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FOREWORD

Decision-making in business and government has come
to rely more and more on information stored in data
bases. Suppliers of hardware and software have been
under great pressure to offer solutions to the often
extremely complex problems related to storing,
accessing, communicating, processing, organizing,
and reorganizing this information; and research has
indicated some basic principles which have been
having an impact on commercial offerings. No one
familiar with data base technology as it exists
today would, however, claim that we now know most of
the answers. On the contrary, alongside
developments in traditional ’application areas, the
advent of access to data bases from the home via
telephone or cable, perhaps making wuse of
international telecommunication networks, and with
other goals than the pursuit of business, has
enormously expanded the horizons of the field, and
has underlined the importance of
This i1s particularly true for "very large data
bases", although the qualification "very 1large" is
an elusive and time-varying one. What we may think
of as '"very 1large" today will probably appear
insignificant in size in "a decade, and may be
storable on a single videodisc about' the size of omne
long-playing record.

It 1is in this context of rapid evolution that this
Sixth International Conference on Very Large Data
Bases 1is intended to identify and encourage
research, development and application of data base
systems. Its objectives are the promotion of an
understanding of current research, the furthering of
exchanges of. information and experience gained in
the design, construction and use of data bases, and
the provision of a forum for the discussion of

future research and development. Particular
attention has been directed to the data base
life-cycle.

The call for papers resulted 1in over 150
submissions, from which 34 were selected by the

program committee. We are grateful for the
dedicated work of both the authors and the referees,
and we hope that these proceedings will continue to
bear rich fruit over the years to come.

We are fortunate to have the sponsorship of the
following organizations: the Canadian Information
Processing Society(CIPS), the Association for
Computing Machinery special interest groups on
business data processing (SIGBDP), information
retrieval (SIGIR), and management of data (SIGMOD),
and the IEEE Computer Society and its technical
committee on data base engineering. These groups
have thus 1illustrated their commitment to the data
base field both financially and by suggesting
members with organizational talent who have
contributed to making this VLDB-6 a success.

research in 1it.:

Many individuals and organizations have contributed
to the ' conference and these proceedings. We
acknowledge with gratitude their support, regretting
only that space and deadlines have not permitted
naming them all. We would particularly 1like to
underline the contributions of Tim Merrett of McGill
University as international publicity chairman |,
seconded locally by P.-A. Desjardins, of Alan
Eastley of Bell Canada as registration chairman, and
of Gerald Ratzer ,also of McGill, as 1local
arrangements chairman. The University of Montreal
Centre de Calcul deserves our thanks for use of the
SOCUM program for keeping track of registrations, as
does Michel Vanier who adapted the program for our
particular needs. Allan Marjerison of Touche Ross
and Company served dil igently in the capacity of
treasurer. :

Heavy burdens have been carried by the coordinators:
Y. Kambayashi, H. Wedekind, and I. Mijares, who
sol icited participation from other continents.
Greatly appreciated efforts have been made by T.
Radhakrishnan of Concordia University as travel
coordinator, and M. Zolliker of IBM San Jose
Research Laboratory. Before her sabbatical, J.
Liu served as treasurer.

The increasing cost of international travel has been
a problem, but with the help of several public and
private organizations, the VLDB-6 travel fund has
been able to assist the participants in the program
to come to Montreal.

IBM Canada Limited has helped with setting up the
conference secretariat, and provided coffee and
refreshments during breaks.

Finally, it 1is a pleasure to acknowledge the
fundamental role of D. K. Hsiao and V. Lum in
initiating this conference and perpetuating the
highly successful VLDB series.

All of the contributors to this conference can feel
satisfaction not only for having promoted the ideal
of free exchange of scientific knowledge, but also
for having contributed to this key area of
information processing: data base management, upon
which our - future society will depend in a most
profound way.

* k %
A Y
W. W. Armstrong, General Conference Chairman
Je B. Rothnie, U. S. Conference Chairman
F. H. Lochovsky and R. W. Taylor,

Program Co-chairmen.
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SOME LARGE QUESTIONS ABOUT VERY LARGE DATA BASES

L. €.-Gotlieb

University of Toronto

Abstract

There are now in use many data bases, each
containing billions of bytes, which have evolved
with no reference to any of the topics discussed
at length in data base conferences. Examples are
the U.S. Census, UTLAS, PRESTE?, PLATO, MEDLARS,
ORBIT and SITA, to name a few. What can be done to
prevent data bases from going the way of program-
ming languages, where most of the world continues
to use Cobol and Fortran? Perhaps evolutionary
models are needed; perhaps data base specialists
have to pay more attention to communications.
Certainly they have to do more experimental work on
operational systems and establish credibility with
managers of existing data bases.

Although this is the sixth international
conference on very large data bases, it is the very
first I have attended personally,.and you might
therefore wonder why I was so presumptious as teo
accept the invitation to be a keynote speaker.
There are three points I would make in my defence.
First, my own researches, and those of my students
have progressed from data structures, through file
structures, to data bases, and more recently to
very large data bases, so I have a personal stake
in the field. Second, I have examined, rather

-carefully, the publications of the previous confe-
rences, as well as those of some other data base
conferences, so I do have an idea as to what the
principal topics of earlier conferences have been.
Finally, and most important, I have some serious
concerns about data’ base research, and would like
to make suggestions on certain directions such
research might take to ensure that data base
studies become more useful and gain wider accep-
tance. :

In putting these concerns before you I would
like to start by referring to the list of Large
Data Bases and Data Management Systems, shown in
Table 1. Each of the systems in this list is well
known and widely used by its own particular com-
munity, and in many cases the entries are represen-
tatives of a number of similar, perhaps competing
systems. It may surprise you to see some of these
systems labelled as data management systems.
PLATO, developed at the University of Illinois and
marketed by Control Data Ltd., is usually regarded
as a computer-assisted instructional system. SITA
is a message processing system which allows member
airlines to exchange information. Nevertheless it

CH1534-7/80/0000-00035$00.75 © 1980 IEEE

can be regarded as a data base system because many
of the carriers have their reservation computers
connected directly into the network, and it is
possible to present queries to and conduct trans-
actions. on these computers. The systems listed in
Table 1, have the following properties to justify
considering them as data bases or data management
systems:

Except for the U.S. Census, they are all
on-line.

. Embedded in them are very large collections of

alphameric files - at least 1nte bytes and often
much more. :

They can all be viewed as collections of data
along with transaction processing prcgrams.
Often the transactions take the conventional
form of requests to answer queries, perform
insertions, deletions, or updates, or provide
listings. Sometimes the transaction may initi-
ate a lengthy computation or tabulation but,
after all, this can also happen when, to answer
a query, a join is calculated in a relational
data base. . :

. The systems provide varying services to many
users at scattered sites.

In some instances the data base is built
around a single entity, as is UTLAS which centres
on the bibliographic record, so you might prefer to
regard the system as a very large file rather than
a data base. But I suggest that once you have a
large community of users, with different modes of
access, different types of transactions, and djf-
ferent views of the system, the distinction between
a very large file and a data base, vanishes. The
above implies a rather catholic view of what a data
base or data management system is, but perhaps the
definition should include an even larger set than .
that illustrated. The same argument for including
SITA could be used to classify Tymnet as a data
management system because it, too, is a communica-
tion network interconnecting computers and their
embedded data bases. Once Tymnet is accepted, so
too should Telenet and I. P. Sharp's APL network.
Moreover if we do not insist that the data be
alphanumeric, then there are vast cellections of
numerical data, e.g., weather data, and the scien-
tific and engineering information gathered under
the auspices of CODATA, the Committee on Data for
Science and Technology. The main point is that
there exists a large number of what are, in effect,



Table 1. Some Large Data Bases and Data Management Systems
System Description Similar Systems eference]
U.S. Census Data on individuals, grouped in blocks, census tracts|HUD - EHAP
S _ i Housing and Urban
1970 1970 basic files - 1700 reesl)s of magnetic tape Development 1
(800 b.p.i.) - approx. 2x10~ characters Experimental Housing
1980 1980 approx. 1010 characters £330WNE PEOpn
Plus numerous derived files, processing programs
UTLAS -] Catalogue records of library books OCLC
University of Toronto | 3,2500,000 unique records (approx. 1000 bytes) Chio College
Library Automation plus duplicates, derived records Library Centre 2
System Growth rate is 110,00 records/month 5x106 e caa
PRESTEL ' | Two-way communication system between data base at
: broadcasting station and home television in the >
U.K.
Initially (Sept. 1979) 100,000 pages
PLATO Computer assisted instructional system
Programmed Logic Developed at U. of Illinois; marketed by CDC
Automatic Over 700 lessons on automechanics, chemistry, 4
Teaching Operations mathematics, music, physics, political science,
psychology, etc.
MEDLARS Abstracts of journal articles in medical field Chemical Abstract
2.7x10° citations (Aug. 1979) e oo e ‘
MEDL INE ' N.Y. Times
Medical Literature Increasing 220,000 per year Information
Analysis and Bank, etc.
Retrieval Systems
ORBIT - | System Development Corporation DIALOG
On or off-line searching of a collection (about 30) [Lockheed Information 6
of .data bases consisting of journal abstracts, Systems
e.g., MEDLARS j
Operates on Tymshare, Telenet
SITA Message switching network SWIFT, BANK WIRE
Société connecting 175 airline carriers (banking networks) 7
Internationale Includes many on-line
de Tél¥communications |reservation computers
IAéronautiques

7z 07 1



operational data management systems based on very
large collections of specialised data.

There are some additional observations to be
made about the systems described in Table 1.

Communications play an integral role in them.

In fact from an engineer's point of view, it
plays the central role, providing on-line access
to the user. For the communication engineer the
key problems relate to transaction statistics,
data transmission rates, network routing, and
response times as compared with those of
integrity, consistency, deadlock, and data
access paths, of concern to the data base
designer.

Although each system is relatively well defined
and narrow in its area of application, in total-
ity they display a wide range of applications,
organizations and methods of providing service.
In some the data is completely centralized
(UTLAS, ORBIT, PRESTEL, and PLATO); in others
it is highly distributed (SITA). Sometimes the
transaction is a read-only (ORBIT); usually a
range of operations is possible. In some,
access to the data is through a single, well
defined key (e.g., SITA through airline, date,
flight number); in cothers there may be any one
of a set of keys (e.g., in UTLAS where Library
of Congress Catalogue No., International Stan-
dard Book No. {ISBN] and precise title are all
keys, each with its own index); in still others
(e.g., ORBIT) search is by a boolean construct
on attributes.

All of the systems have evolved over a consider-
able period of time. None is less than five
years old. Design as it progressed, usually
focussed on communication aspects, or on record
format. Problems of data organization, record
linkage, data access paths and data integrity
were solved, or rather avoided, by adopting
very primitive solutions, e.g., single key
indices, rigid query format, strict hierarchical
structure, centralized control with lockout, and
so on. As a consequence, the systems have
evolved with little or no influence from the
ideas, theories, and models that have been the
subject of data base conferences.

Examination of the session titles and the pro-
ceedings of the five previous VLDB conferences
shows that there has been a relatively strong
emphasis on such topics as data base design, con-
ceptual models (semantic, relational, ANSI-SPARC),
language interfaces, functional dependencies, data
base machines, and problems of consistency and
integrity. It is true that there have also been
sessions on physical design, implementation, per-
formance evaluation,  and experimental systems, but
these have very seldom been concerned with existin,
data bases, such as those listed in Table 1, The
focus of VLDB conferences, and of other data base
conferences such as the one-sponsored by
ACM-SIGBDP, SIGIR and SIGMOD in December 1979 on
the "Entity Relation Approach to System Analysis
and Design'', has been on theoretical models, pro-
posals, and experimental systems, rather than on
large, operational data bases.

w

Why is this a concern? Well, we are all
familiar with what has happened in programming
languages. Beginning with Algol 60, there has been
a continuous stream of research, design and pro-
posals with respect to programming languages. A
great deal of it has been of excellent quality, and
we have a much better understanding today of the
features a language should have to make it easy-to-
use, consistent and versatile, than we did when the
first languages were constructed. There have been
definite benefits from this theory - certainly we
know how to implement a compiler on a microcom-
puter, efficiently and quickly. But it must also
be admitted that all this work on programming
languages has had relatively little impact on the
vast majority of computer users who have not had
formal training in computer science. Cobol and
Fortran, languages which originated in the fifties,
continue to be the principal language of use by
those in business and science. It is true that APL
has gained some currency among scientists and
engineers but this is an old language too. And
there is some possibility that Pascal and ADA will
be adopted widely, but is also true that Basic, a
very primitive language indeed, is being seriously
proposed as a standard for microprocessors. It is
very unlikely that the newer languages will dis-
place Cobol and Fortran; there is simply too large
a literature, and too many users for conversion to
take place. At best the new languages will find a
place besides the older ones which will continue to
thrive.

The lesson about data bases to be drawn from
this is that there is a real danger that the
research carried out in universities and industrial
laboratories, as described in VLDB conferences,
will have very little effect on the large, opera-
tional data bases used by the world at large, and
on which most money is spent. One can point out
that the data bases exemplified by those in Table 1
were established before there was any theory at all
about models and design, and that we can only
expect to influence the design of future systems.
But it is likely that the existing large data bases
will continue to grow, and that practises centering
around them will be representative of how data
bases are buyilt and used. Moreover it is not at
all certain that current ideas on data base theory
and design are finding their way into the newer
data bases presently evolving. Right now many
corporate data bases are being assembled with the
aid of commercially available DBMS systems such as
IMS and System 2000. Some of these are quite
large, occupying hundreds and even thousands of
megabytes of storage. But studies by a student of

‘mine, Geovane Magalhaes, carried out on an assembly

of corporate data bases at the Hydro Electric Power
Commission of Ontario show that the assemblage is
not being influenced by current theory. In fact,
if we go closely into the DBMS systems, we are
likely to find that some standard, very well known
data structuring techniques, such as the use of
hash tables or inverted lists for searching may not
be implemented, or if they are, it will be done in
the crudest way possible. I hasten to add that
this is not because those in charge of developing
and using the systems at Ontario Hydro are unaware
of current ideas. Indeed many of them participate



actively in data base conferences. The data they
are working with are files originating with diffe-
rent operating divisions of the organization.
These historical files are a given, as are the
operations to be carried out on them, the

computer operating environment, and the commercial
tools for data base management. Under these cir-
cumstances it is very difficult, if not impossible,
to apply conceptual designs, relational models, or
integrity constraints when assembling the overall
database. There is ample evidence that this
experience at the Hydro is not atypical of what is
happening elsewhere. In general, operational
priorities prevent experimentation, and historical
legacies still make it difficult to apply new
theoretical approaches.

So the questions referred to in the title are
these: How can we ensure that the research being
done on data base theory, design, and implementa-
tion will affect the major data bases being used
by the world at large? What can be done to pre-
vent data bases from going the way of programming
languages, where so much work has remained outside
the mainstream of computer application?

It is not easy to come up with proposals that
will obviously have the desired effects, but
I would like to make some general suggestions that
might be useful.

We could accept the view so much is already
invested in the current, large operating data
bases, that most.of them will never be replaced by
completely new systems, designed from scratch.
Instead we can concentrate on methods to modify
them incrementally, eventually bring them into a
form such that they may be viewed as implementa-
tions of the conceptual data bases with the pro-
perties we want. As an example, access to pages
of Prestel, the British two-way information system
based on televisions receivers in the home, is
purely hierarchical. At each stage the user
selects his next page from a menu of displayed
alternatives. Critics have argued that the Prestel
data structure is too restrictive; unless a user
knows the exact number of the page he wants*, he
has to traverse the tree up and down too often, and
since charges are based on the number of pages dis-
played, the costs are too high. One can certainly
think of gradually adding cross links to the
Prestel data items in a way which would make the
data base look like a network rather than a tree,
and this could be done without rebuilding the
whole data base at once. It is not certain that
such an enhancement would make a decisive diffe-
rence to users. There are other limitations of
Prestel which also reflect the fact that the
design was standardized years ago, e.g., those
relating to colour, and picture resolution. The
limitations due to choice of hardware may be the
more important, but I would think that those due to
data structure and access path could be corrected
without resorting to a massive reconversion. The

*Prestel does provide users with a directory of
page contents,

suggestion then, is that more attention be paid to

' examining how operational data bases such as those

listed in Table 1, can be gradually converted to
modern, more powerful ones. Going back to the case
of programming languages, it is worth noting that
both for Fortran and Cobol, all through the years,
there have been committees who have made recommen-
dations to bring the languages up-to-date, and this
has undoubtedly been a factor in the languages'
survival.

I have already noted that much of the design
work for on-line data bases is focussed on the
communication aspects. It is reasonably certain
that communications will continue to be central in
data bases, especially if the present trends to
local processors connected by the ethernet or
other type of network, and to distributed systems,
continue. The VLDB programs have, of course, had
sessions on distributed processing, but it is true
to say that most of the people working on data base
design, theory, and implementation, or at least
those coming from our university computer science
programs, do not know enough about the hardware and
software of communications. This will have to
change. In my view the separation between data
bases and communications is not tenable in the
long run, and only those who are well versed in
both disciplines will be able to make effective
contributions. For example, a discussion of
security and integrity which omits any reference to
communication protocols is likely to overlook some
of the principal problems.

In my opinion the most urgent work that has to
be in the data bases is in the area of experi-
mentation. There have, of course, been many
experimental versions of different models, and
these have been described at previous VLDB confe-
ferences. These have also been sessions on imple-
mentation, practice, and application development,
and more such sessions are scheduled later in this
conference. But now that there are many large data
bases in actual existence, each with hundreds or
even thousands of users on-line every day, there is
the possibility of learning much more about work-
load profiles, storage references, and resource
usage than has hitherto been known. Obviously the
frequency distribution of transactions according to
type depends on how queries are formulated in the
user-language. But it is difficult to design a
user-language without some a priori ideas on what
kinds  of queries are important. Similarly the
logical or conceptual design of a data base must be
easily interpreted in terms of the actual data
items users reference frequently, and the relation-
ship between these items. In other words the real
test of abstract, conceptual models is whether it
is possible to efficiently and naturally map the
operations in them into things users want to do.

To apply this test we must know what users really
do with data bases. Only then will the models be
useful for design, implementation and operation,
and serve as effective working tools.

To my knowledge there is only one instance
described in the open literature of experimental
data gathering from an operational data base while
in service. The methodology for this experiment



is described by Tuel and Rodriguez—Rosellg, the
main findings are given in Ragaz and

Rodriguez—Rosell9 and in Rodriguez-RoselllO, and
some of the conclusions that can be drawn from the

data are reported by Smithll,_ On reading about the
complexity of the experiments carried out by
Rodriguez-Rosell and his colleagues it is easy to
. see why more such work has not:-been done. After
capturing the data, in itself a non-trivial task,
a large IBM computer was dedicated for an appreci-
able time to reconstructing the data base and its
operating system, and to analyzing the results
obtained. When Geovane Magalhaes and I attempted
to do similar work on other systems we found the
same difficulties. Although there is a very large
IMS data base in our university on academic
records, financial systems, and personnel, we
. found it impossible to conduct experiments in this
environment. We might have been able to meet the
concerns of those in charge of the system about
access to confidential records (there are some
legal issues here), and gathering data in a way
which would guarantee no interference with opera-
tions. But the equipment resources were simply
not available, because taking the observations
needed a monitoring computer of appreciable power.
Such resources were available at the Hydro, where
we were able to carry out the kind of experiments
we wanted to, and we are indebted to Dr. Walker
and his colleagues for giving us the opportunity
to do so. .

I think that the position with regard to
experimental work on gperational data bases is wvery
similar to the position of experimental work on
operating systems ten years ago. At that time the
importance of collecting hard data on real systems
was recognized. It was difficult to collect such
data, however. Initially complete computers were
dedicated as monitors. Later hardware and software
monitors were developed, and more recently methods
of collecting the data are built into the computer
hardware or into the operating system itself.
Before this could be done it was necessary to learn
what to observe. Certainly we need better, i.e.
Tess expensive tools for taking measurements on
data bases. Many systems do provide memory for
recording statistical counts, but I do not think
that any system includes a simple method of captur-
ing the storing of memory references encountered in
processing a query, or 'photographing' the indices,
directories and data dictionaries at the start of a
run. Such interpreter-like capabilities would be
useful.

It is likely that experimental observations on
data bases will be harder and more expensive to get
than those on operating systems. Just copying a
data base can cost thousands of dollars. But the
history of experimental observations in performance
evaluation should be an encouragement to persevere
with experimental work on data bases. There the
observations soon yielded some immediate results
because it was possible to observe device conten-
tion, resource imbalance and take corrective
actions. In the longer term the existence of
measurements has contributed to the development of

the theory of queueing networks of processors, a
theory which has already made a significant diffe-
rence in our understanding of how to manage a com-
plex computer system, and one which will undoubted-
ly become part of the main framework of computer
science. It may well be that as experimental data
on data bases become available, we will be able to
narrow down the range of conceptual models we are
now confronted with, and concentrate on one or two
which tie in well w1th implementations and observa-
tions, so that they are really useful. In the
short term observations should also allow us to
tune and improve existing systems, with attendant
improvement in performance. This may give those of
us doing research work on data bases greater credi-
bility with those responsible for operating them,
something I am not sure we always have.

In summary, I be11eve that it is time for a
shift of emphasis in the direction of research on
very large data bases. The 'shift would involve
working more closely with existing large data
management systems, paying more attention to commu-
nication aspects, and developing tools and tech-
niques for collecting and analysing experimental
data on operational systems. It does not imply
downgrading of the value of conceptual models and
theoretical research. But the opportunities are
now here to look for ways to tie theory in with
practise, and until this is achieved Data Bases,
as a d15¢1p11ne, will not mature.
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