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1 Introduction

The European data sets for historical financial and firm data are heterogeneous due to differetinees in
individual countrieQregulations, languages, and currenci@g&rapanagiotis, 2019As a result|ittle
progress isachieved in research usifarmoniseddatasets with clearly definedtandardisedconcepts.
EURHISFIRM bridges this gap by proposing a flexible common staatthiat brings data from different
countries together. Via calborative processes taking place in inclusive fora, such a&@is, theational
EURHISFIRM instituteand the consortium countrieagree on flexible standards, allowing useratalyse
such heterogeneous European data sources. The results of thesegses are documented in an
extendable common data model (CDM) with, amongst other means, uniform-coesgry identification
schemes for legal entities, securities, and markets.

The data sources of EURHISFIRM are, albeit historical, not yet comgigitedand processed. As the
retrieval of the data has not bedmalised new requirements and modelling needs may arise in the future.
Thus, the CDM and the respective common standards need to be adaptable to potential future
developments. This reportegcribes how the CDM of EURHISFIRM achieves this goal. The report uses the
feedback from various stakeholders, which was collectethéyonfidential report D5.3and updates the

initial CDM Dbyreflecting the criticismsraised and enhancements proposed timeir answers to the
guestions of the survey.

Readers shall be aware th#éte pandemic crisis has blurred the cleaut distinction between the
preliminary CDM and its updat&hepandemic outbreakesulted in asixmonth delay of thesecond
EURHISFIRMuaual meetingwhere the CDM had to be put anbroad discussionNeverthelessduring
this half a year of delay, based on a sequence oVZ5SZoommeetings, the initial CDM was already
further developedg @t the cosfbf someobliteration of the dividing linebetween thepreliminaryCDM
intermediate updateand second update.

The remaining report isrganisedas follows. In section 2, we shortly review #g&sentiaklements of the

initial CDM as was their statubeforethe stakeholder feedback. In section 3, we present the consolidated
results of the stakeholder survey carried out in the scope of D5.3. We also elaborate on how this feedback
relates to various elements of the prior state of tROM. Section 4 providasitial ideas on how the
EURHISFIRM project team may be evolving the CDM after the report and the end of the Sejtictb
summariseshe report.

2 Preliminary Common Data Model

The design goals of EURHISFIRM give ristatalardisationrequirementsand solutionsin four crucial

parts of the infrastructure: the federated system architecture, the stages of processing of data from raw
sources tcharmonisedend-user contentthe overarching semantic equivalenamong data persistence
implementations and thecore data modefor enhanced interoperability andasydata consumption by
end-users. This section reiterates the preliminary concepts that the CDM previously introduced to meet
thesestandardisatiorrequirements.
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The common standards were introduced, discussed, and agneedduring the meetings of the Working
Group of Identification and Standards (WGIS), which is EURHBEIpvistandardisationcommittee
consisting of experts from all work packages and exteraabultants comprising both groups, operative
staff members and leaders of work packagfier sometutorial sessions,ite WGIS met every 14 days
over 18 months to discuss anghennecessaryto revise the CDI standards. In this way, the CDM was
devdoped incrementally within the proje@ framework with thesupplementarygoal of enhancing
communication between the proje@& workpackages. The committee produced extensible standards that
can bequicklyrevised and adaptetb future needsduringthe ongoing process.

2.1 Federated Architecture

Thefederatedsystemarchitecture, which was already hinted in EURHISERkbposal to the European
Commission, was identified as the most suitable solution duringetity project@ meetingsFigurel

offers an overview of the proposed architecture. The federation comprises actors who share rights and
agree to common content standards and communication standards. The federatithre ainderlying
system, with functions distributed across a National Competence Centres network, is invisible to the
European data model endser. Ad=igurel visualisesendusers access the common data via the Common

Data Access Service (CDAS), but not the underlying gateways. This leads to enhanced usability for the users

but requires the data tbe transformed from raw sources and national standards to the common standard.

EURHISFIRM Common Data Access Service
Data and Technology Standards Zones
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Figurel: EURHISFIRM Common Data Access Service Data and Technologystandard
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Figurel was the first iteration of the federated architecture, whjctter discussions and developments
during the projec® run, was revised and its elements were refined (compare Wwitjure 2). The
subsequent discussion explains the various elemenEgifrel and highlights the points of revision.

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

(see, for instance, the FrenchAIH databaséhttps://dfih.fr). Forexample L1 and L2 iRigurel represent

data that aredigitisedbut non-harmonisedo a format compatible with the CDM. A Legacy Source €S) is

in the EURHISFIRM systera.g.,a scan of a newspaper or a spreadsheet (potentially also converted to
text-databased onOCR software). Legacy sources are also nadbgehonisedfor the CDM. In the initial
design, the task of Data Gateways (G) teeexess local data and transform them into common standards
dynamicallyIn 2.2, thedynamic accessf gatewaygo sources was replaced by a mdtage process that
gradually transforms the data between variocsncepts andormats. National Competent Authorities
(NCA) arerganisationghat contribute data to EURHISFIRNNhfrastructure. Each NCA is responsible for
contributing data that are comping with the CDM standards but has its own, independent Data
Governance (DG) structure and, potentially, data model. A CDM Compliant Gateway (CDMG) is an
organisationwith a databasahat complies with the CDM specificat@nConsumers (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, grouprganisationsthat perform metadata
management or data governance functions. The ComData Access Service (CDAS) is the service that
provides a singlesentralisedpoint of entry 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 €Bsurstein, 208,

Khatri and Brown, 2010Both functions occur in BURHISFIRMtwork of data governance and metadata
management units.

Figurel represented the originatonceptudisation of the federated system architecture. Subsequent
work on the design of thdederalisationrefined the concept of gateways argpecialisedthem to a
sequencednulti-stage transformation process describedrigure2. Figurel identifies two primary types
of standards: data standards and technology standdotipicted a the left-hand sid¢. The CDM is
addressing the need for data standardhe need for technology standafds being addressed by
designingunctional and operational system governance processes of Work Packegleedpublishean
https://eurhisfirm.eu/index.php/publications). The layers ofFigure 1 describe different types of
standards(depicted on the righthandside) Thecontentstandards at the top laye(CDAS) and the
communication standards between this layer and tHataintegration standardSlayer ¢ likewise the
communication standards between CDAS and useosicern the CBI. Thecontentstandards at thédata
source standarddayer and the commurgation standards between this layer and thiata integration
standard€2concern the conventions for acquiring and cataloguing source data in a form that will
subsequently allow the data to Bearmonisedand integrated with the CDM.

2"Technology standards" in this contexndspecifically in relation to WP9 work on system process integration,
addresses the means by which information is stored (persisted), transmitted (communicated between stages), and

consistently accessed (queried, navigated) by ultimate esets.
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TheCDASnddate soure standarddayer standards areteroperable As users interact with the CDAS,

they may find mistakes or gaps in the data provided and propose corrections or contribute additional data.
During such revisions, the emder is enabled to drill down to thecanned sourceso validate their
proposed feedback and contributions. To this end, scanned sources are preserved, and mechanisms for
accessing them are provided.

2.2 Data Staging

The gateway concept oFigure 1 was refined to a mulistage process described in Report D5.2
(Karapanagiotis, 2020 his revision accomplistighe objectives of transformation and integration of
sources into the CDM representation.
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Figure2: EURHISFIRM Data Staging
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Figure2 describes theprocess stages that transforthe raw data (bottom layer)to CDMcompliant data
(top layer) Data Collection Units (DCUs) arganisationalnits that are responsible for collecting data.
The Data Submission Units (DSUs) have the objectitharafonisingthe data formats, semantics, and
labels of the data collected by the DCUs. Additionally, DSUs are responsible for submaittranised
data to the Network Integration Centres (NICs)th& DCUevel harmonisationmeans tansformingthe
raw data usng the same metadata description as tags, lajzetsl field formats. The NICs process the data
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submitted by DSUs to provide common identification &r instance, legakntities and financial
instruments. The NICs then integrate data and provide it -esers via the CDAS.

The coordination between the different process stages is essential to providehaity, consistent data
to end-users. Theadentification, harmonisation and consolidation of datare crucial to achieving the
research infrastructur@ objectives.

Besides producing CDRbmpliant datathis processloes not exclude users from examining intermediate,
staged data. Each transformation step is transparand, similar to source data and Clskta, the staged

data are FAIRTochtermann and Loebbecke, 2018heharmonisationprocess between DCU and DSU is
consistent with the Data Documentation Initiative (DBitadata definitions of variables for local data
and conceptual variables fdrarmoniseddata. Local language labels for financial teroosnplement
common terms for the same data elements during the transformation steps, but links to the original labels
are preserved.

2.3 Overarching Semantic Equivalence

Different platforms and technologies are most appropriatééused at various stages of a data collection,
harmonisation identification, and endiser common acceg¥&arapanagiotis, 2019)n the light of such
functional requiremats, the different layers that exist in EURHISFRA well as the data formats that
would be used to transfer data between stageequestan overarchingsemantic approackhat enables
consistenttransformations of data betweeiseveralpersistent data ®rage platforms (i.e., relational,
objectoriented, and graptiatabases

The overarching semantic model ensures tlsmantic equivalencef financial and firm datas
maintained between the different stages anthanisationaunits. This 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 differeypstem areasFigure3 shows how the
semantic equivalence can enhance the compatibility between different technologies and sources.
Historical data are collected and propagated through the system amotagsawith potentially different
access levels using different storage technologies.
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In the centre ofFigure3is a common description of the variables and the common formats.

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 relationabbpget, datg or graph dataln

the federated architecture,hte needsfor different data descriptiongxist ¢ as defined inthe widely
accepted standards methodologgnterprise Architectureg on the designlevels of business, data,
application, and technoby.

2.4 Core Data Model of FirmsSecuritiesand Markets

Contentwise, the core of the data model, which the future infrastructure of EURHISFIRM concerns, is the
dfinancial realné of corporations (as an initial legal entity type). Taa model's coreoversLJdzo t A O F A N
financial statement data (for instance as contained in the profit and loss statementdpaistance for

listed companies, the financial instrument data (for exampteck data). The financial instrument data

require the modelling othe stock exchange markets with, potentially multiple, trade currencies as
attributes. These three modelling elements constitute the central components of Figure 4. Besides the
initial classes modelled in the core data structure, subsequent incremenihgrns of the data model

can add additional model classes. For instance, natural persons and additional financial instruments can

be added.

A common identification of the core entiti@nhanceshe common access of eaasers to data. For this
reason, idetification standards for legal entities, financial Instruments, and market¢sntroduced.
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Specifications that elaboraten this semantic model's aspectmve been developed using a widely
accepted standards development methodology (Enterprise Architecture) by a standards development
team in EURHISFRM (the WGIS). The development ofghes#ications evolved throughout the project

by leveraging specific existing industry standards that pertain to the identificatimmgahisationakntities

and financial instruments. 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 extendsrd#ference data of the LEI by enabling historical snapshots of changes in entity
reference data; an attribute that is not present in the originating GLEIF standards. The EFIl (EURHISFIRM
Financial Instrument Identifier) is derived from the Financial tmsent Global Identifier (FIGI) standard

of the Object Management Group (OMG). The Htahdard providesan identification scheme for
securities at three different hierarchical levetsading venue, sovereign jurisdiction, and the issuing
corporation.

The ELEI and EFII identifiers establish the foundatiorofganisingand integrating data from various
sources related to the two fundamental classes of corporations and securities. The double affayusen
4 indicate how these entities relate tthe data model's other data element¥he additional top layer
components, the top left and top right units, are showing the fact seterakypes of transformations of
historical data are typically performed that produce datasets with norsadlifinancial data numerical
values (e.g, monetary amounts, market prices].hese transformations are performed in order to
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consistently analyse or interpret historical data that hseen normalised in the context of the timeframe
of the current analysis.

Below the two core entities, there are the two correspondingetatt classes. The afact classes offer a
flexible mechanism to collect data samples in containers that record data uin the simplest case, lists

of keyvalue pairs. This approach can be logically extended to includelefgiing data in the form of
JavaScript Object Notation (JS9ON both cases, it is the ability to add the labels associated with the data
to a metadata management model that defines the meaning of the labels essential to access and interpret
the data in a consistent fashiomhe idea of such an intermediate abstraction that separates source data
from information items of the data model @alysedn (Gramet al., 2020)

The encircledower section represents entity and market data collection from sources described with
appropriate DDI metadata definitions of work packagerentity and market data.

Current work is ongoing regarding CDM standards for collecting and identifying financial data associated
with firms and financial instrumentsn the following sulthapters,we describe the current revisions of

the defined standard: 7.lLegaEntity Data &andard Version D9, 7.2 Financial Instrument Data Standard
Version 105, and 7.3 egal EntitypataArtifact Standard Version @5.

2.4.1 LegalEntity Data Standard

FHgure 4 illustrates the core classes of the EURHISFIRM Common Data Model. Since the BURHISFIR
Research Infrastructure initiative has as a core objective the collection and integration of the financial
histories of the differenEuropeanstates, the identification of the entities that have been the historical
actors and participants in the econossi of Europe is one of the central classes of things that must be
uniquely identified in order to record the economic activities and facts and associate them with the entities

to which they belong. The objective of the EURHISFIRM Legal Entity Iddalifidy data standard is to
define the type of information that is required to identify a historically active economic organisation
uniquely (be that a private company, public corporation, or possibly a governgpemisored entity) such

that a unique identier can be assigned to the entity.

2.4.2 Financial Instrument Data Standard

Another fundamental aspect of a historical financial collection of economic data is the core class of
financial instruments that are publicly traded in market venues (exchanges), ansewiriwe histories
reflect the market participants view of the prospects of the economic activities of firms who offer these
financial instruments to the public as investments in the potential opportunities of future growth and
economic return of the firm. Since there are many different types of such market instruments or
investment vehicles, standards for the unique identification of these financial instruraezddso needed

that takes into account the changes that can take place givansecurity ove time. The EURHISFIRM
Financial Instrument Identifier (EFII) data standards were created for that purpose.

2.4.3 Legal Entity Data Artifact Standard

Given that the core identifiers for legal entities and the market instruments that legal entities can issue
have been defined, it is necessary to have a means by which historical facts and information can be
collected, identifiedand associated with the relevant core classes to which they are related. For example,

This project has received funding from http s://www.eurhisfirm.eu
iKS 9dzNRPLISIyY ! yA2yQa | 2NART 2y wnun NBaSHNDK FyR Ayyzéjl-ﬁ;\ﬂ/
under grant agreement NP77489

LJI



Longterm data for Europe  F|JRHISFIRM
@

a flexible means to record a variety of finandiacts about an entity which have been obtained from
historical yearbooks (e.g., income statement, balance sheet items, outstanding share capital) is needed.
Likewise, it is important to be able to capture a variety of market data items about finanaiklem
securities (different types of prices, trading volumes, etc.). In most of these cases, especially historically,
there is no single structure that applies to all of the varied facts or elements that can be found in various
sources and periods. The pase of the Legal Entity Data Artifact Standard is to provide a flexible means
by which these data can be captured and associated with the core identifiers of legal entities and their
respective financial securities.

3 Implications of Stakeholder Survey

The aim of report D5.3 was to present preliminary design decisions resylfimginstance,from the
important existing national implementations and project discussions with various stakeholders inside and
outside the project. The resultre used to¢ when neessary revise the preliminarfCDMdesign.

Although the userSfeedback is centred on the EURHISFIRM CDM, users ask and must receive additional
information on the ecesystem in which the CDM is embeddénl comprehend all critical factors
influencing thei desires. Thus, respective preliminary information on decision units and prodeages

also beerprovided.

Three key points are already proposed in EURHISE|tb]ect application to the European Commission.
One is the federated architecture of the syst. Federated means, for example, that the data is kept stored
in their countries of origin, and the national implementations would continue to exist. Throogtent
standards and communication standardsand common decisiomaking processesthe data's
comparabilityis made possible.

The raw data is semantically lifted from the existing format intaemonisedand comparable format as
a second critical point. The entser shall be able to access both the soutataand theharmoniseddata.

The thirdkey point is establishing a central identification scheme, most prominently for firms (legal
entities), for which the ELEI concept was derived from the LEI concept

The original plan was to present the preliminary GBédign at the annual General Assemiolyspring

2020 and collect and evaluate feedback during and after the event. Due to the Q@yHhdemic, the

event was made more compact and performed electronically in autumn 2020, resulting in half a year delay
to the original schedule. A survey linkasvsent to all participants in the EURHISFIRM project after the
General Assembly to get their feedback. Participants also had the opportunity to nominate other
stakeholders outside of the project to participate in the survey.

Following the survey, depth interviews were conducted with various stakeholders. Some of these
people had already taken part in the survey leupressed questions or scepticistbout selected design
pre-decisions. The persof¥st was expanded to include knowledgeable stakeholdetside the project.

Thefollowing two tables show the survey respondef¥elfclassification according to their stakeholder
group and the country of origin.
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Groups of Stakeholders Specification # %
Consumer A user of European historical financial dimch data 17 48.57
Producer A generator of European historical financial and firm di 10 28.57
Infrastructure  Service Data centre manager or service provider for Europ¢ 7 20.00
Provider historical financial and firm data
Other (Respondent defined fi-/herself as Wonsumer ANLC 1 2.86

producer)

TOTAL 35 100.00

Tablel: Assignment of potential stakeholders (survey participants) in groups

The predefined user classes are nicely covered.

Origin
Austria
Belgium
Europe
Finland
France
Germany
Netherlands
Poland
Portugal
Spain
Sweden
Switzerland

*| Country of

United
w| Kingdom

1 4 1 1 5 4 4 3 3 3 1 2

Table2: Countries of origin of stakeholders (survey participants)

35

Also, concerning the cournésof origin, we have excellent coverage. One response is collected from a
European Institution representative, so this response is labell@fape.

In addition to the survey, we conducted eleven interviews \stectedstakeholders representing

various financial institutions, such as banks, ministries, and professors in the historical fiaaddiamn
area. When selecting the interviewees, we ensured that the stakeholder groups already mentioned in
the survey- consumer producer,and service mvider- were represented. This job diversity allows us to
broaden a crossection of responses as possible and enshat relevant requirements are included.

In the following chapterwe presentimportant consolidated results of D5.3. First, we look the
components where respondeni@t least overwhelminglonfirmed the proposed design. Second, we
discuss the components where respondents were not aligned with the propodaif available, evaluate
design alternativesFor each componentve start wih the explanationof the question to reason why
askingthis questionis crucial for the design of the CDM. We then display the question asked in italic font
style. Lady, wesummarisehe answers of the respondents and discuss the impact on the CDM design

3.1 Confirmed Components

From the data gathered by the questionnaire and interviews, we focus on the components where updates
would directly impact the CDM. We are talking about a zomdd component, as no update of the CDM

is to be made. These componemtsNBE 9! wl L{ CLwaQ&d FSRSNI SR | NOKA(GS
and the harmonisation of data.

3.1.1 FederatedSystem

A federateddatabase consists of a seindependentdistributed databasestructure and provides local
data autonomy(Hammer and McLeod, 197®) compliancewith centrally agreeeupon standards in
content and communication strctures, allowing for instance for a common data access. Tbsal
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independence makes it possible to link different databases amadstwtransfer source data independently
into a local database structure. However, some critical database design, maingraand administration
tasksneedto be agreed upon and centrally governddr instance, the common identification schema for
legal entities, although redundancy could occur due to different user data structures in each local context
(Hammer and McLeod, 1979 conclusion, in a federated database, the data is storestal Hatabases,
whereas an overarching database administrator takes care otdnepliance tothe commondata and
communicationstructures and enables the connection between the different federated databases.
Governance processes ensure that decisionsannaon structures are implemented and adhered to at
various federated architecture leveM/e pursue the federated architecture for the EURHISFIRM database
so that the individual countries with local specialists proyfdeinstancethe collation and admmistration

of the data, and endisers can retrieve the information via a common access p@nonsideringhis
understanding, we formulatthe following question:

EURHISFIRM aims at designing a research infrastructure to collect, merge, extractatighasasd share

detailed historical financial and firm data for Europe. In EURHISFIRM we plan to keep the databases in the
different countries. However, the user should be able to access the data through a central access point. Do
you agree to distributedlata centres across Europe and a common access point for the federated
architecture or do you have any comments?

Thestakeholders' feedbacis evidentand strongthat only a federated system can fit their requirements
for EURHISIFIM. This also folkahe European principl®nly to centralisewhat cannot be done well at
the decentral level. Theaumerous idiosyncrasies in company law, accounting regulatiod financial
market regulation between countriesith different legalystemsnake it almost imposble to have a one
sizefits-all data model. Acentralisedsystem imposing a common model in the first stages of data
collecting would most likely result in aversidnstead,we mustdesign a stepwisbarmonisationprocess
Hottom-upQ

3.1.2 Identification of Efties

We propose to store the data of firms in EURHISFIRM using a further developed Legal Entity Identifier
the ELE¢ as the primary key. The LEI is the most advanced standard to identify companies worldwide and
assigms a truly unique identifier to every legal entity, including elaborated deduplication procedures and
employing a kind of physical inspection in case of ambig@tpbal Legal Entity Identifier Foundation,
2020) Using a unique identifier is necessary for four reaq@isan and Milne, 2019First, there could

occur different spellings for theamne company. Second, national subsidiaries may have different names
and should be assigned to the same parent company. Thinile extracting companies' additional data
from sources, a firm could be assigned to different corporate identitiesn introdudng them into the
EURHISFIRM database. Moreover, fourth, errors could occur due to manual data translations. Moreover,
(Bottega and Powell, 2018)ate thatstandardisedegal identifier usage results in a coahd application
efficient implementation.

(Chan and Milne, 201@pnducted semstructured interviews tanalysethe advarages of the LEI. They
highlighted its importance for analysts and economic research since other international agreements on
standardiseddentifiers like the ISIN do not to a hundred per cent uniquely work for any legal entity.
Besides, especially whenaleng with historical data, usingsaandardiseddentifier is essential because
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then the former mergers or acquisitions can be considered effect{@sajtega and Powell, 2012As the

LEI concept only refleetontemporary legal entities, we further developed the LEI to cater to historical
legal entities called the EURHISFIRM LEI (EL&d)the standard identifier for EURHISFIRM. Therefore,
we ask:

In practice, different databases often use different identifiers. Consumers of the data can manually merge
these, or the crosgbulation can be performed by a service provider. The Legal Entity Identifier (LEI) is the
most advanced standard to unigyedentify legal entities. It consists of an alphanumeric code linked to
essential reference data that allows for a clear and unambiguous identification of companies participating
in financial transactions. The improvement of the LEI to cater for histdegal entities is calledELE

(EURHISFIRM Legal Entity Identifier). In EURHISFIRM, we have agreed that all legal entities will have a
EURHISFIRM Legal Entity Identifier (ELEI). Do you think that this approach to introduce the ELEI as an

identifier forEuropean historical firms is a good solution for this purpose? If not, what might you propose
instead?

All stakeholderspost the opinionthat commonunique identification is a crucial factor for theystem's

successlt is stated multiple times thadssigning such identifiers is a resoucgnsive task, but it is
required to allow overarching analysis atoddeduplicate data. The LEIti® ideal foundation as it ian

established standard for contemporary data in Eurape beyond

3.1.3 Data Harmorsation

Conceptually, we want to offer a common data access service (CDAS) to the users thaainauiicata

from EURHISFIRM components. To this, evel strive for gateways to transform user needs to data
availability. We face a semantic distance between tiserfexpressionof queries to the federated
database and the differerdonceptual anghysicaldata representationsWe employ a sequence of data
stagingstepsto accomplish the transformation and integration of sources into the CDM representation.
Thelowest stage comprises raw data from historical sources. We developed a hierarchy of stages to enrich
raw data throughharmonisationto EURHISFIRM compliant dafaus, we asked:

There is a sequence of stages involved in the enrichment of raw data, atathatnoves through the
processes of verificatioatandardisationharmonisation and integratiorto be presented to the erdser

in a commordata-model form of access. Would you agree that this approach to collecting and processing
source data in stagesnd making it available to endsers in a common form of access is appropriate? If
so, whiclorganisationgio you know that could help and support EURHISFIRM actors in the different phases
of this process?

The overwhelmingmajority of stakeholders also fiha harmonisedversion of the data necessary, with
common identification being perceived as more important than other inform&iocomparability.
Nevertheless, the raw data remains essential, for instance, to allow a reader to verifgrinenisatior@
accuracy. Most respondents findrearmonisedversion essential to carry out quick analyses and not have
to have thenecessary time andxpertise toharmonisethe data by themselves.

However, one EURHISFIRM member regards badmonisationof data as a funamental error of
manipulating data suggesting‘@learfworld that is not givenAs our data architecture allows access to

This project has received funding from http s://www.eurhisfirm.eu

0KS 9dzNBLISIY | yA2yQa [ 2NAT 2y Hnuwn NBaSkHNDK | yR Ayy2ol Ay
under grant agreement NP77489

LJI



Longterm data for Europe  F|JRHISFIRM

raw and toharmoniseddata, the enduser can freely decide what he/she wants to acc&s.no change
of the CDM is regarded necessary.

3.2 ChallengedComponents

We classify components as challenged whené I { S Kr2spdrRseNaRitnply a change to the CDM.

This does not mean that a single user's request requires the CDM to be updated, bestsegeed to be
discussed in the WGIS group. This group decides about revisioning the CDM and incerherate
stakeholders' feedback. The challenged components are identifying financial instruments, external sources
of data and user privileges in a ctldaation platform.

3.2.1 Identification of Financial Instruments

Also, financial instruments, for instance, securities, need to be uniquely identified. The requirements for
the identification of financial instruments are similar to those of firms. Considerifeyeft treatments

of, for instance, the firr@ shares when listed on multiple stock exchanges, the data needs to be merged.
Moreover, users need taccessand gain information about the market values of securities in different
jurisdictions. In reflectiorof these necessities, we select the identification standard of the-profit
Object Management Gro® (OMG.org) Financial Instrument Global Identifier (FIGI).

We have established a scheme for identifying financial instruments, the EURHISFIRM Finanoigint
Identifier (EFII). It comprises a thiesel hierarchy for the structure of this identifier, following the Object
Management Grou@ (OMG) Financial Instrument Global Identifier (FIGI), which provides for the
identification of financial instrumds at the hierarchical levels composed by the identification of the
trading venue, the identification of the sovereign jurisdiction, and the identification of the issuing firm. This
supports the identification of a financial instrument at the point oflemlon and the subsequent
harmonisationof the information collected about the same financial instrument at other trading venues.
Do you think that this approach to introduce the EFIl as an identifier for European historical financial
instruments is a gaibsolution for this purpose? If not, what might you propose instead?

First, it isessentialto state that all stakeholders agree that having common identification of financial
instruments is essential. The debated part of this question is the underly@iggBhe base standard for

the derivedEFII Multiple stakeholders state but this is still a minority vote that it should be considered

to take the International Securities Identification Number (ISIN) as the foundation for the EURHISFIRM EFII.
Therebre, the topic was again brought up in one of the biweekly WGIS meatiitig the subject matter

experts from the different work packages. When the WGIS chose FIGI the ISIN was already considered but
rejected. With its three hierarchical levels, the Fi@es fit better the needs and requirements for
EURHISFIRM to work with historical financial instruments. As a result, the EFIl standard specification does
not need to be revisedegardingthe feedback.

3.2.2 External Sourceof Data

We asked for the needs of im@perability and integration of EURHISFIRM in and with other databases
providing historical financial or firm data. There are differently structured databases like Thomson Reuters
9A12YZX .f22Y0SNHX {39tQa /IFLAGI LamdEUROWDAI thatardr at | {
used in different scientific disciplines for answering research questions. However, it is essential to ensure
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interoperability between these databases. Interoperability means, on top of the capability to export data,
that data can, dr example, be integrated with other databases, which is achieved, for instance, by having
the same data type definitions and identification scheme for data. However, this degree of interoperability
between extensive repositories of financial data, eacthwvtis own set of definitional standards, is an
undertaking that will require a large amount of work to develop these equivalent mappings to external
systems. A more immediate way to refer to data in external repositories is to add links to external data
that associate identified instances of core objects and classes in the local system (i.e., EURHISFIRM).

What other standards should be considered for integrating the European historical financial and firm data
with other data sources to ensure interoperdbiWith other research infrastructures? What other research
infrastructures would you like to integrate with EURHISFIRM possibly?

The majority of the stakeholders highlight that with the standards designed by the project team, the needs
and requirements g majorly covered; also against the background that the FAIR principbage to be
fulfilled. This coverage is confirmed by the fact that there were not many additional suggestions from the
stakeholders.

Some stakeholders still a minority¢ highlight that the topic of controlled vocabularies (suchGetty
Thesaurus of Geographic Names$ould be considered for a standard definition. This topic has been
discussed in the WGIS and is added to the roadmap of topics considered for the furnietrpheent of

the CDM.

3.2.3 User Privileges in a Collaboration Platform

The EURHISFIRM database enriches with the involvement of many different stakeholders. The success of
EURHISFIRM depends on the @tontribution, which weg to a large exteh¢ can expectto be the
stakeholderQcommon goal. This type of enhancing a database is called a collaborative network
(CamarinhaMatos and Afsarmanest2005) Collaborative consolidation, in this case, is defineddas
process of combining, integrating or transforming something into something else that is complete,
effective, coherent or elaboratéd Junior and Pereira, 202

The collaborationbased on the federatedrchitecture increases theatabase's usabilitps multiple
subject matter experts can assist each otlldvannberg, Law and Halldorsdottir, 201®e therefore,
asked the stakeholdersbout their ideas on which would be a good way to work together.

In your opinion, what would be a good way to collaboratively participate in the collection, enrichment, and
publication of data of historical European financial and firm origin?

In general, all stakeholders considee#sentiathat EURHISFIRM allows th@laboration of various user
groups and ig at least in partg accessible to the public. The point of discussiavhie should be allowed

to make modifications tattribute values stored in EURHISFIBMeven tothe CDM. The opinions vary

from an unrestricted Wikipedia style where everyone should be able to make a change up to a restricted
model where changes only fall into the area of responsibility of the various centres of competarties
EURHISFIRM centr@ganisation Most stakeholders support the possibility that users of the solution
should be able to request changes. To request a change, opinions vary by the evidence level that needs to
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be provided to support such a change request. As this topic falls into thergmee area, it is not directly
impacting theCDM developmentThe issue is also put on the roadmap for future consideration in WGIS.

3.3 Resulting Changes to the Common Data Model

As mentioned in the introduction, the information gathering to update the Cd delayed by the corona

virus outbreak. Nevertheless, the development of the CDM continued between spring and autumn 2020.
The developed updates can be obtained in the change summary at the beginning of each standard
document in the appendice®uring thg timeframethe ELEI and EFII received updades the LEDA
standardwasintroduced in an initial version. The need for this additional specification was raised by the
various stakeholders represented in the EURHISFIRM project team.

The questionnaire anchierview data results did not result in significant updates to the specifications, but
provided an important comfmation of the work done by the project team.

4 Future Development of the Common Data Model

The future development of the CDM can be viewed wo tevels. One level is the process level, which
describes the mechanism by which the CDM and its components will be developed. This process is
described in report D5.8Ranftet al, 2021)

Toshortlyillustrate the governane of these changes to the CDM, we describe a procedure based on the
model of GS1, amrganisationthat has been implementing a process for generating and updating
worldwide standards for logistics data management for many decd@%l1, 2019)This process of self
binding cooperative decisions on standards (a concept of committed consensus) has already been similarly
applied by the Working Grauof Identification and Standards (WGIS) within the project. For this purpose,
after some rampup activities of all working packagese agreedon aninitial list ofto be standardised
objects. Subject matter experts of each work package were then delégatbe 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
(Wilkinsonet al., 2016)

The second level describes the direction in which the CDM is to be developed. This is derived primarily
from feedback from the various stakelder groupsThe WGIS team is currently discussing a list of topics
that need to bediscussed in the futurdn addition todevelopingstandards of controlled vocabularies,
stakeholdergprovidefeedbackon what the EURHISFIRMoject team should focus orftar the end of the

project. One idea is to choose a common industry that existed in most European countries. Collecting data
from the same industry shows the nuances where data differs between the different countries. Another
approach is to choose the lgigst stock listed companies of each European country as the data availability
is probably the best. This data should then be used to build a prototype. Another suggestion waslyo close
collaborate with state institutions such as national archives or @istnict courts as they have much data

on firms in their archives. The last suggestion was to look for other projects (such aX)GdAare trying

to build a data infrastructuren the European finance and firm reali8ynergies between the projects
might be beneficial for both parties.
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5 Summary

The report provides the mosturrent state of the EURHISFIRM CDM development at a late point in the
project INFRADEV phase. ¥ith identification being a central point, these standamit the design
foundationfor further development andubsequenimplementation of the system.

We showthat the standards fimany ofour identified stakeholder groups' needs and requirenseand
provide potential options for the future development of EURHISFIRM.

The report does ot provide afinalisedset of standards as the development is an ongoing, incremental
process which is further described in V@%eport D5.5(Ranftet al, 2021) So even after a system
implementation, the CDM needs to bevised inc at least at the begining ¢ small stepgo continuously
fulfil the needs and requirements of EURHISFERdthkeholdersin such a revolving update cycle, we
expect the change rate for standasdd items to drop quickly over time.

This project has received funding from http s://www.eurhisfirm.eu
iKS 9dzNRPLISIyY ! yA2yQa | 2NART 2y wnun NBaSHNDK FyR )\yyzél-ﬂxgéf LJ
under grant agreement NP77489




Longterm data for Europe  F|JRHISFIRM
@

6 References

Bernstein, P.A. (2003) Published. 'Applying Model Management to Classical Meta Data ProBlBRs'.
2003. Citeseer, pp.26220.

Bottega, J.A. and Powell, L.F. (2012) 'Creating a linchpin for financial data: Toward a universaltiegal enti
identifier'. Journal of Economics and Businégs(1), pp. 108.15.

CamarinhaMatos, L.M. and Afsarmanesh, H. (2005) 'Collaborative networks: a new scientific discipline'.
Journal of intelligent manufacturind6 (45), pp. 439452.

Chan, K.K. and Min A. (2019) 'The global legal entity identifier system: How can it delivexi¥nal of
Risk and Financial Managemet® (1), pp. 39.

Global Legal Entity Identifier Foundation (202@put GLEIF: History of the Global LEI Sysferailable
at: https://www.gleif.org/en/about/history (Accessed: 08.12.2020).

Gram, Det al. (2020) 'An extensible model for historical financial data with an application to German
company and stock market data'.

GS1 (2019) 'Global Standards Management Process (GSMP) Qi&tddgment Report/Available at:
http://www.gs1.org/gsmp/reports.

Hammer, M. and McLeod, D. (1979) 'On Database Management System Architecture'

Hvannberg, E.T., Law, E. and Halldorsdottir, G. (2019) '‘Argumentation models for usability problem analysis
in individual and collaborative setting#hternational Journal of Humg&omputer Interactior3s
(3), pp. 25&273.

Junior, D.S. and Pereira, R. (2020) Published. 'Consolidation in Collaborative Design: An Exploratory Case
Study'. Anais do V Workshop sobfespectos Sociais, Humanos e Econdmicos de Soffiae,
SBC, pp.120.

Karapanagiotis, P. (2019) 'EURHISFIRM D5.1: Technical document on national dataAwadelse at:
https://doi.org/10.5281/zenodo.3467926.

Karapanagiotis, P. (2020) 'EURHISHIBN: Technical Document on Preliminary Common Data Model'
Available at: https://doi.org/10.5281/zenodo0.3686930.

Khatri, V. and Brown, C.V. (2010) 'Designing data govern&@aeimunications of the ACME3 (1), pp.
148152.

Ranft, L.B., Jefferson; Konyplfgang (2021) 'EURHISFIRM D5.5: Report on process for extendable data
models'.Zenodo

Tochtermann, K. and Loebbecke, C. (2018) Published. 'Towards a FAIR Internet of Data, Services and Things
for Practicing Open Scienc&hirty-ninth InternationalConference on Information Systerf818
San Francisco.

Wilkinson, M.Det al.(2016) 'The FAIR Guiding Principles for scientific data management and stewardship'.
Scientific Data3 (1), pp. 160018.

This project has received funding from http s://www.eurhisfirm.eu
iKS 9dzNRPLISIyY ! yA2yQa | 2NART 2y wnun NBaSHNDK FyR Ayyzéjl-ﬁ;\%f LJ
under grant agreement NP77489




Longterm data for Europe

t

EURHISFIRM

7 Appendix

7.1. Legal Entity Data Standard..09

@

This project has received funding from
GKS 9dz2NRLISIY ! yAz2yQa
under grant agreement NP77489

I 2NAT 2y

HAOHN

http s:.//www.eurhisfirm.eu

NB &SI NOK

YR Ayy2@al i

o2

LJI



Longterm data for Europe

EURHISFIRM

This project has received funding from
GKS 9dz2NRLISIY ! yAz2yQa
under grant agreement NP77489

I 2NAT 2y

HAOHN

http s:.//www.eurhisfirm.eu

NB &SI NOK

FYR Ayy2@l i

A3y

LJI



































































































































































































