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ABSTRACT

The current commercial and academic OLAP tools atopnocess
XML data that make use of XLink. To develop OLARtms for
helping in the analysis of such data, this papemppses an
analytical query language, namely LMDQL (Link-basedd
Multidimensional Query Language). Before presentidDQL,
a multidimensional data model based on XLink iggivThen, the
LMDQL syntax is detailed together with its operatoand a
discussion on its processor architecture. Finalycase study
based on XBRL Dimensions documents is given. XBRh be
seen as a standard used in the publication of dinhdata over
internet and contains linkbases based on XLink.

1 INTRODUCTION

The use of XML (eXtensible Markup Language) as lter@ative

for integrating heterogeneous data sources has nihde
technology a standard for data interchange on titerret.

Therefore, XML documents are a rich source of imfation for

organizational decision making. Similarly, the usé Data

Warehouses (DW) and OLAP (On-Line Analytical Praieg)

tools [3] allows the identification of tendenciasdastandards, to
better conduct the companies’ businesses.

In XML, it is possible to represent information samtically

similar in different ways. This leads to three lgndf data
heterogeneity: (i) semantic, where similar inforimat is

represented through different names, e.g. enterprisl company,
or dissimilar information through equal names, eigus in the
informatics field and in the health field; (ii) sactic, where the
semantically equal content is represented in sbweags. For
example, in different languages or in diverse measmits, e.g.
meters and feet; and (iii) structural, in whichalat organized in
diverse structures, e.g. in different kinds of A&iehies, in
attributes or in elements [12]. This representafilexibility is

important, however it makes the use of OLAP coreediout
XML data a complex task.

Applications and technologies derived from XML uX&ink
(XML Linking Language) [17] as an alternative fapresenting
the information semantic and structure, expressiakptions
between concepts, which are usually defined irharse based on
XML Schema [18]. A problem that occurs when protess
documents that have chains of links, based on XLimkhe fact
that the available query languages do not provigepart for
navigation on them. Although the XPath (XML Pathnbaage)
[19] is widely adopted as query standard in XML uloents, it
does not provide such resource. Several works Hhasen
developed with the analytical queries purpose (OLé&Wwer XML
data [1], [2], [12], [20], [9], [21]. However, thesresearches do
not take the use of XLink in XML into consideration

This article presents LMDQL (Link-based and Multidinsional
Query Language), an XML data query language, basedPath+
[14], [15], an XPath extension for navigation olieks based on
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XLink. From the analysis of the related works dissed in this
article, the existence of a query language to XMitad which
allows the following, has not been verified: (i)eusf a collection
of XML documents; (ii) perform queries based on ¥h&ue or on
structure of the XML document; (iii) consider thristence of
linkbases, groups of links, as a source of inforomat(iv) perform
analysis based on indexes determined by the dabe; cfv)
express values that indicate percentage relationsng other
values in the data cube; (vi) create operators cbaseothers
previously created, in execution time, and which ba stored for
future queries; (vii) be based on a data modeinddfby XML
Schema and XLink, to solve heterogeneity conflictsXML;
(viii) be an extension of the MDX [10], a standandarket
language for performing OLAP queries. For this ogasthe
development of an OLAP system for XML, which usekirk,
consists in the motivation to perform this work.

In section 2, the specification of the LMDQL quédanguage is
presented. Section 3 approaches a case study WBRLX
(eXtensible Business Reporting Language) [6]. Qasiohs and
future works are listed in section 4.

2. LMDQL

To perform navigation over links and recover infation
contained in linkbases, LMDQL uses XPath+. Thegrenfince of
one XPath+ expression, detailed in [14], [15] sigsph node list
with information about link's origin and destinatioXPath+
provides a group of axes and functions to retrisermation
contained in the XLink links. The LMDQL charactéits are
discussed next. Section 3.1 discusses the datalmnodehich
LMDQL is based. In section 3.2, syntax, semantits$ @perators
of LMDQL are given. Its processor architecture atlte
implementation aspects are presented in secti@nargl 3.4.

21 A Multidimensional Data M odel based

on XLink

Because of the flexibility inherent to the XML teahogy,

different forms of cube definition and data modet DW can

exist. For this reason, the heterogeneity problei»&VL data are
made evident. However, the use of XLink and XML &cla may
solve such problems through the specification ofatisions, facts
and cubes. The data model on which LMDQL is basetends
the XBRL Dimensions concepts to other domains, ughothe
inclusion of linkbases, elements, and attributes.

An XML data base with Xlink is made of schemaskliases and
instances. The first ones specify the elements rgatesent the
facts, the dimensions, the dimension members amdubes. The
linkbases establish the relation between membeatsanensions
and between dimensions and facts, establishingaksible cube
combinations that can exist in the instance. Initis¢éance occur
the observed facts, which, combined with the meadimension
members, determine a data cube. The XML instancardent,
which may contain one or more cubes, has a dimeakio



structure, on which the contexts with the dimensiembers are
represented, and another one not dimensional, thith facts
measures. Figure 1 illustrates the data organizaazording to
this model. The elements to be used in the XMLansé are
specified based on XML Schema. The relations amurg
instance elements and among these and other resoane
expressed in linkbases. TRact SchemandHypercube Schema
documents define the elements that represent thts fand
member, dimension and cube. Regarding the modeinaration,
these schemas could be specified in one or inndistiocuments.
In the instance elements that represent the futspresence of
the contextRefand unitRefattributesis obligatory, which refer to
the multidimensional context and to the fact urépresented by
the elementsontextandunit of the dimensional structure.

Linkbase Definion &

Linkhase Label

]

Linkease Deseription  §]
Linkbase Reference

FactSchema &)

Linkbase Calculation &

Linkbase Ordering

XML Instance 8]

Data Cube &]

Linkbase Definition

Linkbase Label

Linkbase Description &1

Hypercube Schema 9]

Regarding the other linkbases, the Ordering linkbdstermines
the presentation and the processing orders of ldraeats. The
Description linkbase supplies a textual descriptidra relation.
The Reference linkbase defines the elements thatesent
references related to the instance elements. THeul@gon

linkbase expresses arithmetic relations.

Besides solving the heterogeneity problems, thim daodel is
flexible enough to be used in other domains anthd¢orporate
new relations not predicted by its linkbases.

2.2 The LMDQL Syntax

The LMDQL syntax is based on MDX, with changes perfed to
become suitable to the XML documents context withink
support.

2.2.1 Definition of Query Statement

The LMDQL queries extend MDX to perform queries dzh®n
the value or on the XML document structure. To dptke clause
$VARIABLE has been specified, which declares théhpahat
will be used on recovering the members of the desumThe
other clauses of the query forming expression reraaioriginally
defined in MDX. One query based on the structura ba
evaluated through the trees shown in Figure 2,lajspy two
representations of bank assets, considering thahei tree on the
left, the classification between public and privasnks occurs.
The LMDQL query, shown in Chart 4, is performed an
collection of XML documents, namdgianks so as to recover the
total of the banks assets in both structures.

AssetsBanks AssetsBanks

Linkhase Reference

Linkbase Calculation ]

F“T“T“
|

! |

Linkbase Ordering

Figure 1. Data M odel for LMDQL

Regarding structural aspects, the definition ofatiehs among
dimensions, the members and the cubes is perfobnédkbases.
The relations expressed by the arcrd@main-membesorts the
possible members of a domain, which is associatéd the
dimension through thearcrole dimension-domainThe cross
product from dimensions and facts, to establistpthesible cubes
to be used in the instance, is defined by the Bdmgpercube-
dimension For including the measures in the cube,atwole all
is used. For excluding the member of a domain ircuae
specification, thearcrole notAll is used. These relations are
specified in the Definition linkbase.

In this data model, the heterogeneity questionXbi. data are
solved as follows: (i) in semantics, the Label binke establishes
one or more labels for an element defined in thhese.
Consequently, one element can have several |adetk distinct
elements, in different domains, can have the saive.| Thus, one
application can perform processing either through élement or
its label; (ii) in syntactic, th&abel linkbaseallows the definition
of names in different languages for the same elemed theunit
attribute allows informing the unit regarding theasure; and (iii)
in structural, the scheme defines elements, itsbates and
deriving elements. The Definition linkbaspecifies the hierarchy
among the elements, determining the structure ofLXdAta.

privateBank
: HSBC

4 Figure 2. Organizational Structure Tree Representations.
Chart 4. LMDQL Query Statement
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BankOfBrazil

$VARIABLE [e] = [assetsBanks] |
[assetsBanks].[privateBank] |
[assetsBanks].[ governmentBank]
WITH
MEMBER [Measure].[totalAssets] AS ‘SUM ([e]. Members )
SELECT {[Measure].[totalAssets] ON Axis(0)}
FROM Banks

2.2.2 LMDQL Operators

Before listing the LMDQL operators, it is importatat highlight

some definitions that will be used in its specifiga (Chart 5).

For these definitions, the instance element definetthe schema
or a label related to the element is considerealrasmber.

Chart 5. Definitions used for specifying LM DQL

<MemberSet>

Set of members in a cube

<Member> One member in a cube

<DimensionName> Dimension name (e.g. [Location]).

<LevelName> Alevel name (e.g.

[Location].[State]).

<MemberName> A member name (e.g.

[Location].[state].[Bahia]).

i

<NumericExpression> y numeric value

<IntegerExpression> Anyf Interger value.

<NumericSet> A set of any numeric values.

The language operators are categorized due toethe of having
operators that allow the query performance basecdoomparative
values, once the use of indexes is of great impoetan any



domain. However, the MDX language does not covisrkimd of
analysis completely, because it does not defineapeegator that
allows the use of the Separatrix, a statistic pmsiteasure. On
the other hand, the use of Xlink implies the nekdre operator
category that allows the navigation through linkdsasThus, the
LMDQL operators were categorized the following waf)
Relative Evaluation Operators, which allow the tiora of
operators for determining indexes and the perfoomaf
horizontal and vertical analyses based on statistitormation;
and (ii) Navigation Operators, which allow the reexy of the
information based on the document structure anthetinkbases.

2.2.2.1Relative Evaluation Operators

The use of indexes is justified when the analydiscertain

relations is more significant than the direct as@lyon data. The
LMDQL language allows the user to construct opestthat

express any relations, and its applications inyeftechniques.
In this work, the horizontal, vertical and standanadex

techniques are considered. The horizontal anahyjgislights the

variation of certain information over the time. Thertical

analysis allows one to identify the participatioargentage of
certain information on the composition of anothiEne standard
index analysis determines the relative locatiomédrmation in a
statistic distribution.

In MDX, the creation of operators through the u$eaiculated
members can be performed. However, it is not pessibsave the
created operators, leading to redefinitions, inecalsey are
necessary for further use. This feature is availabl LMDQL.
The LMDQL Relative Evaluation Operators are desmibelow.

OperatorDefinition(String, String [, param(String+)]): given two
strings, one for defining the expression that djpecthe relation
between the members of a cube, and another onedtaifies
the new operator, this operator creates anotherbased on the
previous relation given. Optionally, parametersd&used in the
given expression can be supplied. The operatoticreaccurs in
execution time, allowing the immediate use of juseated
operators. The operators can be created in thenaiteontext of a
query or as an independent statement. In both cteesperators
created are stored in the operator library for feituse. Chart 6
illustrates the use of this operator for creatingl aising the
assetsReturpperator.

Chart 6. Use of the Operator Definition operator

OperatorDefinition(‘([Net Profit]/[Assets])’, asset
SELECT {[Time].[2007]} ON COLUMNS,
{Descendants ({[company].Children}, [geographic].[S
ROWS FROM Banks WHERE Return )

sReturn)

&o Paulo])} ON

HAnalysis (MemberSet, MemberSét [NumericSet]): given a

reference set, two or more sets of members andyraty, the

indexes for correcting value in each set, this ajercalculates
each set’s evolution in relation to the referer@@ieart 7 shows the
use of this operator.

Chart 7. LMDQL Query for horizontal analysis

SELECT {[Time].Members} ON COLUMNS,
{HAnalysis([Time].[2006],{[Measure]. [Assets].Child
ROWS

ren},1)}ON

FROM Banks WHERE ([bank].[BankOfBrazil],
[geographic].[S&o Paulo].)

VAnalysis(Member, MemberSet): given a reference member an
a set of members, this operator calculates theeptage of each

member in relation to the referenced one. In CBathe use of
VAnalysis is illustrated.

Chart 8. LMDQL Query for vertical analysis

SELECT {[ Time].[2008]} ON COLUMNS,

{ VAnalysis ([Measure].[Assets].[Operational Assets],
[Measure].[Assets].[Operational Assets].Children})}
Banks

ON ROWS FROM

Separatrix(MemberSet, Member, IntergerExpression): from a
set of members, a member to be evaluated and ageinthat
represents the separatrix, this operator deterntiveemtervals for
this set and returns the evaluation member relatogtion. The
intervals are calculated through the members ardervhich are
divided according to the integer value given aspater. The use
of this operator is exemplified in Chart 9, where tjuery returns
the position of Bank of Brazil assets in relationthe position of
other banks from Brazil.

Chart 9. Use of the Separatrix operator

SELECT { assetsReturn  } ON COLUMNS,
{ Separatrix  ({{company].Children,
[geographic].[Brazil]},[bank].[BankOfBrazil],3)}
ON ROWS FROM Banks

2.2.2.2 Navigation Operators

The operators presented next allow the retrievainfifrmation

contained in the relations expressed in linkbaseeemas and
instances. For example, it is possible to find anses with
different elements, but with the same meaning amdeslabel.
Then, the query is performed by checking the elestrat relate
with the label.

Cross(Member, String*): given a reference member, dpsrator
returns the members that have relation with it.i@yatlly, the
kind of relation to return can be specified. Thisgiven by the
names of the linkbases. One example of the Crossaty is
illustrated in Chart 10.

Chart 10. Use of the Cross operator

SELECT {[Time].[2007], [Time].[2007]} ON COLUMNS,
{ Cross ([Measure].[Assets], ‘Definition’)} ON ROWS
FROM Banks

NNearestValuegMember, IntergerExpression [,String]): from a
reference member and a precision numeric valuetlii¥) operator
returns the closest N members to the reference memb
Optionally, it is possible to define, using ASCRESC, whether
this amount of members refers to the members vatbest values
above or below the reference value. One exampldefuse of
this operator is shown in Chart 11.

Chart 11. Use of the NNearestValues oper ator

SELECT {[Time].[2005].Children} ON COLUMNS,
{ NNearestValues ([Measure].[BankOfBrazil].[Assets], 3, DESC) ON ROW S
FROM Banks

NNearestValuesPercentual (Member, NumericExpression
[,String]): given a reference member and a numalae (N), this

operator returns the present members at a pereewsaigtion rate

(N%) based on the reference value. Optionally ABE or DESC

values are also used. Chart 12 illustrated theofishis operator

in one LMDQL query.

Chart 12. Use of the NNear estValuesPer centual operator

ol { NNearestValuesPercentual

SELECT {[Time].[2005].Children} ON COLUMNS,
([Measure].[BankOfBrazil].
[Assets], 10) ON ROWS FROM Banks




23 LMDQL Processor Architecture

The architecture of the LMDQL processor, which t@nseen in
Figure 3, is divided into three layers, which periahe interface
function with the user, LMDQL query processing addta
acquisition. These architecture layers are: Iffiferface which
contemplates the GUI used for command submissidrtMBQL.
The two components from thikiterface layer are theQuery
Editor, that validates the queries and forwards themh®e t
Processorayer, and the&Query Viewer that displays the results;
(i) Processor where the analytic-dimensional processing
mechanism is. It contains the modu@sery ProcessqgrXPath+
Processor which can be viewed on the right of Figure 3, &#mel
Optimizer which contains optimization mechanisms. TDeery
Processoris meant to perform the lexical and syntactic gsial
on the query and send it to the execution managsch will be
detailed in section 3.4XPath+ Processoris responsible for
controlling the query performance, receiving regmients in the
XPath+ expression form, performing them and reinigvthe
necessary data to query execution; (Data, data acquisition
layer, composed by: (a)Data Cube stores the instance
documents; (bMetadata Repositorythe repository of metadata,
in which schemasandlinkbasesare; and (cOperators Library
where the operators created by the user are stored.

24  Implementation Aspects

One analytical processing environment based on sperce code
tools was developed aimed at making the analyss ¥¥L data
accessible to a large number of users. Thereformbndrian
[11] was chosen to compose the desired environnsamte it is
an OLAP server used in several Busindaegelligence (BI)
solutions, and is developed in Java, which makesriputational
platform independent. Another aspect that has énfted this
decision was the use, by this server, of the MDX¥rguanguage,
which provides resources that allow performing eagvariety of

queries on multidimensional data.

S

Interface

Figure 3. Architecture of the LM DQL Processor

The mondrianarchitecture is formed by four layers. Its extensi
occurred in the database layer which contains #msfand
dimensions table, once LMDQL acts on XML. Then, @ven
source native XML SGDB was used, eXist [5]. ThisBBzallows
the creation of collections and sub-collections XML
documents, functionality of great importance forrfpening
LMDQL queries in more than one document. Anotheeeded

layer was the dimension one, which analyses graratigt

validates and executes MDX queries. The metadat@dstin it,

represented by an XML document, describe the dake and
mapping in a relational model. Then there is trecessing of the
MDX query transforming it into SQL. This SQL questurns the
values from the cube cells and the dimension mesnbérthe
cube. The LMDQL query processing keeps the curmarie
mapping system. However, the LMDQL processor impts the
SQL queries generated and converts them into XQgeeyies,
using XPath+ expressions. This was the main chgdlevf this
approach, since XQuery and SQL are based on diffedata
paradigms (i.e. ordered sequences and tuples sets).

The interception procedure of the SQL queries &danversion
into XQuery queries is performed in tReiery Processomodule,
from theProcessotayer, through a JDBC driver [8] developed to
map the relational cube representation used byDIh&P server
for XML documents. This gives the OLAP server ateiface to
access the data present in XML documents identacdahe one
used to access relational databases. This mak#éeiedt for the
OLAP server the database environment that is begegl, XML
or relational, for performing MDX queries.

The JDBC driver performs the cube mapping definedthe
OLAP server for the XML documents through a metadat
represented by a configuration file. After the slation of the
SQL queries, the JDBC driver applies the XQueryultexy
queries on the corresponding XML documents stanetie native
XML SGBD and sends the returned data from theseiegjein
JDBC format, to the OLAP server. The JDBC spediifiizawas
chosen for the implementation of this access ditwetatabase to
make it independent from the computational platfoemd
compatible withmondrian

The architecture of the JDBC driver, which can bewed in
Figure 4, is divided in three layers, which perfointerface
functions with the OLAP server, SQL queries coniggrsin
XQuery queries and interface with native XML SGBThese
architecture layers are described next: (BDC which
contemplates the interface with the OLAP servee @bmponents
of this layer are th&tatementused to perform a SQL query and
return the result generated, tResultSetwhich contains the data
table representing the SQL query return, @@nnection which
represents the session through which the SQL quesie
performed, and th®riverManager which represents the JDBC
driver management service; (iBarsing where the conversion
mechanism from SQL to XQuery queries is. The mosl@@L-
Tokenizer XQuery-Generatoland Cube-Metadataare in it. The
SQL-Tokenizerhas the function to perform the lexical and
syntactic analysis on the SQL query to generateadkens of this
query. XQuery-Generatorhas the responsibility to create the
XQuery queries from the SQltokens Cube-Metadatais the
metadata that maps the cube defined in the OLAResdor the
XML documents; (iii)XQJ, interface layer with the native XML
SGBD, composed by the components:Xa)lConnectionsession
through which the XQuery queries are performed; (b)
XmlIDataSource where the sessions established with the native
XML SGBD are managed; (cXmlExpressionused to perform
one XQuery query and return the result generatad ft; and (d)
XmlSequencgavhich contains the return SQL query data.

The approach chosen for thmondrian’s extension has the
advantage to cause the smallest possible coupbirthis OLAP



server. This implies in the possibility of LMDQL eisin BI
applications that do not make use of thendrian Furthermore,
besides the data model proposed in section 3.&r @ models
for XML (without XLink) can be used, being enoudhetcube
mapping in thenondrian So, it is transparent for the user the fact
that the data base is relational or based in any $dWtion for
XML.

3. LMDQL QUERY on XBRL

DOCUMENTS

In order to validate the LMDQL operators, an examiphsed on
XBRL documents will be used. XBRL is a XML-baseddaage
used to create financial reports. It uses plentilohk links in
order to express the semantics of instance eleméidsre 5
illustrates a DW structure, based in the taxonorefindd in
COREP/FINREP XBRL Project [4]. This is a model whéhe
hypercubesection exposure types hypercublates with theredit
risk and exposure typedimensions and where the hypercube
securitization positions SA hypercubeelates with the
securitization typeand credit risk dimensions. Based on these
definitions, the XBRL instances, which represeata cube, are
stored in theFinancial collection of the data base. The metadata,
linkbases and schemas, are also stored iD#t&layer repository.

The MDX language allows performing vertical and ihontal
analyses through queries made by the user, usmgdaltulated
member operation. In Chart 16, one MDX express@mpérform
one horizontal analysis on three distinct pericglshown. It is
observed that it is necessary the definition of tmers referring to

= e
Drivertanaged !

SQL-Tokenizer [ ! XQuer-Generator Cube-Metadata

/

[ XmiExpression [}

X¥miSequence [} L1 ¥miConnection

XmiDataSource |

|

Figure 4. Architecture of the JDBC driver

the desired periods and the association betweem #ied the
tuples Unit RequirementstHorizontal Analysig. In one analysis
with a higher number of comparative periods, theergu
complexity clearly increases. For this kind of quer be easier to
write, operators were created for vertical and zantal analyses
in LMDQL, which allow the construction of queridsat are more
concise and simpler to use and keep. Figure 6tidltes one
identical query using thédAnalysis operator of the LMDQL
language, being the result gotten in the instaneksive to each
period, present in théinancial documents collection.

Figure 7 exemplifies the use of the MDX DrillDownlet

Chart 16. MDX Query for horizontal analysis
WITH

MEMBER [Measures].[HA 2006] AS
((([Time].[2006]-0) * 100) / [Time].[2006])
MEMBER [Measures].[HA 2007] AS
((([Time].[2007]-[Time].[2006]) * 100) /
[Time].[2006])
MEMBER [Measures].[HA 2008] AS
((([Time].[2008]-[Time].[2006]) * 100) /
[Time].[2006])
SELECT Union(Crossjoin({[Time].[2006]},
{[Measures].[Unit Requirements],
[Measures].[HA 2006]}),
Union(Crossjoin({[Time].[2007]},
{[Measures].[Unit Requirements],
[Measures].[HA 2007]}), Crossjoin({[Time].[2008]}
{[Measures].[Unit Requirements],
[Measures].[HA 2008]}))) ON COLUMNS,
{[Credit Risk].
[Credit Risk SA Securitization]. Members} ON ROWS
FROM [Capital Requirements]

operator, which performs a search for the memb&ne level
below the one represented in the query, allowimgose detailed
view of the data set.

4. CONCLUSION

The LMDQL language allows the multidimensional desr
performance in XML documents that make use of XLink
LMDQL extends MDX for performing relative analysesaking
the queries more concise, through the operatoryddical and
horizontal analysis, besides including the analys&sed on
statistic positional measures, through tBeparatrix operator.
Furthermore, LMDQL allows the creation of operatbesed on
others previously defined, in execution time, spegdthe
definition of new operators and making it possitdethem to be
stored in a library for further use. This allowse threation of
operator libraries for specific domains. LMDQL defs operators
for obtaining information in data containing inkimases, allowing
the performance of analytical queries in applig&idased on
XLink.

The LMDQL language processor implementation alltivesreuse
of the MDX operators implemented in existing Bl wg@ins,
favoring the use of LMDQL in those solutions. This
implementation allows its use in the OLAP server,matter the
data storage environment, XML or relational. Itimsended to
expand the LMDQL functionalities to incorporate oagers for
performing OLAP query on text. As the time and spac
efficiencies were not evaluated in this paper,ithplementation
of the processor optimization module and the didini of a
taxonomy for financial OLAP operators will also performed.
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back to index

SELECT {[Time] Members} ON COLUMNS,

{Hanalysis([Time] 2006, {[Credit Rizk]. [Credit Risk 54 Securitization] Children},
1)} ON ROWS

FROM [Capital Requirements]

WHERE ([Measures].[Unit Requirements])

Results:
[Tine] 2006] [Tune] [2007] [Tine] 2008]
bl Ha HA (%) Uit ha )
[Credit Risk] [All Cred

[Credit Risk] [All Cred

back to index

Figure6. LMDQL Query for horizontal analysis
back to index

SELECT [Measures]. [Unit Requirements] OM COLUMNS, A
DrilbownLevel({ [Exposure] . [Exposure Type].[On Balance]}) ON ROWS
FROM [Capital Requirements]

process MDX query
Results
[Measures]. [Unit Requirements]

[Exposure].[All Exposures]. [On Balance] £4.063.00
[Exposure].[All Exposures]. [On Balance] . [FirstLoss] £1.433.00
[Exposure].[4ll Exposures]. [On Balance] [Mezzanine] £1.590.00
[Exposure].[All Exposures].[On balance], [Most Senior] £1,040.00

back to index

Figure7. LMDQL Query for the DrillDownL evel operator
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Figure 5. DW Mode for the Financial cube



