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THE CONFERENCE OF EUROPEAN STATISTICIANS

The Conference of Europesn Statisticians was s&t up in 1953 as a continuing body
meeting under the auspices of the Economic Commisson for Europe and the Statistica
Commisson of the United Nations. Its objectives are (@) to improve European officia
datigtics and their internationd comparability having regard to the recommendations of the
Statisticd Commission of the United Nations, the specidised agencies and other gppropriate
bodies as necessary; (b) to promote close co-ordination of the datidticd activities in Europe
of internationd organisations S0 as to achieve greater uniformity in concepts and definitions
and to reduce to a minimum the burdens on nationa datistical offices, and (c) to respond to
any emeging need for intenationd datidicd co-operation aisng out of trangtion,
integration and other processes of co-operaion both within the ECE region and between the
ECE region and other regions. The members of the Conference are the directors of the
nationd datigtica offices of the countries participating in the work of the United Nations
Economic Commisson for Europe. The Conference meets in plenary sesson once a year
and dso arranges numerous meetings of specidists on particular satistica subjects.



PREFACE

The methodologicdl materid "Information Systems Architecture for Nationd and
International  Stetigtical Offices: Guiddines and Recommendations’ was reviewed a the
Medting on Management of Statigticad Informaion Technology organised by the United
Nations Economic Commisson for Europe (UN/ECE) in February 1999 in the framework
of the programme of work of the Conference of European Statisticians.

Nationd Satigicd Offices of the UN/ECE member countries, the Organisation for
Economic Co-operation and Development (OECD), the Food and Agriculture Organisation
(FAO), The United Nations Population Fund (UNFPA), and the United Nations Statistics
Dividon participated in this meeting.

The materid reflects outcomes of the discusson on the document. The Conference of
European Statidicians at its 1999 plenay sesson decided to publish this materid in the
Conference's Statistical Standards and Studies Series.

The methodologicd materid was prepared by Professor Bo Sundgren from Statistics
Sweden.
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SUMMARY

The paper is a methodological report, based
upon the author's long-standing experience in
desgning datigica information sysems (SIS
achitectures  for nationd and internaiond
datigticd organisations.  Its god is to asSd
daigicd offices in desgning an efident
information systems architecture under
conditions of growing usas  demands,
increesng  internationa co-operation  and
condant changes in information technology.

The materid provides a comprehensve
andyss of the exiding types of datidicd
information sysems in nationd and
international  datisticd  offices, and  outlines
development directions for the future.  The
paper examines the technica aspects of the
proposed SIS architecture, and gives practica
recommendations on how to implement a
redigic information technology (IT) drategy
under conditions of ongoing rapid technologica
development.

The first chapter explans the basc
concepts used in the report: different types of
datisticadl  processes and  ddidicd  data,
datistical  applications and infragtructure, and
the flow of daa and metadata through the
Survey process.

A  ddidicd informaion  sydem IS
composed of subsystems (gpplications) which
collect, process, dore, retrieve, andyse and
dissaminate daidicd daa The information
sysems architecture (ISA) of a datidicad office
is a common framework within which different
subsysems have their respective roles and
interact mutudly. The paper dso andyses some
relations between ISA and the organisaion
architecture of a datistical office, and describes
some specifics of an ISA in datidics.

The ISA should reflect the purposes and
tasks of the datistica office. One of the reasons
for discrepancies between the ISA and the

exiging organistiond achitecture of datidicd
offices could be the conflict between the
tradition  survey-oriented  organisation  of
datigicd  offices and the  cross-cutting
informetion needs of datidics users. Since
urveys ae vey often navigaed by data
collections, the organisation of datidtica offices
Is d0 "input-oriented’.  This makes it difficult
to achieve dedrable co-ordination and control
across subject-matter aress.

Some datistical offices have crested specid
units amed a servicing specia user categories.
In view of the technologicd developments, it
may be a more feasble solution to organise a
user-oriented clearing-house (as a sngle unit)
with aflexible and open-ended infragtructure,

The second chapter provides an extensve
andysis of the following mgor types of SIS.

survey processing systems,

dearing-house systems, “ data warehouses’,
registers,

andytica processng systems.

The author reviews the tasks functions and
requirements of each of these mgor information
gysems.  Specid dtention is drawn to the
urvey processing sysems covering the full life-
cyde of a ddidicd survey: its  planning,
operation and evauation.

During the planning phase, the desgners of
the survey make decisons concerning the magor
purposes and users of the survey, mgor inputs
and outputs, procedures for obtaining the inputs
and trandforming them into outputs. It is useful
if the dedgners of a datidicd survey have
access to a knowledge base, containing
information about the desgn of gmila or
related surveys. To endble to learn from the
experiences ganed, dl-important  information
on datigicd survey desgn  should be
documented. Metadata on quadlity and contents
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of data and processes, and feedback from users
are avery important part of such documentation.

The survey operation phase condsts of the
folowing man processes frame  credtion,
sampling, measurement, data preparaion (data
entry, coding and data editing), cregtion of the
observetion register, estimation, andyss and the
presentation and dissemination of results.  The
edimation process is often combined with
production-oriented andyss amed a improving
the qudity and efficiency of future surveys.

The results of the survey should be made
avalable in a user-acceptable form  via
gopropriate didribution channels.  In principle,
a survey production cycle is completed once the
results of the survey have been published. A
trend to include the eectronic disseminaion of
the results in the publishing concept can be
observed.  Important components of the new
publishing sysem could be the dearing-house
function and Internet.

The survey evauation consss of checking
and evduaing whether the gpecified end-
products have been deivered, the outputs
properly published and advertised, the metadata
documented and stored, and of the assessment
of the production-oriented metadata and user
feedback.

The regiger function lies in mantaining up-
to-date information on dl objects bdonging to a
certain population. The regiders can sarve as
sanpling frames for surveys. In addition to
maintaining the current satus of the population,
the regiger should permit the recondtruction of
the populaion of objects a any point in time,
and to reproduce the origind datus and Al
events that have affected the objects. A specid
kind of regisers are those containing metadata,
such as definitions, links to surveys and daa
sets, standard formats, value sets, etc.

The dearing-house function facilitates the

exchange of daa and metadata between
different  surveys, regigders and  andyss
functions, incuding extend usars Another

label for this function is “data warehouss”. The
cearing-house function receves and ddivers

data and metadata according to specified
dandard formats, following specified ddivery
procedures.

In addition to the production-oriented
andyss mentioned dbove daidicd offices
peform some more user-oriented andysis.
When such an andyss uses data from severd
datisticd surveys and other sources, the
anaytical processing system can be regarded as
a spaae system with interfaces to the survey
production systems,

The third chapter outlines a future
information systems architecture for a datidtica
organisation. It is based upon the four mgor
types of datidicd information sysems specified
in the previous chapter. An  important
component of the proposed architecture is a
corporate data warehouse, encompassing dl
clearing-house functions and register functions.

The future corporate data warehouse of a
datigticd organisaion includes five
compartments:

raw data and metadata;

find observation regigers,

find multidimensond ddidics,
electronic documents;

globa metadata, including regigters.

Data and metadata in the raw data
compatment  will not dways be in a
dandardised form. There should be generdised
software supporting the standardisation of data
and metadata  In addition, there shoud be
generdised  software tools  supporting Al
important processes and Sub-processes in survey
processng sysems and anayticd processng
systems.

In the case of internaiond organisations,
most of the member countries deliver data and
a leet some metadata eectronicdly. Even o,
the data may arive in many different formats.
Thus, a fird sep will be to standardise incoming
data and metadata. This step can be avoided, if
member countries agree to provide data and
metadata according to some  internationd
dandard, eg. the EDIFACT dandard for



GEneric Statisticd MESsages (GESMES). 1t is
important to note that a dtandard format must
include standards for both data and metadata.

Chapter 4 andyses the technicd aspects of
the proposed architecture. As the dHatidicd
information sysems should provide information
for many different kinds of users with different
and sometimes contradictory needs, flexibility is
a paticularly important condgderation for dl the
hardware, software and data components.

A daidicd office vey often runs a
relatively large number of different dSatidtica
applications. However, many of these
goplications are rather smilar in the sense that
they peform a limited number of functions,
which ae typicd for information sysems

upporting  datisticd  surveys,  i.e. Survey
planning, survey  operaion  and  survey
evduaion functions. When a datidicd

function or subfunction is andysed, & some
dage a levd is reached a which the software
components need not necessarily be tailored to
the needs of datigicad applications.  Instead,
generd-purpose  standard  software  components
may be used. Nowadays, this "generd purpose
level" may gppear rather high up in the sysems
architecture of agtatigtical application.

The same principle of preferring standard
and reusadble components applies to the
hardware. The IBM compatible PC has long
snce become a de facto standard hardware
component for datistical organisations and for

the usars and cusomes of dSatidica
organisaions.
The daa components of an information

sysem are dored ether as physcaly integrated
pats of the gpplication software system or as
separate  files or databases. Program/data
independence is an  important  requirement
meaning that the software and data components
of an information sysem may be developed and
maintaned redively independently of each
other. A modification of the contents, sructure,
or dorage of daa should not necesdtate
modifications of programs usng the daa On
the other hand, it should be possble to modify

or add software components without having to
redefine data components.

Andyss of diffeeent information systems
architectures leads to a proposa for a multi-tier
network-based information systems architecture
that baances the needs for centrdisation and
decentrdisation in  a moden  ddidicd
organisation.

Chapter 5 focuses on the implementation
aspects of the proposed IT architecture. Under
the conditions of rapid IT deveopment, there
must be a redidic plan for implementation
which is able to accommodate changes tha
happen during the implementation process itsef.
Some recommended development principles are
the following:

() @as the price/performance ratios of standard
hardware and software improve dl the time,
it is better to buy standard components off
the shdf rather than develop on€s own
solutions, and to spend more on hardware
cgpecity rather than complicating a smple
software solution;

(i) it is s to dandadise in terms of
interfaces between components rather than
in components themselves,

(i) ingead of waiting for better sandards,
better hardware and software, buy the State-
of-the-art hardware and software
components, and replace a component with
a better one as soon as possble, without
having to change any other components;

(iv) have a dear picture of an organisation’'s
overdl information sysems  architecture
and define a number of draegicdly
important interfaces;

(v) the maximum time-frame for development
projects is not more than two years,
complex projects should be divided into
subprojects with clearly defined results and
deadlines, too many and over-amhitious
godls should be avoided;



(vi) while migating to a new technicd
platform, one can take the opportunity to
improve the contents and qudity of
datigics a the same time but only to the
extent that such activiies do not threaten
the time schedule of the project; depending
on how important these improvements
redly ae some deficdencies might be
acceptable and enhanced in the long run by
susgtainable improvement.

The role of top management in this process is
essential. However, top management needs
support  from the subject-matter datigticians.
The project should focus on datistical tasks, IT
srves as a mgor ingrument which the project
has a its disposd. Posshilities to improve
datisticadl co-ordination should be noticed and
actively exploited, eg. by means of the globd
metadata component of the data warehouse.



CHAPTER 1

STATISTICAL ORGANISATIONS

A ddidicd organisaion is an organisaion
where production and andyds of datigics are
important parts of the work. Nationd <atistical
offices as wedl as interndiond organisations
such as Eurostat and the OECD (Statigtics
Directorate) are typicd examples of dHatistica
organisionsin this sense.

1.1 Satigtical information systems

A daidicd information sysem peforms
certan typical processes, datistica processes,
and it handles certain typical categories of data,
datisticd  data Furthermore, a datistica
information sysem is associated with certan
typical categories of users and purposes.

111 Statistical processes

In a daidicd organisation
processes for the following types of tasks.

there ae

collecting  datistical data
macrodata, metadata),
processing statistical data,
storing tetistical data,

retrieving satitica data,
andysing datistical data,
disseminating satistical data.

(microdata,

Such  processes ae cdled datidica
processes. Statigtical processes use and produce
datisticd  data Statigticd daa may be
microdata, macrodata and/or metadata.

1.1.2 Statistical data: microdata, macrodata
and metadata

Microdata are data about individua objects
(persons, companies, events, transactions, €tc).
Objects have properties which ae often
expressed as values of variables of the objects.
For example, a "person” object may have vaues
of variables such as "name’, "address’, "age’,
"income’. Microdata represent observed or

deived vaues of certain vaiables for catan
objects.

Macrodata, "datigtics’, are esimated vaues
of datidicd characterigics concerning sets of
objects, "populations’. A datistical
characteridic is a measure that summarises the
vadues of a certan vaidble of the objects in a

population. "The average age of persons living
in OECD countries’ is an example of a
datidticd  characteridtic. Some  datidtica

characterigtics, eqg. corrdations, summarise the
vaues of more than one variable. Macrodata
represent edtimated vdues of  ddidicd
characteridics.  Edimated vaues deviae from
true values because of different imperfections
(errors  and  uncertainties) in  the underlying
obsarvation  (messurement) and  derivation
processes. The difference between ”egtimated”
and "true’ vaues is an issue not only on the
macro leve, but dso on the micro leve, snce
the observed (measured) vaues deviate from the
true values because of measurement errors.

Statigicd metadata ae data describing
different quaity aspects of atistica data, eg.

contents aspects, describing definitions  of
objects, populations, variables, etc;

accuracy aspects, describing different  kinds
of deviations between observed/estimated
and true vdues of vaidbles and datidtica
characterigtics;

availability  aspects,  describing which
datidtical data are avalable, where they are
located, and how they can be accessed.

1.1.3 National and international statistical
organisations

In a paticular datigicd organisation there
may be an emphass on cetan types of
datistical processes, whereas other types of
processes are less important, or even non-
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exiding. For example, in an internationd
datigtical  organisation such as Eurodat or the
OECD, there is a naturd emphasis on anadysing
and comparing datistics and metadata produced
by datigicd organisations in member countries
of the organistion. Internationd organisations
do not usudly collect their own microdata.

On the other hand, the concepts of
"macrodatd’ and "microdatd’ ae reaive
concepts in a cetan sense. For example,
macrodata about populations of persons and
companies, ddivered by nationd ddidica
offices, may rightfully be regarded as microdata
about individua countries by an internaiond
organisation. If this later view is taken,
datigicd  organisations in - member  countries
will become respondents to surveys conducted
by an intenationd organisation, and the
member  countries themsdves  will  become
observation objects, in the same way as persons
and companies ae observetion objects in
surveys conducted by a ndiond daidicd
office.

1.1.4 Applicationsand infrastructures

An information sysgem, where most
processes are datistica processes in the sense
dated above, is cdled a dHdtidicd information
system (S1S).

Typicdly, a informaion system is
asociated with a  specific purpose, eg. to
produce a specific information product, like a
catan data st andlor a certan report or
publication.  Such an information sysem is
cdled an informaion sysem agpplication, or an
application, for short.

A typicd example of an applicaiion in a
nationd  datidicd  office  would be the
information sysem associated with a datigtica
survey conducted regulaly, for example, the
Labour Force Survey (LFS). Internationaly, an
andogous example would be the OECD
information sysem for producing the Man
Economic Indicators (MEI).

In addition to information  system
gpplications with very gpecific end products,
there are information sysems with more generd

purposes, eg. the information system associated
with a database service to the externd and/or
internal users of the datistical data produced by
a datidica organistion. As a matter of fact, it
iIs a typicd feaure of datigica information in
gengd, and officdal datidics in paticular, that
the information is "multi-purpose” and that
many of the specific users and usages ae
unknown a the time when the ddidics ae
designed and produced.

1.1.5 Typical flow of data and metadata
through a statistical survey

An information sysem (or a sysem of
information systems) tha provides a generd
svice to end-users, or to other information
gysems, is sometimes cdled an information
system  infrastructure. A wadl-designed
infformation  system  infradructure  could  dso
srve as an dficient bass for further agpplication
devdopments.  If dl the information systems of
an organisation ae wel desgned and co-
ordinated within  some kind of common
framework for the organisation, they form
together the information sysem infrastructure,
or the information system, of the organisation.

1.2  Information system architecture of a
statistical organisation

The information system architecture of an
organistion is a common framework, within
which different kinds of individud information
sysems play ther respective roles and interact
with one another.

1.2.1 Somegeneral purposesof an
information system architecture

The information sysem architecture of an
organisdion is a framework for sructuring and
co-ordinating

the subsystems and components of the
individud information system gpplications,

the interaction between different information
system applications,

the subsysems and components of the
information system infrastructure;
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NATIONAL STATISTICAL OFFICE

A typical frame is a register of companies (= observatig
objects) and contact persons (= respondents)

Electronic or paper questionnaire or other measurement
instrument

Instructions to respondents and/or interviewers

Respondents complete questionnaires and send them

Question-
naire

Measurement

by mail, voice or electronic communication to the 4 >

statistical office.

Examples of metadata accompanying raw data are]|
questions asked, instructions, comments by resporj
dents and interviewers, answers to metadata
questions.

Coding and editing of raw data and metadata, basegl
upon coding and editing rules. Register and data

and
registration

Raw data

Metadata

Data

from other sources, including data from earlier
repetitions of the same survey, may be used.

The final observation register of a survey contains
"clean" microdata and accompanying metadata,
organized in a standardized way in order to
facilitate subsequent processes.

Computing estimated values of statistical charac-

preparation

Final observation
register

A

| Estimation and

teristics for populations and subpopulations.
Performing statistical analyses.

Final multidimensional statistics and
accompanying metadata, organized in a
standardized way.

Final statistical products are compiled from data and
metadata in the final statistics database. The products may
be stored as electronic documents, and they are
disseminated via different channels and media.

Printed

analysis

Final statistics

A

Presentation
and
dissemination

publications

Electronic
document:

INTERNATIONAL ORGANIZATION

A typical frame is a register of national statistical offices
(and other data providers) with contact persons.

Questionnaire or format for electronic delivery of data
and metadata.

Instructions to respondents.

Respondents in member countries deliver statistical
data and metadata to the international organization.

Statistics from member countries.

Metadata concerning statistics from member
countries.

Checking input data and metadata
for possible errors and incomplete-
nesses. Adding data and metadata
from other sources.

—

The final observation register of a statistical product
contains "clean” statistical data and metadata from
member countries, organized in a standardized way.

—

Final multidimensional statistics (cross-sectional data
and time series data) with accompanying metadata,
organized in a standardized way.

Computing derived data, updating
time series data, peforming seasonal
adjustments and other analyses.

Final statistical products are compiled from data and
metadata in the final statistics database. The products ma
be stored as electronic documents, and they are
disseminated via different channels and media.

diskettes

Figure 1.1 Typicd flow of data and metadata through the processes of a survey of a nationd
datidtical  office (explanations on the left dde of the flow) or a datidicd product of ar

internationa organisation (explanations on the right side of the flow).
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the interaction between the gpplications and
the infrastructure,

For example, information system
architecture may define
a dandad functiond dructure for the

subsystems and components of a certan
goplication type, eg. a daidicd survey
goplication;

gandard interfaces for interactions and data
exchange between different types of sub-
systems or components,

dandard interfaces for human interactions

with information systems;

dandard interfaces for interactions and data
exchange with externd information systems;

sarvices to be provided by the information
system infrastructure;

standard hardware, and data

components to be used.

software,

1.2.2 Information system architecturevs

organisation architecture

Idedly, the information sysem architecture
of an organistion should be in harmony with
the architecture of the organisation as such, and
the architecture of the organisation should be a
reflection of the purposes and tasks of the
organisation.

The way the organisation has chosen to
organise itsdf may have important implications
for the dedgn of its informaion sydem
achitecture.  For example, if the organisation
has chosen a highly decentrdised control system
for a certan type of work, it would not be
gopropriate  for  the information  systems
supporting this  work to  require  highly
centralised control. On the other hand, even in a
decentrdised organisation, there ae certan
communication and co-ordination needs that
should be supported by a common information

sysem infrastructure. However, as is
exemplified by the Interngt, such an
infrastructure  in itsdf need not  necessaily
require a very centrdised control. The

important thing is that there are certan widdy

accepted de facto sandards as regards
communication intefaces and other important
matters.

Consequently, in order to andyse and (re)
desgn the information sysem architecture of a
detidica organisation, we must pay aitention to
the purposes and tasks of the datidtica
organisation, as wdl as to the way the datidticad
organisation has chosen to organise its functions
and processes.

The traditiond building blocks of a nationd
datisicd  office ae the datidicd surveys
performed by the organisation. Each survey is
asociated with (at least) one data collection,
and it produces a cetain subset of the officid
datitics of the paticular country, usudly
according to a repditive schedule (monthly,
quarterly, yearly).

Andogoudy, the daidicd activiies of an
international datistica organisgtion ae
organised around its “surveys’ or product-
oriented applications. The data inputs of these
"surveys’ on the internationd levd ae
datisticd  outputs from nationd — Hatidica
offices in member countries, and the outputs of
the internationd surveys ae the officd
datiics of the paticular  internationd
organisation.

Thus datistical organisions ae
traditionadly organised by surveys. Since
surveys ae typicdly defined by daa
collections, ths means tha  ddidicd
organisations are "input-oriented” in a certan
sene. A datigicd survey is often based upon
one mgor data collection process (howadays
often supplemented with input data from other
sources, including adminidrative regigers), and
the survey is typicdly handled "from gran of
wheat to baked bread”, from beginning to end,
by one and the same organisationa unit.
Sometimes certain  functions, or  subfunctions,
like data entry, sysems development and
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programming, computer operations, and printing
and publishing, ae peformed by sepaae
functions within or even outsde the dHdidicd
organisation, but even 0, it is usdly the
individud surveys that have the ovedl
responghbility for the end-products of the
datisticd  organisation. The survey-defined
organisational units are in control, and even top
management sometimes hes difficulties
achieving dedrable co-ordination and control
across surveys and subject-matter areas.

And there are indeed very drong and
legitimate needs for cross-survey co-ordinaion
and control. Users of datigics typicdly have
information needs across data collections and
&ross  wurveys, i.e. aross the organisationa
boundaries within the datisticd organisaion,
which are based upon surveys and subject-
matter arees. When we talk about "users’ here,
we are primaily thinking of “externd users’,
that is, users outsde the datigtical agency. In
addition to extend usas there ae internd
users, and they may have different needs. Thus

theee is a reguirement for clearing-house
functions within  a ddidicd  organisation,
matching the requirements of the customers

with the possibilities provided by the surveys.

Setidticd  organisations which have become
aware of the drawbacks of ther traditiond input
orientation have sometimes chosen to add
organisationa  units oriented towards specid
user categories, such as regiond  planners,
researchers, schools, etc. A problem here is that
users ae not 0 easy to classfy into digtinct
categories, as are surveys and data collections.
Whichever dassfication of users is chosen,
there will adways be a lot of overlgps and
unresolved  conflicts  regarding  user  needs.
Paticulaly in view of the technologica
developments that have taken place over the last
few years, it may be a more feasble solution to
organise only one mgor user-oriented clearing-
house function. By necessty, such a generd
dearing-house function must have the character
of a very flexible and openended infrastructure,
which can be used directly by many users them:
sves (eg Hf-savice via the Internet).
Naturdly, such a user-oriented infrastructure
must dso involve numerous expats from

surveys and subject-meatter areas, who can assist
users with more complex problems.

Whenever a datidicd organisation is
exposed to cross-survey usage of dtatistical data,
it will dso become more aware of the needs of
catan input-oriented co-ordination  activities.
In order to enable the users to combine data
from different surveys in a responsble way, the

datigtica organisation must co-ordinate
definitions  of  observation  objects and
obsarvation  variables. Regisgers  and
classfications ae the traditiond tools for
improving such co-ordination. It is not unlikey

that these tools, and the organisationa units
regponsble for these tools (not only from a
technicd point of view), will play a more active
and vigble role in the future. We shdl use the
term "regider functions' as a common labd for
those functions responsble for regigers,
classfications, and other content-oriented (and
technicdl)  co-ordination  tools, such  as
caadogues of varidbles or so-cdled data
dictionaries. It should be stressed that a register
function within a datisicd agency does not
have the same role as a regiger function in an
adminidrative  agency. In an admnigraive
agency the purpose of a regiger is to mantan
updated information about objects of a certan
kind for the purposes that the adminidrative
agency is regponsble for, for example collecting
taxes or paying socid benefits. In a datidica
agency the purpose of a register is to support
datisticd tasks, such as edablishing frames for
surveys, and co-ordinating urveys.
Adminidrative registers can be used as sources
for datigtica registers.

Thus we have identified three mgor types
of functionsin a gatistica organisation:

survey functions,
clearing-house functions,
register functions,

In many ddidica organisations there is a
fourth type of fundamentd function:

andyssfunctions.
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In some internationd organisations, like the
OECD, this type of function is the mog
fundamentd one. In naiond environments it is
common for important andyds functions to
become (datigica) organistions in their own
right, sepaate from the nationa datigtica
offices.

In  summay, the daidicd information
sysem architecture of a daidicd organisation
should provide an efficient common framework
for individud informetion sysems
corresponding to

survey functions,

clearing-house functions,
register functions,
andyssfunctions.

Furthermore, the common  framework
should promote efficient co-ordination and data
and metadata exchange within and between
different detidicd informaion sysgems.  The
datigicd  information  systems  architecture
should make individud datidicad information
systems co-operate in such a way that together
they appear as one integrated, and yet open
ended, sysdem, one flexible efficent, and
powerful information infrastructure, to  the
benefit of internal and externa users.



CHAPTER 2

FOUR MAJOR TYPES OF STATISTICAL INFORMATION

SYSTEMS

We dhdl now andyse the tasks, functions,
and requirements of each one of the four mgor
types of datdicd information  sysems
identified in the previous section:

Survey processing systems,
clearing-house systems, "data warehouses',
registers,

andytical processng systems.

2.1  Survey processing systems

The life cycle of a datigicd survey congds
of three mgjor phases:

urvey planning,
survey operation,
urvey evauation.

If (more or less) "the same' survey is
repested regularly, eg. monthly, quarterly, or
yealy, the life-cycle is repditive, too. When
the survey is caried out for the firg time, many
important aspects have to be carefully planned
"from soraich” (dthough some vauable lessons
may have been leant from the running of other
urveys).  After this firgd-time planning phase,
the survey may often be repested many times
without too much (re)planning before every
(re)iteration of it. However, after each iteration
of the survey, there should be an evduation of
experiences gained, and these experiences
should be recognised as important for the
planning of future itertions of the survey, as
well as for the interpretetion of the data
emanding from the survey iteration that haes just
taken place.

2.1.1 Survey planning

During the planning phase, the desgners of
a survey meke a leest preiminay decisons
concerning

magjor purposes and users of the survey;

maor outputs from the survey, needed to
satisfy the mgjor purposes and user needs,

maor inputs to the survey that are needed
for the production of the required outputs;

main procedures for obtaining the inputs and
transforming them into the outputs.

The prdiminay decisons may become
revised during the subsequent operation and
evauation phases.

It is useful for the designers of a datidticd
survey if they have access to a knowledge base
contaning information about the dedgn of
gmilar or reaed surveys.  Traditiondly, this
type of knowledge is modly in the heads of the
desgners themsdves, or in the heads of those
colleagues of the designers who happen to be
aound. However, today there are possbilities
to deveop this type of design support in a more
systematic way, using computerised
metainformation systems and expert systems.

In order to actively support a sdf-leaning
organisdtion, the management of a daidicd
organisation should indgt that design decidons
concerning  datidica surveyss a wdl as
experiences from executing the desgns be
sysematicadly documented and made available
for future users and (re)designers.  Metadata
concerning qudity and contents of data and
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processes are important parts of such a feedback
system, as are user evaluations.

Major purposes and usage of a statistical
survey

The purposes and usage's of a dHatigtica
survey can be dvided into primay and
secondary purposes/usages.

Primary purposes and usage's of a statistical
survey

A typicd primary purpose of a datisica survey
IS

to provide edimaes of known qudity of
certain datigicd characterigtics, needed by
catan usars for better underganding a
catan phenomenon, and for  solving
problems related to this phenomenon.

Secondary purposes and usage's of a statistical
survey

In addition to the primary purpose of a
datigical survey, which is often reaivey wdl
defined, it is usudly assumed that the datidtica
aurvey should dso sidy a number  of
secondary purposes. These may not be so easy
to specify snce they often refer to future needs,
which are not yet known at dl, or a least not
known in very great detall.

A typicd secondary purpose of a datidica
urvey is to provide datitica data (microdata,
macrodata, and metadata) that can be used by
vaious usas, now or in the future for

providing
edimaes of known qudity of other
statistical characteristics than  those

soecified by the primay purpose of the
survey; and/or

differently defined estimates of known
qudity of the same dHatidica characterigics

as those specified by the primary purpose of
the survey.

In order to fulfil the criterion tha the
edimates should be of known qudity, they must

be accompanied by a cetan amount of
metadata. Even more metadata are needed in
order to ensure that future users can actudly
(reluse stored datistical data for new purposes.
We will return to these problems.

Major outputs from a statistical survey

There are three mgor categories of outputs
from adatigica survey:

macrodata, "datidics’, representing
edimates of known qudity of cetan
satisticadl  characteristics, these data ae
esentid for the primary purpose(s) of the
SUrvey;

microdata,  "obsarvations  of  individud
objects’, underlying the macrodata produced
by the survey; these data are essentid for
(future) (re)users and (re)interpreters of the
survey results;

metadata, "data describing the meaning,
accurecy, avalability, and other important
aspects of the qudity of other datd’; these
data are essentid for correctly identifying
and retrieving potentidly rdevant datidica
data for a certan problem, as wel as for
correctly interpreting and (reJusng
datistical data

Traditionaly, macrodata are published and
dored in datigicd tables in  printed
publications. No doubt these traditiond forms
and channds for presenting survey results to
users will continue to exigt for the foreseesble
future, but more and more users will prefer, and
grongly demand, eectronic dternatives.  There
ae emeging dandads for doring didica
daa in cetan types of multi-dimensond
structures, sometimes cdled (multi-
dimensona) boxes or cubices. Here we shal
cdl them muiti-dimensiond tables

Although the traditiond forms and channds
for disseminating datisics will continue to exis
in the future, the production of such outputs will
typicaly be based upon eectronic outputs rather
than the other way aound. For example, a
datigicd  output like the Man Economic
Indicators of the OECD will first be stored and
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published through a database service, and only
then printed versons of the same results will be
produced, and in addition the printed results will
be produced automaticaly from the data and
metadata stored in the database.

Microdata from datidica surveys will be
dored and made available (under confidentidity
resrictions) in standardised eectronic form, eg.
as relationd tables in relationd databases, or as
so-cdled "fla files'. The versons of the survey
microdata that will be dtored for future (re)use
ae the so-cdled find observation regigers,
containing observation data tha have been
edited and possbly "enriched® with data from
related surveys. Find observetion regigers
should never be updated. If a need should occur
to "revisg' the data of a find obsavation
regiger, a new fina observation register should
be created, and the old one should continue to
exig.

It should be remembered that for an
internationd  organisation,  "microdatd’  will
usudly mean "daa reported by datistica
organistions in  member countries'. In the
member countries these data are, of course,
themsdves macrodata that  have  been
aggregated  from  (another)  micro-levd  of
observation data, such as data about individua
companies. (It could be noted that these
observation data again are probably, from the
perspective of the individud company, the
result of another aggregation process within the

company.)

Metadata from a datisticd survey should be
dored in such a way that, from a user's point of
view, they are fully integrated with the data that
they describe.  In addition to these "survey-
loca" metadata, there is a need for mantaning
globa metadata holdings. The globd metadata
holdings will typicdly be principa components
of the three other types of datigticd information
systems (clearing-houses, registers, and
andyticd sysems).

Major inputsto a statistical survey

Traditiondly, a datigicd survey s
asociated with one mgor data collection, and
this data collection is typicdly obtaned by

means of some kind of quedtionnare with
quesions (metadata + dot for data) and
indructions (metadata), which is ether sent to
the respondent for sdf-adminidration, or used
by specid interviewers visting or phoning the
respondents to obtain answers to the questions,
l.e. data for the empty data dots in the
guestionnaire.

Nowadays, a datidicad survey may often
obtan input data from several sources. A
regiser is often used as a frame (sometimes a
sampling frame) for identifying and loceting the
respondents and/or the observation objects, and
this regiger may itsdf contain data which are
dso usful for the datidtical purposes of the
aurvey. In some countries, with well-developed
adminigretive  information  sysems  concerning
taxes and other maiters, the data obtained
directly by the survey as such may be enriched
with data from rdevant adminigtrative sources.
The survey data may aso be enriched with deata
from other datigticd surveys, and with data that
are derived from other data, according to formal
definitions, represented by  computerised
algorithms.

Main procedures for obtaining inputs and
transforming them into outputs

In the next section (section 2.1.2 below) we
shdl andyse the typicad operational processes in
a datigicd survey. During the planning phase,
the designers take at least preliminary decisons,
determining  "the gross pictureé’ of these
procedures.

The mogt characterigtic procedure of a datigtica
survey is the procedure whereby observation
data are transformed into estimated values of
datisticd  characteridics, i.e. the procedure
whereby  microdata ae aggregated  into
macrodata.  This procedure is cdled estimation.
In order to understand the essence of dHatistical
edimation we need a precise definition of a
datistical characterigtic.

What is a statistical characteristic?

A datidicd chaacterigic is defined by a
triple
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<0, V, >
where

O is a st of objects (or object vectors),
caled a population;

V is a vaiade (or a vector of variables)
having vdues for the obects in the
populetion;

f is an operator, cdled a datisticd measure,
producing a vaue f(O, V) for the population
from the vaues of the vaiables for the
objects in the population.

Typicd examples of datigticd measures are
frequency count, sum, average, and variance.

The population is often dructured into
subpopulations,  for  which edimaes ae
produced as well.

Time usudly plays an important role in the
definition of a daidicd characterigtic. ™ The
population is often defined as the set of objects
of a certain type, having a certain property (or
combination of properties) in common a& a
catan point of time Alterndivdly, the
population can be defined as the set of objects
of a certain type tha have been born, lived, or
died during a certain time period, eg. the events
of a cetan type tha have occurred during a
certan year, or the processes of a certain kind
that have darted, been on-going, or stopped
during a certain month.

The variable V. mug usudly be qudified by
a time parameter, too, in order to ensure that
every object in the population is associated with
a unique vaue (or set of vaues in the case of
multi-vaued variables). If V is a st of
vaiadles, dl the varidbles may be separately
qudified by  (possbly  diffaent) time
parameters.

Some examples of statistical characteristics:

the number of people living in Canada a the
end of 1996;

the average income of people living in
France at the end of 1996;

the totd value in current US dollars of the
production of commodities in the United
States during the first quarter of 1996;

the number of road accidents that have
occurred in Germany during 1996;

the average length of hospitd treatments that
was onrgoing in Holand during (at least)
some part of 1992;

the average percentage increase/decrease
between 1995 and 1996 in the annud
income of people living in Sweden during
the whole of the two-year period 1995-1996.

The (true) vaue of a ddidicd characteridic is
derived (by means of an aggregation process)
from the (true) vaues of one or more sets of
object characteristics. The edimated value of a
datigtical characterigtic is derived (by means of
another  aggregation  process, cdled the
esimation procedure) from the observed vaues
of (possbly the same) sas of object
characterigtics, the  so-cdled  observation
characterigtics.

What is an object characteristic?

An object characteristic is defined by an ordered
pair

<0, V>
where

O is a st of objects (or object vectors),
cdled a population;

V is a variable (or an object rdation), having
vaues for the objects in the population.

Time plays a amilar role in the definition of an
object characterigtic as it does for the definition
of adatistical characterigtic.

Each object (or object vector) in the population
Is asociated with one ingance of the object
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characteritic. At any particular time t, each
object (or object vector) in the population is
asociated with a unique vaue of V (or with a
unique st of vaues of V in the case of multi-
vaued variables).

Summary of the survey planning phase

In summay the survey-planning phase condsts
of the following main processes.

Specifying the survey contents in terms  of
(i) the gatigticd characteristics to be amed
a by the edimation procedures of the
survey, the so-cdled target characteridtics,
and (ii) the observation characterigtics to be
observed, directly or indirectly, by the data
collection procedures of the survey;

Egablishing the overdl desgn of the survey
procedures in terms of (i) data collection
procedures  (including  frame  crestion,
sampling, measurement, data preparation,
and observaion register credtion); (i)
procedures for estimation and certain types
of anadyses and (iii) procedures for
presentation and dissemination.

2.1.2 Survey operation

The survey operation phase conssts of the
following main processes:

1. Frame creation: Edadlishing a frame in
the foom of a register (see section 2.2). The
frame is used for identifying and locating
sources/respondents and/or observation objects.

2. Sampling: In the case of a sample survey, a
sample of sources/respondents and/or
observation objects is drawn from the frame
according to cetan rules the sampling
procedure.

3. Measurement: The observation objects are
observed/measured with respect to a number of
observation  variables This rexults in
observation data, so-cdled primary data or raw
data. Observation data ae collected or
received, directly  or indirectly, from
respondents.  Measurement procedures typicdly
meke use of measurement indruments like

questionnaires.  Questionnaires (paper-based or
eectronic) may be odf-adminigered by the
respondents or handled by interviewers visting
the respondents, or contacting them by phone.

4. Data preparation: The raw data are
prepared for datigticd estimaion by means of
cetan typicd processes like data entry, data
coding, and data editing. Rules are often used
for formdisng and controlling the procedures
used. The data preparation processes are often
combined with each other. Sometimes a lesst
parts of the data preparation processes are
integrated with the measurement process, where
the raw data are collected from the respondents;
for example, this is typicdly the case if an
interviewer is  equipped with a computer
containing the questionnaire and some rules and
background data that can be used for immediate
coding and editing of the data captured from
respondents.

5. Observation register creation: The
incoming observation data ae <ored and
organised in an observation regiger for the
paticular (repetition of) the survey. The
obsarvetion regider is typicdly organised in a
cetan dandad way, eg. a a reationd
database, or as a set of flat files, so that standard
commercial software packeges can easly be
applied on the observation data Before the raw
data have been collected, the observation
regiser may be an empty dructure, or it may
contain some data copied or derived from the
survey frame and/or other sources that aready
exig. As a result of the data collection process,
the obsarvation regiger is sep-by-sep filled
with data Coding and editing operations may
cause the observation register to be updated.
Findly, the observetion register is closed and
ddivered to an achive. By definition, this find
observation register will never be updated again.
If someone wants to change the contents of a
find obsarvetion regiger, he or she will firg
have to make a copy of the fina observation
regiser, thus creating another observation
register.

6. Estimation and analysis. Estimated vaues
of certan daidica characteridtics, the target
characteritics of the datigticd survey, ae
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derived from the observations of observation
characteristics that are stored in the observation
register. The edimaions ae based upon
edimation rules forming estimation procedures.
An ediimation procedure is dependent on the
sanpling rues as wdl a on vaious
assumptions  about  populations, measurements
and nonresponse.  The estimation process is
often combined with certan types of anayses.
Most anadlyses of survey outputs are carried out
by users outdde the survey organisation.
However, some user-oriented andyses and a lot
of production-oriented andyses are caried out
in direct connection with the survey. A mgor
purpose of production-oriented andyss is to
improve the qudity and efficency of future
urveys.

7. Presentation and dissemination: The
reults from the survey (find obsarvation
registers, with metadata, as wel as aggregated
datigtics, with metadata) are made avalable in
itable forms, eg. datigica tables and graphs,
and on suitable media, eg. paper publications
and dectronic databases, and are disseminated

through  suitable channds eg.  through
publishers, fax, and the Internet.
A note on framesin an international
environment

Franes that ae drectly used by
internationa datistica organisations ae

relaively dmple and uncomplicated, conssting
manly of ligss of member countries and
organisgtions and contact  persons  within
member countries that provide input data and
metadata to the international  organisation.
Neverthdless, these inputs from the member
countries may themsdves be dependent on
much more complicated frames and frame-
related procedures. In order to judge the quality
of data from member countries, in paticular as
regards coverage, the ddidica doaff of the
international organisation needs to have a
cetan knowledge &bout frames and frame-
related problems.

Badcdly, a survey frame is a lig of objects,
which is used for

sampling, if the survey isasample survey;

identifying and locating the respondents, i.e.
the objects from which data are going to be
collected or received.

If the survey is a totd enumeration, a so-
cdled census, the st of objects liged by the
survey frame may beidentica with

the set of respondents;

the observation population of the survey, i.e.
the set of objects to be observed;

the target population of the survey, i.e the
population of objects for which certain
datigicd characteristics are going to be
edimated by means of the data collected by
the survey.

However, in more complicated surveys the
st of objects liged by the survey frame may be
different from each one of these three sets of
objects, which in tun may be different from
each other as well. However, there must adways
be wdl-defined relationships between dl these
sets of objects, so that

the frame can be used for identifying and
locating the respondents;,

data about the observation objects can be
obtained or derived from the respondents;

edimated vaues of ddtidica characteristics
of the target population (and subsets of the
target populations) can be derived from the
observed or deived daa about the
observation objects.

Smilaly, in a sample survey, a sample of
objects is obtained from the frame by means of
a sampling procedure, and the sample must be
related in a wdl-defined way to the respondents,
the observation objects, and the target objects.

A note on observation registers

At any stage between the raw data stage and
the find oObsarvation regigder dage, an
obsarvation regiser may be  temporaily
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"frozen” and used as the bads for datidtica
edimation and andyss. The purpose of these
datistical processes may be productionoriented
and/or  user-oriented. Production-oriented
estimation and andyss paticulaly may lead to
the detection of probable erors in the
observation regider, and this may lead to an
update of the observetion register, which will
then be in a new sage. Whenever edtimation
and andyss leads to publishing andor
permanent doring of datigics the underlying
observation register should be stored as well, so
that a subsequent user of the datistics may
question and change the assumptions made by
the datigicia/andyst who provided the origind
edimates and anadyses - in accordance with
sound scientific principles If it is the find
observation register that is used for edtimation
and andyds  this condition  will  be
automaticdly  fulfilled, gnce the  find
obsarvation regider is archived and will not be
changed, by definition.

Within an internationa detidicd
organisation there may be rdativey frequent
needs for temporary freezing of observaion
regiders, dnce different member countries may
deiver their data at different dates, and some
countries may be lagging behind. Further
processng and andyss should not be deayed
until dl countries have responded.  This is
especidly the case when the work is organised

by country.

A note on publishing, presentation,
dissemination, and analysis

In principle, a survey production cycle is
completed once the direct results of the survey
have been published. Publishing may be
defined in different  ways Treditiondly,
datigics were published by means of printed
publications, reports or newdetters, contaning
aggregated detidical data together with some
metadata and smple andyses. Now there is a
trend towards redefining the publishing concept
by asociaing publishing with making the direct
results from the survey dectronicdly avalable
to the customerdusars (in the case of officid
datisics. the public & large), eg. through the
cdearing-house function and/or via the Internet

(which may be pat of
function).

the dearing-house

is difficult to define
labd for

The term "andyss'
We ddl use it as a practicd
everything tha comes dfter  (fird-time)
publishing of datidticd data  As was just
indicated, (firs time) publishing itsdf may be
asociated with a certain amount of (usudly
rather smple) analyses.

Satidicd andyss  will  often  involve
datisticdl data (mecrodata, microdata and
metadata) from severd types and repetitions of
urveys  performed by the ddidicd
organisation, as wel as datigicd and non
datisticd data from other sources. Many
andyses of the datidica data from a datidticd
organisstion ae caried out outsde the
datidticd organisgtion, by many different types
of usars of ddidica data research inditutes,
paticipants in  politicd  processes,  financid
ingtitutions, massmedia, schools, etc.

The find results from datidicd anayses
that take place indde the datigtica organisation
itsedf should typicaly be published, sored, and
disseminated  through  the  dearing-house
function. Some productiontoriented  anadyses
may not be published, since the purpose of such
andyses is to improve the qudity of the survey
production processes. Nevertheless, the results
of such andyses, too, should be recycled
through the dearing-house function; they will
conditute a vauable pat of the metadata
associated with the datistical data produced by
the datigticd organisation and made avalable to
users through the data warehouse.

2.1.3 Survey evaluation

During the evduaion phase certain things
should be checked and evaluated. For example,
the following should be verified:

specified macrodata end-products have been
delivered,  accompanied by  gpecified
metadata, to the organisation’'s daa
warehouse function, if such a function
exigs,
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oecified  microdata  end-products,  find
observation register, have been ddivered,
accompanied by specified metadata, to the
data warehouse function, if such a function
exidgs,

ecified  outputs  (including  database
outputs as well as printed materid) from the
survey have been properly published and
advertised;

production-oriented metadata have been
properly documented and stored, so that the
qudity and efficiency of the survey outputs
and the survey processes can be kept under
control, now and in the future;

production-oriented metadata, as wdl as
feed-back data from the users, have been
properly evaluated, so that appropriate
replanning of  survey  contents  and
procedures can take place before the next
operation phase of the survey, if the survey
IS going to be repested.

2.1.4 Summary of survey processing systems

Fgure 2.1 visudises the life cyce and the
processes of a survey processing system.

22 Registers

The basic purpose of a register is to provide
an authorised, correct and up-to-date liding of
dl entities of a ceatan kind. The entities may
be red-world objects such as persons,
companies, cars, countries, or may be meta
objects such as varidbles and values. The term
"regiser” is often reserved for object registers,
l.e. regisers of red-world objects  In such
cases, regigers of variables, vaues and other
meta-objects may have labds like ”cataogue of
vaiables’, “classfication databass” and "data
dictionary”.

2.2.1 Object registers

In datistics production (object) registers are
usd for mantaning up-to-dae ligings of 4l
objects bdonging to a certan population, for
example "dl persons living in Sweden”.  Such
regigers are used as survey frames.  If the
urvey is a sample survey, a regiger will
typicdly be used as a sampling frame. In
addition to object identifiers, this kind of
register  typicdly contains  information  for
locating the objects, as well as other basc
information about the objects which can be used
for drdification and sampling, and even as a
bass for producing edtimates of certan basc

creation

datistical  characteristics, e for  dmple
aggregations and tabulations.
PLANNING OPERATION EVALUATION
Specify Establish Check Evaluate
survey survey survey feed-bacH
contents procedurefs outputs metadatg|
Frame Sampling Measurement]| | Data preparatid Observation Estimation anfd| Presentation and

register creatiqr analysis dissemination

Figure2.1 A visud summary of the phases and processes of a survey processing system
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An internationd ddidicd organisation  will
need an object register containing

names and codes for member countries,
other  countries and combinations  of
countries and parts of countries for which
the organisation collects data;

names, addresses, phone and fax numbers, e
mall identities and so on for respondents
(organisations and persons) to the surveys
conducted by the international organisation;

other basc facts about respondents and
observation objects of surveys conducted by
the internationd organisation.

Generdly  spesking,
function should

an object regiser

mantan a current verson of the regider,
which is as correct and up-to-date as

possible;

provide "time t' verdons of the regiger
based upon wha is known a "time t+d"
where t are cetan prescribed time point
(like the end of each year or month), and d is
acertain prescribed delay;

be able to reconstruct the population of
objects a any point of time t in the past as
correctly as posshle teking into account al
events that have happened up to t, according
to transactions received up to current time
(or any time point between t and current
time);

be able to reproduce the origind satus and
al events that have affected the objects in
the register population, as reported by the
transactions that have been received by the
register function.

In the case of an internationa organisation,
an object register function needs to take care of
events such as

new member countries entering  the
organisation,

member countries leaving the organisation,

territorid or other changes in the definition
of a member country or some other object of
interest (eg. a combination of countries like
the EU or NAFTA).

In connection with such events it may be
necessary to recondruct old datistics to make
them comparable with forthcoming data  Such
recongruction may require specia procedures
and tools, and it would be appropriate for a

regiger function to provide such todls,
whenever needed.
2.2.2 Meta-object registers

A vaiddle regiger (or a cadogue of

vaiadbles, or “data dictionay”, as it is often
cdled) contans a liging of the variables used
by an organisgtion. In addition to variable
identifiers,  this  kind of regiger typicdly
contains information about the definition of the
vaiable, links to surveys and data sets, where
the respective variables occur, and standard
representation formats for vaues of the variable,
when stored on eectronic media

One way of defining a vaidde is by
referring to  the question asked (including
indructions to  the  respondent  and/or
interviewer) when obtaning the vdue of the
vaiable for an observation object.  Another
important part of the definition of a vaiable is
the st of vdid vdues for the vaiable, i.e. the
st of vadid answers to the question asked,
before and/or after coding the answers. The set
of vaid vaues of a cetan vaiable is cdled the
value st of the varidble.

Different variadbles may shae the same
vaue set. For example, "birth place’ and "place
of resdence’ ae two different variables for
persons that may share a vaue sat-contaning
identifiers of "places’ (eg. countries, counties,
communes). Similaly, "the age of a person”
and "the age of a person’s mother” are two
different variadbles, which may share the same
vaue st of valid "ages’.

Actudly, a vadue st is in itdf a regider,
since it can be regarded as an authorised, up-to-
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dae lising of the vaues that can be taken by
certan variables. In addition to vaue identifiers
(value codes), this kind of regiger typicdly
contains names (text labels) for the vaues that
are suitable for presentations, eg. in the stubs
and headings of gatisticd tables.

The vdue sets of dl varidbles used by an
organisation may be combined into a superset of
vaues, any paticular vdue st of any particular
vaiable will be a subset of such a super vdue
s, which is again a regiger in the sense that it
contains an authorised, up-to-date liging of the
values that can be taken by variables used by the
organisation.  In addition to vadue identifiers
and text labes this kind of regiser would
contain links to value sats and variables.

A regigter is often associated with, or even
combined with, one or more cdassficaions and
other groupings of entities. The entities may be
red world objects, like countries (grouped into
groups of countries), or meta-objects, like ages
(grouped into age classes).

A dasdficaion groups the entities of a
register into one or more sas of mutudly
exclugve classes. If thereis more than one st

of dasses the diffeent sets ae typicdly
hierarchicadly relaed to each other, "levd by
level”.

Different classfications "of the same kind’
are sometimes related to each other by means of
"trandation keys’ or ”"correspondences’. A
goecid case of this occurs in connection with
different time verdons of "the samé
classfication.

A grouping is a more genera dructure than
a dasdfication. Different groups in a grouping
may overlgp each other, even on the same levd
in a hierarchy, if there is a hierarcchy, eg. EU
countries, OECD countries, Nordic countries.

Figure 2.2 illustrates some concepts needed
in the destription  of  vaidbles  and
dasdfications. A vaiadde (which may be
derived from other varidbles) is associated with
a vaue st that contains the vaues, which are
vaid vdues for the varigble. Different variables
may be associated with one and the same vaue
. For example, "country of birth® and
"country of reddence’ ae two different
vaiables, but they may take ther vdid vaues
from one and the same value s&t, " countries’.

KEY 2 KEY ITEM
VALUE
C'-'A%ISSILIF'CA GROUPING
SET
L] L]
VALUE SET|_ | VALUE
GROUPING GROUPING

VARIABLE

(B R )
L] L

VALUE SET 4 VALUE

(I

Deriva-
tion

l l

VALUE POOL

Figure 2.2 Concepts used in the modeling of a classfication database, including a catdogue o

variables.
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Sometimes a number of vdue sats may be
drongly overlgoping in tems of vdues, eg.
"European countries’, "EU countries’, ”"OECD
countries’, "Mediterranean  countries’,”NAFTA
countries’, "NATO countries’, "G7 countries’;
it may be practicd to view such vadue sats as
subsets of one and the same vadue s, a so-
called vaue pool.

A vdue st like "age groups in 5-year
clases’ is an example of a vdue st grouping.
A vdue st grouping is itsef a vadue s, and
agan different groupings of one and the same
underlying vaue st may be regarded as subsets
of one and the same value poal.

The groups in a vaue st grouping may or
may not be overlgoping. A cdassfication is a
goecid case of vaue st grouping, where the
groups, caled classes, overlap according to a
hierarchicd pattern; the hierarchy of groups
conssts of severa levels, and each group on a
certan leve (except the top level) bdongs to
exactly one group on the next higher leve.

There are often minor or (less often) mgor
changes to a certain classfication over time. As
soon as there is any change made to a
classfication, however minor, this change
results in what is formally a new dasdfication.
However, in cases of minor changes over time,
it is cusomary to tak about different time
vasons of "the same’ dasdficaion.  Similarly,
there may be diffeeent country versons and
different language verdons of "the same’
classfications.

A key rdaes two different classfications
(or two diffaeent versons of “the same’
classfication) to each other. Keys may be quite
complicated. A key item describes how a class,
oo a s of cases in one classficaion
corresponds to a class, or a set of classes, in
another cdasdfication. It may or may not be
possble to apply the correspondences in a
mechanica way, that is, it may or may not be
possble to trandform datistical data according
to one dassfication in an automatic and exact
way to "the same’ ddidicad data according to
another classfication.

2.3  Clearing-house functions- " data
war ehouses’

Typicdly there is one common deaing-
house function in a ddidicd organisation,
saving its  intend  and extend  usas.
Sometimes there may be depatmenta clearing-
house functions serving a dngle depatment
and its customers, or other specid-purpose
cdearing-house functions, organised separady
from the organisaion-wide dearing-house, "the
corporate database’, or "the corporate data
warehouse”. Needless to say, in cases where
there are severa dearing-house functions there
should be good co-operation between them in
accordance  with  well-defined  responghilities
and communication procedures, so that conflicts
and undesrable redundancies and duplications
of work are avoided.

From here on we shdl andyse deaing
house functions as if there were only one of
them per Satigtical organisation.

The deaing-house function of a dHatidtica
organisation should facilitate the exchange of
data (and metadata) between

urveylregiser  functions  and
functions (including externd users),

andyss

register functions and survey function,
different survey functions.

An archive can be seen as a subfunction of
a moe generd deaing-house  function.
Sometimes the achive function beongs to
another organisation. In such cases it can be
useful to mantan copies of (pats of) the
archived dataiin the gatistica organisation.

"Data warehouse' is another labd for a

clearinghouse  function tha has ganed
popularity recently, not only in ddidicd
organisations.

The clearing-house  function should

maintain the following types of Satistica data:
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dl find obsarvation regigers from surveys
(to be kept forever);

sected pre-find versons of obsavation
regigers (usudly to be kept for a limited
time);

sdlected podt-find versons of obsarvation
registers,

al published datigtics (to be kept forever).
Idedly this component should contan dl
officda ddidics of the country, i.e it should
include officid  datidics produced by
agencies other than the nationa datidtica
agency. A more problematic question is
whether the dearing-house of a nationd
datistical agency should aso duplicate some
of the officid interndtiond — datidics
produced by international agencies.  With
modern Internet-based tools and standards,
such  duplications should idedly  be
unnecessty  but, a least until the new
techniques and d<andards have become
perfected, there are certainly demands from
some usars tha a nationa cdearing-house
should aso contain internationa Satistics;

al published analyses (to be kept forever);

metadata describing dl data in the clearing-
house, and the processes behind these data,
to the extent and with the quaity necessary
for future (re)users of the data to be able to
interpret and process the data correctly.

Survey/regiser  functions, a  wdl as
andyss  functions indde the  daidicd
organisation, should ddiver gpecified data and
metadata to the dearing-house function
according to specified dandard  formats,
following specified ddlivery procedures.

The dearing-house function should check
off data and metadata deliveries according to
gpecified procedures, and should undertake
specified actions whenever data and metadata
ddiveries do not occur in time or do not pass
the checks.

The clearing-house  function should
(re)organise data and metadata in such a way
that they mach the needs of externd and
internd  cusomersusers of the clearing-house
function.  The reorganisstion may Sometimes
lead to the same data being stored redundantly
in different verdons, organised to meet the
needs of different types of requests. As long as
the data are not to be updated (in any sense
other than that of new data being added), such
redundancy will not cause any mgor problems,
gnce sorage space is relatively inexpensve.

2.4  Analytical processing systems

In a ddidicd organisation there  will
aways be some andytical work performed as an
integrated part of each survey. At the very less,
there will (hopefully) be some production
oriented analyticad work in order to produce
information about the qudity of the dHdidica
outputs from the survey, and to give feed-back
to more or less continuoudy ongoing
maintenance and improvements concerning  the
processes of the survey, as regards both quality
and efficiency.

In addition to this production-oriented
andytical work, there will sometimes be more
user-oriented andyticad functions, which ae

more or less independent of the survey
processng systems. Of course, there will

dways be such functions outsde the datiticd
organistion  itsdf, but in many daidica
organisations, not least internationa
organisations, there ae mgor, user-oriented
andytical  functions indde the organisaion
itsdlf.

If a particular anayticd processng system
obtains dl its input data from one single survey,
the andyticd processng sysem can actudly be
a very closy integrated pat or sub-sysem of
the survey processing sysem itsdf. In al other
cases, there must be some kind of cross survey

communication.  In such dtudions it is vey
naurad to regad the andyticad processng

gysdem as a separae sysem in its own right, a
sysem with well-defined interfaces to the input-
producing survey production sysems. Even in
the case of only one underlying survey, it would
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often be advantageous to dedgn an explicit,
precisely defined interface between the survey
production system and the anaytical processng
sysem.

If the datidical organisation has established
a deaing-house function, a data ware-house, it
Is natura for anayticad processng sysems to
demand to receive the data they need from this
function, because then the data will be ddivered
in standardised formats accompanied by the
prescribed  metadata If a dearing-house
function does not exid, the andyticad function
will have to negotiate these things with each one
of the input-delivering survey functions, and the
result may be much less dandardised and less
predictable; if there are changes in the survey
production systems, these changes may have
undesirable and unexpected consequences for
the analytical processng systems.

Rignt now, there is an emerging market for
software  tools amed & veay demanding
andytical processng needs. So-caled On-Line
Andyticd Processng (OLAP) tools can handle
large volumes of multi-dimensond daa in an
efficient and very flexible way. Some datidica
organisations have dready darted to use such
tools, eg. Oracle Expresss  This is excelent
from an andyticd point of view, but it should
be noted that OLAP tools are not able to replace
more standardised and generd-purpose database
management  software  tools based upon the
relationl data modd - a leasst not yet
However, dandard relationd databases in a
cdearinghouse  function should form an
excdlent bass for producing OLAP databases
amed a paticular user needs. Communication
should be one-way from the corporate relationa
databases, resding on database servers, to end-
user-oriented OLAP databases, resding on
gpplication servers or client computers.
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CHAPTER 3

AVISION FOR THE FUTURE

Figure 31 illusrales a posshle future
information systems architecture for a dSatistica
organisation. The architecture is based upon the
four mgor types of datidicd information
gysems that were anadysed in Chapter 2 of this
report:

Survey processing systems,
dearing-house systems,
registers,

andytica processng systems.

In this proposd dl dearing-house functions
and regiger functions have been combined into
one corporate data warehouse.

As was discussed earlier in this report, a
typicd "survey" conducted by an internationd
organisation collects its input data and metadata
from one or more ddidica organisations in
member countries. The observation objects of
such a survey are the member countries, and the
respondents are contact persons working for the
national datisticd office or some other agency
in the member country. There are many surveys
of this kind undetaken by internationd
organisations, and they are usudly operated on
a repetitive bass (monthly, quaterly, and
yearly).  Member countries provide data in
different forms, most of them ddiver dl daa
and at least some metadata in eectronic form.
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Figure3.1 Aninformation sysems architecture for Satistica organisations
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Such data and metadata will go directly into the
raw data compartment of the data warehouse, as
illugtrated in Figure 3.1. In Fgure 3.1 we have
included “"raw datd’ in the corporate data
warehouse.  This is not completdy condstent
with the definition of the corporate data
warehouse earlier in this report. However, there
ae some usas of datgdics, especidly
researchers, who indst that even the raw data
should be preserved in the data warehouse, since
sometimes, a least in principle, researchers may
want to go back to the raw data as they were
before data editing, etc. Daa and metadata
provided on paper have to be entered manualy
by a data entry process, which is managed by
the survey processing system.

Even if data and metadata are ddivered
dectronicdly, they may arive in many different
formats. Thus, a firg step will be to standardise
incoming data and metadatar This step can be
avoided if member countries agree to provide
daa and metadata according to some
internationd  sandard, eg. the EDIFACT
dandard for GEneric Statisicd MESsages
(GESMES). It is important to note that a
dandard format must include standards for both
data and metedata. If only the data format is
covered by the standard, al metadata handling
will have to be managed ad hoc, which typicadly
implies iterative manud work, expensve and
time-consuming.

Incoming daa and metadata ae
trandformed from raw data to fina observation
regigers.  During the transformation process,
the data and metadata are checked by means of
computer-aided and  manua procedures,
sometimes  gaff members have to contact the
data providers. When errors and incompleteness
are detected, the data and metadata are updated.
At a cetan dage, the data and metadata are
"frozen”, which means that no further updaes
will be made to this verson of the daa The
find observation register is created and stored in
the find observation compartment of the data

warehouse (cf. Figure 3.1); accompanying
metadata ae dored together  with  the
observation regider, and the  globd

metadatabase of the data warehouse (cf. Figure
3.1) is updated.

From this point on, the observation register
is avallable to the whole datigtical organisation.
Any survey processing sysem or  andyticd
processng system that needs the data and its
accompanying metadata can retrieve them in
gandard formats from the data warehouse. The
survey processng system that was responsble
for collecting and preparing the data and
metadata will typicaly continue to process the
find observetion register into find
multidimengond  datisics which will be made

avalable to usas through a vaiey of
dissemination  sarvices  (printed  publications,
CD-ROMs and online savices like the
Internet).  All outputs are produced from the

data warehouse, ether directly or via a partly
manud printing process The find 4Hatigics,
published by the organisaion, may be <ored
both a dandardised multidimensond  tables
and as print-ready electronic documents, which
can be used for print-on-demand services and
for HTML presentations on the Internet.

A find obsarvation register should never be
updated. If errors are detected, or if there are
some other grounds for changing the contents of
a find observation regiger, a new post-find
verson of the observation regiser should be
crested without deeting the origind one
Smilaly, if some intend user, eg. an
analytica processng system, needs to process
data and metadata from a particular survey
before the find observation regigter is ready, a
separate pre-find verdon of the observation
register should be created and stored in the data
warehouse.  If this prdiminary use of survey
daa results in published datigtics and/or
andyses, the pre-find verson of the observation
regiger should be kept in the warehouse, even
after find (and possbly pog-find) verson have
become ready and stored in the data warehouse
aswell.

An andyticd processng sysem will obtain
dl its input data and metadata from the
corporate data warehouse, typicaly from the
find obsarvation regiger compartment and from
the globd metadata compartment. An andytical
processng sysem may dso use some find
datistics that have aready been produced and
gored in the find multidimensond daidics
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compatment, and that is where it will dore its

own find resllts once they have been
produced. In addition, an anadytical processng
sysem will updae the globd metadata

compartment and will produce various end-user
outputs, some of which will be dored in the
electronic documents compartment of the data
warehouse.

Thus, in  summay, the  proposed
information sysems architecture of a dHatigtica

organisation will congst of

anumber of survey processing sysems,

a corporate data warehouse,

anumber of anadyticd processng systems.
contain

The data  warehoue  will

"compartments' for

raw data and metadata,

find observation regigters,

find multidimensona gaidics,
electronic documents,

globa metadata, including registers.

The architecture contains "resdud"”, partly
manud functions for daa entry and printing, but
these functions will be "driven" by the
data/metadata structures in the data warehouse,
and they will be controlled as integrated parts of
the survey processng sysems and/or anaytica

processing sysems by the people and
organisationa  units  respongble  for  those
sysems.

3.1  Survey processing systems

In principle, dl survey processng systems
of ddidicd  organistions, nationd and
internationd, run through the same kind of life
cycle aswas described in section 2.1

1. Survey planning

1.1 Specify mgor users and purposes of the
survey

1.2 Specify mgor outputs from the survey

1.3 Specify mgor inputs to the survey

14 Specify man procedures for obtaining
inputs and transforming them into outputs

2. Survey operation

2.1 Frame cregtion

2.2 Sampling

2.3 Measurement

2.4 Data preparation

2.5 Observation register creation
2.6 Egimation and andyss

2.7 Presentation and dissemination

3. Survey evaudion

3.1 Check that gpecified outputs from the
survey have been delivered properly

3.2 Check that production-oriented metadata
have been properly collected and stored

3.3 Organise feedback information from users

3.4 BEvauae feedback informetion from the
production process and from the users

There ae some important differences
between a survey conducted by an internationd
organisation and a survey caried out by a
nationd datidicd office:

Frames and sampling procedures do not play
important rolesin internationa surveys,

Egimation and andlyss is more complex in
the interndtiond environment than in a
nationa satigtica office.

3.2  Datawarehouse- including registers

This proposa identifies and defines five
compatments of the future corporate data
warehouse function of a gtatistical organisation:

raw data and metadata;

find observation regigters,

find multidimensond gatigtics

e ectronic documents,

globa metadata, including regigters.

Data and metadata in the raw data
compartment will sometimes be in standardised
form, eg. the GESMES format, sometimes not.
There should be generdised software supporting
the standardisation of data and metadata, once
they have arived. From then on, there should
be generdised <oftware tools supporting Al
important processes and Sub-processes in survey
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processng sysems and andyticd processng
systems. Daa and metadata in the data
warehouse  conditute  well-defined  standard
interfaces  between sysems and  between
processes within sysems.

In the context of a ndiond dHatigtica
organisation, the find observaion regisers
typicdly contan microdata, and they ae
typicdly dsored as reationd tables (in the sense
of the relationd data modd) or as so-cdled fla
files which are logicdly more or less eguivaent
to reaionad tables An internationd dHdidicd
organisation will not normadly handle microdata
from member countries.  On the other hand, the
macrodata provided by member countries to
internationd organisations may formdly be
handled in very much the same way as
microdata are handled by a nationa dHatistica
organisation; in effect, if we adopt another
perspective, the macrodata provided by member
countries actudly ae microdata, viz. if we
regard the individud countries as observation
object on another micro-levd.

Hence it is proposed tha the input data of
an internationd datigicd  organisation  should
be handled by the same types of data structures
and the same types of software tools that are
ued for the management and processng of
microdata in naiond datigticd organisations.
Relationd database management sysems and
software  tools compatible with the reationd
data model are today de facto standards for such
tasks, and they are likely to reman so for the
foreseeable future (3-5 years).

Thus the find obsarvation regigers in the
data waehouse of dl kinds of daidicd
organisgtions, naiond and internationd, should
be dored in reaiond tables in relationd
databases.

Generdlised software tools can be used for
(further)  aggregating and  andysng  the
datigical data in the find obsarvation regisers
into  find, multidimendond ddidics to be
presented and disseminated by the dSatitica
organisation.

Whereas the reationd daa modd was
immediately accepted as  suitable for  the
management of datidical microdata, it has been
debated among daidicians whether it is dso
itable for the management of dHatidica
macrodata. It has been argued that the relationd
data mode does not do judice to the
multidimensiond character of macrodata, and
that the management of multidimensond daa
becomes inefficient if these data are mapped
into "flat" relationd tables.

Thanks to the dramatic price/performance
devdopment of information technology, the
efficency problems have increesngly become
"nonproblems’. Today there are no problems
with the handling of dl daidicd data
incuding multidimensona macrodata, of mogt
datidticd organisations by means of Sandard
commercid relationd software on  standard,
inexpensve PC-based  equipment. As an
example, the totd volume of OECD ddidicd
data, to be stored in a corporate data warehouse,
has been edtimated at 10-15 GB. Even if this
should increase by 10 times, and is stored in a
less hardware-optimised way, it could ill be
easly accommodated on a standard PC-based
database server.

There is an emerging market for new kinds
of generdised software products for very
dficdent and flexible management of lage
volumes of multidimensond daa Thee
software tools are sometimes caled tools for
On-Line Andytic Processng (OLAP) &s
opposed to tools for OnLine Transaction
Processng (OLTP). Whereas OLTP tools are
optimised for efficent handling of updae-
oriented processes (like those processes that
occur during the data collection and preparation
phases of a dadidicd survey processing
system), OLAP tools assume that data will not
be updated, which means that the database can
be optimised for the processng of complex ad
hoc queries (eg. unplanned datistical queries
versus alarge Satistica database).

OLAP tools have a great potentid for
datistica organisations, but for the foreseesble
future (35 years) they can only be a
complement, not a replacement, for rdationd
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software, because they are not suitable for the
update-oriented parts of datistics production.
Thus an OLAP tool cannot be the basic tool for
dadbase management in the  datidicd
organisation's information system  infrastructure.
On the other hand, it is easy to produce an
OLAP database from a relationa database, so
internal or externd users of data from the data
warehouse can eadsly "add on" OLAP tools for
andytic processing of the data, if they so please.

According to the proposed architecture,
datisticad end products can be dored in two
diffeeet ways which ae not mutudly
excdusve

as multidimensond data, dored in relationd
tables, with accompanying metadata, Stored
patly in rdaiond tables patly in text
databases,

as dectronic documents, in SGML format,
reedy for prining on demand, Internet
HTML publising and other "one-way"
dissemination forms.

The firg dternative has the advantage tha
the end-product can be reused by the same
processes and software tools as those by which
it was itsdlf produced, that is, it can be reused as
an input to other datisics production and
andyss processes  within - or  outdde the
datistica organisation.

The second dternative is dttractive as a
cost- and time-effident option to traditiond
publishing procedures, while dgill mantaning
very high-qudity printing posshilities

OLAP databases and other specia-format
products can be viewed as a third category of
future statistical end products.

The global metadata component of the
proposed architecture is shared by al other
components. It contains both gructured and
more or less unstructured metadata

Structured data can be sored in relationa
tables and can be handled by the same relationd
software as the data that they describe.  This

way of handling metadata is suitéble when the
metadata ae to be used for driving
computerised processes, since the software
controlling such processes ae then able to
process data and metadata in a completey
integrated and automated way.

Metadata about variables, value sets and
classfications are good examples of Sructured
metadata that should be <ored in relationd
tables and managed by dandad relaiond
software products.

To a limited extent, reationd software is
able to handle less dructured text data as well,
but it is usudly more efficient and user-friendly
to manage less structured metadata by means of
generalised text management tools, eg. word
processors and free-text search systems.

Large pats of the documentation of a
datistical survey can best be trested as less
sructured free-text metadata.  On the one hand,
this lessens the burden on the metadaa
provider, and on the other hand it facilitates
very fad and flexible searches for data and
metadata.

Fgure 3.2 visudises a data mode for the
metadata of a statistical data warehouse, a so-
cdled metadata modd. The modd condss of

three mgjor parts:
a microdata and survey-oriented part,
including process-oriented metadata;
a macrodata oriented part, induding user-
oriented quality metadata;
a dasdficaion oriented pat, including
metadata about vaue s and

dassfications.

In the cae of an internationd dHatistica
organisation, the microdata and survey-oriented
pat of the modd primaily describes the
properties of the national surveys underlying the
corresponding  "surveys' conducted by the
internationd organisation; more  or  les
undgructured textual metadata will describe how
the typicd survey procedures (as visudised
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ealir in Fgure 2.1) are designed and caried
out in each one of the member countries of the
organisation; some dructured metadata are
collected concerning the  vaiables and
populations referred to by the daa in the
microdata collections produced by member
countries.

The macrodata-oriented pat of the
metadata mode  describes Al macrodata
collections that are ether recelved or produced
by the datidicd organisaion. A macrodata
collection is a st of macrodata that contains
edtimated values of datidica characteristics
concerning (at least) one population of objects,
cf. the definitions in section 1.1.2 of this report.
According to the same definitions, a dSdidica
characterigic is a measure that summarises the
vaues of (a least) one variable of the objectsin
a population. A macrodata collection may
dways be thought of as having been derived
from an undelying microdaa  collection
containing observaions of the vaiadle(s)
summarised by the datidticd characteridic.  As
a maiter of fact, this is often not only a way of
thinking, it is dso the way the macrodata have
actudly been produced, possbly in severd
seps, where some of the steps have occurred in
respondent organisations.  The careful reader
may observe that the data moded in Figure 3.2 is
a little more generd than the data modd
assumed in Figure 31 for a typicd daa
warehouse of a datigicad agency. For example,
in Fgure 3.1 dl microdata collections (except
raw data collections) ae find observaion
regigters. The data modd in Figure 3.2 does not
assume that a microdata collection is necessaily
afind obsarvation regider.

A more or less forma desription of a
macrodata collection can be dructured dong
four mgor dimensons

a: the dfa dimendon, the dimendon of

population and scope;
b: the baa dmenson, the dimendon of
measurement and summation;

g the gamma dimendon, the dimenson of
classfication;

t: thetau dimenson, the dimension of time

Figure 3.3 illudrates this by means of a
ample example, taken from the OECD Man
Economic Indicators (MEI). The example is
andysed both from the perspective of an
international  datigical organisdtion, in this case
the OECD (interpretations 1a, 1b, 1c), and from
the perspective of a nationd daidicd office
(interpretations 2a, 2b, 2c).

Interpretations 1la and 2a use concepts from
the definition of a ddidicd -characteridic.
According to the OECD  perspective
(interpretation 1a), the observation object is
Canada, an OECD country. According to the
member country perspective (interpretation 2a),
the observation objects are crude steel producers
in Canada. In both perspectives the observation
varigble is "production of crude ded during
July 1996".

Interpretations 1b and 2b emphasise certan
dructurd  aspects of the andysed dHatistica
message. Firgly, time is paameterised by
explictly regarding "July 1996" as a vadue on
the time scde "month". Secondly, it is
explicitly recognised that “"crude ded” is a
vdue in the "commodity” vdue s&t. The later
dructure is moved from the observation varigble
pat of the message to the population part.
According to this view, the population consgs
of <country, commodity> pairs (interpretation
1b) and <commodity producer, commodity>
pairs (interpretation 2b), respectively.

The abgt scheme of andyss used in
interpretations 1c and 2c makes the sructure
even more explicit and vigble, and it sresses
that the datisticd message can be seen as the
contet of a vey gengd, multidmensond
table, spanned by the gvaiables in the example

andysed, it is a threedimendond table
panned by the  vaiables  "country”,
"commodity”, "month". A fomd time

parameter, t, is used to indicate time aspects in
a sysematic way, wherever rdevant. In the
andysed example t occurs both as a point of
time (indicated by the key word "a" before the
time parameter) and as a time interva (indicated
by the key word "during' before the time
parameter). In a more complex example
different functionsof t could have occurred in
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" Canada’ s production of crude steel during July 1996 was 1126 thousands of tonnes.”
OECD Main Economic I ndicators October 1996, p 48.

Interpretation 1la: observation message, OECD perspective

observation population: OECD countries July 1996

observation object: Canada

observation variable: production of crude steel during July 1996
observation value set: thousands of tonnes

observation vaue: 1126

Interpretation 1b: More structured observation message, factorisation and parameterisation

observation population: <OECD countries (month), commodity>
observation object: <Canada (July 1996), crude steel>
observation variable: production (month = July 1996)
observation value set: thousands of tonnes

observation value: 1126

Interpretation 1c: multi-dimensional table, abgt -structure

a: for <OECD country (at t ), commodity>

b: give sum (production (during t) in thousands of tonnes)
g by country, commodity, t

t:wheret = month

Interpretation 2a: statistical message, member country per spective

observation population: crude steel producers in Canada, July 1996
observation variable: production of crude sted during July 1996
observation value set: thousands of tonnes

measure: sum

estimated value: 1126

Interpretation 2b: More structured statistical message, factorisation and parameterisation

observation population: <commodity producersin OECD countries (month), commodity>
observation object: <Canada (July 1996), crude steel>

observation variable: production (month = July 1996)

observation value set: thousands of tonnes

measure: sum

estimated value: 1126

Interpretation 2c: multi-dimensional table, country perspective

a: for <commodity producer in OECD country (at t ), commodity>
b: give sum (production (during t) in thousands of tonnes)

g by country, commodity, t

t:wheret = month

Figure 3.3 Different dructuring schemes for andysng datidicd daa from the OECD
Economic Indicators

Main
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different pats of the dructure example
"increase in income between year t and year
t+1"

The quality metadata of the macrodata part
of the metadata modd should in principle be
derivéble from the metadata concerning the
underlying microdata collections and microdata-
producing surveys in the microdata pat of the
metadata modd. In practice, the derivation may
be rather complex, and it may require
cons derable human expertise and judgement.

3.3  Analytical processing systems

An andyticd sysem uses daa and
metadata from one or more surveys, sometimes
in combination with data and metadata from
other sources.  According to the architecture
proposed here, the andytica processng systems
should be able to obtain the data and metadata
tha they need from the corporate data
warehouse.  Published results and other end-
products from andyticd processng sysems
should be stored in the data warehouse.

Sometimes the results of an andyss may
indicate that there is something wrong, or a
leest quedtionable, about the underlying data
Such findings may even lead to contacts with
urvey respondents in member countries, and
these contacts again may result in revised data
and/or metadata. It is important to have wel-
defined procedures for handling such revisions
The main dternatives are:

If the find observation regiser of the survey
has not yet been created: to take the revised
datalmetadata into account, when creating
the final observation register;

If the find observation regiser has dready
been crested: to create a new, post-find
observaion register, while keeping the
dready exiding find observation regidter;

Making no changes to the underlying
obsarvation regigers, but making some kind
of comment and/or footnote in connection
with the presentation of the results of the
andyss.
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CHAPTER 4

TECHNICAL ASPECTS OF THE PROPOSED

ARCHITECTURE

This chapter of the report starts from some
basc ideas on how human beings have leant to
cope with the phenomena that are so complex
that al relevant aspects of them cannot be fully
grasped by the human brain & one and the same
time. Such complex phenomena are sometimes
cdled imperceivable systems, and one gpproach
to the understanding, control and (in the case of
manrmade systems) desgn and mantenance of
such systemsis called the systems approach.

We will then move on to discuss how to
apply the systems approach to the design and
management of the proposed architecture for the
information sysems of a naiond or an
internationd datistica organisation

4.1  Thesystemsapproach

The sysems approach is a generd human
goproach  for  describing,  andysing, and
contralling complex phenomena, e
phenomena that conss of a large number of
related aspects, which the human brain is unable
to fully appreciate a once. The sysems
gpproach is an atempt to manage complexity by
combining precise andyses of deals with a
good understanding of the whole.

4.1.1 Basicideas

Some badc propositions of the systems
approach are:

a  complex phenomenon can be
conceptudised as a sysdem, a so-cdled
impercaiveble sysem, snce it cannot be
fully understood by a single menta act;

asystem congsts of parts;

a pat of a sysem is in itsdf another system,
a subsystem of the former system;

ay sysgem, even the whole phenomenon
first consdered, is a pat of a wider system,
a supersysem, or environment, of the
former system;

the pats of a sysem ae related to each
other, and to the system as a whole, and the
sysem is related to its pats as wdl as to
other systems in its environmen.

There ae naturd sysems and desgned

systems. A naurd sysem exids a a
phenomenon independently of human beings,
dthough  the  conceptudisation  of  the

phenomenon as a system (adhering to principles
like those mentioned &bove) is, of course, a
product of human thinking, which does not
necessarily  exis  independently of  human
beings.

A desgned sysem is a phenomenon that in
itsdf is the result of human thinking; it would
not exig without conscious and explicit human
effort. Computers and  computerised
information systems are examples of designed
systems.

It is a philosophicd question whether
naturd sysems serve cetan  purposes, or
whether they just exig without any particular
purpose. Dedgned systems, on the other hand,
ae typicaly dedgned to serve one or more
purposes. For such sysems, it is dealy
meaningful to tak about efficdency; an efficient
gysem is a system which serves its purposes in
an efficent way.

There ae a least two aspects of the
dfidency of a sysem, represented by the
following two questions.
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To wha extet does the sysem fulfil its
purposes?

How many resources (of different kinds)
doesthe system use?

The fird efficiency aspect can be cdled
"god fulfilment effidency”, and the second
efficency aspect can be cdled “resource
effidency”.

When the two aspects of efficiency are
combined, one taks &out the ovedl
cost/performance, or cos/benefits, of the
sysem.

The resources used by a system may be of
many different kinds  materid  resources,
energy, human cepacity (physcd and/or brain
capacity), time, etc.

In order to gamplify the evdudion of the
efficiency of a certan sysem, one often tries to
measure dl kinds of god fulfilments as wel as
al kinds of resource usages in monetary terms.
If the different kinds of god fulfilments and the
different kinds of resource usages occur at
different times during the life cyde of the
sygem (incduding the desgn phase of the
sysem), which they typicdly do, one tries to
come to a "correct” monetary evauaion by
discounting the monetay €ffects to one
common point of time.

4.1.2 Arethereefficient system
architectures?

A desgned sysem can typicdly be
designed in many different ways, representing
different patens of god fulfilment and
reource usages over the life cycle of the
desgned sysem. It is an interesting question,
whether there are certan generd features that
meke a cetan dedgn, a cetan sysem
achitecture, more efficent than dternative
designs, dternative system architectures.

A basc assumption behind the systems
aoproach is that it is efficient to conceptuaise
complex phenomena as sydems, congging of
related subsystems, etc. Furthermore, the
sysems gpproach seems to prescribe that a

complex phenomenon/system should be
conceptudised in terms of subsystems in such a
way that

theee ae few and gsmple
between subsystems -
interfaces’,

relationships
"dmple sandard

there are few and smple parts on the lowest
level of the sysem/subsystem hierarchy -
"dmple sandard components'.

4.2  Thesystemsapproach and statistical
information systems

It is a rather sraightforward task to apply
the sysems approach to  computerised
information sysems in generd, and to datidtica
informetion systems in paticular.  Obvioudy,
such a sysem is a desgned sysem. The
purpose of the sysem is to provide certan
information and information-related services to
its usars Satidicd  information  sysems in
paticular are often multi-purpose sysgems in the
sense that they should provide information to
many different kinds of users with different and
sometimes contradictory needs, now and in the

future. Thus flexibility is a paticulaly
important consideration for Satistical
informetion systems.

We have edablished earlier in this report
that a ddidicd organisation typicadly runs a
rativey large number of information system
goplications, a typicd nationd or internationd
detigicadl organistion may run hundreds of
gpplications. However, many of these
goplications are raher dmilar in the sense that
they peform a limited number of functions,
which ae characterigic of information sysems
upporting Satigica surveys.

survey planning functions and subfunctions;
survey operation function and subfunctions,

survey evauation functions and
subfunctions.

In addition to the survey processng
gysems, we have noted that there are registers,
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data warehouses and andyticd processng
gysems, and these systems have rather typica
functiond characteridics, too, in the dHatigtica
environment.

It is cetanly possble to exploit the
advattages of this regulaity in types and
functions of daidicd information sysems by
applying the sysems agpproach. In particular,
when we desgn the information sysems of a
datisticd organisation, we should edablish a

sysems  architecture  which  supports  the
posshilitiesto
ue dandard interfaces for communication

of data and control between systems and
between subsystems within systems,

use standard components for the redlisation
of systems and subsystems.

When we move from the dedgn to the
implementation phase of the information sysem
life cyde we can fully exploit the inherent
amplicity, robusness and flexibility of such a
systems architecture.

The man advantages of this gpproach are
that the approach

mekes it eader for human bengs to
understand and reflect about the system,

increeses  posshilities to  reuse  exiding
components rather than developing new
Ones,

reduces condruction work, congtruction
time, and construction errors,

supports flexibility, making it esder to add
functiondity to the system in the future,

amplifies mantenance work and makes it
easer to adapt to changing technology.

Like other  computerised  information
gysems, ddidicd information sysems ae
implemented by means of hardware, software
and data componentss. We shdl now discuss

how the systems approach can be applied to
each one of these component types.

4.2.1 Hardware components

Today it is rather easy for a daidicd
organisation to choose dandard hardware
components. The IBM compatible PC has since
long become a de facto standard hardware
component for dSatistical organisations and, to
an even greater degree, for the users and
customes of datidicd organisations. Until
recently datidicd organisation often judged it
to be necessty to mantan other hardware
components as wel, eg. mainframes and minis,
but today most daidica organisations would
be better off a&bandoning these non-standard
hardware components al together. The capacity
of a sandard PC is enough for dl, or amog Adl,
detigticd needs, a wdl a for dl the
adminidrative non-datisicd needs of modt
datigticd organisations. It should be stressed
that the argument presented here in favour of a
unifoom PC-based plaform is not  primaily
based upon technica congderations but on the
economical and budgetary redities facing most
datisical agencies today. It is Smply too
expendve for modt agencies to mantan the
competence for more than one technicad
platform. However, for agencies that are not
(yet) facing such economicd redrictions, it may
be agued tha a multi-plaform environment,
including mainframes, UNIX boxes, PCs and
maybe even Macs enable solutions that are
more eegait and more efficent from a
technica point of view.

4.2.2 Software components

A <oftware sysem congsts of software
components and interacts with hardware and
data components. In the case of dHatigtica
informetion systems there should be a
correspondence on a certain leve in the systems
architecture between

on the one hand: the functions and
subfunctions of survey processng systems
(and other types of datistica applications);

on the other hand: software components of
the software agpplications supporting the
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datigticd  gpplications and ther  functions

and subfunctions.

A software sysem used for implementing
an information sysem gpplication is cdled a
software  gpplication. In the information
sysems architecture of a datistica organisation,
there should be a correspondence between

software goplications and datistical
goplications. When  edablishing  this
correspondence, one should try to reuse
generdised  software  systems commercid
packages or, presumably less often, in-house
developed. An dtendive is to talor an

gpplication on the bass of reusable, commercid
or home-grown software components. The two
dternatives may be combined.

When a ddidicd function or subfunction is
andysed, & some dage one reaches a leve
where the software components need not
necessxily be talored to the needs of Satidtica
gpplications.  Instead one may use generd-
purpose software components. Agan, one
should try to exploit reusable, standard software
rather than talloring gpplication-specific
software components.  Nowadays, this "genera-
purpose level" may gppear rether high up in the
gysems achitecture of a dHatistica application.
For example, a word-processing sysem or a
Soreadsheet program may be a high-levd
software  component of this kind.  So-cdled
software objects are examples of lower-levd
reusable software components.  An application
software  developer may look for reusable
software components on the software market as
wdl & inhouse, in software component
libraries, which should be organissed by
gpplicationdeveloping organisations, eg.
datigticad organisations.  Co-operation between

datisticd  organisations may dso be an
dternative for devdoping usgful  software
component libraries.

The  interaction  between  application

software and hardware takes place through so-
cdled sysems software, such as operaing
sydgems. A cetan combinaion of hardware
and sysems software is often identified as a
particular (hardware/software) platform, eg.

IBM compatible PC in combination with
Microsoft Windows NT,

min-computer in combination with a UNIX
didect for that mini-compuiter.

From an economicd efficency point of
view it is mogst advantageous if an organisaion

can  avoid having more  than  one
hardware/software  platform  for its information
system  infragtructure, Evey  additiond

platform adds dgnificantly to the complexity of
the technicd infrastructure of the organisation
and necesstates a consderable extra amount of
technically competent staff.

A note on reusable software components

A reusable <oftware component is a
software component that can be used, without
being changed, in severd different software
sydems. A software component may consst of
other software components. A whole software
system, eg. a word processing system, may be a
software component of another software system,
eg. adatigica information system.

A oftware gpplication will congs  of
reussble and non-reusable software components.
Reussble software components are sometimes
cdled generdised <software components, or
sandard software components, whereas non-
reussble software components are sometimes
cdled talor-made  software  components.
Reusable  software  components can  be
developed by professond software producers,
and marketed by professona software vendors.
However, reusable software components can
adso be produced and shared internaly within
any kind of organisation that develops software
goplications, eg. adatistical organisation.

A software component is associated with

one specification;
(at least) one (source-code) implementation;
(at least) one executable (run-time) unit.

A reusable software component should have
a precie soecification, defining the function of
the software component, as wdl as its externd
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interface in terms of inputs and outputs. A
software component is reusable, only if it can be
plugged into other software systems, exactly as
it is, without any changes or modifications. The
user of a reusable software component should
not need to take any responghility for the
maintenance of a reussble component. If an
exiging software component is modified and
then plugged into an gpplication, this may Speed
up the development process in comparison with
taloring a completdy new software component
from scraich, but drictly spesking this is not
reusage; the gpplication developer will have to

take full respongbility for the mantenance of
the  modified  component. However,
modification of a (reusble)  software
component may rexult in  another reusable
software component.
4.2.3 Data components

The daa components of an information

sysdem ae dored ether as physcaly integrated
parts of the application software system or as
separate files or databases. One of the magor
contributions of the database concept and the
ideas of database-oriented information systems
development was the introduction of the concept
of (different degrees of)  program/data
Independence. Program/data  independence
means that the software and data components of
an information sysem may be developed and
mantaned rdativdy independently of each
other. A modification of the contents, Sructure
or dorage of data should not necesstate
modifications of programs usng the data On
the other hand, it should be possble to modify
or add software components without having to
redefine data components.

In order to facilitate the redisation of the
concept of program/data independence, a new
type of inteface was deveoped: the interface
between application programs and databases. A
soecid  type of systems <oftware, cdled
database management software, was developed
in order to provide the program/data interface

functiondity.  The four basic functions of a
database management system areto

add,

retrieve,

update, and
delete

gpecified data. In order to be able to specify the
data upon which these operations should be
peformed, there must be a daa modd
describing the data stored in the database, and
the database management sysem must be able
to interact with the database in terms of this data
modd.

Soon dfter the database concept had been
introduced in the beginning of the 1970's severd
competing proposals for standardised database
interfaces were presented. IBM tried to
edablish a commercid de facto standard, based
upon a hierarchicad data modd, reflecting how
data were handled by IBM systems software.
Non-IBM vendors and some users tried to agree
upon an internationd d<andard, based upon a
network-oriented data model, developed by the
CODASYL Data Base Task Group. Universty
researchers favoured the relationd data modd,
which was amed a being closr to how users
conceptualised data in databases, and less
dependent on how data were actudly stored on
different physcad media So-cdled conceptua
data models, like the Infologicd Approach and
the Entity Relationship modd were proposed as
wdl, and they tried to be even closer to users
conceptudisations of information.

There was, and is, a need to reconcile

conceptua modes, reflecting the "objective’
abstract information contents and end-users
different views of data,

externd data models, reflecting the different
views of data taken by agpplication programs
and agpplication programmers, and

internal data models, reflecting how data are
physicaly stored.

In order to accomplish the necessary
reconciliation between these different types of
models, so-cdled multi-schema  architectures
were developed for database  interfaces,
supporting mappings between different schema
levels (eg. the externd levd, the conceptud
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leve, and the internd levd), thus permitting the
same physcad daa to be viewed and used in
many different ways within one and the same
information  system  infrastructure. The
ANSI/SPARC proposad was a pioneering three-
schema architecture.

Today the reationd data modd is the de
facto gandard for a wide range of commercid
database management systems and database-
rlated software products. The Structured
Quey Language (SQL) is the equaly widdy
accepted interface between relational database

management sysems and  database-related
software products.
4.2.4 Interaction between software

components and data components
Figure 41 summarises the different kinds

of interactions that occur in a computerised
information sysem between different kinds of
software  components, as wel as between
software components and hardware components.
Each interaction type requires a well-defined
interface.

4.3 A multi-tier network architecture for
statistical organisations

This section will leed to a proposd for a
network-based information systems architecture
that baances the needs for centrdisation and
decentrdisation in  a moden  ddidicd
organisation. In order to illustrate the needs for
such a baance, we shdl sart wth a brief review
of computer higory which, dthough short,
displays examples of both extreme
centraisation and extreme decentrdisation.

Application development tools
(e.g. Visual Basic)

N N @
Generalized application software
(e.g. Excel)
4L T
Database management system
L L J)

Operating system

' N <

Figure4.1 Interaction between different types of software components and data in the databases
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4.3.1 Historical starting-point: mainframe-
based centralisation

Origindly, computerised
sydems were completedy centralised

information
in dl

respects. All  computerised activities were
organised aound the manframe computer,
including input/output processes, data Sorage,
and data management and  computation

processes. Even application system developers
and application programmers belonged to a
centrdised organisation aound the computer;
inputs in the form of card decks were ddivered
to a desk outsde the "closed shop® computer
room, and output listings were picked up later,
often much later, in the same place. As in some
other centrdly planned systems, queues were
common.

35

4.3.2 Top-down distribution of functions.
dumb terminals

With the introduction of terminds in the
ealy 1970's some computerised activities were
moved a little bit closer to where they naturaly
belonged in the organisation. End-users could
ddiver some input data to the computerised
information sysems through the terminds and
they could get answers to smple, structured
questions through termind-based menu systems
and nonprocedura  command  languages.
Programmers could enter and edit their source
code and control Satements via the terminds.
But dl intdligence remaned in the manframe
The teminds wee dl so-cdled dumb
terminds.
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Figure4.2 Mainframe-based architecture
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4.3.3 Extreme decentralisation: personal
microcomputers

With the persona microcomputers
introduced in the early 1980's the organisation
of some computerised sysems went to the
opposte extreme, dl activities being done
localy. The computerised processes that now
became organised in better harmony with other
aspects of the organisation were far from core
busness processes, but the decentraised
computerisation of word processng, Spread-
sheet cdculations and other basic adminigrative
support functions gill had a dramatic effect on
the impact and organisation of computerised
informetion  systems. For the firgd time
virtudly dl employees could be in control of
some computerised processes. More and more
users demanded to be in control of computerised
sysdems rather than being controlled by the
systems. The change was strongly supported by
new employees fromthe universities, who had

O O
[ B [ A

Clien Clfent

=2

Server

o %
Client Client
==
Clien Cllent
Server
=t =t
Client Client

got used to the new, active way of usng
computers, and they expected to continue to
work in this way when they entered business
life.

4.3.4 Bottom-up co-operation and resource-
sharing: networks

A completely decentrdised organisation of
computerised activities has its drawvbacks. Mogt
busness activities have some naturd needs for
communication with other activities, controlled
by other pesons in other pats of the
organisation, or even outsde the organisation.
For example, in a datidticd office an important
pat of the overdl information potentid sems
from the datidicd organistion's ability to
combine data from different sources, eg. from
different regigers and surveys operated by
different parts of the datistical organisation, and
even from sources outdde the dSatigica
organisation. In order to exploit these
posshilities fully, there are not only needs for

Figure 4.3 Communication and resource-sharing in a network
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communication  between  different  information
gysems, there are dso needs for technical and
contents-oriented  co-ordination, which requires
some degree of centralised control. However, it
should be noted that this kind of centraisation
need does not emanate from shortcomings or
costs of the technology used, but from the
nature of the business as such. For example, the
production of certain types of datigics, which
are demanded by the users, require definitions
of objects, populations and variables to be co-
ordinated and even dandardised, so that
different kinds of observationss, made by
different surveys and information sysems, can
be combined and used for many different
pUrposes.

As a consequence of obvious, and a firgt
rather smple co-ordination needs, the persond
microcomputers of an organisation very soon
became linked to each other through locd aea
networks (LAN) and wide area networks
(WAN). File servers and printer servers made it
possible for severd users to share the same data
and printing resources, respectivey; cf. Fgure
4.3.

It should be noted that resource sharing and
co-ordination in a nework of persond
microcomputers is rather often, and maybe most
efficently, driven in a "bottom up" fashion,
darting from natural needs of persons and locd
organisations involved in the network. This is
in contrast to mainframe-based digtribution of
resources, which is typicdly driven by the
computer department in a "top down" manner.
It is often argued by computer departments that
a cetan degree of centrdised control, applied

"top down" is necessay for the proper
functioning of the  informaion  sysem
infrastructure of an organisation.  The recent

success dory of Internet is a strong argument in
the oppodte direction. The Internet is a gtriking
example of a truly decentrdised network, where
amogt dl co-ordination and control is applied
"bottom up®, and nobody could cdam tha this
network a a world-wide information
infrastructure is  less complex than any
company-interna information system.

Thus there are drong arguments in favour
of a deveopment drategy where the individud
goplictions  voluntarily  devdop ther co-
ordination to a lage extent, without much
centralised control. As in the Internet, there are
obvioudy needs for certan dandards, so that
effident communication and resource shaing
can take place. It is often an advantage if these
dandards can be voluntarily agreed upon as de
facto standards, but sometimes forma decison
meking may be needed in an organisation to
gpeed up the process, if nothing ese.  But it
should never be forgotten that many successful
dandards have become successful in  part
because they are accepted - and abandoned - as
the result of the free will of paticipants in a
network.

In the framework of an organisation, a locd
actor may often find it advantageous, a least
temporarily, taking competence and prices into
account, to give up some locad authority even
over some tasks that need not be w-ordinated or
centralised because of inherent festures of the
busness When giving up authority for other
than busness-inherent reasons, the person or
organisation who gives up authority should
make sure that the process is reversible, so that
the delegation of authority remains a deegation
and does not become an abdication, and so that
the ddegation can be taken back, if the
assumptions on which it is based, eg. cod
relationships, change at some stage in the future.

4.35 Client/server server architecture

A conduson from the discusson so far is
that the resources and tasks in a computerised
information sysem should be organised in such
a way that this organision is in full harmony
with the busness activities of the organisation.
If there is drong locd control over a certain
busness activity, this control should cover the
corresponding  functions of the  supporting
information systems as well. To the extent tha
there are busnessrelated needs for resource
sharing and co-ordingtion, this extends to the
corresponding  functions  of  the  supporting
information systems aswell.



38

The dient/server (c/s) architecture  (cf.
Figue 44) is an dtempt to trandate this
philosophy into design principles for a network
of co-operating nodes. In the origind verson of
the c/s architecture the network nodes were
classfied into two categories.

cdient nodes, with typicadly one computer
per person using the network;

saver nodes, with typicadly one computer
per function, serving a group of users.

Information Systems Architecture for Nationa and International Statigtica Offices

Some functions which are very often shared
by a group of users are printing, data storage
and communication functions, eg. emal,
bulletin boards, and conferences.  The group
being served by one saver may be anything
from a gmdl, naturd working group in the
organisation, up to a depatment, a divison, the
whole organisation, or an  even larger
community. For example, a printing function is
typicdly shared by a smdl working group,
whereas the database service of a datidtical
organisation may be shaed by a lage
community of usars indde and outsde the
datistica organisation.
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Figure4.4 Typicd digribution of tasksin adatigica information sysem. Data
collection and data preparation tasks are done localy. Find observation registers and
some predefined aggregated data are made available to the organisation as awhole.
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4.3.6 Multi-tier client/server architectures
and " networks of networks'

Let us andyse where to put different
functions in a typicd daidicd information
sysem, eg. a survey processng sysem. There
is typicdly a locd working group in the
datigticd organisation, which is responsble for
a paticular survey. According to our previous
andyss a client/server network supporting such
a working group should conss of a dient
computer for each person in the working group
and a saver computer for some common
functions for the group (and the survey) as a
whole. Moreover this locd client/server
network should be connected to other functions
ingde and outside the statistical  organisation of

which the working group (and the survey) is a
part.

How should we dlocate different functions
and subfunctions of the survey processng
system to clients and servers? (Cf. Figure 4.5.)
There ae certain obvious dlocations. For
example, the communication interface between
a sngle user and any computerised function
handled by the usr should resde on the
persond client computer of the user. The same
holds for truly personad applications, eg. one-
time gpreadsheet caculations On the other
hand, data that need to be shared, and in
paticular data that need to be updated by
sverd members of the working group during
the same time period, should be sored and
managed on a server computer.
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Figure4.5 Two-tier client/server architecture
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But where should we put agpplication code,
which is needed by a survey processng function
that engages more than one of the group
members? If we integrate this code with the
common data needed by the gpplication (eg. by
writing a so-caled stored procedure) and store
and manage this program/data complex on the
datebase sarver, we may eadly violae the
principles of program/data independence that is
a corner-stone of database-oriented systems
desgn, according to wha we have dready
discussed earlier in this report.  On the other
hand, if we put the application code on the
client computer, we need to duplicate the code
a many times as thee ae usas of the
gpplication, and the most serious aspect of this
Is the maintenance problem for the code which
Is thus created. Moreover, if the gpplication is a
heavy one it may block the dient computer
from other tasks for a consderable time period.

An dtractive solution to this dilemma is to
place the agpplication code on another kind of
saver, an application server, and to run the
goplication on this saver on a multi-user bass.
(Cf. Figure 4.7) The gpplication server may
actudly be the same physcd sarver as the
database server; the important thing is that the
goplication and the daabase function are
logicdly separate from each other and
communicate through a well-defined, standard
interface, like standard SQL.

The so-called three-tier client/server
architecture recognises three didtinct layers, or
tiers, in the architecture:

the dient tier, for interactions and
persond gpplications;

user

the application server tier, for shared

gpplications and batch applications;

the database server tier, for shared database
management functions.

Ancther way of describing the didtinction
between the gpplication layer and the database
layer is to say tha shared busness rules
(represented by application software) belong to

the application layer, whereas shared busness
data belong to the database layer.

Since there may be good reasons to
diginguish further layers, or tiers within the
generd client/server architecture, eg. a layer for
communication with other sysems, it may be
more appropriste to spesk about a multi-tier
dient/server  architecture, not  limiting  the
number of logicaly diginct layersto three.

When goplying a multi-tier client/server
scheme in a practicd dtuation, it is important to
dways remember and understand why certan
functions should be dlocated to certan layers,
and to agppreciate that different logica layers
may sometimes resde on the same physcd
saver.  Sometimes it may even be appropriate
to split a cetan logicd layer between physcd
servers. For example, some pats of the
database layer of a cetan survey production
sysem are globd in the sense that they need to
be accessble from other parts of the datigtica
organisation than the part that is responsble for
the particular survey. On the other hand, other
pats of the database layer of the same survey
production sysem ae locd in the sense that
they need only be accessble by the members of
the working group responsble for the survey.
In such a gtuation, it may be the best solution to
put the loca databases - which ae typicdly
temporary working databases for input daa
under preparation - on the same physicd server
as the gpplication software. However, even if
such a gep is teken, it is important that the
gpplication and the data are kept logicdly apart,
thus mantaning the principles of program/data
independence. Once agan, the physca
integration of busness rules and busness data
should be avoided, eg. by making use of non
standard stored procedure code in the database

Mmanagement system.

In summay, Fgure 47 illudtraes a
networked, client/server-based  architecture for
production and andyss of datidics, as seen
from atechnica point of view.
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CHAPTERS

IMPLEMENTATION ASPECTS

In order to be successful in the development
of an information sysem architecture for an
organisation, one must have

a reasonably cdear vison of
architecture to be achieved, and

the target

a redigic plan for how to implement the
target architecture.

In this chepter we gshdl discuss some
important aspects to be consdered when
planning the implementation of a new datidica
information system architecture.

5.1 Aimingat a moving target

We ae a the moment experiencing an
unprecedented development speed in the area of
information technology (IT). It is not likdy thet
this dynamic process will dow down in the
foreseedble future (3-5 years). When proposing
an IT draegy and an information systems
achitecture for an organisation, one must
serioudy condder the speed of environmenta
changes. In paticular, there must be a redigic
plan for implementation, which is able to
accommodate to changes that are certain to
happen during the implementation process itsdf,
athough nobody is redly capable of predicting
the exact contents and consequences of these
expected changes.

One obvious characterigic of the dynamics
of IT devdopment is that the price/performance
ratios of <andard hardware and software
components improve dl the time. Thus, it is
amost dways better to buy avalable standard
components off the shdf rather than deveoping
oneés own solutions, and it is usudly advisble
to spend more on hardware capacity rather than
complicating aample solution.

Another  implication is tha dandad
components will come and go a a high speed.
Products that were de facto standards five years
ago0 may be completedly swept away from the
market today. So we do not redly know which
will be the standard components to be used in a
few years from now. As a consequence, it is
much safer and wiser to dandardise in terms of
interfaces between components, rather than in
terms of the components themsdves. It is true
that new standard interfaces will come around,
too, but it is esser and less awkward to
mantan an old inteface than to mantan an
obsolete component, eg. a software component.
Furthermore, it is easer to replace a component
conforming to a standard interface with another
component conforming to the same interface
than to replace a component that does not
conform to any standard interface a dl. It is
even eader to replace one dandard interface
with another standard interface than to have to
maintain or replace norkstandard components.

One problem in very dynamic dtudions is
how long to wat for dandards or better
dandards. A smple illudration is the dilemma
of a potentid firg-time PC buyer. The PC that |
would like to have today will no doubt be less
expendgve in a couple of months, and within a
year it will cost only a fraction of its price now,
and there will be much more attractive PCs
avalable a the same price as that of the PC that
| am congdering buying now. At any paticular
point in time it would seem to be better to wait a
while before buying, but if you gick to this
policy you will end up never buying any PC a
al.

The solution to this paradox is that a any
point in time you should buy dae-of-the-art
hardware and software components, eg. dae
of-the-art PCs, but you should write them off as
quickly as possble  More importantly, you
should buy components that conform to market
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dandards, so that you can replace the
component with a better one, without having to
change any other components (hardware or

software). Even if the market standards should
change, there will certanly be a maket for
providing upward compatbility from old

standards to new ones.

In addition to having defined a number of
drategicdly important interfaces, it is advissble
for an organisaion to have a clear picture of its

ovedl information sysems architecture. A
dandard  information  systems  architecture,
based on dandard intefaces,  standard

subsystems, and standard component  types
(with  wdl-defined functiondities), and (of less
dgnificance) sandard components, will provide
a catan amount of dability and flexibility to
the organistion, even in times of extreme IT
volatility, when you dways have to am a a
moving target.

Let us discuss these principles in more
concrete terms.  As regards hardware, the Intel
processor and the IBM-compatible PC are well-
established dandards today. These standards
will continue to be improved, but they are not
likely to become obsolete during the next 3-5
years.

On the software scene, Microsoft is the
undisputed setter of standards and trends?t
Thanks to its financid drength, if nothing ese,
Microsoft will be a sofe bet for the next 3-5
years, even if miracles (podtive and negative)
have happened before in the IT world. In some

L A warning is appropriate here. This paragraph may sound
like an advertisement for Microsoft. However, it seems to
be the rule rather than the exception that the IT market is
(at every particular point in time) dominated by strong
market leaders, who set de facto standards. Today a
statistical agency is a very small player on the IT market
and can usually do nothing better than follow the main
stream. This strategy, if followed by many, may seem to
berisky in the long run, since it may tend to perpetuate and
strengthen unhealthy monopolies. However, no monopoly
in the IT market seems to survive for ever. Even IBM was
about to go bankrupt a few years ago. No doubt the
Microsoft monopoly will aso have its time limit, and
somebody else will take its place. However, whoever is
the market leader for the time being, the principles
suggested here will remain valid for statistical agencies to
follow.

ways Microsoft now occupies a podtion in the
PC world gmilar to that of IBM when
mainframes prevailed.  However, there is an
important difference between IBM in those days
and Microsoft today. IBM dways wanted to
leed the <oftware development, and it
sysematicaly tried to lock out competitors and
lock in cusomers by making ther systems very
closed. Microsoft has taken another approach.
Although they favour their own sandards over
negotiated standards, they activdy support
competitors who want to develop software
products compatible with Microsoft standards.
This can be seen from the fact that other
software developers have often been the firg to
launch very innovaive Microsoft-compatible
products, and these pioneering companies, eg.
Lotus have wusudly had some commercid
success, before Microsoft comes out with a
gmilar product. Microsoft dways ams a the

maess market.  This is reflected in the pricing
policy, which is actudly very much to the
benefit of even big software-buying
organisaions.

It should be stressed that, today, it is often
more important to evduate the commercid
srength of a software producer than to evauate
technicd detalls of the software products as
such. If a software producer is commercidly
dronger than its competitors, it will soon catch
up with any technicd advantages tha its
competitors may have anyhow.

5.2 Short time horizon and realigtic
ambitions

Due to the rapid pace of generd progressin
the IT aea there is no point for an organisation
to dat deveopment projects lasting severd
years. During the lifetime of, say, a four-year
project, one is likely to find after, say, two years
tha the sysem under development is rapidly
becoming obsolete.  In such a Stuation, one has
the choice between two bad dternatives. One
dterndive is to complete the development, as
planned, which (at best) will lead to the result
that the organisation two years later has a brand
new, but dready old-fashioned, sysem. The
other dternative is to dat the project over
agan, sacrificing two years development work;
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hopefully the planners will choose a much
shorter time frame for the new project.

Even large and complex projects should not
be permitted to have a time frame of more than
one or maximum two years. Such projects
should be divided into subprojects with clearly
defined results, milestones and very shap
deadlines. If a deadline is threstened, it is
damog dways better to modify ambitions than
to postpone the deadline. This dSrategy requires
project managers to be dert, and to aways
consder which are the top priorities right now;
this is usgful, sgnce priorities tend to change
over time in a dynamic environment.  Nether
should project managers be afrad to give up
some decisons now and then. Migtekes are
inevitable, and new and better tools come
aound dl the time. It would be stupid not to
exploit new tools and products, if they are
ggnificantly better than the old ones, even if it
sometimes leads to some "sunk cogts'.

This brings us to the important question of
whether one should am a "quick and dirty"
rather than "perfect” solutions. The answer is
tha neither of these dternatives is satisfactory.
There is no ue in aming a "perfect" solutions,
because they will take too long time to
implement, and when they are ready, they are no
longer "pefect” in the new dgtuation. "Quick
and dirty" solutions are no good either. It is true
that too many over-ambitious gods should be
avoided, but those gods which end up with high
priorittes  after  careful  condderations  and
reconsderations should be based on sound
principles, so that other goas can be added
incrementally by subsequent projects.

When a datidicd organisstion plans for
migration to a new technica platform, or when
it organises a data warehouse, based upon
modern  techniques like daabases and the
Internet, it is not unusud for gaff members to
suggest taking the opportunity to improve the
contents and qudity of daidics a the same
time. To some extent this may be done without
too much extra effort, but as soon as such
activities thresten the time schedule of the
project, the criticd question of how important
these improvements redly ae and which

priority should they have, must be asked. After
dl, dadidicd organisaions have usudly
aurvived for a long time, and even with a high
public reputation for good qudity, dthough
deficiencies have existed, eg. as regards the co-
ordination of data from different surveys. New
and better technicd solutions will no doubt
increedngly expose these deficencies, and this
may be acceptable.  In the long run such
feedback from usars may be of utmogt
importance for sugtainable improvements of the
quality of gdidics, and sustainable
improvements are more vauable than temporary
patchwork.

5.3  Organisation and control

The datidtica information systems
architecture proposed in this report is not
dependent on the organisation as such. In
principle, the information systems architecture
could be the same regardiess of, say, which
degree  of  centrdisation/decentraisation IS

chosen for the organistion of daidicd
respongbilities. Smilaly, the proposed
datigicd  informaion  systems  architecture

could co-exist with different organistiond
solutions for I T-related work.

There are two mgor aternatives for how to
cary out a trandtion to a new datidicd
information systems architecture.  One magor
dternative is a cetrdised one Top
management would organise a specia project,
with  specid resources, for planing and
implementing proposed changes dl over the
organisation.  The other mgor dterndive is a
decentraised one. Top management would
have to be engaged in this approach, too, and a
goecid project would have to be organised.
However, this project would not have any
repponghbility  for  implementing  individud
goplications, this responghbility would rest with
the depatments that are responsble for the
respective  gpplications. The centrd project
would have the respongbility for setting
dandards and for supporting  application
development in various ways, for example by
solving cetan problems of a generd naure,
like the development of cetan generdised
software tools, as wdl as acquistion of
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recommended commercid <oftware tools and
components.

In many datigicd organisations, the second
dterndtive is the only redidic one.  The firg
dterndive requires a lot of centra financing and
co-ordinaion, and it runs obvious risks of being
delayed for various reasons. The second
dternative may not lead to complete success in
dl pats of the organisation - but neither does it
run the same risks of a complete falure as the
firg one. Those departments that want to move
fat could do so, without having to wait for
latecomers. Neverthdess, it is of course
important for the organisation as a whole that
the migration process is findised everywhere as
soon as possble. It is expendgve to be in a
trangtion stage longer than necessary.

Top management engagement in this type
of project is essential. On the other hand, top

management  needs  support from  the
organisation. A daff function, assgted by the
centrd IT depatment, could provide such

support.  The project should focus on statistica
information systems and datidtical tasks, but 1T
Is of course a mgor ingrument that the project
has a its disposal. Posshilities to improve
datisticd co-ordination should be noticed and
activdy exploited, eg. by means of the globd
metadata component of the data warehouse.

Production and andyds of datidics is the
core busness of a datigicd organisation. Thus,
it should be given priority when IT resources
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ae dlocated. Like other organisations,
datistical organisations use IT for
adminidretive processes as well.

Adminidrative processes should serve and
support core business processes. It is the needs
of core busness processes that should mainly
influence the desgn of the information sysems
achitecture of a ddidicd  organisation,
induding the technicd infresructure.  In order
to dimulate this it is advisble that the centrd
IT function be financed indirectly through its
cusomers.  The different depatments of a
datistica organisation should be given money
as pat of ther own budget for buying services
from the IT depatment. This procedure is
paticulaly important for  applicationoriented
work. For such work the departments could be
given a free choice as to whether to have ther
own IT daff or whether to buy services from the
IT depatment. Other services, eg. printing,
could be controlled by its cusomers in a smilar
way, i.e there should be an internd cost
recovery sysem. This is important in order to
overcome suboptimisations that may otherwise
occur.

The centrd IT function has an important
role in the devedopment of generdised IT tools
and solutions. As far as the development of the
deidicd information sygem infrastructure s
concerned, the resources required for this work
could be financidly cortrolled by a drategicdly
oriented doaff function, on behdf of top
managemern.






