Jefferson Braswell) 

The additional top layer components, the top left and top right units, are showing normalised financial 

data, which allow comparability through 'discounting' by the inflation rate, and the definition of common 

labels, and terms. 

In this report, the incremental development of a standard is exemplified by identifying organisations; we 

call these ‘legal entities’. This identification scheme is a central part of the CDM, as already seen in Figure 

3. Between January and December 2020, the identification of legal entities (and financial instruments) was 

a topic, and in July a composite decision was taken on this. Still, even in November we once again slightly 

altered the standard. 

The Global Legal Entity Identifier (LEI) was already mentioned in the EURHISFIRM project proposal to the 

European Commission as the aspired identification scheme. The choice of the LEI is also underlined by 

literature and studies (Chan and Milne, 2019, Bottega and Powell, 2012). The initial design document was 

set up in March 2020 and can be found in appendix section 9.1 Legal Entity Data Standard 1.01. 
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In the systemic course of discussions, it was identified that the LEI specification needs to be extended to 

meet historical data requirements within EURHISFIRM. GLEIF issues LEIs to contemporary active players in 

the market since 2012 and legal entities that were no longer active at that time have not and will not 

receive any LEIs from GLEIF (Global Legal Entity Identifier Foundations, 2020). For EURHISFIRM, an 

incremental revision  we call EURHISFIRM LEI (ELEI) has been developed, which is listed in section 9.2. and 

comprises the first revisions for the identification of historical legal entities. GLEIF signals its willingness to 

grant EURHISFIRM the status of a special Local Operating Unit (LOU) for historical legal entities and provide 

a cross-tabulation of contemporary and historical legal entities. 

In the course of discussions and the development of other standards, new findings were made, which again 

influenced the standard for identifying legal entities. Therefore, the standard for identifying legal entities 

was revised again to account for governmental organisations and government-sponsored entities. Section 

9.3. shows the current version of the standard. 

The development of a standard may require the revision of an existing standard, and it might be necessary 

that an entirely new standard must be defined for EURHISFIRM to extend the existing CDM. Moreover, 

also the controlled vocabularies – whenever logical – should follow existing standards. An example is 

section 3.3.8. There the Entity Legal Form data type (ELF) is defined, which is also a standard based on a 

norm of the International Organization of Standardization (ISO)(Global Legal Identifier Foundations, 2020). 

This describes the possible 'values' of the attribute Legal Form, which shows the close relation between 

standards and how they influence each other. This stepwise specifying and partly recursive process 

ensures an improved adaptation to the changing requirements of representing historical financial and firm 

data in EURHISFIRM. 

7 Conclusion and Summary 

This report concerns the process for extendable data models, i.e. the extendable CDM with its important 

interactions, including the respective processes and other data structures that may be beneficially 

integrated. 

Thus, given a substantial amount of yet unknown data sources or data structures, we regard flexibility as 

a high data structuring priority. On the data object level, the report highlights the following important 

means of extendibility: 

 We developed a core data structure comprising the following three legs: 

 A core class of legal entities as a linchpin of firm data collections  with the ELEI as advanced 

identification scheme  

 A core class of securities as a linchpin of financial instruments with the EFII as advanced 

identification scheme 

 A core class of financial markets. 
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This core data structure is envisioned to stay invariant for an extended period concerning the data 

structure as the EURHISFIRM data structure linchpin.  

Somewhat similar to the ease of "growing "relational data structures, this core data structure is extendable 

in various ways, for instance: 

 One may add new attributes to the entity classes of the core data structure, for instance spell-out 

market attributes 

 One may add new entity classes (e. g. election results) 

 We introduce the concept of an "artefact" as a form of a container of data elements gathered at 

various points and collection stages. This concept supports the ease of extending the data model's 

semantic definitions to include various flexible data elements expressed as key-value pairs. For 

example, different line items of companies' financial statements can be collected without 

requiring that they adhere to a rigid financial statement structure. 

 Combining the core class identifier standards combined with the artefact data structures enables 

the extensibility and flexibility of the CDM and interoperability with other forms of databases and 

repositories (also, for instance, with repositories of linked data that use Wikibase). 

 Following extensive discussions within EURHISFIRM between  

 facilitators of a further meliorated classically structured data model that supports the efficient 

automation of querying long time series and 

 facilitators of an approach based on knowledge graphs which have advantages in the discovery 

phase of data exploration. 

 We developed an overarching semantic equivalence concept of data (see Figure 4) that supports 

the transformation of information and data from one type of representation to another (say: from 

a relational form to a graph database – and vice versa). Again, this concept enhances the future 

continuity, and thus the longevity of the EURHISFIRM data structure. 

 We developed a staging model of harmonising data from raw data to EURHISFIRM standards-

compliant data to implement the gateway functions (see Figure 2) necessary to enable a Common 

Data Access Service (CDAS). This staging also enables the federated processing of distributed data 

stores – likewise the federation of data management tasks – across Europe. Such an architecture 

also allows for the number of national Network Integration Centres to vary between 0, 1 and many. 

How did these results evolve, and how should we systematically realise such types of solutions? We 

generalise our development process to the following guidelines: 

 In such a high-dimensional design complexity, one cannot prescribe from the "top-down" this kind 

of a data structure all at once from the conceptual model down to the physical model. Thus, after 
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an initial tutorial phase of all EURHISFIRM participants, we chose to exercise an incremental data 

model design methodology.  

 We initially tutored all work packages – participating in the Work Group on Identification and 

Standards (WGIS) – on the Enterprise Architecture methodology for specifying the system design. 

The Enterprise Architecture methodology first identifies the system's requirements in the form of 

a Business Architecture that takes stock of all of the system's major business process domains. 

 This level of analysis is required to be completed (in order not to leave out use cases or processes 

that should be included) before moving on to the next level of analysis, which is that of the Data 

Architecture that is required to support all of the processes and requirements identified and 

catalogued in the Business Architecture layer.  

 A full Enterprise Architecture methodology would then move on to the Application Architecture 

level, and only subsequently, finally, address the Technology Architecture, which specifies the 

implementation. 

 As in EURHISFIRM, the pace of progress was slower than desirable (for instance due to limited 

excess capacity of the WPs parallel to their "own tasks "), we chose to "pivot "on an approach in 

which, based on prior familiarity and subject matter expertise of the participants, we chose the 

concept of committed consensus and developed an as a starting point an initial raw draft design, 

comprising the corner points – see chapters 3 and 4, which was subject-wise partitioned and 

sequenced in a systematic and time-wise dense repetition of discussion, evaluation, and alteration 

and was – then incrementally – decided. 

 We employed the concept of committed consensus for all participants. Structurally, all 

incremental decisions are subject to an overall evaluation and possible re-specification of already 

agreed-upon decisions. Our experience confirms the practitioner's propositions that at the 

beginning of this work sequence the desire to reformulate earlier design decisions is a bit higher, 

but over the time the participants – probably given the approaching deadline – more and more 

agree to a stable common view of the subject matters.  

 In the course of the incremental commitment, intermediate "consensus-based agreement "sign-

off discussions and decisions have been interspersed in order to provide these decisions (for 

instance the identification architecture across several entity types) longer stability. This transforms 

later into the distinction of "mission-type decisions "(strategic) which are altered only rather 

seldom and – within the corner-points of the mission – operative details which may be altered 

more often. 

 To hedge the incremental and consensus-derived decisions, we asked after each decision the 

EURHISFIRM ExCom to approve the WGIS decisions. The ExCom also periodically involved all WP 

leaders herein. The socio-technical dimension of this process again is highlighted (aside from the 

configuration of a European network of EURHISFIRM expert centres). In the end, we need a 

political body to make knowledgeable decisions which enjoy acceptance with all important 

stakeholders. 
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 In the course of the sequence of these sessions, unresolved issues are retained. These will 

constitute an initial starting point for a successor organisation of WGIS once phase 2 actors 

commence their work. 

Finally, we condense some lessons learnt – crystallised out of our WP 5 and WGIS experience on extendible 

data models: 

 DO Take stock of the comprehensive, and "wide", business requirements of a planned initiative 

before undertaking more detailed levels of analysis or definition 

 Identify the core data structure and the main classes of information objects that support these 

business requirements, which are central to realising the initiative's goals and express them in a 

conceptual business model that provides a high-level overview of the data landscape and 

information ecosystem of the target solution. 

 DO Select an open, consensus-based standards development methodology based on an 

agreement and commitment on the part of members to support the group's decisions, which is 

"fit for purpose" and appropriate for the background and availability of team resources. 

 DO Take into account that data enters a system as input from external sources, is processed or 

transformed by a system, and is accessed, or output, from a system by end-users for whose use a 

system is designed to serve.  

 Corollary: DO NOT Assume that data models or standards for data contained or managed by a 

system are sufficient to describe data that has not been internalised by a system 

 DO Consider that more than one physical representation, data storage platform, or data 

transmission channel is likely to exist in a large system, especially one that comprises a variety of 

cooperating consortium partners that are typical of EU initiatives. 

All in all, this design is "not completed ". Rather, as the process of extendibility is specified, it is an ongoing 

process, and the result remains "open "– however, our specifications do not limit possible future 

development directions if the members of the system agree to such development. 
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9 Appendix 

9.1 Legal Entity Data Standard 1.01 
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9.2 Legal Entity Data Standard 1.05 
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