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FOREWORD

Data in science and technology can be defined as information,
usually numeric, that has been derived from some measurement, observa-
tion, or calculation. A database is an organized collection of such
information on a well-defined topic. In the last 30 years, computers
have changed the distribution of databases from the printed to the
electronic media.

This book is concerned with these revo1utionar¥/changes and the
distribution of collections of data by computers. .The revolution has
been a positive one, which appears to add to our scientific and technical
capabilities. Ideally, computer-readable databages can be combined,
sectioned, manipulated, and displayed easily and quickly in a wide
variety of ways. 1In reality, it isn't that easy.

In this book, we, the editors and authors, will try to give scien-
tists and engineers access to tools for using computers for databases.
The emphasis is first on what must be done, then on how to find so-
Tutions. We concentrate not on specific solutions, but on the methodolo-
gy of being successful.

Database management means using computers to build, change, and use
databases. Database management in science and technology is a combina-
tion of:

Computer Hardware

Computer Software

A Collection of Data

Scientific and Technical Expertise

First and foremost, it must be recognized that this effort is a
computer project, and the methodology of successful computer projects is
indeed applicable to this subject. Second, the effort involves scien-
tific data handling, an activity which has been discussed in some detail
in a previous CODATA Sourcebook by Rossmassler and Watson. That book
presents a thorough discussion of all aspects of the collection and
evaluation of scientific and technical data and contains many useful
references. Anyone serious about scientific data activity should consult
this volume before starting.

The present volume concentrates on the use of computers to build
scientific and technical databases. It is divided into three areas:

Basic Considerations - Chapters 1-4
Building the Database System - Chapters 5-8
Connecting the Database to Other Activities - Chapters 9-10
The basic underlying premise of the entire book is quite simple:

THINK THE PROJECT THROUGH FIRST



vi Foreword

Thirty-plus years experience with computers has shown that successful
projects are well-planned and well-thought-out, and database building is
no exception. Many scientists and engineers have used computers
routinely in their everyday technical work, performing calculations,
making models, and gathering experimental data. However, most of this
computer experience is only indirectly applicable to building numeric
databases. In many cases, powerful computer software is already avail-
able and should be seriously considered because database programming is
expensive and time-consuming. To make use of existing capabilities, the
database developer must first be totally aware of the scope of the
proposed project, the use of the data concerned, and the resources
available. In addition, the developer must be aware of what has been
done previously, how to find it, and what it can do. In our experience,
many S&T data projects initially appear to have such specialized require-
ments that only a home-built system will do. However, close examination
of the true requirements often shows that the project is not so unique as
it first appears.

Let's make it clear; there will always be a need for new software.
However, most S&T database projects are so resource-limited that care
needs to be taken not to squander all the effort on the computer aspects
of the project to the neglect of the scientific and engineering needs.
The product of a S&T database project is better science and engineering,
not the database itself.

So with these thoughts in mind, we invite you to share the collec-
tive experience of the authors in understanding, planning, and building
scientific and technical databases.

John Rumble, Jr.
National Bureau of Standards
Washington, DC 20234

Viktor Hampel
Lawrence Livermore Laboratory
Livermore, CA 94550

Note: At points in this book, various commercial products are mentioned.

No endorsement is intended either by the author .
CODATA. Y s, editors or
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CODATA

The Committee on Data for Science and Technology (CODATA) was
established by the International Council of Scientific Unions (ICSU) to
promote the quality, reliability, and accessibility of data of importance
to science and technology. CODATA works on an interdisciplinary basis
through representatives of the international scientific unions and of
member nations.” Its activities include the preparation of key data sets
and recommendations on data formats, development of better access to data
sources, and general educational activities related to data handling.
This Sourcebook on Database Management presents an overview of current
techniques for data storage, retrieval, and dissemination which are
applicable to scientific data in various disciplines.

W. W. Hutchison
President of CODATA
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CHAPTER 1
DATA, COMPUTERS, AND DATABASE MANAGEMENT SYSTEMS

John Rumble, Jr.

National Bureau of Standards
Washington, DC

1.1 A BEGINNING

This book is concerned with computerizing the collection, manipula-
tion, and distribution of numeric, scientific, and technical data.
Collected data are stored in a database and are used by several people.
Computer programs or software that create, manipulate, and use the
database are called Database Management Systems.

In the following pages, we will guide you through the process of
planning, building, and implementing database management systems for
scientific and technical data. Since this is a Sourcebook, the aim is to
present clearly the basic considerations and to point the reader to more
detailed literature for further information.

The use of computers to handle data and database management systems
has gained in popularity over the past few years. The technology and
economics of computer hardware and software are still rapidly changing.
However, the methodology of a database project remains fairly constant
and is the real subject of this book. We anticipate the reader who
intends to create a database and use a DBMS wants to be successful. What
this book presents to such a reader are the steps to success as shown in
table 1-I.

Table 1-1
Steps in a successful DBMS project:

Identifying and defining the data needs
Planning the data project

Designing the database

Obtaining a suitable DBMS

Implementing the DBMS

Linking the database to users

Linking the database to other databases

NOO D WM
e+ s e a4 e e

After the first three introductory chapters, the book follows these
steps. This outline also reflects the single most important point which
all of the chapter authors make. A successful database project does not
begin with the selection of a computer and a database management system.
Indeed, if this were done first, the data project would likely fail,
perhaps spectacularly. The first steps involve identifying the needs,
planning and designing possible solutions, and then, and only then,
choosing the solution.
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1.2 USE OF DATA IN SCIENCE AND TECHNOLOGY TODAY

The everyday work of scientists and engineers is concerned with
data. They observe, measure, calculate, and predict; all these
activities use and generate data. Of themselves, most data are un-
interesting, although some data do demonstrate that indeed we understand
a given physical phenomenon. But the real value of data is in its use by
other scientists and engineers: Materials must be identified, processes
designed, products manufactured, and measurements made. These and other
science and technology activities rely on data generated by others.

A1l scientists and engineers recognize the variety and widespread
use of data. The types of data are perhaps less obvious. One
classification scheme for scientific and technical data, given by the
Committee on Data for Science and Technology (CODATA) of the Inter-
national Council of Scientific Unions, defines three broad classes of
data [1].

Class A - Repeatable measurements on well-defined systems. These
include traditional physical and chemical data resulting
from measurement of well-understood properties of systems
of known composition. In principle, data are subject to
verification by repeating the measurements in different
laboratories at different times.

Class B - Observational data. Here are included results of time- or
space-dependent measurements that cannot, in general, be
checked by remeasurement. This category includes data
from biology, geosciences, and environment monitoring.

Class C - Statistical data. This class includes nonscientific cr
nontechnical data of importance in many technological
problems: demographic data, chemical production records,
energy consumption figures, health statistics, etc.

A1l three classes of data are important, and each presents different
problems when data are collected and distributed on computers. Many
similarities exist, and common features are important (see Chapter 2).

Since the value of data is in its use, specifically in its use in
making decisions, whether as to the validity of the relativity theory or
deciding the best material for an automobile tire, reliable data are
important and in many cases the key issue. Quite simply, the better the
data, the better the decision [2].

Many groups, both international and national, have extensive data
evaluation activities in many areas of science and engineering.
Gottschalk, in Chapter 10 of this volume, Rossmassler and Watson in the

previous CODATA Sourcebook [3], and references in both outline the scope
of these activities.

Data activities take many forms. They can be part of a coordinated
national data program; they can result from interest by a technical
society, either national or international. They often have come about as
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the need has arisen to share resources and data between different
research groups. Because there often are multiple user groups for a
given type of data, the past few years have seen a tremendous increase in
the number of cooperative projects relating to data evaluations. The
proceedings of the biennial CODATA conferences contain many examples in
all areas of science [4]. For example, in the United States, in the area
of materials properties data alone, three major cooperative data
evaluation projects have recently been set up by the National Bureau of
Standards. These include Alloy Phase Diagrams (with the American Society
of Metals) [5], Ceramic Phase Diagrams (with the American Ceramic
Society) [6], and Corrosion (with the National Association of Corrosion
Engineers) [7]. Similar projects in other areas of science and
technology are being formed.

Another aspect of the use of data and the need for data quality
should be mentioned: the change that computers have brought about in the
human interaction with data. Before the advent of computers, each
scientist and engineer directly interacted with each piece of data used.
Some one person had to select the data source, Tocate the data values,
interpolate, if necessary, and, in short, confront the data head-on. But
computers are rapidly changing this, sometimes positively, sometimes
negatively. While computers reduce the potential for simple mistakes
that accompany human activity, they also reduce contact between the user
and the individual datum. Scientists and engineers must adjust their
methodologies to take this into account. One consequence is the greater
need for pedigreed data and data quality indicators. If the users cannot
examine data as closely as needed, someone else should. And the result
of that examination should be carried along with the distribution of the
data itself.

1.3 ADVANTAGES OF COMPUTER-BASED DATA OPERATION

The above considerations serve nicely as the introduction to the
second component of the subject of this book, namely, computers and their
use in data activities. By now, it is obvious that computers will affect
every aspect of life in the years to come, and the handling of scientific
and technical data is no exception. From the very beginning, one
important use of computers has been in the generation of data, either
through calculations or experimental data collection. Since scientists
want to share their results with other scientists, from the beginning the
sharing of computerized data collections has been with us. As the size
and diversity of the collections have grown, so has the development of
software capability to manipulate and present the data.

In fact, computers are ideal for handling data. They can quickly
gather, store, manipulate, display, and merge large amounts of data. If
data are to be published, they can be transferred to paper without
transcription errors. If data are to be used as input to software, they
can be used without entry errors. If data need to be interpolated, this
can be done easily.

The tasks Tisted above provide users with capabilities equal to
those that existed in the pre-computer age. The computer should be able
to perform these tasks faster and provide repeat manipulations more
efficiently than by hand. But computers provide much more than this.



