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Letter from the Editor

This issue of Data Engineering Bulletin is devoted to Statistical and

Scientific Databases. It contains short versions of six papers and two panel
descriptions from the Fifth International Conference on Statistical and

Scientific Databases, which was held in Charlotte, North Carolina on April 3-5,
1990. For interested readers the full proceedings of the conference is also

available as:

Proceedings of the Fifth International Conference on Statistical and Scientific
Databases, Lecture Notes in Computer Science, Vol. 420, Springer Verlag, 1990.

Also included in this issue is a paper summarizing the Scientific Database

Workshop, May 12-13, 1990, which was supported by the NSF. This paper was

presented in the Statistical and Scientific Databases Conference. The papers
included in this issue are recommended by the program committee chairman

of the conference Zbigniew Michalewicz, who also contributed a nice

overview of both the current research in Statistical and Scientific Databases,
and the conference.

I hope this special issue of Data Engineering will help broaden and

increase the research interest in Statistical and Scientific Databases. I would

like to thank each of the authors for writing short versions of their papers,
and to Zbigniew Michalewicz for his help in putting this issue together. Since

this is the last Data Engineering issue that I edit, I would also like to thank

the editor in chief, Won Kim for making my term as an editor an enjoyable as

well as a rewarding experience.

Z. Meral Ozsoyoglu
Cleveland, Ohio

August, 1990
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Current Research in Statistical and Scientific Databases: the V SSDBM

Scientific and statistical databases (SSDB) have some special characteristics and requirements that

cannot be supported by existing commercial database management systems. They have different data

structures, require different operations over the data, and involve different processing requirements.
SSDB’s typically contain static data which are comprised of numeric and discrete values. Data tend

to be large, they contain a large number of nulls; additional adequate description of the quantitative
information must be included. Queries to a SSDB very often are aggregation and sampling, thus

requiring special techniques.

Computer scientists, statisticians, database designers and data analysts agree that there are no

characteristics which uniquely identify statistical/scientific database management system. However, it

can be informaly defined as a database management system able to model, store and manipulate data

in a manner suitable for the needs of statisticians and to apply statistical data analysis techniques to

the stored data.

At the beginning of the previous decade some researchers began to look at some problems char

acteristic for statistical/scientific databases. This resulted in a series of conferences on statistical and

scientific database management (SSDBM).
The V SSDBM (Charlotte, North Carolina, April 3—5, 1990) continued the series of conferences

started nine years ago in California (1981 and 1983), then in Europe (Luxembourg, 1986, and Rome,

1988). The purpose of this conference was to bring together database researchers, users, and system

builders, working in this specific area of activity, to discuss the particular issues of interest, to propose

new solutions to problems, and to extend the themes of the previous conferences, both from the

theoretical and the application point of view.

The Conference was hosted by UNC-Charlotte and sponsored by: UNC-Charlotte; Statistical Of

fice of the European Cominunities—EUROSTAT (Luxembourg); Ente Nazionale Energie Alternative

(Italy); Statistics Sweden; Microelectronics Center of North Carolina; International Association for

Statistical Computing; Department of Statistics (New Zealand); and Istituto cli Analisi dei Sistemi ed

Informatica del CNR (Italy).
The papers presented during the conference cover a wide area of research for statistical and scientific

databases: object oriented database systems, semantic modelling, deductive mathematical databases,
security of statistical databases, implementational issues for scientific databases, temporal summary

table management, graphical and visual interfaces for statistical databases, query optimization, dis

tributed databases, and economic and geographical databases. In addition to traditional topics new

topics of growing importance emerged. These include statistical expert systems, object oriented user

interface, geographical databases, scientific databases for human genome project.
This special issue contains short versions of some of the papers presented at the conference. These

papers reflect the diversity of approaches used to solve considered problems.
The paper, The implementation of area and membership retrievals in point geography by Andrew

Westlake and Immo Kleinschmidt, identifies the conceptual and implementational problems in ge

ographical database systems. The discussion is based on the experience of the Small Area Health

Statistics Unit at the London School of Hygiene and Tropical Medicine which investigate the geo

graphical distribution of some diseases in UK.

In the paper STORM: A statistical object representation model by Maurizio Rafanelli and Arie

Shoshani, the authors discuss the development of a Statistical Object Representation Model (STORM),
which captures the structural semantic properties of data objects for statistical applications. They
discuss the deficiencies of current models, and show that the STORM model captures the basic proper

ties of statistical objects in a concise and clear way. They also develop the conditions for a well-formed

statistical object.
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In A genetic algorithm for statistical database security by Zbigniew Michalewicz, Jia-Jie Li, and

Keh-Wei Chen, the authors demonstrate the usage of genetic algorithms in enhancing the security of

statistical databases. This may constitute the first step towards a construction of Intelligent Database

Administrator, built as a genetic process running in the backround of the system. It has a potential
of taking some of the responsibilities from database administrator like clustering, indexing, provision
of security, etc.

In Temporal Query Optimization in Scientific Databases by Himawan Gunadhi and Arie Segev,
the authors address important issues related to query processing in temporal databases. In order to

exploit the richer semantics of temporal queries, they introduce several temporal operators and discuss

their processing strategies.
The paper A visual interface for browsing and manipulating statistical entities by Maurizio Rafanelli

and Fabrizio Ricci, presents a proposal for a visual interface which can be used by statistical users.

By means of this interface it is possible to browse in the database, to select topic-classified statistical

entities and to manipulate these entities by carring out queries based on an extension of the STAQUEL

query language.
In A Scientific DBMS for Programmable Logic Controllers by Gultekin Ozsoyoglu, Wen-Chi lou

and Adegbemiga Ola, the authors present the design of a programmable logic controller (PLC)
database system which is a single-user, real-time, scalable, and main-memory-only system. PLCs

are special-purpose computers commonly used in scientific computing applications.
There were also two panel sessions: the first one on Scientific Data Management for Human

Genome Applications, chaired by A. Shoshani, the other one on Expert Statistical Systems, chaired

by Roger Cubitt. Members of the first panel described the data structures and operations associated

with Genomic data, which includes DNA structures and various genomic maps. The main observation

made was that the support for data of type “sequence” is essential, a concept which is foreign to

current commercial relational database technology. Another important observation was the need for

extensibility, that is the need for user interfaces, programming languages, and persistent databases

with basic object capabilities that can be extended (customized) to the particular domain of Genomic

data. The most pressing capability is persistent object storage. The second panel concentrated

on problems related to the development of expert systems in the areas of statistical and scientific

data processing and analysis. This topic is of growing concern: the Statistical Office of European
Communities has launched for 1989—1992 a special program “DOSES” of research specifically in the

areas of development of statistical expert systems. The reports from both panels appear in this issue.

On March 12-13, 1990, the National Science Foundation sponsored a two day workshop, hosted by
the University of Virginia, at which representatives from the earth, life, and space sciences gathered
together with computer scientists to discuss the problems facing the scientific community in the area of

database management. During the V SSDBM there was a special presentation On the NSF Scientific
Database Workshop by James C. French, Anita K. Jones, and John L. Pfaltz (Institute of Parallel

Computation). Their paper summarizes the discussion which took place at that meeting.
The proceedings from the conference were published by Springer-Verlag in the Lecture Notes in

Computer Science series (Volume 420) and are available from the publisher.
The Sixth International Conference on Scientific and Statistical Database Management (note the

change in the order of terms: statistical and scientific) is scheduled to take place in Switzerland in

June 1992. At the end of this issue there is the preliminary call for papers for this conference.

Charlotte, N.C., May 21st, 1990

Zbigniew Michalewicz

V SSDBM Chairman
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THE IMPLEMENTATION OF AREA AND MEMBERSHIP RETRIEVALS IN

POINT GEOGRAPHY USING SQL

A. J. Westlake and I. Kleinschmidt

Small Area Health Statistics Unit

Department of Epidemiology and Population Sciences

London School of Hygiene and Tropical Medicine

1 Introduction

1.1 Background

The Black Advisory Group B1ac84], in the course of its enquiry into childhood cancers around the

nuclear reprocessing plant at Sellafield in Cumbria, experienced delays and difficulties, first in assem

bling local statistics and then in assessing them in relation to regional and national experience. The

group concluded (Recommendation 5) “that encouragement should be given to an organisation ...]
to co-ordinate centrally the monitoring of small area statistics around major installations producing
discharges that might present a carcinogenic or mutagenic hazard to the public.”

Subsequent events have underlined the importance of this conclusion, as other reports have arisen

of possible excesses of malignancies near nuclear installations. There are also analogous — and more

numerous questions concerning contamination of the environment by industrial chemicals, effluents,
and smoke. These too call for a similar system to provide ready access to the health statistics of

defined local areas, and means for interpreting them. The need applies primarily but not exclusively
to cancers, and it applies to all ages.

Arising from these concerns the Small Area Health Statistics Unit (SAHSU) was inaugurated in

the latter part of 1987.

1.2 Data

The UK Office of Population, Censuses and Surveys (OPCS) is the primary source of our data, and

we work in close collaboration with them. For events we hold national death certificate data for all

deaths in Great Britain (excluding personal identification) from 1981 to 1988, plus similar records

on cancer registrations (eventually from 1974). All event data is augmented annually, some 900,000
records for each year.

We hold population data from the 1981 census as aggregate records for each of the 142,000 Enu
meration Districts (EDs), with an average population of about 400 persons. Other population data

and estimates are held for whatever aggregation units are available.

2 RDBMS or GIS

Computer Scientists and Geographers have developed many methods of physical database organisation
for spatial structures (a good summary can be found in RhOG89]) and some of these methods are

implemented in the various specialised Geographical Information System (GIS) products which are

commercially available. On the other hand, commercially available relational database management
systems (RDBMSs) do not sup- port directly any of these special structures. RDBMS systems have
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been developed to meet the major commercial market for transaction processing, and so concentrate

on efficiency in that application. In consequence, indexed files are the only form of physical storage
on which we can depend in an RDBMS.

2.1 Postcodes

The postcode system in the UK was begun about twenty years ago and has been in full operation
for the last ten years. All birth, death and cancer registration now carry the postcode of residence of

the individual, and have done so since the early eighties. The accuracy of these files is being checked

by OPCS, and cancer registrations are being postcoded retrospectivly from 1974, using commercial

services and a Post Office directory which links a postcode to each of the 12 million postal household

addresses in the UK.

The most detailed codes are related to individual bundles of mail, and identify on average only
about 12 households, with 1.6 million codes covering the whole of the UK. Individuals generally know

and use their postcodes, since this speeds up postal deliveries. The Post Office and OPCS have

produced a Post-Code Directory (the Central Postcode Directory - CPD) which lists all the postcodes
in use throughout the UK. The CPD also includes a Grid Reference location (see section 3.4), plus a

link to electoral Wards and hence to administrative geography.

2.2 Choice of approach

In many situations the statistical requirements for the storage and retrieval of data with a geographical
component can be met efficiently by using a hierarchical organisation, which is easily implemented
within the standard relational model. What you miss compared with a GIS is the direct representation
of physical structures and the considerable emphasis on the production of maps as output.

The very small postcode areas can be used as building blocks for larger (aggregate) areas. Since

all our areas of interest contain at least several tens of postcodes (and often hundreds or thousands)
the postcode locations provide a perfectly adequate approximation for representing the location and

extent of these larger areas. So after considerable discussion we decided to build the system using a

RDBMS, rather than a specialised GIS. Subsequent sections describe how the required structure and

retrievals have been implemented within the relational model.

3 Implementation of structure

3.1 General structure

The general structure of the SAHSU database is shown in Figure 1.

The geographical structure is centred on postcodes. These have a grid reference which gives them a

physical location. Other geographical areas are represented as separate tables, with links representing
the hierarchical structure of aggregate areas, i.e. small areas contain fields (foreign keys) containing
the ID of the next larger areas of which they are a part.

Note that with this structure we are representing the memberships in the data. We can know that

one administrative area is part of another one, but we do not know directly where anything is (except
for the individual postcodes).

Event records all contain a postcode field, giving a link to both the administrative geographies of

census and local government and to the physical geography of the country through grid references.
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Figure 1: General view of Geographical Aggregate Structure.

Census records link to the ED table, and other statistical data can be linked to any other part of the

structure.

.3.2 Resolution

The hierarchy of administrative geographical units (regions, constituencies, districts, wards, EDs,
postcodes) form irregular nested tessellations. The spatial resolution of these tessellatiofts is variable,
in that districts are of varying physical size. For the small areas (Postcodes, EDs and Wards) the

size is chosen to include approximately equal populations, that is inversely proportional to population
density. Spatial resolution in our units therefore reflects the population density, with administrative

units becoming physically larger where the population is sparse.

Population (census) data are only available for census enumeration districts (EDs) and larger
areas. This presents some problems in the analysis stage, which would disappear if we worked with

EDs as building blocks (and to do so could also simplify the data structures). We decided, however, to

retain the extra precision of postcodes and face the consequent matching and population estimation

problems.

3.3 Temporal Stability

A potential drawback with this data structure is that it is data dependent and so can change over

time. When reporting for aggregate areas the current area definitions are appropriate, and so these

must be updated as they change. Population aggregates must be linked to the areas as defined at

the time of data collection. For event records we must know the date for which the postcode applies.
We maintain the postcode master table in its current form, with an indicator for the existence of any

previous definitions in the postcode changes table.
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3.4 The UK Grid Reference system

Latitude and longitude give a world-wide system for specifying location, but have the disadvantage
that trigonometrical calculations are needed to convert them to distances on the ground. In Great

Britain a grid reference (GR) system is used based on kilometre squares, aligned to true North at the

Greenwich meridian, and with an origin somewhere in the Atlantic south of Ireland. This allows the

calculation of distances using Pythagorus’ Theorem anywhere in GB. Grid references are given as an

Easting coordinate and a Northing coordinate to a specified precision (corresponding to cartesian x

and y coordinates).

3.5 Data volume

The major components of the storage requirement are shown in Table 1. The main data tables (events,
postcodes, census enumeration districts) are very numerous, but the most significant administrative

areas (constituencies, health districts) are relatively few, rarely more than a few hundred. Similarly,
with rare diseases the areas which we study will usually contain only a few cases. So in some senses

the problems we want to study are small even though the overall volume of data is large. The task

we face is to design retrievals (and the corresponding database structure) so that the time taken is

proportional to the size of the problem (or the size of the result table) rather than the size of the

main database tables.

Fields Indexes

Table Rows Num.Bytes Mb Num. Mb Total Mb

Cancer 4,000,000 11 39 163.84 2 169.56 333.40

Death 5,850,000 16 52 323.81 2 247.98 571.79

SAS...81 142,000 201 612 96.94 1 3.10 100.04

Tract_81 68,000 101 312 23.21 1 1.48 24.70

PC 1,600,000 11 51 86.24 6 197.66 283.90

ED_81 142,000 7 40 6.06 5 14.97 21.03

Ward 10,000 3 16 0.17 3 0.57 0.74

Ward_81 10,000 6 31 0.33 4 0.78 1.11

Totals 700.60 24 636.11 1,336.71

Table 1: Space requirements

3.6 Relational efficiency

Many systems for physical storage have been p.roposed and shown to be particularly efficient for

particular modes of data usage. Note that such physical query optimisation choices do not violate

the relational model, provided they do not exclude other queries (though they may make them less

efficient). Unfortunately the option to use such specialised storage structures is not generally available

in the available DBMSs, so we are required to work with the features provided. Even when limited

to the specifIcation of indexes the designer of the database can significantly affect performance by
the choice of physical data organisation. Most real data access makes extensive use of natural joins
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