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l. | NTRODUCTI ON

1. Statistical offices (National Statistical Institutes or NSIs) all over the
worl d have faced many new demands, expectations and problens for sone years now.

The tasks they have to performare increasing in conplexity and scope.

At the sane tine, manpower resources and funding are being frozen or cut back.
"Data suppliers” would like to provide their information nore sinply and cheaply
than hitherto.

"Data clients" have a conpletely new nmeans of seeking, collecting and using
information: the main factor is no |onger provision by others (e.g. provision by
the staff of a statistical offices information service); instead, they are now
used to collecting information interactively, online and on demand using
appropriate search functions and processing it further on their own PCs. This
constantly growi ng group of custoners expects information providers to adapt to
their way of handling informtion.

The politicians', admnistrators' and the economy's needs in ternms of up-to-date,
high quality and internationally conparable statistics to help in decision-nmaking
processes is continually on the increase.

Techni cal inprovements in information technology (increasingly shorter innovation
cycles) lead to major insecurity with regard to long-terminvestnents. A product
or technol ogy opted for today may al ready be obsol ete tonorrow.

1 Prepared by Qinther Zettl
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2. Managi ng to deal with these needs and probl ens and bei ng capabl e of reacting
flexibly to future, conpletely unforeseeabl e devel opnments, are hercul ean tasks. Bo
Sundgren of Statistics Sweden wote the followi ng on this subject:

"It is a challenge for a nodern statistical office to be responsive to expectations,
demands and requirenments froman ever nore dynami c environment. Society itself, which
is to be reflected by statistical data, is changing at an ever faster rate. This

| eads to needs for nore variability, nore flexibility, on the input side as well as
on the output side of statistical information systens nmanaged by statistical offices.
In order to manage requirenments for greater variability in the exchange of data with
the external world, and in order to do this with the same or even less financia
resources, a statistical office nmust consider systemlevel actions. It is not enough
just to do ,nore of the same thing' or to ,run faster‘. It is necessary to undertake
nore drastic redesign actions." [ SUNDGREN 1996]

3. One-of f activities are inadequate as system |l evel actions — what is needed
instead i s a package of correlated organisational, statistical and technica
measures. Since data are at the heart of the statistical production process and the
conputer is now the statistician's main tool, working out an overall strategic
concept for the use of the conmputer (with special enphasis on netadata managenent;
cf. [FROESCHL 1999a]) is an inportant matter.

4, There are various angles fromwhich statistical production can be viewed. One
of the sinplest nodels is defined by a statistical office as a data processi ng system
with two interfaces (fig. 1):

Q 3

N VvV ¥

INPUT

NSI

OUTPUT

¥ ¥\

O

Fig. 1

At the input end, raw data are entered into the "NSI systeni by the "data
suppliers" (respondents, existing data registers).

At the output end, statistical results (object data and netadata at different

| evel s of breakdown and in different forns of presentation) are passed on to "data
users".

5. Many statistical offices are working on data processing projects ained at
noder ni sing the "NSI system' including its interfaces and adapting it to new
requi renents:

At the input end, the main focus is on reducing the burden for respondents
(especially enterprises). One of the best known projects of this type is TELER
which is being run by Statistics Netherlands. Statistics Austria, in close
cooperation with an external software devel opnent firm has started the SDSE
project ("System zur Durchfihrung statistischer Erhebungen" — system for carrying
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out statistical surveys), the central elenent of which is an "El ectronic
Questionnai re Managenent Systent ("El ektronisches Fragebogen Managenent Systent
EFBMES) .

Inside NSIs, the systematic collection, adm nistration and use of netadata is a
basi ¢ chall enge. A number of statistical offices have already started to build up
integrated statistical nmetai nformation systens (METIS)

At the output end, printed publications are regarded as no | onger adequate by
"statistics clients". Here, efforts are concentrated on providing statistica
results in electronic form This includes projects involving the use of the
internet for dissem nating data, as well as the accel erated and standardi sed
transfer of data to Eurostat using the STAD UM STATEL software and the GESMES
format. In Austria, the new Federal Statistics Law 2000 explicitly requires
statistical results to be retrievable free of charge via the internet.

6. I n di scussions about the technical infrastructure of statistical offices and in
the context of specific data processing projects (mainly in the output sector, but
also within NSIs), there has been increasing nention of the concept of "data

war ehouse" recently. However, this termis sonmetinmes used with a nmeani ng which goes
wel | beyond that of the original concept and therefore can |ead to m sunderstandi ngs.

7. Therefore what is neant by a data warehouse (and related terns such as "data
mart" and "OLAP") is described below. An attenpt is also nade to relate this concept
to the statistical production process and to provide details of how data warehouse
concepts and technol ogi es can contribute towards neeting the chall enges set for NSIs.

. VHAT | S A DATA WAREHOUSE?

8. In the last few years, the term "data warehouse" has beconme fashionable in the
comput er i ndustry:

Har dwar e manufacturers love it because they can supply their custonmers with
power ful conputer systens for running a data warehouse.

Sof tware devel opers |love it because they can sell expensive tools and applications
(often costing mllions of Austrian schillings) and do not have to conpete with
M crosoft (a situation which incidentally has changed in sone sectors — data
storage and OLAP — following the introduction of the MS SQL Server 7.0 and the
acconpanyi ng OLAP services in the neantine).

Consul ting conpanies love it because their services are used by many conpani es
which want to build a data warehouse.

And aut hors of technical books love it because it is a wonderful subject for
writing books and articles about. "The Data Warehousing Information Center*
(http://pwp.starnetinc.com larryg) currently (in Decenber 1999) lists over 130
books, 70 White Papers and 100 articles accessible on the internet — which nost
probably only represent a fraction of the range actually on offer

9. O course there are a nunber of other definitions. Some exanples can be found
bel ow.

According to WH. Innmon (often called the "Father of Data Warehousing") a data
war ehouse is "a subject-oriented, integrated, tine-variant, non-volatile
collection of data in support of managenent’s decision nmaking process” [ NVON
1995] .

Ral ph Kinball, with I nmon, probably one of the npbst fampus "gurus“ in the data
war ehouse field, defines a data warehouse as "a copy of transaction data
specifically structured for query and anal ysis" [ KI MBALL 1996].

For Sean Kelly, a data warehouse is "an enterprise architecture for pan-corporate
data exploitation conprising standards, policies and an infrastructure which
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provi de the basis for all decision-support applications" [KELLY 1997].

Sam Anahory and Dennis Miurray write: "A data warehouse is the data

(meta/ fact/di nensi on/ aggregati on) and the process managers (| oad/ warehouse/ query)
that make informati on avail abl e, enabling people to nmake i nforned deci sions”

[ ANAHORY/ MURRAY 1997] .

Barry Devlin describes a data warehouse as "a single, conplete, and consi stent
store of data obtained froma variety of sources and made available to end users
in a way they can understand and use in a business context"™ [DEVLIN 1997].
According to Stanford University, a data warehouse is "a repository of integrated
i nformati on, available for queries and analysis. Data and information are
extracted from heterogeneous sources as they are generated.... This nakes it much
easier and nore efficient to run queries over data that originally canme from

di fferent sources" [STANFORD].

10. Taken individually, none of these short definitions explain clearly what is
meant by the term "data warehouse”, but taken all together, they contain basic
characteristics which will be described in slightly nmore detail bel ow. However, it
shoul d be pointed out that, even if theoreticians agree on nmany features, there can
be still differences in how the concept is understood in detail. For exanple, a data
war ehouse as understood by I nnon does not correspond to a Kinball warehouse in al
aspects.

11. Oiginally, in the commercial environnent conputers were primarily used for
supporting and automati ng busi ness processes such as order-processing, invoicing,
book- keepi ng, stock managenent etc. The aimwas for these functions to run faster and
nore cheaply and for the conpany to be able to react nmore quickly to customers®
demands. The mai n purpose of course was to derive advantages over conpetitors.

12. Conmput er systenms in these areas of application are called OLTP (Online
Transacti on Processing) systens in data warehouse literature. They are optimsed to
al l ow fast response tines for sinple, pre-defined transactions which often consist in
changes, additions or deletions of individual data records. By using normalised data
nodel Il ing (preferably the third normal form provided certain conprom ses do not have
to be accepted for performance reasons) the aimis to ensure that the nodification of
a fact only has to be carried out on a single table line.

13. However, OLTP prograns are not very suitable for providing information for
analysis. Normally they allow certain reports to be issued but when further data are
requi red individual progranming by the IT division is necessary, if data are
available at all (in a stock managenent system for exanple, the current stock |eve
can be determ ned, but the stock |evel of several nmonths or a year ago or even
earlier is no |onger known).

14. Therefore, in view of their functionality and design, OLTP systens can hardly
be used for analysis. To make up for this drawback, in the 1980s, it was proposed to
extract data fromthem at regular intervals, provide themw th a tine stanp and store
themin a systemof their own: the data warehouse.

15. Since data nostly stem from several individually independent upstream systens,
they may show a nunber of inconsistencies: e.g. different product numbers and
descriptions in the prograns for order-processi ng and stock managenent, non-uniform
attributes for the same custoners, when a firmis active in different business areas
and uses nore than one order-processing program etc. Before the data are | oaded in
t he data warehouse, therefore, they nust undergo conprehensive integration, as wel
as structural and format standardisation (which sonmetines represents up to 80 % of
the total cost of establishing a data warehouse).
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16. Unli ke the nore functional organisation of the OLTP systens, the placing of
data in the data warehouse is oriented towards the main subjects for analysis
(customers, products, supply companies etc.). Innon calls this “subject-orientation”

17. The users of the warehouse should be able to find precisely the data they need
for their work and carry out queries and anal yses wi thout the assistance of data
processi ng experts. This requirenent calls for special data nodelling which is called
"dinmensional”. To illustrate this data nodel, often a cube (fig. 2) is used, the
edges of which are given the dinmensions with their individual nenbers (in the case of
a warehouse for a chain of supermarkets, for exanple, product, outlet and tine).

I nside the cube, at the crossing of the different dinension nenbers, there are
numerical facts, e.g. turnover achieved on a particular day in a particular outlet
for a particul ar product.

v eve
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Fig. 2
18. The nmenbers of a dinmension can be hierarchically broken down at several |evels

(e.g. product 0O product group, outlet Ocity Odistrict O federal country, day 0O
month 0O quarter O year). They can al so have attributes which m ght be of interest for
anal yses (the col our of the product, the selling space of an outlet etc. ).

19. Queries and anal yses of this type of "cube" (which of course may al so have nore
than three dinmensions) are called Online Analytical Processing or OLAP. OLAP client
programs specialise in presenting the user with any required section through the cube
in different arrangenments of the dinmensions (slice and dice). It is also possible to
switch over fromone hierarchy level to the elenents belowit and to navigate in the
opposite direction (drill down, drill up).

20. OLAP cubes can be stored in a proprietary format in a rultidi nmensiona

dat abase: an OLAP server (MOLAP = nultidi nensional OLAP). Frequently the data are
also located in a rel ational database (ROLAP = relational OLAP), in which case the
so-cal l ed star scheme often cones into use. In a star scheme, each dinension with al
its attributes and hierarchy levels is stored in a dinension table. The nunerica
values frominside the cube are stored in the central fact table together with the
foreign keys of the dinension tables (fig. 3).
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21. An inportant characteristic of the star scheme is the denornmalisation. For

performance reasons (avoiding table joins) the attributes of objects which would be
stored in separate tables in a nornmalised data nodel and woul d be referenced by
primary/foreign key relationships, are entered in the dinmension tables (in fig. 3,
for exanple, the names of the town, district and federal country in the outl et

di mension). This redundant data storage makes update operations difficult, which is
why a data warehouse is nornmally read-only, or in Innon-term nology, "non-volatile",
for online users.

22. A data warehouse can contain massive quantities of data — on the one hand
because of the inplicit redundancy of the star scheme, and on the other hand because
of the long periods for which data are stored. The level of detail (granularity)
shoul d al so be as | arge as possible since otherwi se potential possibilities for
analysis are lost. In fig. 3, if we work on the basis of daily extraction of data and
assume that in 500 outlets about half of 2000 products are sold at |east once each
day, the fact table will growto just under half a billion records within 3 years!

23. To avoi d accessing detailed data for every query, in a data warehouse
frequently required aggregates are calculated in advance along the hierarchies of the
di mensi on menbers and stored in their own tables. These advance aggregati ons speed up
retrievals, but lead to an explosion in the amunt of storage space required. In such
circunstances, it is quite obvious that some warehouses have a size in the terabyte
range.

24, Ral ph Kinmball is a keen defender of dinensional nodelling. In his view, a data
war ehouse shoul d consi st of a nunmber of star schenmes, with thematically |inked data
cubes fornmng a data mart. Cross links between different marts devel op through the
use of uniform di nensions such as "custoner"” or "product", whereby consolidation and
i ntegration of the dinension data stemming fromdifferent advance systens take pl ace
in a staging area (which does not have to be relational, but can also consist of flat
files).

25. O her authors such as WH. I nnmon, on the other hand, define a data warehouse as
a conpany-wi de nornmalised repository to which the end users can have direct access
only in exceptional cases. Fromthis central store, part quantities of data flow into
di visional and functional data marts, which have a nultidi mensional structure. This
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mul ti-1layer architecture requires the devel opment of a conpany-w de data nmodel - a
task whose conplexity in practice is often made responsible for the failure of data
war ehouse projects.

26. In this connection, it should also be pointed out that the term"data mart" has
not been clearly defined. Apart fromthe neanings already nmentioned, it is also
sonmetimes used to nean sinply a "small warehouse”

27. A data warehouse contains not just data, but also all processes and prograns

required to extract data from upstream systens, to clean up, transform and | oad them
in the warehouse, perform aggregations and to carry out queries/analyses are part of
a warehouse (fig. 4). Basically, a distinction can be nade between three subsystens:

The input systemin which the extraction and processing of source data and the

| oadi ng of "cleaned" data in the warehouse takes place.

The dat a-hol ding systemwhich is responsible for storing and managi ng data
(including aggregations and backup/archiving).

The out put systemvia which users access data stored in the warehouse via various
tools (eg. report generators, OLAP client programs). This subsystem partly
overlaps with the information factory (applications for further processing of data
fromthe warehouse).

Data sources Data Warehouse

Input Data holding Output

Meta data >
@\ Extraction Management
Cleaning

Information
_—> )
Q Processing

/ Loading
@ Scheduling
Archiving
Fig. 4
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28. In all three subsystens, there is also a need for netadata describing the
stored and processed data. Ideally, there should be a central netadata basis used by
all programs belonging to the warehouse. In practice, however, precisely the opposite
is the case: the netadata of the tools which are used are inconpatible with each

ot her and have to be defined and adm nistered i ndependently of each other, which can
result in a considerable amunt of work in real operation. The Object Minagenent
Goup (OMG currently attenpts to standardi se netadata exchange (CWM - Conmon

War ehouse Met adata I nterchange; information avail able at
http://ww. ong. or g/ t echprocess/ neetings/ schedule/CSM-RFP.htm ). Tinme will tel

whet her the proposal s which have been presented are adopted and actually inpl enmented
by software manufacturers.?

2 By the way: Eurostat consultants (Chris Nel son, Anders Tornqvist) fromthe conpany D mension
EDI are participating in the Common \Warehouse Met anodel Specification. Their proposal for an
"I nformationSet" involves an extension of the warehouse concept that is inportant for statistical
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29. In short, the followi ng can be said:

A data warehouse is a concept.

A data warehouse is a process.

A data warehouse must be constructed, in line with individual requirenents.

A data warehouse, however, is not an individual product, or off-the-shelf

software. Of course there are a nunber of tools which cover sone of the functions
in a warehouse, and of course their nanufacturers prom se that all problens can be
sol ved very quickly with these progranms ("the 90-day-warehouse"). In practice,
however, it is nuch nmore inportant to deal with conceptional, organisational
architectural and data-nodelling questions. \Whether any tools should be used, and

if so which ones, is not inportant for the construction of a data warehouse unti
a relatively late stage.

I11. THE STATI STI CAL OUTPUT DATABASE AS DATA WAREHOUSE

30. The characteristics of a data warehouse mentioned in the previous section nust
seem famliar to any nmenber of staff of a statistical office. For exanple, in
statistics the nmultidi mensi onal approach to facts has been around for sonme tinme now
in the formof cross-classified tables, which provide a two-dinensional depiction of
data with several dinensions.

31. O her characteristics such as:

very large quantities of data

data stretching back over a very |ong period

the need to validate, transformand integrate data
hi erarchical |inks between classification nenbers
the aggregation of detail ed data

the storage of these aggregates

nmet adat a whi ch descri be other data

are nothing new for an NSI — only the term nology used is different (classification
criteria instead of dinmensions, mcro data instead of detailed data, tinme series
instead of "tinme variant data") but not the underlying concepts.

32. These concordances between data warehousi ng and the statistical production
process have so far been conpletely ignored in data warehouse literature, however
Historical articles locate the first data warehouses in the 1980s:

"Dat a Warehousing first enmerged in this period between 1984 and 1988." [DEVLIN
1997]

"The very first data warehouses were built in the USA in the md 1980s by |arge
corporations in the retail, banking and tel econmunications industries. By and

| arge, these early innovators were intent on integrating data that had becone
hopel essly fragnented across these conpl ex organi sations and the nbpst comon

applications were (and still are) in the domain of marketing and sales." [KELLY
1997]

33. But if we do not strictly limt the concept of the "data warehouse" to
comercial enterprises and their business data, the first manifestations can be
identified as early as in the 1970s — in the formof statistical output databases.

34. The statistical production of NSIs often has a structure which is terned

offices, nanmely the collection of raw data using el ectroni c questionnaires.
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"stovepi pe" (cf. [PRIEST 1996]). Individual surveys, fromthe design of the
guestionnaires and the selection of respondents, and collection and processing of
data up to the production of results tables and publications, are to a | arge extent

i mpl enented by different organisational units |largely independently of each other
There is hardly any overall integration covering the entire "universe of surveys".
Each "stovepi pe" can be regarded as an independent statistical information system
which leads to a | ot of problems (lack of overview over the entire system unpl anned
redundancy with resulting higher maintenance costs and the danger of inconsistencies;
di sharnmoni es and di screpancies with regard to statistical concepts, definitions,
variabl es, classifications, results etc.; no standardisation of data hol di ng and
processing; little reuse of software).

35. A statistical output database (fig. 5) conbines object and nmetadata from
separate pre-systens — in which it is not OLTP prograns that are involved as in a
typi cal warehouse but surveys — in a central application which aims at sinple

retrievability of data by the users. This does not allow the problens nentioned to be
elimnated in retrospect, but for the "statistics client”, the existence of an output
dat abase conpared with a pure "stovepi pe" organisation brings with it considerable
advant ages. ldeally, all information published by an NSI in publications, press
bul I etins, WMV pages etc. should also be contained in the output database in greater
detail or be derivable fromit.
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Fig. 5

36. At Statistics Austria, the output database ISIS ("Integrated Statistica
Informati on Systent, also known internationally as LASD — "Large Scale Statistica
Data Systent') was devel oped as early as 1972/ 73 — many years before the expressions
"data warehouse" and "OLAP" were invented. Nonetheless, ISIS can be described as a
MOLAP server in current term nol ogy:

It consists of over 4000 nultidinmensional cubes in a proprietary format, with a
maxi mum of 7 di nensi ons possi bl e per cube.

In all there are several hundred di mensions which can be structured

hi erarchically.

Some aggregations of hierarchical dinensions are calculated in advance and stored
when the data are | oaded whereas others are calculated "on the fly" when they are
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retrieved.
Wth the help of a powerful query |language, the user can retrieve results with any
di mensions and at different hierarchical l|evels (slice, dice, drill down, dril

up). There are al so numerous mathenmatical/statistical functions avail able.

37. In addition to the object data, ISIS also contains netadata: in order to find a
specific cube (e.g. via a hierarchically structured list of subjects or via full text
search) and to find information about the data contained in a cube (data source,
breaks in tinme series, etc.).

38. SIS runs on Statistics Austria’s IBM main frame and consists of about 800
assenbl er and PL/1 nmodul es (including various admnistrative progranms for the

dat abase administrator). In viewof its early origin (E.F. Codd had only just
publ i shed the theoretical deliberations which were to serve as a basis for relationa
dat abase systens) ISIS had to be devel oped down to the finest details at Statistics
Austria. If we began with the inplenentation today, we would probably use object-

ori entated programm ng | anguages, design an n-tier-architecture using DCOM or CORBA
and include for data storage a relational database and possibly also a comercia
OLAP-server |like Mcrosoft OLAP Services or Hyperion Essbase. But even if I1SISis no
longer at the latest level of IT, it is still state of the art in its applied
concepts and ideas!?®

39. There is no denying that Statistics Austria was subjected to three points of
criticismregarding SIS in the past few years:

i) The content is not always conpletely up-to-date.

i) The user interface no | onger neets nodern expectations.

iii) The query language is difficult to learn and is quickly forgotten again if it
is not used regularly.

40. The first point of criticismis connected with the ranking of the output

dat abase within the production of statistics. For some divisions, the provision of
data for 1SIS wuld appear to be a necessary evil that is not dealt with until other
wor k (production of publications in different formats) has been conpleted. Wth
appropri ate managenent decisions at Statistics Austria, which has a new structure as
from1l.1.2000, and with organisational arrangenments, this problem should be solved
relatively easily.

41. As far as the second point of criticismis concerned, this is a challenge for
the informatics division. At the nonent, work is being done on a graphical user
interface which allows I1SIS queries fromany Java-conpati bl e WANM browser, but can
al so be started as an i ndependent application. Since a know edge of the proprietary
I SIS query language is no |onger necessary when using this new client software, the
third point of criticismis dealt with at the sane tine.

42. Apart fromthe fact that a statistical output database contains no detailed
data, it has all the main characteristics of a data warehouse. However, if one
mentions to data warehouse experts working in a commercial environment on the basis
of publications by Inmon to Kinball, that |arge statistical databases contain

t housands of rmulti-di mensional cubes and hundreds of different dinmensions, one is
normal Iy confronted with reactions such as:

.1 would al so be wondering who in the world could possibly nmentally nanage 113
di rensions in one nultidinmensional nmodel. People have difficulty conceptually
managi ng much nore than seven or so dinensions in one place, even though the tools

% And there were no Y2K- probl ens!
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al l ow nore.*

.| would suggest re-visiting your design, especially if it has 100+ di nensions.
woul d al so re-consi der your fact-table design, especially if you have 100+ of

t hose. “

.1 too spent twenty years working at a National Statistical Agency (Statistics
Canada) and have followed this and other threads discussing the perfect

di mensi onal nmodel of 6-12 dinensions and a couple of fact tables with a great dea
of interest. Over the past few years | have presented the Canadi an Census nodel at
various local and international venues, and have been told by the 'experts' that
the nodel, conposed of hundreds of dinensions was poor design and planning, and
either could not work or would be inmpossible to nmanage. “

(AI'l these quotations are taken fromcontributions to the ,Data \Warehouse Miling
List“*fromthe end of Novenber/begi nning of Decenber 1999 in response to a mail
which was witten by a nenber of a Statistical Ofice staff — whichever office it
was, unfortunately was inpossible to identify fromthe e-mail address).

43. Where do these many dinensions in a statistical output database cone fron?

44, The reason for the "di nensional explosion" lies in the function to be perforned
by such a database: it is supposed to provide the results of statistical production
processes in nulti-dinensional formfor queries by end users. Statistical information
is informati on not about individuals but about collectives, in other words an NSI can
only publish aggregated data — for |egal reasons for a start. This is why an output
dat abase contains no data at the npst detailed |evel

45, If we take for exanple the Census (including the acconpanying full survey of
housi ng) which is held once every ten years, it beconmes i mediately clear that the
star schene is not particularly appropriate for it. If advanced concepts of

di mensi onal model ling such as "denmographic m ni-dimensions" (cf. [KIMBALL 1996]) are
not applied, a star with only two di nensions is probably obtained: nanmely "Person"
(with numerous attributes such as "sex", "age", "marital status", "nationality",
"nunber of children" etc.) and "housing" (with a regional hierarchy and al so a nunber
of attributes). A tine dinmension does not exist because all person-related data have
to be rendered anonynous so that it is not possible to retrieve the Census data of
e.g. 1981 and 1991 for the same individual

46. On the basis of the nunber of data records, it would also be a very unbal anced
star schene. Nornally dimension tables contain relatively few and fact tables very
many records (cf. the exanpl e nentioned previously of a data cube for a supernarket
chain with 500 entries in the outlet dinension, 2000 in the product dinension and
just over 1000 — three years on the basis of daily data extraction — in the tine

di rensi on: when an average of 50 % of the products per day and outlet land in the
custoners‘ shoppi ng baskets, the fact table shows just under half a billion Iines
after three years). By conparison, the "Census star" in Austria would have about 8
mllion data records in the person dinmension (in the USA it would be over 200 mllion
even!) and 3.5 mllion in the housing dinmension; the facts table on the other hand
woul d probably not exceed ten mllion records.

47. A statistical output database, as mentioned, contains no detailed data but nany
relatively small data cubes resulting from summati ons using individual variables of
the survey. For exanple, a cube could depict the fact "Nunmber of Persons" and the

di rensions "Tinme" (which is available again for aggregates but not for the finest

| evel of detail), "Region" (a hierarchy with "Municipality", "District" and "Federa
country" levels), "Sex", "Age" (with hierarchical age categories) and "Marita

4 Subscri ption possible at http://ww. dat anar ehousi ng. com
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Status"; another cube could depict the dinensions of "Time", "Region",
"Nationality", "Number of Children" and "Age", etc. This nmeans that attributes at

the |l evel of detailed data becone dinmensions of one or nore aggregated data cubes.
This is why, in an extensive statistical output database, a "dinmensional explosion”
occurs, a phenomenon which | have so far not seen described in any data warehouse
literature | know of.

V. THE NSI AS DATA WAREHOUSE

48. As shown in the previous section, we are fully justified in calling a
statistical output database a data warehouse. We could now go one step further and
call the entire statistical office a warehouse. For this we should | ook at the ,NSI
Systent fromFig. 1 a bit nore closely.

49, To solve the problems resulting from,stovepi pe* organisation, work is done in
many statistical offices on concepts and projects for managi ng object and netadata
and on devel oping integrated statistical neta information systens. The ai m of these
activities is horizontal (in other words nulti-survey) and vertical (going beyond the
stages of statistical production) integration of statistical information systenms into
a universal information infrastructure.

50. The general ains are:

to create as extensive, flexible, open, sinple and user-friendly access as
possible to the object and netadata of relevance to them for both NSI internal and
external ,statistics users”

to plan redundancy and avoi d inconsi stencies;

to achi eve planned collection, storage and (rmultiple) use of netadata (which neans
that they have to be standardi sed and harnoni sed);

to establish norns for data-holding in general and for interfaces between the

sof tware products used for producing statistics;

to provide support to users with general-use tools, in other words, tools which
are not tailored to a single survey only, in performng their tasks in the
producti on and use of statistics;

to enforce global solutions, in other words solutions covering the entire
statistical office, instead of insular solutions or double and multiple

devel opnent s;

and finally, always to take into account the diverging, and in some cases unknown
or unpredictable needs of different user groups.

51. These demands require the setting up of an NSI-w de information system covering
all surveys and supporting the entire statistical production process — from
preparations for a survey to the dissemnation of results — with appropriate tools.
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52. Fig. 6 shows the Basi s (nmetadata based statistical information system

concept devel oped by Statistics Austria togetheF with the links and data flows to
ot her systens. Basi s?°°°* consists of three conponents:

The obj ect data conponent contains statistical data with different |evels of
aggregation. The first stratumis formed by the checked and corrected mcro data
of all the surveys conducted by Statistics Austria. In the course of statistica
production, micro data are aggregated into macro data, which also formpart of the
obj ect data conponent and in many cases serve as a basis for further eval uations.
The hi ghest |evel of aggregation is statistical information in the form of tables
and graphs; the aimnust be to have all the "information objects" produced by
Statistics Austria accessible in Basi s,

The netadata conponent is at the heart of Basis?®*. Here the content of the object
data conponent nust be docunented in order to allow both physical access to object
data and the interpretation of their content. Wth its information about
classifications, surveys, statistical concepts, variables, data hol dings,
publications etc., the netadata conponent fornms an extensive reference database
whi ch opens up Statistics Austria' s statistical information to both internal and
ext ernal users.

The information stored in the object and netadata conponents is accessed via user
and programinterfaces. These should be regarded as parts of the third Bas s2°00*
conponent together with standardi sed data formats and generalised tools which are
used at different stages of the statistical production process.

53. The life cycle of a statistical survey begins with the "observation" stage
whi ch covers all activities connected with preparing and planning the survey and
collecting data. These take place in the "lnput" systemin which netadata already
stored in Basis?" are accessed and new netadata are added. As soon as this
information is available in the netadata conponent, tools fromthe tools/interface
stratum of Basis?°°* can make use of them

54, In the "Input" system also the second sub-part of a survey ("preparation”, in
ot her words, collection, checking and correction of raw data) takes place. Here, too,
apart fromindividually devel oped software, general-use tools can be enployed and the
content of the central netadata conponent is accessed. Finally, the mcro data
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regarded as correct are |oaded into Basis®*® in a standardised format. The micro data
are aggregated into macro data at the next stage of statistical production. This is
done partly by an automatic process within Basis?* and partly in the "Production”
system whereby the macro data hol di ngs produced there are again |oaded in the object
dat a conponent and suppl ement s/ updates are carried out in the nmetadata conmponent.

55. Thi s division of tasks also applies to the "use" process: the micro and macro
data provided in Basis?° (including the acconpanying descriptive information) serve
as a basis for all analyses. These are either processed with general-use tools or
exported into the "Production" system (where for exanple anal yses are carried out
with SAS or individual software). Information objects produced in the "Production”
system — finished tables, graphs, documents — are stored in Basis?°" in standardised
formats and docunented in the metadata conponent. The "use" process also includes the
search for and retrieval of statistical information by external "clients"; this is
done exclusively in Bas s?

56. Fig. 6 also shows the "Adm ni stration" system which conmprises all applications
which are not or only indirectly connected with statistical production (e.g. a staff
i nformati on system). Data flows occur between "Adm nistration" and the metadata
component of Basi s?°°°*, for exanpl e when the current tel ephone nunber of the person
responsi ble for a survey is the subject of an inquiry.

57. It should be enphasised that Basis®®* is not a single, nonolithic application
Instead, it consists of mnor sub-systens which are integrated on the basis of the
jointly used standardi sed object and netadata. Basis®®® is primarily a genera
concept — a vision. It provides a framework which allows inplenentation to start in
sub-sectors, prototypes to be developed with results which can be used for practica
applications and experience to be collected as quickly as possible — which in turn
allow the overall concept to be refined and adapted in a feedback process.

58. This was a short review of Basis?®®". Are we now justified in speaking of a data
war ehouse?

59. I don’t think so. OF course there are a nunber of parallels to the data

war ehouse concepts, processes and features (especially if we define a warehouse not
as a collection of star schenes but as a conpany-wide, nulti-tiered integrated data
repository), but the scope and extent of an architecture such as Basi s?°°" goes far
beyond the neaning that is associated with the term "data warehouse” by 95 %of IT
experts.

60. The concept of "netadata" alone has to be interpreted on a very nuch broader
basis in a statistical environment. Statistical data are always a conbination of
obj ect and netadata, whereby the latter are both produced in the statistica
production process and re-enter the process as input in other work stages.

61. Statistical classifications, for exanple, can be both netadata (texts being

all ocated to codes) and independent conplex "information objects" available in

di fferent versions, whose elements may have links with el ements of other versions and
classifications and to which nmetadata (e.g. a list of technical terns allocated to
classification nenbers) belong as well. Accordingly, a classification database for
adm ni stering classifications and the acconpanying netadata is a central feature of

t he nmetadata conponent of Basis?°°*, whereas in a data warehouse in a comercia

envi ronnent, such an application is not required.

62. We get even further away fromthe typical warehouse when we begin to place the
enphasi s, when considering statistical meta information systens, not so nuch on
descriptive netadata oriented to human users but instead concentrate on procedura
aspects (active, "embedded" netadata, the meta information system as a "workbench";
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cf. for exanple [BETHLEHEM et al. 1999] and [ FROESCHL 1999b]).

63. Since even describing a statistical output database as data warehouse can | ead
to m sunderstandi ngs in discussions with warehouse experts fromthe commrerci al
sector, it would appear sensible not to call NSI-wi de (nmeta) information systens
"data warehouses" — we can thus save ourselves a | ot of explaining.
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