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Abstract

The ECB has introduced a number of dynamic graphgsoweb site. Those are based on
Rich Internet Applications (RIAs) technologies. iFtpaper describes the development
process of a generic visualisation framework, basethe SDMX standard. The framework
can be used by other visualisation tools, thereaimoving the need to hard code data
structures within these tools, significantly cuftidown development time and making it
possible to visualise and to navigate any SDMX datita file on the Internet.
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1. Introduction: The need for SDMX dynamic graphs

In December 2006, the Statistical Information SmsiDivision of the European Central Bank (ECB)
started a project to investigate ways to improve ¢bmmunication of statistics towards the public.
More specifically, the project aimed at:

< Improving the visual display of statistical datafollowing best practices in the field of data
visualisation.

e Improving the accessibility of the published state data.

« Enabling basic data analysis from the visual dispeereby improving the understanding of
the statistics published.

e Leveraging the usage of the SDMX data frameworkaaly used along the whole statistical
process at the ECB.

On a technical level, the project would investigdte potential use of Rich Internet Applications
(RIAs) technologies together with SDMX conceptsrteet these targets. As RIAs claim to combine
the best features of both web applications anditivadl desktop applications, they appear very
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promising. Like traditional desktop applicationdAR offer a rich user experience and an improved
responsiveness, and like web applications, thay @ffer a broad reach, platform independence and a
low deployment cost.

This paper describes the various visualisationstdi@sed on RIAs technologies which have been
developed successively by the ECB, within the sadhe project mentioned above. The project was
split into 3 (partially overlapping) phases:

1. Phase 1 (2006-12 — 2007-07): Research and ingiadldpments
2. Phase 2 (2007-05 - still on-going): Consolidatiod generalisation

3. Phase 3 (2008-03 - still on-going): The developneé®CB dashboards

2. Phase 1. Research and initial developments

In this phase, which lasted from December 2006itp J007, some preliminary studies were made to
identify the most suitable technologies for thektas hand During this phase, two applications,
currently in use on the ECB website, were developed

2.1 The euro foreign exchange reference rates

Around mid-April 2007, new graphs were introduced the euro foreign exchange reference rates

This section is, by far, the most popular on theBE@bsite with more than 700 million visits since
between January 2006 and January 2009. Daily matesavailable in various formats, including
HTML, SDMX-ML, CSV and PDF.

The new dynamic graphs were developed having irdrtiie most frequent requests of ECB website
users concerning exchange rates and how to begtthema using RIA technologies. As such, the
dynamic graphs offer:

* An easy access to frequently requested figures asithe more recent exchange rate and the
change compared to the previous observation, thegehover the selected period of interest
(the last year by default), as well as the minimand maximum value over the selected
period, those three measures being calculatedesfiytlas the observation period is adjusted.

* When hovering over the graph for a selected cuyrevisitors will see the value of each data
point together with the change over the last perfsldirect access to historical data was one
of the most frequent requests concerning exchaates ron the ECB statistics hotline, the
situation has been significantly improved with tilroduction of the new graphs. This
functionality would not have been possible usiragliional charting technologies, and could
only be achieved because of the use of RIAs tecgies.

1 Out of the various technologies available at tima¢, Adobe Flex has been selected for the project.
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- Different periods of interest (last month, last 8nths, last year, etc) can be selected. Users
needing a finer level of control for selecting theriod of interest can use the slider at the

bottom of the graph.

< Another popular although simple request, the pdigito swap the base currency (for
instance the EUR vs. the USD instead of the USDhesEUR), has also been implemented.

As all actions performed by visitors (such as clamghe selected period for instance) happen on the
visitor's computer, the application responds imraegl, which enhances the overall user satisfaction
and allows increasing the quantity of informatiottracted from the data.

So far, the application has been very well recelvgdisers of the website. Nevertheless, additional

functionalities are planned and will include, amanlgers:
« The possibility to change the time series frequency

e The possibility to compare currency developmentghensame graph (for instance the JPY
and the USD against the EUR).

e The possibility to display data as a table.

e The possibility to download the data from the graptd import them into a spreadsheet

application.



UNCLASSIFIED

) ECB: Euro exchange rates GBP 09 January 2009 - Mozilla Firefox
File  Edit ‘iew History Delicious  Bookmarks  Tools  Help

&l [ — =
w B A | L‘ ﬁ ) & http:/ fwwww.ech.europa. eufstatsfexchange/eurobxrefhtmlfeurofxref-graph-gbp. en.html By - ' P
Home  Site Directory - Glogsary - Links - Contact © Disclaimer & Copyright < Search I@ A AR B
@ Languages: en

EUROPEAN CENTRAL BANK

EUROSYSTEM

[The European Central Bank| Press | Events | Publications | Statistics | Banknotes & Goins | Monetary Policy | Payments & Markets

Home = Statistics = Exchange rates = Euro foreign exchange reference rates = Euro exchange rates GBP 09 January: 2009

— Pound sterling (GBP) ﬁ Other charts

i< Back to Statistics S USD & 1 3684
= Eucinge fates Latest (9 January 2009): EUR 1= GBP 0.89480 glatal)

- Euro foreign exchange 2 =il

T arence Tatas: Change: #+0.00150 (+0.17%) FCIK : 26.460

> DKK & 74523
Daily nominal effective Select date range: im Im 6m 2y Sy All See EUR vs. GBP 3 EEW = 15 G466
exchange rate GBP % 039480

I g. 7 Change from 9 January 2008 to 8 January 2008; ¢ +014615 (+19.52%) :))HUF'EZTEJS

atmopae Winimum (14 February 2008) 0.74160 - Maximum (28 December 2008): 097855 SUTL > 34528

Competitiveness Indicators

A > LvL & 07086

0.96 f I S PLN +4.0445

nga "'j \ > RON # 42323
v | > GEK #10.7215

092 | | = CHF # 1 4908

B ) 4 = NOK + 9.4975

— fi S HRK # 7 3212

> RUB % 41,5613

/
088 B STRY #21212

Aol

L A/ = AUD 41537

08z B S BRL * 31228

) R s 5CAD %1 6186

S AVt P A ; rf/ o=, N ) = CNY % 93538
078 i 100 duly 2008: EUR 1 = GBP 0.79565 ‘ e

! Change:-0.00080 (-0.11% 2 :

A o~ ’ ; ; SN # 659360
N LR e . > KR 4 1043 32
Feb 2002 Apr200z Jun 2002 Fug 2008 Oct 2002 Dec 2002 2N 4187678

SMYR 4548

S MZD # 23160

v,f? > PHP 84520
| 5560 + 20252
> THB # 47675

:.DDS IEDD S ZAR % 132321
Alternative data format
@ European Central Bank 5 WML (SDMMML] et il
[l RSS feed

Reference rates over last four menths - Pound sterling (GBP)

Jan - 2009 Dec - 2008
Man Tue ied Thu Fri Sat Sun taon Tue Wied Thu Fri Sat Sun

X Find: | s 5 F el [ Match case

Figure 1 - The euro foreign exchange reference rage

2.2 The euro area yield curves

In July 2007, a new interactive application wasddticed on the ECB website, to display ¢éweo
area yield curvesn AAA-rated euro area central government bonds.

The application allows users to visualise differgyes of yield curves (spot rate, instantaneous
forward, par yield) and their parameters, at vagidates. It also supports comparisons of curves at
different points in time or with all euro area gahigovernment bonds. Evolution of a selected yield
curve can easily be grasped by playing an animatdfotihe selected curve over time. Like for the
exchange rates, it is also possible to focus otaiceperiods of interest and to dynamically perform
calculations, such as the spread between curves.

Since its introduction on the ECB website, the eanea yield curve application has regularly shown
very high usage and ranks among the ten most popuas of the Statistics section of the ECB
website.
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Figure 2 - The euro area yield curve

2.3 Conclusions of Phase 1

Rich Internet Applications technologies can meet ¢joal set initially to improve communication
towards the public. Indeed dynamic graphs imprénevisualisation and the accessibility of statsstic
and help making the analysis more efficient, prégdacand successful, thereby improving the
understanding of the data. The applications amgy yw®pular and show a rather high usage.

Demonstrations to interested parties includindieoRress are very well received.

However, the two applications developed in Phaseel'ad hoc" applications, where the knowledge
of the structure of the data being displayed (fistance, the notion of currency and base curremcy f
the exchange rates application) is "hard coded ihe application itself. This method is inefficien
and does not scale well in case many similar visakibn tools need to be built. In order to spepd u
the development of such applications, there isedrer a generic visualisation tool, which supports
the visual display of statistical data and metaadthout the need to “hard code” in the application
any knowledge about the structure of the data beiggayed. This was one of the main the objectives
of Phase 2.
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3. Phase 2: Consolidation and gradual extension to thECB website
and the ECB Statistical Data Warehouse

Following the success of the dynamic visualisatmuls developed during Phase 1, it was decided to
extend the use of such dynamic graphs to otheiossobf the ECB website and to all graphs available
on the ECB Statistical Data Warehouse. Howevermasttioned earlier, the visualisation tools
developed during Phase 1 have hard coded the ahtemowledge of the data structure, which varies
widely among different sets of data. Adopting aikimapproach for all graphs published on the ECB
website would significantly slow down the developmef such visualisation tools, would hamper
code reusability and would be vastly inefficiens such a generic visualisation framework, based on
the SDMX standard, has been developed during Pha$ée framework can be used by the other
visualisation tools, thereby removing the need &dhcode data structures within these tools,
significantly cutting down the development time.

3.1 Consolidation: The development of an SDMX framework

This phase started in May 2007 and finished in &adyr2008 and aimed at developing a visualisation
framework based on the SDMX standard. SDMX wascsetefor various reasons:

« SDMX is already in use in all layers of the ECBtBti&cal environment (data exchange, data
model, data dissemination, etc).

e ltis an ISO technical specification (ISO/TS 17368)onsored by 7 international institutions
(including the ECB).

« The SDMX information modeldescribes all artefacts needed to represent #tistital data

and metadata being displayed.

* The SDMX information model can be represented rgoous XML formats $DMX-ML),
which is ideal for feeding data to the visualisatiools.

The framework is organised in three packages.ttains approximately 22.000 lines of code and is
covered by more than 700 unit tests.
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Figure 3 - The ECB SDMX Framework

3.1.1 SDMX-ML Readers Package

The SDMX-ML Readers package reads the data steuckefinitions and the data files, in the SDMX-
ML Structure and Compact formats respectively.

The readers will parse SDMX-ML data structure défins and extracts code lists, concept schemes,
organisation schemes, data flows and key familiégy will also parse SDMX-ML data files and
extracts data sets, groups, series and observalibey will use the information available in theala
structure definition (the dimensions, the attrilsyutbe measures, etc) to interpret the statistiat.

The readers will then translate the extracted oataartefacts of the SDMX information model (see
next section).

The code being modular, it is possible to add reafler other SDMX-ML formats, which are not
currently supported, such as the SDMX-ML Generionfat.

3.1.2 SDMX Information Model Package

The SDMX Information Model Package represents thiefacts defined in the SDMX information
model (code lists, concepts, dimensions, data set&s, observations, etc) as objects that can be
stored in memory. These are the objects that cam ltle visualised, using the views defined in the
third package (see below).

3.1.3 ECB Visualisations Package

The ECB Visualisation Package provides views disptathe artefacts of the SDMX information
model in various ways (charts, tables, metadatalpaatc). It also supports the possibility to comb

various views on a screen.
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It follows the Model-View-Controller pattern and jilements a few other design patterns (Command,
Abstract Factory, Singleton, Observer, etc.).
3.1.4 A proof of concept: the SDMX navigator for the SDMX Statistical Web

In order to prove that the ECB SDMX framework mebes requirements of displaying various types
of statistical data in a generic way, an SDMX natag was developed.

The SDMX navigatoris a simple visualization tool for any SDMX-ML dafile, in the Compact

format, in the version 2 of the standard. It alloviswing the data as a graph or as a table. It also
offers the possibility to look at the metadata.ridsihe appropriate filters at the top, it is poksiio
browse the SDMX-ML data file and select differeatiss.

It can be tested with a file containing a referetwehe data structure definition, for example, the
Harmonised Competitiveness indicators (http://statseuropa.eu/stats/dtf test/hci.xml) or the MFI
interest rates (http://stats.ecb.europa.eu/statgdt/interest_rates.xml). If the SDMX-ML dataefil
does not contain a reference to the DSD (e.g.:/ittgts.ecb.europa.eu/stats/dtf_test/usd.xml), the
navigator asks to upload the DSD, in the Structurdormat (e.g.:
http://stats.ecb.europa.eu/stats/dtf _test/echb »axi)L.

Many improvements would need to be made in ordertiie SDMX navigator to become an
application of production quality, but it nevertbg$ achieved to prove that the ECB Flex framework
meets the requirement to display various statistiata, without the need to hard code the knowledge
of the data structure within the application.

3.1.5 Open-sourcing the SDMX framework

In November 2008, the ECB released the SDMX framkvas an open source produdthe Federal
Reserve Bank of New York and Bank of Canada armeer in this initiative. Within 2009, various
improvements will be made to the framework by theiaus contributors, such as adding support for
other SDMX-ML Data formats as well as multilingdahctionality. The code has been released under
a so-called open source permissive licence.

3.2 The extension to the ECB website and the ECB Statisal Data
Warehouse

In this phase, new visualisation tools will be aduced on the ECB website and all the charts
available in the ECB Statistical Data Warehousé él replaced by dynamic graphs. This phase has
started in March 2008 and produced a first delbleran the form of the ECB Inflation Dashboard in
November 2008.

2 The code is available at the following locatiottph/flex-cb.googlecode.com/
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4. Phase 3: “Story-telling” approach. The developmentof ECB
Dashboards

As demonstrated above, the use of RIA technologas vastly improve the visual display of

statistical data, as well as the accessibility led underlying data. However, if a “story-telling”

approach is adopted, these technologies can aldgnlade making the data analysis more efficient
and help improving the understanding of the datagogisplayed.

Therefore, the ECB started the development of actere analytical dashboard with key statistics of
interest for the general public. Thi€§ Bhase of the project started in March 2008 andywed a first
deliverable in the form of the ECB Inflation Dashlbd in November 2008, with the following
functionalities:

* Possibility to see, on one screen, key informadibout inflation in the euro area.

* Possibility to see the inflation, broken down byrgmse of consumption or following the
classification used at the ECB for economic analysi

* Possibility to drill-down into the components oéttwo classifications mentioned above.
* Possibility to compare the evolution of componeaitmflation over time on a single graph.
* Possibility to play a movie showing the evolutidrirdlation over time.

» Possibility to sort the data following various erig, such as the inflation rate or the
component weight.

e Possibility to compare data for various countries.

* Possibility to view data as graphs or tables.

Possibility to select the period of interest.

This ECB inflation dashboarbas been released on the ECB web site in NoveRiis.
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Figure 4 - The ECB inflation dashboard

5. Conclusions

Building visualisation tools using RIA technologidsfinitely improves the visual display and the
accessibility of statistical data. Furthermore, @ty a “story-telling approach” (for example vizet
use of analytical dashboards), helps making dedéysis easier and more efficient, thereby improving
the understanding of the statistics published. &foee, dynamic charts can be invaluable tools to
improve communication towards the public. Finathye use of a formal data framework based on a
standard such as SDMX makes it possible to rapdlyelop a rich and consistent statistical
application.



