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Letter from the Editor

This issue of Database Engineering presents the current state of

“Research on Distributed Database Systems.’ Twelve of the leading
university and industrial research groups in distributed database sys

tems have contributed short papers that describe their current and

future research efforts. The compilation of these papers provides a

comprehensive survey of this important research area.

Research in distributed database systems has enjoyed a short but

very active history. in the past seven years the research emphasis has

been on establishing a theoretical basis for the important problems of

distributed concurrency control, distributed query optimization, dis~—

tributed system reliability, and design questions such as resource

allocation on distributed systems. Numerous algorithms to solve these

problems have been developed. As a result of this past work research

on distributed database systems has attained a level of maturity in

which many of the important problems are now well understood. The

challenge of current research becomes one of applying this knowledge
to the design of experimental research activities.

The researcn activities reported here demonstrate quite clearly
this evolution from a theoretical emphasis to an experimental
emphasis. Nearly all of the research groups represented in this spe

cial issue have constructed, or are constructing, a distributed data

base system upon which experiments can be performed. Performance

analysis will become an increasingly important consideration in future

distributed database research.

I would like to thank the contributors to this issue for their

interest, enthusiasm, and willingness to meet the stringent deadlines

required to produce a state—of—the—art research bulletin. My thanks

also extends to my fellow editors who provided advice and assistance.

Alan R. Hevaer
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DISTRIBUTED DATA BASE RESEARCH

AT GRENOBLE UNIVERSITY

Michel ADIBA

Laboratoire IMAC — FRANCE

BP 53X — 38041 Grenoble Cédex

Ph. (76) 54 81 45

1 - INTRODUCTION

Database research and development started at the IMAC Laboratory
at the end of the sixties with Abrial ‘s pioneer work on the

network DBMS SOCRATE. Developed as a prototype this system is now

commercially avaihie in a great variety of computers : IBM,
CII—HB, etc.

At the begining. of the seventies, research activities were mainly
focused on the relational model of data (11).

Data model, database design and relational database system

developments were some of the first topics studied. From 76 to 79

distributed database problems were addressed mostly thru the

POLYPHEME project which was Dart of the nation wide SIRIUS

project. Several other projects started after POLYPHEME to

investigate other aspects of distributed databases systems.
Recent work is centered around generalized databases systems
(i.e. database managing texts, images and voice) with a new

project called TIGER launched in 1982. In the following we

describe distributed databases activities and future research.

2 - RELATIONAL DATABASE DEVELOPMENTS (73 to 75)

This research started by analyzing database design using
hierarchical and network models compared to the relational

approach. A schema translator from network to relational was

designed in 1974 and algorithms to obtain third normal form

relational schemas were also, investigated. In 1977, an

experimental relational DBMS, called URANUS was implemented (12).

It provided an algebraic—like language to dynamically create and

manipulate a set of relations. Originally planned to provide a

relational. interface for the SOCRATE DBMS, it has been used as a

stand—alone relational system in other projects (e.g. .POLYPHEME).

3 - DISTRIBUTED DATABASE ACTIVITIES (76 to 81)

In 1976, POLYPHEME, a joint project with the CII—HB Scientific

Center addressed the distributed database problem. More precisely
the goal of POLYPHEME was to study how to make existing and

heterogeneous databases co—operate over a general computer

network (ARPA—like). In POLYPHEME we addressed the following

topics

— distributed database models homogeneity of distributed

data thru a dynamic relational model, data distribution,

local and global views,
— distributed database design using a bottom—up approach,
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— distributed database system architecture,
— request decomposition and optimization,
— distributed and parallel execution of decomposed queries

and updates.

The work on POLYPHEME was published in several articles and

theses (1,2). A distributed database syste~m prototype was also

implemented in 1979 on the french CYCLADES network.

This POLYPHEME prototype is now used by several other research

groups in France to experiment on distributed database

approaches.

Cooperation between distributed and heterogeneous databases is a

problem which is still to be solved in its overall generality.
However, we have proposed in POLYPHEME several solution~. For
instance, we described in (1,6) a general relational model able

to take into account the semantic aspects of existing databases.
This model allows for the creation of a “global” relational view

making further cooperation possible.

In order to cooperate, an existing database, which has been

implemented under a network’ or hierarchical DBMS, must present
itself as a relational automaton. This can be achieved in two

different ways. First, several local application programs •can be

added to an existing database in order to build a relational
interface. Each “relation” seen from outside the database can be

manipulated through these local programs which can take advantage
of local data organization and access paths. Each relational

operation, i.e. get, insert, delete, update tuples, corresponds
to a specific program which is activated on demand. Note that all

these local programs need not be written hut can be automatically
generated. A second possibility has been choosen for the

POLYPHEME prototype. using mechanisms developped for the URANUS

project, each cooperating database is translated from its network

DBMS to a relational form and only this relational copy is

manipulated. Once each local database has been transformed into a

relational automaton, cooperation can take place.

The definition of distributed data has been treated in POLYPHEME

in the following way. The first approach to relational
distributed database was to suppose that a relation was the unit

of data distribution. A second step was to consider that user

relations can be spread over several sites. For instance, a

relation can be horizontally partitioned into several fragments
stored at different sites. In POLYPHEME, we have investigated
horizontal and vertical partitioning together with total and

partial replicat~ons. These issues are discussed elsewhere (4)
but they require a complete view mechanism which has not been

implemented so far. The POLYPHEME prototype supports only the

first level of distributed data and the description of the

database is done by specifying for each relation the site where

it is stored.

The global view is cmerely the union of all the local relations

managed by all the sites. Note however that once the distributed

database has been described t.he user is no longer concerned with

data location, i.e. the POLYPHEME prototype provides location

transparency.
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On—line data definition, retrieval and modification are allowed

in POLYPHEME through a simple relational language based on the

one developped for URANUS. This interface is available to each

POLYPHEME user when interacting with a “Global machine”. Queries
are expressed by combining operands, i.e. relation names and

operators (JOIN, SELECT, PROJECT, . .
.) in a non—procedural way.

Updates are expressed on individual relations.

Interpretation of a given query is done by first transforming the

query into a binary tree structure (1~) and then pipe—lining
tuple results during tree evaluation. This tree interpretation
technique has been adapted to a distributed environment taking
advantage of possible parallelims between the different sites and

reducing the volume of intermediate results which have to be

moved from one site to another. This is done by characterizing
independent sub—trees which can be evaluated locally. Several

studies on these problems have been made so far. Our approach
however does not require maintenance of attributes selectivity
nor estimation of partial results cardinalities.

The POLYPHEME prototype is designed as a network of Abstract

relational Machines. Local Machines (LM) are built around each

cooperating local database in order to make their behaviour

homogeneous. Global Machines (CM) allow users to interact with

the distributed database, providing them with location

transparency. Note thatCH can store and retrieve data “locally”,
i.e. at the site where they are implemented. Each POLYPHEME user

issues a global request (query or update) or sequences of

requests considered as transactions. Global machines decompose
each request into sub—requests and send them to the corresponding
local machines for evaluation as described later.

Figure 1 shows the architecture of the POLYPHEME prototype as

composed of a Global machine located at site A and two Local

machines located at sites B and C. This is a logical
architecture, physically, all combinations are possible to

implement LM and GMs on real computers in a network. The

prototype can easily be reconfigured to match several

possibilities. In particular, we experimented POLYPHEME on the

CYCLADES network with a GM located in Paris and two independent
LM on the same computer in Grenoble (9). Each machine (local or

global) is implemented with three basic components

1) A relational data manager to store, retrieve-local data

and decompose user, requests (URANUS)

2) A distributed execution monitor which provides basic

communications between remote machines, remote program

activation and synchronization (7,8).

3) A global (or local) execution controller reponsible for

sending (or receiving) sub—trees Co (from) other machines,

to trigger and synchronize their parallel (or local)

executions.
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Following POLYPI-IEME, two other projects on distributed databases

have been launched in 1979 and are now at an ending phase.

— MICROBE is dedicated to the design and the implementation
of a relational DBMS distributed over a local network of

micro—computers (12). Using Plessey micro—computers MICRO I

and MICRO II (LSI—II.) MICROBE can be used as a stand—alone

relational. DBMS which provides a MIQUEL a (micro—SQL) high
level language. Several experiences have been -initialized

around the MICROBE system : query optimization, graphic
interface (QBE—like), database integrity, etc.

— The SCOTT project done at the CII—HB Scientific Center is

more concerned by the cooperation of transactions over a

distributed system. Using a real banking application
(electronic funds transfer) SCOTT investigates both

distributed transaction design and distributed system

implementation. The prototype which is currently
implemented provides a distributed transaction manager with

a two—phase commit protocol (17).
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4 - CURRENT RESEARCH IN GENERALIZED DATABASE ( 81)

Traditionally, database systems have been used in environments
where data is rather static and highly structured, namely for
business applications. However, there is a growing need for

systems which can manage less structured and dynamic data.

Examples of such applications are computer aided design, (CAD)
office automation and graphics.

Office automation and text processing are new applications which
can take advantages of using database technology. Currently,
capabilities of text processing machines are very limited. For

instance, they do not offer very sophisticated classifications
for documents or they cannot be linked easily to general
databases. On the other hand, DBMS offer very poor tools for

managing textual data.

Research on textual database have been made in Grenoble since
1979. For instance (19) reports on an experimental textual

database system which have been built extending the network DBMS

SOCRATE. One of the main result of this experimental work was to

point out the inadequation of classical DBMS and to prepare a

more general research on generalized database systems. After

investigating several areas where databases can he used, we

la~nched this year a new project called TIGER. In TIGER we are

doing research on generalized databases in three main directions

(1) Data models, (2) Systems Architecture and (3) Applications
and user interface.

1) Our goal is to define a generalized data model. We are

currently studing several solutions considering extensions

to the relational model (e.g. ER model or RM/T), semantics

networks and abstract data types.

2) We beleive that a typical generalized database system will

not be an individual computer neither a centralized

database. The type of systems we are looking at will be

dedicated to a group from 10 to 100 people who work on

alive data. Our system will include one or several

database servers linked by a local network to several

sophisticated working stations.

3) We are investigating several solutions to implement high
level generalized interfaces which can take advantage of

all the capabilities of the working station. Although
graphic or form oriented interfaces will be more suitable

for end—users, our system should provide a high level

programming language (e.g. relational PASCAL) in order to

build more general application programs.
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5.- RELATIONAL MODEL THEORY

Headed by Claude DELOBEL, research in this area is essentially
oriented towards the study of relational schema dependencies and

their properties. It has been established the equivalence between

the properties of FD and MVD with a class of Bolean expressions-

(21). Recent work is studying the join—project operator and

associated full join or embedded join dependencies. More

precisely, the goal of this work is to find a complete set of

derivation rules for these kinds of dependencies (22).

6 - DATABASE GROUP

in september 1982, people who are working in the database area

are M. ADIBA, A. CHAPEL, C. DELOBEL, L. FERRAT, LEE, NGUYEN CIA

TOAN, 3. PALAZZO. D. RIALHE and F. VELEZ. We are also

co—operating with the CiI—HB scientific center, particularly
J.c. CHUPIN, G. BOGO, P. DECITRE, M. LOPEZ and V. JOLOBOFF.
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Distributed Database Research
at the Politecnico of Milano

S. Ceri, G.Paolini, G. Pelagatti and F. A. Schreiber

Dipartimento di Elettronica, Politecnico di Milano,
P. za L. Da Vinci 32, 20133 Milano, Italy

Abstract We briefly describe some of the on-going research in distributed databases at the
Politecnico di Milano. This research is sponsored by the National Research Council of Italy,
PFI, as part of the nation-wide DATANET and DATAID projects.

1. Introduction

Recent years have shown a growing interest in distributed databases, as a natural
confluence of database systems and of computer networks. The development of the first
prototypes has shown the practicability of the distributed database approach as well as the
extreme complexity of such an approach. Many research efforts are needed both in

-

theoretical and in practical issues in order to establish distributed databases and to provide:
the first commercial applications. The research project at the Politecnico of Milano does not
aim to cover all the aspects of a distributed database system (like SDD-1, R* and others),
but rather to give specific contributions in several areas. However, all such contributions fit
within the same framework.

2. Project Framework

The Relational Model is used as a standard interface for describing the data at all the sites
of the database. A Global Schema describes all the relations of the distributed database, and
several Local Schemas describe the relations and fragments of relations which are stored at

each site. Global relations can be horizontally partitioned into fragments according to disjoint
partitioning predicates, or vertically partitioned by subdividing ncn-key attributes into disjoint
sets, and then projecting each of them into a separate fragment; each fragment also
contains the primary key. Partitioning is a major concern of the project; we assume that
relations in a distributed database will be partitioned to take advantage of the possibility of

locating each fragment local to the database site which mostly uses the fragment tuples (that.
site realistically will own access rigths and perform most of the updates on those tuples)~.
Application programs accessing the distributed database are specified in terms of the
relations of the global schema, and they don’t require the notion of fragments.

3. User Language: Extended Relational Algebra

Queries against the global schema are expressed using an Extended Relational Algebra
(ERA) ICePe 80b]. The major extensions provided by ERA are:

(a) the capability of partitioning a relation into horizontal fragments by means of disjoint
fragmentation predicates. This feature provides the same effect produced by the GROUP BY~

clause of SQL, as well as more complicated horizontal fragmentations.
(b) the possibility of evaluating aggregate functions, either over the whole relation or over

each fragment.

ERA is also used for the description of the mapping between relations of the Global Schema
and fragments of each Local Schema (vertical fragmentation is provided by the standard.

projection operation). The mapping is bijective, i.e. it is possible to describe using ERA how
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