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INTRODUCTION

This work is a contribution of Ignacio Santos (Bank of Spain) , Roland
Hommes (Rhocon) and Katrin Heinze (Deutsche Bundesbank).

The Multidimensional Data Model (MDM) presented in this document is
iIntended to be a starting point for a subsequent modelling process to be
adjusted and extended to specific analytical or transactional needs.

This document aims to provide an introduction to the topic of creating a
conceptual model for storing multidimensional data which is received as
XBRL instances that follow the rules defined by European taxonomies
published by the European Banking Authority (EBA) or by the European
Insurance and Occupational Pensions Authority (EIOPA).

The structure of the data model is based on meta classes, introduced in
part 1 and 4 of the CWA1 document.
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INTRODUCTION TO THE MDM

BANC

The multidimensional database is primarily used to create OLAP (On-line
Analytical Process) applications and their databases using a fact table
and set of dimensions.

A multidimensional structure stores multidimensional data, that is to say,
cubes.

A cell or fact is an intersection consisting of elements that form the
dimension(s) which in turn form a cube.

The Multidimensional Data Model (MDM) is used instead of the
Relational Model, because the European architecture of economic-
financial reports is relying on dimensions heavily, which makes
implementation in MDM the logical choice.
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PRECONDITIONS ON MAPPING | _

« Types of Database Management Sytems (DBMSs)

Root
Table 1 Table 2
‘ [ ] /
Table N Table N+1
Leaves Cubes

Relational database supporting other structures

Leaves

Fact_Table

DimN+1
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PRECONDITIONS ON MAPPING Il -

* |tis necessary to verify that database transactions are
processed reliably. For this, a database must fulfil ACID
(Atomicity, Consistency, Isolation, and Durability) properties. Not
all databases fulfil the ACID requirements, this depends on the

vendor.

« Fundamental choices:
« Mapping the XBRL instance document to the relational

model,
« Storing the XBRL instance document as a blob, or PDF

document in the database;
« Storing the XBRL instance as a XML document or as a

XBRL document.
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PRECONDITIONS ON MAPPING Il -

 An XBRL instance document can be stored in a relational
database as an XML document or in a relational format:

* In XML, these queries use XQuery and XPath;

« Relational Database use standard SQL;

« |f the XBRL instance document is stored directly in the
database (as a blob), the problems are the same but the
RDBMS is an inferior level. Cases are:

« Storing as a photo (Blog or Clog);

« Storing as a XML document.

« Storing the XBRL instance as a XML document or as a
XBRL document.
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PRECONDITIONS ON MAPPING IV _

Quantity of aspecis to store (direct from (+)() (+)()
instance)

Quantity of aspects to store (indirect (-) (+)
from Discoverable Taxonomy Set (DTS))

Speed of storage process (+) )

Maintenance (mapping table, mapping (+) )
software)

Analyst queries, degree of difficulty (-) (+)
Analyst queries, speed (-) (+)
Easy handling of new DTS versions (+) )

Extensibility towards proprietary XBRL (+) ()
reports

Extensibility towards proprietary non-XBRL (-) (+)
reports
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PRECONDITIONS ON MAPPING V

Fact definitions: presentation vs DPM.
Storing native XBRL facts.
Dimension/defaultMember.

« All EBA defined dimensions will have a default member.

« Naturally, these default dimension/member combinations must be
identified in storage since they are not allowed in the instance.

Options.

« XBRL allows for more presentation texts to be added besides

primary, dimension, member, table or axis.
Versioning.

« EBA has chosen to include two special attributes on every concept:

creationDate and modificationDate.
Changes on fact values.

» |f the NSA has the authority to change reported fact values, they
must be aware that recreating the original instance may be
cumbersome, unless appropriate versioning mechanisms have been
put in place to conserve the original fact values.
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TERMS AND DEFINITIONS | _

« The terms used directly or indirectly in the mapping of DPM in the
MDM are (I):
« Concept.
« Data Point Model.
 Dimension.
« Domain.
« Family.
 Framework.
e ltem.
 (Domain) member.
« Namespace.
e Owner.
* Public elements.
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TERMS AND DEFINITIONS I _

« The terms used directly or indirectly in the mapping of DPM in the
MDM are (ll):
 TableGroup.
« DataPoint.
« DataCube.
 Module.
 Hypercube.
« Taxonomy.
« Context.

BANCODE ESPANA

Eurosistema

INFORMATION SYSTEMS 14



* Introduction.

* Introduction to the Multidimensional Data Model.

 Preconditions on mapping.

« Terms and definitions.

« Mapping from Data Point Model to Multidimensional Data
Model.

« Metamodel defined by the EBA (FINREP and COREP) mapped
to MDM.

 Implementation of the DPM in the MDM using the design
ROLAP.

« DPM of FINREP 2012 and the first prototype of Solvency Il in
the MDM using the design ROLAP.

« Conclusion.

BANCODE FSPANA INFORMATION SYSTEMS 15

curosisiema



MAPPING FROM DPM TO MDM |

« Star model of the DPM using ROLAP tool.

Dimension DimensionAttribute BaseDimensio

Relation_DimensionAttribute

FactTable Taxonomy

ContextDimensionMemberPair

|

context Framework
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MAPPING FROM DPM TO MDM I

 Framework (I):

<<metadass>>
PublicElement

Code [1]

Label [1]
CreationDate [1]
ModifationDate [0,1]

®

<<metaclass>>
DataPointModel

- Owner [1]

<<metaclass>>
Framework

Framework

- ID_Framework (pk)
- nameFramework

- labelFramework

- CreationDate

- modificationDate

- userlD_create
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MAPPING FROM DPM TO MDM Il

 Framework (ll):

DPM ROLAP
ametaclassn umetaclass» :Column
PublicElement :Attribute ITI . pP—— P
-label | ] | type="String" E
AN
vmetaclass» :Column
‘Attribute
\ I koe ) Fname="creationDate” /
7|<creationDate o | A2C | ’-type:'oate" >
smetaclass» :Column
:Attribute = - . "
\ I maes b Fname="modificationDate
7l modificationDate | lij >.type='oate"
umetaclass» :Column (PK)
‘Attribute
I aaas 1 -name="qName"
<ode < & - type="String" k
-'Frrr::tad.:::; :Table
-¢ Il mcaT Il P name="Framework"
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MAPPING FROM DPM TO MDM IV

« Taxonomy:

Framework

ID_Framework (pk)
nameFramework
labelFramework
creatioDate
ModificationDate
userlD_created

<<metaclass>>
PublicElement

Code [1]

Label [1]
CreationDate [1]
ModificationDate [0,1]

<<metaclass>>
DataPointModel

‘

Owner [1]

<<metaclass>>
Taxonomy

Version [1]
VersionDate [1]
ValidFrom [1]
ValidTo [1]

Taxonomy

- ID_Framework (pk)
- ID_Framework (fk)
- nameTaxonomy

- labelTaxonomy

- creatioDate
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- modificationDate
- valid_From

- Valid_To

- versionTax

- versionDate

- schemalocation
- User_create
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MAPPING FROM DPM TO MDM V

 Dimensions (l):

<<Metaclass>>
PublicElement

- Code [1]

Label [1]
creationDate [1]
ModificationDate [0,1]

<<Metaclass>>
DataPointModel

—

Owner [1]

5

<<Metaclass>>
DictionaryElement

ValidFrom [0,1]
ValidTo [0,1]

L

<<metaclass>>
Member

-0

<<metaclass>>

Domain

<<metaclass>>
Dimension

AN

<<metaclass>>
DefinedMember

- IsDefault [0,1]

<<metaclass>>
NonDefinedMember

| 15

AN

<<metaclass>>
Family

<<metaclass>>

NonEnumerableDimension

- DataType [1]

*

©

<<metaclass>>
DimensionedElement

- dataType [1]
- periodType [1]

<<metaclass>>
EnumerableDimension

Y
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MAPPING FROM DPM TO MDM VI
 Dimensions (ll):

DPM

<<metaclass>>

Dimension <<metaclass>>

NonEnumerableDimension

JAY

<<metaclass>>
EnumerableDimension

<>‘,
<€
<

McaTt

1..*

<<metaclass>>
Domain
A <<metaclass>>
DefinedMember
<metaclass>>
NonDefinedMember
BANCODE ESPANA
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ROLAP

Dimension

0..*

Relation_DimensionAttribute

- MemberID (fk)

P - Dimension (fk)} (pk)

DimensionAttributes
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MAPPING FROM DPM TO MDM VII

« Context ():,,. ROLAP

emetaclassy smetaclasss :Column
PublicElement lAttribute 7 » - P
5 - [ A2C 1 > nam: hbﬂ" ¢
-label “11abel | | -types"String
-code
<reationDate
-modificationDate
emetaciasss :Column
7ax J_ Atribute | Mazc 1 o [Mames"creationDate” |
o 7l-creationDate By | Bfacad] | " Jtype="Date” be
smetaciassw :Column
2 ‘Attribute e 2 IT o 'ames"modificationDate”
AmodificationDate | e | " type="Date"
emetaclassy Column (PK)
l Attribute L ,_IAZC > -nama«"qName” ’
71-code b=y 1 | -types"String" N
smetaclass» :Column
3 Attribute '_[AZC | Name="valldFrom"
“JvalidFrom 1 I " [types"Date” i
emetaclasss
DictlonaryElement
smetaclassn :Column
1 :Attribute L I_IAIC o |name="validTo" s
“lvalidTo By j B A | P ypes"Date”
emgtaclasse Table
DimensionedElement 1 -
- 1 mcr I P name="DimensionedElement”
wmetaclasss :Column
1 Attribute 11 JTI > -name="dataType" s
“tdataType fined | | -types"String"
ametaclasss :Column
& ‘Attribute 'T - ['name="periodType"
“}periodType < fue 3¢ " Jtype="String”
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MAPPING FROM DPM TO MDM VI
« Context (ll):

Context ContextDimensionMemberPair
- contexID PK
- |IDTaxonomy
- contexDescr . | ContextID (fk)
- codeTAxonomy 1. - IDTaxonomy (fk) (pk)
- periodStart - DimensionID (fk)
- periodEndInstant - memberld (fk)
- scheme
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MAPPING FROM DPM TO MDM [X

 Primary Items (I):

Eurosistema

ROLAP
DPFM <emetaclasss>> : Column
- sAttribute |_|
I + A2C -
<<metaclass>> label L | - ldPrimaryltem=5X
PublicElement
- label=5y
Code=$x <¢|:netacla$s:} : Column <
- creastionDate=Sde — :Attribute o
madificationDate=5dm - Cade — *| - code=3y
<<metaclasss> - Column
:Attribute — -
“ AZC >
“| - creationDate L= | - CreationDate=5%dc
<cmetaclass>>
: Column
:Attribute
AL P
“1 . modificationDate - ModificationDate=5dm
<<metaclass>>
DictionaryElement
- <<metaclasss> : Column
ValidFrom=5dF =] :Attribute 1
1 = A2C : -
ValidTo=5dT validFram l | validFrom=5df
le <cmetaclass»> : Column [
i iAniritute " Al - ValidTo=5dt
<<metaclass>» - validto . Table
DimensionElement o ’
- i -
dataType=5t - <<metaclasss> Column Primarykey
TimePerindType=5p :Attribute
- dataType b A2C - DataType=5t
<zmetaclassss : Column
:Attribute AZC > <
- TimePeriodTime —— - periodType=5p
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MAPPING FROM DPM TO MDM X _

 Primary Items (ll):

Base_Dimension

- IDPrimaryltem (pk) periodType=‘instant’, ‘period’, ‘forever’
- code

- creationDate

- modificationDate
- valid_From

- valid_To Balance=debit’, ‘credit’
- Datatype

- periodType

- Balance

- Usec_created
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MAPPING FROM DPM TO MDM XI

« Fact table or Data points (l):

INSTANCE ROLAP
smetaclasso :Column
‘Attribute o AZC -name="decimal”
A-decimal - -type="integer” Py
ametaclasse :Column
‘Attribute L I_]AZC o |name="isNil* v
Foxsicnil = | Mbove'e i 7 |type="Boolean"
smetaclasso Column
g ‘Attribute = A2C -name="language"
“Fxmllang I _>-vae="smng‘ N
:Column
1 metaclass B i o
emetaclasse SNeiacssy " =" .
Instance 1 :Attribute ApeC Odciol
Avalve A2C
2 :Column
. name="nonNumericValue" |-
1 c umetaclasse types"String"
Unit
e
0.1 wmetaciass» :Column
Attribute A2C o 'name="measure” "
. 1 ‘I measure " |type="String"
emetaciasse Table
Fact -name="Fact"
- II mcaT | Ll
emetaciasss Column (FK) vef
:Attribute ToTE _ [name="idDimElement Table
“I-qName -types"String" ve="Dir ionedEl t*
emetaclasse :Column (FK)
| cAttribute e I—IAZC o |'name="idContext -ref Table
7lcontextRef | L2e= * |type="string" 4. _
Context
emetaclassy ametaciass» :Column (FK)
SchemaReference Attribute ~ - [rame="idTaxonomy -ref Table
7href = | type="String" [ e -
1
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MAPPING FROM DPM TO MDM XI|

« Fact table or Data points (ll):

ROLAP

FactTable

Context
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ID_Fact (pk)
ContextID (fk)
ID_Taxonomy (fk)
ID_Primaryltem (fk)
UnitSimple
UnitNumerator
UnitDenominator
Accuracy
NumericValue
StringValue
BodeanValue
DataValue
Is_Null
UserID_Created

Base_Dimension
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METAMODEL DEFINED BY THE EBA (FINREP AND _

COREP) MAPPED TO MDM

Access DPM_EBA<:> DPM_ROLAP

DPM Database011.accdb

RDBMS

 Creation of the structure and load of the DPM from the EBA in a
RDBMS.

« Loading DPM_ROLAP from DPM_EBA:
 Mapping.
« Code.

BANCODE ESPANA

Eurosistema

INFORMATION SYSTEMS 29



* Introduction.

* Introduction to the Multidimensional Data Model.

 Preconditions on mapping.

« Terms and definitions.

« Mapping from Data Point Model to Multidimensional Data
Model.

« Metamodel defined by the EBA (FINREP and COREP) mapped
to MDM.

 Implementation of the DPM in the MDM using the design
ROLAP.

« DPM of FINREP 2012 and the first prototype of Solvency Il in
the MDM using the design ROLAP.

« Conclusion.

BANCODE FSPANA INFORMATION SYSTEMS 30

curosisiema



IMPLEMENTATION OF THE DPM IN THE MDM USING

THE DESIGN ROLAP

Structure ROLAP.

Creation of the

Infrastructure through

MS SQL Server:
 Code.
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Context
T contetlD
g D_Twwonceny

contentDesct

codeT monomy
peniodStant
periodEncintant
scheme
&
|
&

[ S—

contextDimensionMemberPair

9 contentDd
¥ D_Taxonemy
Q dimensionlD
T membedD

o

¥

Dimension_DimensionAttribute

¥ dimensionlD

T membeD

»
DimensionAttribute
9 membedD
domaindD
memberCode
membderlabel
aDefault

creationDate
modficstonDete
vaid_from

vahd_to

FactTable

§ DFact
D_Tasonoemy
contediD
Dprimaryitern
unit_simple
uart_numero”
unit_denommnitor
accunacy
numinK_vakie
string_value
boolesn_valye
dete_value

iz Null
language
wiend_created

| Dimension

¢ dimensionlD
dimensionCode
dimenaonl abel
creatonDate
modificationDate
domaniD
ninumersble
typeDate
valid_frem

wahd to

(e o3

o

¥

Base_Dimension

IDpewnaryttem
code
creaticnDate
modficstonDate
veiid_from
vald_to

datatype
perodlype
balance

wiard_created

Taxonomy
¢ 2 _Tawnomy

Lo

23

P

10_framework
nameT axonomy
abel Taxonomy
creationDate
modidcationDate
valid_from
vahd to
versonfax
wervonDate
schemal ocation

usend_crested

Framework
¢ 10 framework

nameFramework
LbelFramenscek
creationDate
modificstionDate

wserdD _crested

INFORMATION SYSTEMS 31




* Introduction.

* Introduction to the Multidimensional Data Model.

 Preconditions on mapping.

« Terms and definitions.

« Mapping from Data Point Model to Multidimensional Data
Model.

« Metamodel defined by the EBA (FINREP and COREP) mapped
to MDM.

 Implementation of the DPM in the MDM using the design
ROLAP.

« DPM of FINREP 2012 and the first prototype of Solvency Il in
the MDM using the design ROLAP.

« Conclusion.

BANCODE FSPANA INFORMATION SYSTEMS 32

curosisiema



DPM OF FINREP 2012 AND THE FIRST PROTOTYPE
OF SOLVENCY Il IN THE MDM USING THE DESIGN

ROLAP.

e Structure and Tables.

Solvency Il

XBRL
Document
Instance
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FINREP 2012

Taxonomy
XML

XBRL

Document

Instance

Metadata

S
=

T~

Datapoints

¢

DPM ROLAP
Solvency Il

%/

(

Metadata

DataPoints

DPM ROLAP

(FINREP 2012)
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CONCLUSION _

This document is a starting point for a subsequent modelling
process.

This document does reference to CWA1 documents.

Based on an easily comprehensible example, more complex issues
are addressed that would need to be taken into account by defining
an MDM for production use.
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