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ABSTRACT

This work analyzes the design and implementation issues of
Heterogeneous Distributed Data Base Management Systems (HD-
DBMS). To date, HD-DBMS research projects and implementa-
tions have been 1limited. The few such systems which have
been constructed provide valuable insight into the nature of
problems faced due to heterogeneity. Some of these systems
(SIRIUS-DELTA, MULTIBASE, AIDA), are presented in order to
examine their solutions to the problems.

The major issues described in the thesis are: the architec-
ture of the diistributed system; query translatiion; schema
mapping; and integration of the schemata within the hetero-
geneous diistributed database. 1In seeking solutions to these
issues, an architecture for a HD-DBMS is proposed.
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CHAPTER 1

OVERVIEW OF HETEROGENEOUS DISTRIBUTED DBMS

l.1. Introduction

Databases are proliferating within corporations, research
laboratories and other organizations. These databases are
used for many different applications including those in the
financial, business, scientific and engineering fields. 1In-
tegration of information resources permits activities to be
coordinated more efficiently and precisely. One of the
tools required to support this integration is a Heterogene-

ous Distributed Data Base Management System (HD-DBMS).

By a distributed database, we mean

A distributed database is a collectiion of data which
are distributed over different computers of a com-
puter network. Each site of the network has auto-
nomous processing capability and can perform local
applications. Each site also participates in the
execution of at least one global application, which
requires accessing data at several sites wusing a
communication subsystem.[1]

[T]TCERIBO] Page 6.



Creation of databases without regard to data integration and
advances in data base management technology have produced
dissimilar, yet related, information resources. Most of the
existing Data Base Management Systems (DBMSs) were installed
with little thought given toward future integration. They
were designed and implemented for a specific purpose, usu-
ally at a single physical 1location. Older data models
(hierarchical or network) are common in many organizations.
In recent years the relational model has become more visible
and has gained acceptance in the information management

area.

At one point in time an organization may have a homogeneous
information management system, but given the evolution of
information technology, the system may eventually become
heterogeneous. As use of databases continues to grow,
organizations are feeling the need to eliminate the boun-
daries between databases and DBMSs. The desire of corpora-
tions to develop a Computer Integrated Manufacturing (CIM)

environment is a current example [APPL85].

While software systems for distributed databases do exist,
only a few have been constructed that support pre-existing
databases and permit the combining of different data models.
Integrating existing DBMSs that are dissimilar in schema
and/or data model to form a single global database produces

a Heterogeneous Distributed Database.
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The

Description of the Research
l. Research Objectives and Approach
objectives of this thesis are to examine and discuss

several key issues related tlo Heterogeneous Distiributed Data

Base Management Systems. The research has been partitioned

into the following areass:

(1)

(2)

(3)

(4)

Definition of some of the importlant issues involved in
the design and implementation of Distributed DBMS. The
issues chosen are those thatl identify significant
differences between Homogeneous and Heterogeneous Dis-

tributed DBMS.

Presentation of past or present distributled data base
management systems that have been constructed. Dis-
cussed are system capabilities, degree of functionality

and how they have addressed the critical issues.

Examination of the discriminating issues specific to
Heterogeneous Distributed DBMS. Solutlions to these

problems will be presented and analyzed.

Based on the thesis research, an architecture for a
comprehensive HD-DBMS will be proposed. It will be
designed to incorporate pre-existing DBMSs and provide

the integration necessary to support a Heterogeneous



Distributed Data Base Management System.

1.2.2. Limitations of the Project

This thesis discusses issues specific to Heterogeneous Dis-
tributed databases that support pre-existing databases and
DBMSs. Emphasis is placed on query processing and integra-

tion of the schemata.

Areas outside the scope of this project are those problems
that are common to both homogeneous and heterogeneous dis-
tributed data base management systems. These include the
following: Update Propagation of replicated data, Con-
currency Control methods, Distributed Recovery and Network

Communications.

1.3. Background

The reader should be familiar with six key areas: System Ar-
chitecture, Data Transparency and the Global Data Model,
Data Dictionary Management, Query Processing, Distributed
Transaction Management and Integration of the Schemata. An
understanding of these is necessary to appreciate the design

and functional scope of a HD-DBMS.



There are many terms and acronyms in this document that may
be wunfamiliar to the reader. 1In these instances the glos-

sary should be referenced to clarify their meaning.

1.3.1. System Architecture

The structure of a distributed system determines the func-
tionality and the capabilities that system will have. The
Global system architecture of a distributed database may be

centralized or distributed.

Centralized

A Centralized system would have a single node that supports
the Distributed DBMS. This node would be accessed by the
remote nodes using a communications network for submission
of, and response to, the global queries. All distributed
transactions would be processed at this single site. This
node would manage the data dictionary, control transactions,
translate the queries, map between the schemas and present

the results to the users.

A disadvantage of this type of configuration is the vulnera-
bility of the distributed system. If the central node is
unavailable to the remote nodes, distributed database ser-
vices cannot be provided to any of the nodes. This condi-

tion can occur when the central node has crashed or when the



network links are unavailable. 1In the latter case, the cen-
tral node may be up and available for local wusers, but no

distributed transactions can occur because the remote sites

cannot be reached.

Distributed

In a Distributed system structure, each node is capable of
processing global queries. Global queries are decomposed at
the node of origin and subqueries are submitted directly to
the appropriate nodes. Although the network may be par-
tioned and nodes may be unavailable for remote queries, the
global gquery may not require information from the unavail-
able sites or may be satisfied wusing replicated data at

reachable sites.

The Distributed system structure is a more flexible and
robust design for a D-DBMS. It permits the system to
operate no matter how partitioned the network may become .
As long as the data required by a query can be obtained, a

distributed database system will still be supported.

A disadvantage of this type of design is its complexity.
Permitting alll of the nodes in the distributed system to
perform the processing required means redundancy of code and
of data. Each node must be capable of managing the transac-
tions for the subqueries it generates and receives. It must

also be able to translate the global query and optimize its



execution. This design also increases the problems associ-
ated with concurrency control because of the decentralized
query management. Updates to replicated data must be pro-

ppgated throughout the distributed database.

For the purpose of this paper, it will be assumed that a
distributed structure will be used to implement the distri-

buted database.

1.3.2. Data Transparency and the Global Data Model

When data is distributed between separate systems and stored
in dissimilar database schemas, it is necessary to design an
architecture that makes these differences transparent to the

user and application programmer.

The architecture would be layered to provide support for the
global schema of the D-DBMS, the logical fragmentation of
the global schema and the allocation of the fragments to
each site. The architecture must also permit mapping
between the different schemas and data models contained
within the distributed DBMS. Among the three basic data
models, Hierarchical, Network (CODASYL) and Relational, the
Relational Model [CODD70] has been used for this global

sitructure most frequently.



An archittecture that supports data tiransparency is a criti-
cal 1issue for a HD-DBMS. One type of structure miight have
each site’'s DBMS support diistiributed operations usimg it’s
local Datla Manipulation Language (DML). This begins to
become complex for a variety of reasons. Firstl of all, each
site would have tlo be aware of all the other sites in the
distributed datlabase. This implies that a fully replicated
data dictlionary must be maintained at each siite. It would
also mean that each site must be capable of translating
queries to and from every other site in either the global or
a local DML. At thiis point, modificatlions to local DBMSs
would become necessary, violating the rule of sitle autonomy.
As this architecture is defined further, it becomes obvious
that the expandability and maintenance of the system would

become difficult.

To support a heterogeneous diistributed DBMS, it iis advanta-
geous to represent the data using a global database. This
database would use a common, or global, data model to
representl the global schema of the distributed database.
The global datla model and its corresponding global data
manipulation language, provide a unifying mechanism for the
hetlerogeneous sites. A single image system for wusers to
work with, provides the degree of transparency necessary for

a HD-DBMS.

The global data model and its DML must be sufficiently flex-

ible to supportl both the distributed system and its



heterogeneous characteristics. Data representations and
datla manipulation commands from each of the local DBMSs are
mapped to the global database. These mappings and transla-
tions only occur between the local databases and the global
datlabase to minimize the quantitly and type of translations
necessary to support the HD-DBMS. In order to provide this
type of support, the data model should have two basic quali-
ties. One is the ability to support simple data types to
represent any type of global data value. The other is the
capacity to represent the global, fragmentation and alloca-
tion schema. Providing simple data structures, for example
binary, permits the construction of representations of more

complex data stiructures.

As mentioned earlier, the structure of a distributed data-
base would be layered. The top layer of a distributed data-
base architecture 1is the global database schema. This
schema 1is the basis for a users view of the distributed
data. 1Itl effectively describes all of the datla contained
within the D-DBMS in a way similar tlo a centralized data-
base. That is, the distribution and stlorage of the data 1is
transparentl to the user. The global schema consists of
relations that represent subsets of the distributed data-
base. At this layer the distiribution of the data is most
transparent to the users. Users and application programmers
are able tlo work with the distributed database as if it were

a non-distributed.
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In the next layer, the relations defined in the global
schema are broken down further into subsets called parti-
tions or fragments. These fragments are disjoint sets of
the data contained in one global relation. In many
instances it is logical tlo fragment the relatlions by the
location of the data. For example, all of the data for a
particular branch office of a company may be one fragment of
a relation. Fragmentation of the relations requires that a
mapping exist between the global relations and their frag-
ments. This mapping is called the fragmentation schema and
is always a one to many relationship (e.g. one global rela-

tion has many fragments).

The physical location of the fragmentls is defined by the
allocation schema. It is this layer of the architecture
thatl specifies where redundant data will exist in the HD-
DBMSI. When the same fragment is alllocated to more than one
site, it is said to be replicated. This layer of the global
architecture is dependent on the local sites. It entails
mapping the fragmentation schema to the local DBMS schema.
This is a specific area where a heterogeneous D-DBMS differs

from a homogeneous one.

In a HD-DBMS, each site will require a local mapping schema.
This schema performs two mapping functions. The first is
between the global and local schemas. The second is between
the global and local data models. It is the lattler of these

that makes the job difficult.
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The selection of the common data model and data manipulation
language is very important. Some of the questions that need
to be resolved are:

Which data model will best support a HD-DBMS?

What data types are to be supported?

What capabilities should the global DML provide?

How much transparency is required from the Global DBMS?

1.3.3. Global Data Dictionary Management

The Global Data Dictionary (GDD) stores information that
describes the distributed database. Contained in the Data
Dictionary are the descriptions of the global, fragmentation
and allocation schemas and mappings to local DBMS names.
Access methods, statistical information and integrity con-
straints for the global and local systems are also stored

here.

This information is used by the system to perform the vari-

ous translations between schemas and data models. Some of

these functions include:

(1) Translation - Using the data mappings defined between
the application and the physical data to translate

between global and local references.
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(2) Optimization - by examining the fragmentation alloca-
tion of the data, the most efficient accessing method

or path can be determined.

(3) Transaction Management - verifying that the optimal
plan is valid, the user has adequate privileges and

sites are capable of performing the transaction.

How the Data Dictionary (or Catalog) for the distributed
system is structured is be determined by the archiitecture of

the system and the patterns of usage.

The three basiic forms the global data dictionary can take
are Centralized, Partitioned and Replicated. The data dic-

tignary could also consist of combinations of these forms.

Centralized A single site would manage the data diction-

ary. Thisi simplifiles the management of the diictionary and
guarantees its accuracy. When a centralized system archi-
tecture exists, the same site would be used to manage the
data dictionary. 1In this instance the global database most

closely resembles a non-distributed database in structure.

Partitioned When the data diictionary is partitioned, each

site in the distributed database maintains the portion of
the data dictionary speciific to that sitte. The entire dic-
tiionary is not maintained at any one siite, yet could be pro-

duced by combining the partitions.
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Each site might alsio contain information from the global
data dictionary. For example, which database contains what

information, each site’s processing capabilities and other

global database informatlion.

Replicated With a replicated data dictionary, every node
contained in the distributied database would retain a full
copy of the entire global datla dictionary. This forces the
data dictionary to be maintained at all sites in the distri-
buted database. When duplication of the data dictionary
occurs, modification of the dictionary becomes more complex.
Changes and modifications made to the data definitlion mustl

be propagated throughout the distributled database system.

Combinations Each site would maintlain the data dictionary

for its own 1local data as well as that of datla at remote
sites.. If frequent queries are made tlo certain sites, it is
advantageous to store the data dictionary information
locally. Queries can be formulated based on this informa-
tion in advance of communicating with the remote site.
Another combination uses a partitioned dictionary for each
site and has a central sitle maintain the entire dictionary.
Permittling combinations of data may be the bestl solution as

far as flexibility of the system is concerned.
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1.3.4. Query Processing

1.3.4.1. 1Introduction

Distiributed database systems handle queries in a manner
similar to that of centralized systems. Two basic opera-
tions, decomposition and optimization, occur during query
processing in both centiralized and distributed databases.
An additional operation takes place with HD-DBMS, this is

the translation of the query.

Query decompositiion involves breaking the global query into
subqueries that single sites are capable of processing.
Query optimization is the process of developing an efficient
access method in order tlo obtain the desired results of the
query. Translation of the query is necessary to convert the

query in global DML to the appropriate local DML.

In mostl implementlations, a common global data manipulation
language is defined tlo provide wusers with a consistent
interface to the global schema. In a homogeneous D-DBMS
this may be the data manipulation language native to all of
the local DBMSs. For example the R* system from IBM uses an

extended version of the SQL query language.
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1.3.4.2. Global Query Decomposition

The global query is broken down to define subqueries for
each of the sites. As in a centralized database, the global
query must be analyzed to determine the best method of
decomposition for optimum processing. Decomposing the query
requires that the query be clearly defined to permit combin-
ing of common subexpressions and translation of the query

from a global view down to a more site specific level.

After a global query is submitted, it is examined to deter-
mine what global relations are required. Then a binary tree
is constructed to represent the query in algebraic form.
This tree, wusing canonical expressions, defines the basic
operators and operands required to produce the desired
result. It may be modified or reduced using Relational
Algebra equivalence transformations. These transformations

primarily support small algebraic expressions.

Once the query has been reduced and common subexpressions
have been combined, the global query is then transformed
into fragment queries. A canonical expression of the global
query is produced that operates on the fragments of the glo-
bal relation. This expression, while usable as a query, 1is
not an optimal execution procedure. It is at this point
that query optimization methods are wused to improve the

efficiency of the query.
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.4.3. Global Query Optimization

Factors such as datla locatlion, site processing capabilities,
site processing costs and network communication costs can
all affect the efficiency of query processiing. Various op-
timizing algorithms weigh these and other factors different-
ly. Some will ¢try to maximize parallelism for better
responsie time while other methods strive to minimize network

communications.

There are several problems to be considered when choosing an
optimization stirategy. 1Included are:

The Materialization - this is the determination of the
set of fragments the query uses.

The Sequence - the order thatl the operatlions are exe-
cuted on the materialization.

The Method - the combining of operations at a site,
this is heavily dependent on the capabilities of the
local DBMS.

These three problems are all interrelated, but quite often

optimization is simplified by solving each of them

separately.

The strategies of optimization are different depending on
the configuration of the system. Long haul networks such as
ARPANET have limited bandwidth and communication costs are
considered high, LANs on the other hand are usually
privately owned and have a much larger bandwidth, keeping

communication costs low. when communication cosits- are
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reduced, site processing costs and capabilities are of
grelater concern. Yetl another factor that must be taken into
account is the communication delay between sites in a dis-

tributed system.

In either one of the configurations mentioned above, site
processing capability is a major consideratlion. The pro-
cessing speed, number of I/0 operations required and local
DBMS functionality all affect the decisions rendered during
query optimization. Depending on the query stirategy chosen,
join and semi-join relational operations are used at stira-
tegic points to minimize transmission costls by reducing the
amount of data transferred between sites. In a HD-DBMS the
stirategy used for query processing becomes dependent on the
capabilities of each site. It may be desirable to use some

sites to combine intlermediate results, but not possible.
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1.3.4.4. Query Translation

An operation that occurs during global query processing in a
HD-DBMS, 1is the conversion from the global DML into the lo-
cal DML. When and where this translation occurs affects the
efficiency of the query. Conversion of the global query
into a local DBMS (site) query may take place before or
after the query is globally optimized. 1In some instances
global optimization may be unnecessary if data from remote
nodes is not required. Determination of when translation
occurs depends on the query strategy used, the architecture

of the HD-DBMS and the global data model.

Some of the issues involving query processing that need to
be addressed are:
How does a global data model support differentl schemas
from different data models?

When convertling data between schemas, how can this be
accomplished in an efficient and timely manner?

When are queries or application programs translated
between data manipulation languages?

How are differences in the data manipulation languages
resolved (i.e. joins aren’t supported on IMS)?

These issues are discussed in greater detail in chaptler 3.
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1.3.5. Transaction Management

Transaction Management deals with several interrelated is-

sues such as Concurrency Control, Integrity and Reliability

of the query.

Controlling transactions on a distributed database system
requires a distributed transaction manager. Its job is to
guarantee that distributed transactions are executed reli-
ably, efficiently and can occur concurrently. This implies
the use of commit protocols, recovery methods and pro-
cedures, optimized access plans and concurrency control
mechanisms. Since this occurs in a distributed environment,
the transaction manager must be able to coordinate these
interrelated tasks and possibly work with different DBMS

systems.

Similar to transactions in a centralized database system,
distributed transactions must be atomic. This means that in
the case of a site or network crash, the transaction will
either fully commit or abort. To do this requires that the
manager provide transaction recovery support for distributed
transactions. This helps ensure the integrity of the data-

base when a transaction uses more than one resource.

One of the goals in terms of transaction management is to

minimize the cost of CPU processing and resppnse time to the
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user and optimize the executlion of the transactions. While
query optimization will produce strategies based on the
fragmentation and allocation schemas, the optimizer may not
be aware of dynamic changes occurring at the sites or in the
network. By using the optiimization strategies produced by
the optimizer and knowing the current status of the distri-
buted system, the manager will determine a plan of execu-

tlion.

In a multliuser distributed database system, several transac-
tions will be executing concurrently. In many cases they
will be using the same databases and will require access to
the same datla. Concurrency Control guarantees that when
multiple transactions access the data, the results will be
the same as if all the transactions had been executed seri-

ally by a single user.

The global transaction manager in a distributled system must
contend with the 1local DBMSs when it wants to manage con-
currency in the distributed database. In order to maintain
site autonomy as stated in sectlion 1.1, the global transac-
tion manager may not acquire locks directly on the local
DBMSs. Instead, each site has a process that acts as a
remote transactlion manager that operates similar to a 1local
transaction. Its task is to communicate with the global
transaction manager and perform local functions for the dis-

tributed transaction. In this manner, the global transac-
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tion manager can coordinate the actions of the remote tran-
saction managers without being concerned with the sitle
dependent details. Global transactions thatl require syn-

chronization of the local sites can be managed effectively

in this manner.

1.3.6. Integration of Schema

In order to present a consolidated view of the informatiion
to the wuser, the datla must be integrated. This requires
thatl the individual representations of the information in
all of the local schemata be merged to form a single global

schenmna.

In a hetlerogeneous distiributed database, chances are that
the databases to be integrated are pre-existing. It is also
likely in many organizations that the separate databases

will contain related, if not overlapping data sets.

For example, there are two databases, engineering and pur-
chasing, that are in the distributed database, and each uses
a different data model. Both of these databases contain
information about parts. The overlap occurs when the same
part is referenced in both local databases. The engineering
database describes part number, quantity and partl materiall.

The purchasing database describes the same three attributes,
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but uses item number, quantity and vendor part number. Here
we run into conflicts between the two schemata. The part
number and item number are synonyms, two names for the same
fact. The quantity attributes are homonyms, the same name
is used for different purposes. Engineering quantity
defines number of parts in the assembly, whereas purchasing
quantity defines the number in an order. The units of meas-
ure in each of these definitions could also be in conflict.
Lastly, the part material and vendor part number fields are
both referencing the same attribute, but in a different
manner. An example would be for a part material of "T6-6063

aluminum", the vendor part number is "Al6063-Té6".

In some instances the local databases can be modified to
agree in definition, but this violates the site autonomy
rule. Instead an auxiliary database could be used to store
attribute name or scale conversions, for mediation of struc-
tural and abstraction conflicts. MULTIBASE, is an implemen-
tation that wuses an auxiliary database [LAND82]. Another
implementation, AIDA [TEMP86], uses a process local to each
site to perform the same function without using an auxiliary

database.
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In order to integrate the schematla in the HD-DBMS, these

differences mustl be resolved. The conflicts can be classi-

fied as follows:
(1) Name conflicts, involving synonyms and homonyms.
(2) Scale conflict, different units for the same datla.

(3) Structural conflicts, an entity in one schema is an at-

tribute in another.

(4) Abstraction conflicts, different levels of detail for

the same fact.

(5) Replication conflicts, inconsistencies between redun-

dant data.

How these conflicts are resolved depends on the structure of
the Heterogeneous Distributed Data Base Management System.
Resolution of these conflicts by the HD-DBMS provides sup-

port for schema integratiion.
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1.4. Thesiis OQutline

Up to this point the reader has been introduced to the sub-
ject and presented with a description of the area to be
researched. The background informatiion has defined some of
the important issues and focused on those specific to
Heterogeneous Distributed Data Base Management Systems. The

remainder of this thesis will be structured as follows.

Chapter 2 willl present project systems that were built to
investiigate the iissues and problems involved in supporting a
HD-DBMS. Each of the projects presented represents a dif-
ferent approach to solving the problems and a different

degree of functionality.

Chapter 3 examines the issues that differentiate a hetero-
geneous D-DBMS from a homogeneous one. These include prob-
lems associated with schema mapping, query processimg and

integrating the schemata.

An architecture for a Heterogeneous Distributed Data Base
Management System is proposed in Chapter 4. Thiis system is
intended to be comprehensive and will be designed to incor-
porate pre-existing databases into the global database. It
will support data transparency and provide integration of

the local database schemata for the global user.

Chapter 5 concludes the thesiis by summarizing some of the
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conclusions drawn and lessons that were learned. The feasi-
bility of the proposed and existing systems is also dis-
cussed. Some speculatlion is made as to the future trends in
the area of Heterogeneous Distributed Data Base Management

Systems.
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CHAPTER 2

EVOLUTION OF THE TECHNOLOGY

2.1. Introduction

Several projects have been undertaken to research and
develop HD-DBMS. In many cases they have been borne from

research environments and funded by government sponsors.

Distributed processing and data management has been a topic
of interest for many vyears. As computer networks have
become more developed, the feasibility of distributed DBMS
has grown. Hardware and/or software vendors have either
created an entirely new product or expanded an existing pro-
duct to support a distributed DBMS. The few systems that
have been produced commercially are in most instances homo-
geneous. Most of the following projects have taken a few
years to yield results. They have usually produced proto-
type models 1in a research environment. Few, if any actual

heterogeneous systems are available as commercial products.
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2.2. SDD-1, An Early System

The Computer Corporation of America (CCA), Cambridge Mas-
sachusetts, has worked on a few projects involving D-DBMS.
One of the most notable, SDD-1 (System for Distributed Data-

bases) [ROTH80], was designed in 1976 and its development
continued through 1980.

This was the first general-purpose distributed DBMS ever
developed. Its purpose was to provide, functionally, the
same capabilities of a non-distributed system. Upon comple-
tion of the prototype, the system supported distributed

query processing, concurrency control and reliable writing.

SDD-1 made use of an existing DBMS, Datacomputer [CCA78]},
and its corresponding query language called Datalanguage,
for global data management and manipulation. The system
supports a relational data model and its language is most
commonly embedded into host application programs similar to
SQL or QUEL. The language can also be used interactively by

end-users.

While SDD-1 did demonstrate distributed database capabili-
ties, it was not designed to be implemented on top of pre-
existing DBMS and did not address the heterogeneous issues..
The system had however defined some of the major issues

involved in distributed systems and led the way for future



28

projects. Query optimization techniques developed in SDD-1

were later applied to the MULTIBASE and AIDA systlems.

2.3. The SIRIUS Project

A French nationwide project, SIRIUS, was initiated by the
government of France in June of 1976. Funded by the French
Ministry of Industry and the Institiutl National de Recherche
d’Informatique et d’Autiomatique (INRIA), the goal of SIRIUS
was the research and developmentl of distributed database

management! systems in a heterogeneous environment.

Some of the objectives for the project were to:

(1) Research the problems and propose solutions to the

issues involved in distributed data management.

(2) Build prototypes to tlest the ideas and evaluatle

methods.

(3) Transfer the results of the research tlo industry for

practical application (banking).

The first phase of this project involved development of
theories and methods necessary to support distributed data-
bases in different environments. Basic research was con-
ducted and limited prototypes were constructled to gain

knowledge in specific areas and to prove out ideas. In the
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second phase, the SIRIUS-DELTA project, more complex proto-
types were constructed in an effort to integrate results

obtained from the first phase.

2.3.1. POLYPHEME

POLYPHEME, a joint project between the University of Gireno-
ble and the CII-Honeywell Bull Scientific Center was one of
these limited prototypes. Theoretical work had been done on
data modeling, query processing and system architecture, but

not all these factors were incorporated in this prototype.

The main features to be implemented were:
A design as a network of abstract relational machines.
A D-DBMS defined as a union of all the local relations.

An algebraic relational language was provided for on-
line data definition and manipulation.

Support of distributed query decomposition and optimi-
zation.

A distributed execution monitor for asynchronous remote
procedure activation (not a procedure call) over the
network.
The design of POLYPHEME did not include mechanisms for dis-
tributed recovery in the event of site or network failure.
Concurrency control was another issues that was not
addressed during this phase of the project. Banking appli-

catiions were used for testing its capabilities. The initial

prototype ran on IRIS 80 computers, and were connected to
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the CYCLADES network.

2.3.2. SIRIUS-DELTA

SIRIUS-DELTA was designed and built to test heterogeneity in
distributed data base management systems. Its design began
in 1977 and the final version of the prototype became opera-
tional in 1982. The prototype wused not only different
DBMSs, but different computers and operating systems as

well.

SIRIUS-DELTA was desiigned to be an extremely flexible sys-
tem. There are no site dependent activities outside of
local DBMS functions. Each site is capable of processing a
query and the system is fully distributed. The system uses

a data flow approach and strives toward parallelism.

System Architecture The SIRIUS-DELTA system uses a two

level architecture, global and local, to support the distri-
buted system (Figure 2.1). The global level represents the
distributed database and provides the appearance of a single
unified database to a user manipulating global data. The
local 1level is a centralized DBMS which processes both glo-

bal and local queries and works directly with the physical

data.
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Figure 2.1 Architecture of the Componentls
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These layers are as follows:

(1) Conventional (centralized) Data Management functions.
(2) Distributed Data Management functions.

(3) Distributed Control functions.

(4) Distributed Execution functions.

(5) Network Communications (transport).

SIRIUS-DELTA makes use of existing products to provide sup-
port for the conventional data management and transport
layers. Modules were built to support the layers which are
specific to distributed support.
The three layers are named as follows:

SILOE - for Distributed Data Management

SCORE - for Distributed Control

SER - for Distributed Execution

The first of these, SILOE, manages data distribution and
query optimization. It exists on both the global and the

local levels. On the global level it performs two func-
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tions:

(1) Global internal schema management to define mappings

between the global and local levels.

(2) Data materialization and generation of the distributed

execution program.

The local module of SILOE is the interface from the 1local
external schema to the global internal schema. It manages
translation of the global subquery and supports local DBMS

functions required by the global level.

The task for the SCORE subsystem is to control concurrency
and reliability in the distributed database. This includes
providing recovery facilities in the event of failure of a
system component. This subsystem consists of three basic

mechanisms:

(1) The Circulating Sequencer which is a decentralized syn-

chronization mechanism.
(2) Protocols for locking and unlocking.

(3) The Two-Phase Commit protocol for operations which

require writing.

The SER layer provides transaction management and communica-

tions support for distributed execution. The basic
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functions it provides are:

(1) Remote process activation

(2) Process scheduling

(31 Process to process data transfers

(4) Use of parallelism as much as possible

(5) Failure and error detection of processes

These three subsystems provide facilities not available in
conventional DBMSs. They are layered onto existing systems
so as not to interfere with site autonomy. It is the addi-
tion of these subsystems which allows a local host DBMS to

become part of the distributed database.

Data Transparency A global data model, called the PIVOT

model, was chosen to support the distributed database. It
is relational in nature and supports the External, Concep-
tual and Internal schemata at the global level. The archi-

tecture of the schemata in the SIRIUS-DELTA system is shown

in Figure 2.2.

The External schema presents the distributed data to the
user much like a centralized database. Entity and attribute
names, relationships and other characteristics specific to a

local database are not visible to the global user.
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Figure 2.2 Architecture of the Schemata

The Conceptual schema defines the entire distributed data-
base. It describes the entities (relations) their attri-
butes and relationships. It could be represented by any

data model, (hierarchical, CODASYL, relational).

The Internal Schema defines the data mappings of the global
relations to the local external schemata. Thisl sichema is
for construction of the global data which is dependent on

the local data. It describes, for each site, the local data
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set which is contained in the distributed (global) database.

The local level in the architecture is where the data actu-
ally resides. Users conducting 1local operations would
interact directly with the local DBMS in the wusual manner.
Global operations are handled as if submitted locally- The
three schemas, External, Conceptual and Internal, are also

present at the local level of the architecture.

The Local External Schema provides the local user with a
view of the 1local data, without concerning them with the
data model structure or physical data location. The distri-
buted database is not necessarily comprised of the entire
database from each local site. Instead, the Local External
Schema supports the specific data set required by the global
database. This schema is used by the global level for map-

ping local data to the global level.

The Local Conceptual schema, using any of the aforementioned
data models, defines the entire local database. The Inter-
nal schema defines the actual physical location of the data.
These both function normally as if they were used only for

the local DBMS.

Query Processing A global external language (the PIVOT

language), called PETAL, was specified to perform global
transactions with the PIVOT model. In following with the

relational PIVOT model, PETAL uses a relational algebraic
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language to manipulate setls of data. The algebraic language
decomposes into operations on sets and relations easily] and

facilitates the interfacing to local DBMSs.

Queries directed toward the global database are submitted
using the PETAL language. The global query is analyzed and
decomposed into subqueries for each of the local sites. The
subqueries are then translatled, by local SILOE, from the
PETAL language into the local external language. The local

DBMS will then process the query in its normal manner.

Integration of the schema occurs at the global level. It is
there that the local schema are mapped to the global schema
and a distributed view of the datla exists. Conflicts
between the schema are defined and resolved at the global

level of SIRIUS-DELTA.

The SIRIUS-DELTA project provided valuable insight into many
of the problems faced in implementing a HD-DBMS. It
presented researchers with practical experience in hetero-
geneous distributed systems. Areas that require trade-offs
were identlified and understiood for future applications of a

HD-DBMS.
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2.4. MULTIBASE

In the early 1980’s, using the knowledge gained from SDD-1,
cca began development on another project, MULTIBASE
[LAND82]. This softiware system was designed to supportl user
interactlion with a heterogeneous distributed database. Up-
datles of the data or synchronization of read operatlions are

not supportied by MULTIBASE.

Generalitly, compatibility and extensibility are three major
objectives of the MULTIBASE systlem. To maintlain the gen-
erality required, it has been designed to be a tool for
integrated access to dissimilar DBMSs regardless of the
application. This permits physically distiributed data to be
retrieved, logically related and presented to the user as a
single view of the data. It has been designed to make data
location, DBMS specific query languages and type of data

model transparent to the user.

Compatibility is a requirement for interfacing with pre-
existing DBMSs. This is to guarantee thatl no modificatlions
will be needed tlo the existing databases or their applica-
tion programs. Autonomy of the local systems is upheld and

allows them to manage their own datlabases.

Adding future DBMSs to the distiributed database requires

that the system be extensible. It will support the three
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known data models (hierarchical, network and relational) and

has been designed in modules to permit easy adaptiatiion.

System Architecture MULTIBASE uses a modular architecture

to 1isolate those processes that deal with the distributed
database as a whole, from the parts of the system that
interact with the local host DBMSs (Fiigure 2.3). There are
two basic modules used for this function, the Global Data

Manager (GDM), and the Local Database Interface (LDI}).

The Global Data Manager handles all of the global aspectls of
a query- To support global queriies the GDM uses an Internal
DBMS. This DBMS is a tool for the global DBMS. Itl stores
intermediate results returned from the LDIs and supports an
Auxiliary database. The Auxiliary database us used for

schema integration and resolutiion of data incompatiibilities.

Data Transparency MULTIBASE uses DAPLEX [SHIP81], a data

definition and manipulatiion language, to define the schemata
and to provide a uniform user imtlerface for queries to the
distiributed database. It is with this language that the

Global, Auxiliary and Local Schemata are defined.

While the entire distributed database is defined by the Glo-
bal Schema, each local DBMS is described to MULTIBASE as a
Local Schema. This local schema is the equivalent of the

schema defined at the site. These definitions may be modi-
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fied to accommodate changes to the databases without res-
tructuring the entlire system. An Auxiliary schema is used
by the GDM to structure the information used for resolving
conflicts between schemata. Figure 2.4 shows the structure

of the schemata in the MULTIBASE system.

Query Processing] Global queries are submitted wusing the

DAPLEX query language. The GDM performs a series of opera-

tions on the query before passing it to the LDI. First, the
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Figure 2.4 Architecture of the Schemata

query is transformed, taking the global references and
changing them into local and auxiliary schemata references.
The query is then globally optimized to begin determining
the query strategy. Once the optimizer has defined segments
of the query, they are passed to the Decomposer. The decom-
poser separates the query by site producing DAPLEX single-
site queries. When queries reference the auxiliary DBMS
supported by MULTIBASE or require combining data from
separate sites, they are collected for processing by the

Internal DBMS. After decomposition, the queries are
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filtered to remove operatlions thatl the local DBMSs cannot
support. The definition of these operations is saved, the
query rephrased and passed to the optimizer once more. When
the optliimizer finally releases the reduced DAPLEX qguery to
the Monitor, it is in a form that can be processed by the
local DBMS sitle. The Monitor 1is the global transaction
manager. It directs the single-site queries to the proper
site and activates the LDI to process the query. It may
also send a final query to the Internal DBMS for processing

the results returned from the LDIs.

At this point in query processing, the Local Database Inter-
face 1is assigned control. Since the LDI is working with a
single site, its task is notl as complex as that of a GDM.
Once it receives the DAPLEX query from the GDM, it first
optimizels it. Since DAPLEX uses a "set-at-a-time" query
language, local DBMSs that support this type of query can
optimize itl in a fairly straight-forward manner. I1f the
local DBMS uses "record-at-a-time" processing, the query
must be reformulated and this can become extremely complex.
The query is then translated into the local DBMS query
language and processed in the standard manner. Results
returned from the query are formatted into a standard

representation and passed back to the GDM.

A breadboard version of MULTIBASE has been designed and

implemented. Some of the functions it provides are:
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Uniform query access
Logical schema integration for non-overlapping data
Techniques for handling incompatible data

Global and Local Query optimizers

It demonstrated the ability to provide integrated access
between hierarchical and CODASYL data models. A prototype
version is intended to support standalone test and evalua-
tion experiments for different applications. It would be

implemented in ADA in hopes to keep the system portable.

2.5. AIDA

AIDA (Architecture for Integrated Data Access) [(TEMP86) is a
system designed to permit users to access one or more data-
bases as a single (distributed) database utilizing a common
query language. The system is being designed and implement-
ed at System Development Corporation (SDC), Santa Monica,

California.

The purpose of the research project that spawned the AIDA
system is to explore the issues of distributed data manage-
ment. One of the project goals has been to develop a proto-
type system that wutilizes new technology developments in

data management, networks, security and artificial
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intlelligence. A long term research goal is to develop a
front end to distributed data, text, image, voice and

knowledge objectls.

The AIDA system has been designed as a front end to hetlero-
geneous databases. It is an applicatiion system built to
integrate pre-existing DBMSs and provide users with a single
language to manipulate the resulting collection of distri-
buted data. While AIDA is not a DBMS, it is capable of
presenting data to a user in an integrated and transparent
manner. The problem of translation between relational and
CODASYL schemas has not been addressed by the system. 1Its
development is directled primarily toward integrating more
current DBMS technology (relational views) rather than older

DBMS tlechnology (hierarchical).

In order to supportl interaction with a database, AIDA
requires that the DBMS provide a "relational" view of its
data. This allows temporary relations to be created by AIDA
within the datlabase. Although updates will eventually be
permitted, these will usually be small scale updates (a few

tuples) and are not currently supported.

A goal of the system is to maintain autionomy of existing
systems. For the majority of cases the local databases will

be responsible for their own updates and control access to

their data.
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System Architecture The system was designed with a modular
architecture to permit flexibility and facilitate combina-

tions of workstations, processors and database machines

(Figure 2.9).

A module in AIDA called Nexus, provides the wuser interface
necessary to support either ARIEL (defined by SDC) or SQL as
query languages. Nexus calls the Query and Schema Transla-
tor (QUEST) module to parse and translate the user query
into the Distributed Intermediate Language (DIL). This pro-
cessed query is then passed to the Procedural Interface

which communicates it to a portion of the system known as
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Figure 2.5 Architecture of the Components
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Mermaid [TEMP83].

Query Processing It is the task of the Mermaid system to

control the optimization and decomposition of the query.
The subqueries are then tiransmitted to the appropriatle DBMS
driver and the Mermaid distributior waits for responses.
Each DBMS site has a driver that processes the DIL subquery
for the local system. Using the QUEST tiranslaton, the DIL
is transformed into the local DBMS query language and sub-
mitted. The response may be translated back into DIL and
returned to the distributor, or forwarded tlo another DBMS
driver. When datla is transferred between sites it is
translated intlo a common representlation (ASCII) and then
into the representation of the receiving site. Once the
distributor receives the information back from the DBMS
drivers, it must assemble the results of the subqueries.
The unformatted results are sent tlo the Nexus user interface
for formatting and display. Communication between sites
uses a Local Area Network (LAN) that supports the Transmis-

sion Control and Internet Protocols (TCP/IP).

The Mermaid system was initially implemented on a single VAX
and all databases were supported by a single database
machine (1983). It was expanded to become the AIDA system in
1984 and currently runs on four computers. One VAX 11/780
w/Britton-Lee IDM database machine, two Sun Microsystems

(120 and 170) running Ingres and a Sun 120 running Mistress.



47

They are all using UNIX and connected by Ethernet.

The AIDA prototype is being upgraded to become a product
witth a scheduled delivery date of 1987. Some of the modifi-

cations necessary for this to occur are:
(1) Support for updates.

(2) Data downloads into new relations at a user’s worksta-

tion or local database.

(3) A gquery optimizer to combine the semijoin and replicate

algorithm.
(4) 1Improved user interface features.

(5) Development of a schema design tool for users.

More research will occur in the areas of expert systems,

secure systems and object management systems.
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CHAPTER 3

HETEROGENEOUS ISSUES

Introduction

The focus of this thesis is on the key issues introduced by

the

been

(1)

(2)

(3)

(4)

heterogeneous dimension of a D-DBMS. These issues have

separated into the following four areas.

The definition of the data model and systlem structure
that is necessary to support dissimilar databases using

different datla models.

The tiranslation between the Data Manipulation Languages

of the different DBMSs.

Mapping equivalencies between the schemata of the dif-

ferent data models.

Integration of the schematia to define the HD-DBMS at a

global level.

The following sections discuss these issues and present pos-

sible solutions.
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3.2. The Architecture of the Distributed System

3.2.1. The Global Components

Several components are necessary to support the distributed
processing that occurs in a HD-DBMS. Providing a global
view of the data requires collecting the distributed data
from separate sites, and merging it into a single view.
Depending on the architecture of the system, varying degrees

of functionality are provided.

The structure of the components that make up the system will
determine its functionality, resiliency and the amount of
global system maintenance required. We first define the

basic components needed in a HD-DBMS.

3.2.1.1. Description of the Components

Global Data Manager

The primary component, termed the Global Data Manager (GDM),
coordinates the global operations that occur in a distribut-
ed database. The GDM uses multiple modules to perform a
variety of tasks including query translation, query optimi-

zation, transaction management, schema mapping and user 1n-

terfacing.
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In one implementation (section 2.5, AIDA), a GDM is not used
for actual processing of the query per se. Instead, it uses
the capabilities of each of the local sites to manipulate
the data and perform postprocessing. An example would be
two local sites retrieving the data, and one of the two per-
forming the final JOIN on the two data sets. 1In other
implementations (e.g. SIRIUS-DELTA, MULTIBASE) the GDM

itself supports processing of global transactions.

Global Data Dictionary

The GDD is the second critical component in a distributed
database. It stores information about the global databases
and the distributed system as a whole. It is especially
important in a HD-DBMS where this information would describe
each of the local databases, their capabilities, and the
data they manage that is used by the Global Data Manager. A
point of clarification may be useful here. Even though a
local database may be a subset of a global database, not all
of the data in the local database would be part of a global
database. The information held in the GDD would define map-
pings between the data models and schemata, query transla-
tion and optimization methods, and provide the data neces-

sary to resolve incompatibilities between local databases.
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User Interface

A component necessary for end-user interaction with the glo-
bal database is the user interface. 1In many cases, a global
query language is defined for thiis purpose. It is used by
HD-DBMS to provide a site-independent neutral language for-
mat, with which queries may be submitted, decomposed and
optimized. Global queriles are decomposed into subqueries,
which are then transmitted to their appropriate 1local DBMS
for processing. Translation of the subquery, from the glo-
bal into the local query language, may occur before or after

transmission to the local siite.

Local Data Manager Interface

In order for the GDM to operate in a distributed manner, it
must interact wiith the local sites. This interaction should
not interfere wiitth the autonomy of the local DBMSs. A com-
ponent, the local data manager interface, exists at each of
the local sites managing their portiion of a global opera-
tion. This component appears to the local DBMS as if iuit was
a local application program submitting operations for a
local transactiion. This interface is responsible for receiv-
ing a subquery and processing it locally. The results are
either passed back to the Global Data Manager or forwarded

to another site for further processing.
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3.2.1.2. structure of the Components

There are two general architectural configurations that

these components can assume, Centralized and Distributed.

Centralized

The Centralized architecture is the more straightforward of
the two. As its name implies, a single central site is used

to manage the distributed system.

The global data manager, data dictionary and user interface
components all reside on a single host machine (Figure
3.1a). All interaction with the distributed database is
through this site. This configuration can substantially
simplify the HD-DBMS, because it has properties similar to a
centralized (non-distributed) DBMS. One of the more diffi-
cult aspects of a distributed system, concurrency control,
is more easily managed when a single global data manager is

controlling all of the global transactions.
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Distributed

The Distributed architecture is a more complex implementa-
tion of a HD-DBMS. While providing the same functionality
as a centralized system, all of the global components do not

exist on a single host machine (Figure 3.2b).

One or many of the components may exist at the 1local sites
permitting each site to manage distributed operations. For
example a user interface module could operate on each of the
local sites and communicate to a central global data
manager. The extreme of the distributed architecture, would
be for all of the components to exist at each local site.
In this instance, each site acts similar to a centralized
DBMS architecture, yet all of the sites must cooperate with

each other.

In comparison, the two architectures, Centralized and Dis-
tributed, are similar in how they handle a query- Both will
use a single site to manage a single global query. However,
in the distributed architecture, the complgxities become
more pronounced. Each site is now cappble of managing dis-
tributed transactions. With multiple sites initiating glo-
bal operations, concurrency conflicts between global data
managers will result. The global data dictionary is repli-

cated on each site requiring dictionary updates to be
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propagated throughoutl the system.

A major disadvantage to the centralized architecture is the
global data manager residing on a single site. 1If the glo-
bal data manager is unavailable either due tlo site or net-
work failure, distributed transactions cannot occur. A cen-
tralized architecture also forces all global tiransactions

through a single site, with an attendant concentration of

network traffic.
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3.2.2. Global Data Model

The global data model is perhaps the most critical attribute
of the HD-DBMS. It is the common descriptive model that is
used to represent the heterogeneous distributed database.
In a homogeneous system all the local sites are using the
same data model. Mappings are still required; however, they
are limited to those between different database definitions,
not data models. The global data model used for the HD-DBMS
must be capable of mapping between both the data models and

the database definitions at each of the local sites.

In considering the three predominant data models in wuse
today, hierarchical, network (CODASYL) and relational, the
relational model provides the most flexibility. Other
models that have been proposed or implemented include the
Entity-Relationship model [CHEN80] and the DAPLEX functional
data model [SHIP8l]. 1In the majority of existing HD-DBMSs,
the relational model was most commonly employed as the glo-

bal data model.

3.2.3. Global Data Manipulation Language

Associated with the global data model is the global data
manipulation language. A user interface provides an
environment for interaction with the HD-DBMS, and needs a
common language to conduct global operations. Defining the

global conceptual schema, global databases, and queries for
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global processing would all occur using this language.

In a homogeneous system, a single Data Manipulation Language
is common to all of the local DBMSs. 1In a heterogeneous
system, the capability must exist to support dissimilar DMLs
used by the various local DBMSs. Translatlors are used to
convert commands from one DML to those supported by the DML
of another DBMS. Use of a common DML provides the distri-
buted system and global user with a single neutral language,

minimizing the number of translators required.

The two basic types of query languages used by DBMSs are
procedural and non-procedural. A procedural language navi-
gates through the database by describing the methods of data
access. This wusually produces a record-at-a-time style of
output and can be code intensive even in a high-level
language. A non-procedural language specifies the results
desired from the query and returns a datla set as output.
Wwhile both tlypes of languages can produce identical output
from the same query, the non-procedural language is a more
straightforward approach for a casual user. 1In a database
environment, users usually know what results they desire,

but are not experienced or knowledgeable enough to formulate

a procedural query.

Once a query has been submitited to the global data manager,

it must be processed at the global level. This involves

optimization of the global query and itls decomppsition into
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subqueries. This operation is common to both homogeneous

and heterogeneous D-DBMS. Translatiion of the query from the

global DML to the local DML is where the differences appear.

3.3. Query Translation

When a query is submitted using a global query language, it
must be translated into the data manipulatioon language of
the local DBMS. This query translation includes both map-
ping of names (table, record, fileld, etc.) and the transla-

tion of the operators used by the query languages.

The global data manager communicates with each of the 1local
sites when managing a transaction. Using a global DML as a
standard language minimizes the number of translators
required by the HD-DBMS. Without a common language, n(n-
1)/2 translators are necessary to support n dissimitlar DMLs
(Figure 3.2a). When all dissimilar DMLs are translated into

a common DML, only n translators are required (Figure 3.2b).

In some cases it may be inefficient to translate a query
from a global DML to a local DML. For example, if the site
where the query originates is the only site required to pro-
cess the query, it would be advantageous to submit the query

using the local DML directly. However, users may be unaware
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Global DML
Local DML Local DML Local DML Local DML
n = 4 dissimilar sites n = 4 dissimilar sites
T = 6 translators T = 4 translators
No Global DML Global DML
Figure 3.2a Figure 3.2b

of the location of the data and it is not wusually feasible
to train the wuser in two different systems. Providing a
single uniform interface to the data, whether it is global

or local data, is a desirable goal.

Once a global query has been decomposed, the subqueries are
transmitted to their respective sites for local processing.
At some point, the subqueries are translated from the global

DML into the 1local DML. This translation between DMLs is

unique to HD-DBMSs.

Translation occurs most commonly at the site of the local
DBMS because the translators are DBMS dependent. The trans-
lator must handle many variables when converting the
subquery into a local query. A one-to-one translation con-
verts the global DML syntax and references into local DML

syntax and references. However it must resolve the inherent
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processing operator differences found in the DMLs that sup-
port different data models. 1In the case of the global data
model being relational and a local site using a hierarchical

DBMS, the set of operators of the DMLs differ greatly.

As an example, consider the case when a local non-relational
DBMS 1is required to process the relational JOIN operator.
During translation into the local DML, the statement for
that operation would be changed. The modification involves
translating the unsupported JOIN operation into an
equivalent group of supported DML statements. This
equivalence must be strong enough so that the results
returned by either of the forms would be identical. Section

3.5 discusses this key issue in detail.

Conversion of relational (non-procedural) operators into
sequences of navigational (procedural) operators is fairly
straightforward. Described below, are translations of three

basic relational operators into a set of procedural steps.

SELECT In a relational DBMS, this operation selects rows
or records from a table. Selection is based on boolean
operations applied to the values of the data in the table,
(e.g. Find all employees where Lastname = "Doe;). Rows that
meet the condition(s) are placed into a result table. This
command, translated into a procedural language, would
require a loop that would access a record. It would then

check the values of the data and if they meet the
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conditions, store them in a buffer. The loop then continues

and accesses the next record.

PROJECTI This operation processes an entire table, produc-
ing as its result, values from specified fields for each row
in the table. Its equivalence in procedural statements
would also be a loop. The loop accesses each record select-
ing from it the values of the desired fields. These are

placed into a buffer and the loop continues.

JOIN This is one of the more complex relational opera-
tions. Two tables (A & B) are JOINed by comparing the
values between the JOIN field(s) in each of the tables, the
results form a third table. 1In a procedural language this
would correspond to two nested loops. The outer loop would
access a record from data set A, then the inner would pro-
cess all of the records in data set B. For each match found
between the two data sets, the data values for each of the
records are copied to a buffer. The matching field(s) are
only copied once into the resultant table. Once the inner
loop completes processing data set B, the outer loop
accesses the next record in data set A. This processing
continues until data set A has been fully processed. See

Figure 3.3 for an example of a JOIN, SELECT and PROJECT,

using both procedural and non-procedural languages.
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RECORD/TABLE A RECORD/TABLE B
ID# NAME IEMPNO DEPTNO
retrieve A.NAME, B.DEPTNO while not end of A
where A.ID# = B.EMPNO {

while not end of B

{
if (A.ID$ = B.EMPNO)

buffer A.NAME, B.DEPTNO

next B.EMPNO
}
next A.ID#
|

Figure 3.3a Non-procedural Figure 3.3b Procedural

Figure 3.3

JOINs, SELECTs and PROJECTs destined for the same DBMS may
be combined by the global query optimizer before transmitital
to the local site. This will minimize network communica-
tions by passing the subquery in a form that uses fewer
statementls. As mentioned above, translation from the global
DML tlo the 1local DML commonly occurs at the local site.
However the results of the translation are not wusually
optiimal for local DBMS processing of the query. Since many
of the factors that affect processing of the subquery are
site dependent, the 1local DBMS will perform local query

optimization after DML translation has occurred.

The translated subquery will be processed by the local site
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and the results returned to the local data manager component
that is acting remotely for the global data manager.
Resultls are commonly formatted intlo a standard form as in
MULTIBASE (section 2.4) or in AIDA (section 2.5). In this
manner, the results of the query may be applied to another
site for continued processing, or formatted into a report

for the user interface.

Schema Mapping

| w
| >

|w
| >
|—l

Definition of Schema Mapping

A database uses a schema to describe itls entities (data ob-
jects) and their relationships. 1In a heterogeneous distri-
buted database, local DBMSs have different data models and
schemata that define their databases. Mappings among these
schemata are necessary to establish 1logical equivalences

betiween the definitions.

When the global database 1is heterogeneous, the mapping
operations are more complex because they involve both the
schemata and the data models. The mappings mustl have the
capability to translate the datla objects, the relationships
among the objeats and be able to convey the integrity con-

straintls that exist between the objects.



63

3.4.2. Determining Schemata Equivalency

Upon creation of a heterogeneous distributed database, a
schema 1is defined for the global database. Portions of the
schemata from the local databases are mapped to the global
schema to provide the distributed database with the required
logical equivalencies. 1In comparing the schemata, there are
three degrees of equivalency thatl can be demonstrated.

These are classified as Statlic, Dynamic and Semantic.

Static Equivalency

Static equivalence involves the translation of a specific
state of one database, tlo a specific state in another data-
base. The schemata are said to be statically equivalent if,
all of the facts represented by one database, are also
represented by the other database [MCGE74], and vice versaw.
Anotlhher name for this is Instance Level equivalency- There
are two weaknesses in this type of equivalency. Transitlions

made in one database are not mapped to the other database

and the meaning of the datla is not mapped.

The lack of transition mapping means that there 1is no
guarantee that a modification to the data in one database,
can be represented in another database. The before and
after states can be represented, but the actual transition

between the states cannot. Transition mapping can appear at
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two levels in a DBMS. On the data model level it could be a
function supported by one data model but not another (JOIN).
On the database level it would involve integrity constraints

specific to one database schema that could not be mapped to

the other.

The second weakness in static equivalency it that the mean-
ing of the data would not be mapped when conversions between
data types and field names occur. Figure 3.4 shows two
schemas (1 & 2) that represent the same facts. The field
names can be mapped, NAME <==)> ID, DISTANCE <==> MILEAGE and
GAL == VOL. The NAME and GAL fields can be mapped
directly, however the DISTANCE <==> MILEAGE mapping requires

a conversion based on its meaning (DISTANCE/GAL <==>

MILEAGE).
NAME DISTANCE GAL. D MILEAGE VOL.
J.Doe 64 Miles 2 J.Doe 32 MPG 2
Schema 1 Schema 2

Figure 3.4 Mapping between Dissimilar Schemata
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Dynamic Equivalency

Dynamic equivalence provides for transitions in the data-
bases and assures that the schemata are equivalent when
changes are made. Its definition is as follows. For two
database schemas, X & Y, to be dynamically equivalent, two

conditions must be met:

(1) For all possible states of database X, database Y will

be statically equivalent and vice versa.

(2) For any transition allowed by the integrity constraints
of database X, database Y will permit the same transi-

tion, and vice versa.

Here it is shown that dynamic equivalency includes static
equivalency as part of its definition and then extends it
further to map the transitions that occur within the data-
bases. This insures that both schemata describe the same
set of entities and relationships. Instance level
equivalencies, Figure 3.4, are still not guaranteed to be

equivalent even with dynamic equivalence.

Semantic Equivalency

Semantic equivalence of database schema involves equating
the meaning of the schemata as well as the structure and
integrity constraints. An example would be, a field con-

taining a numeric value that represents quantity. It is



66

unknown to the DBMS whether it is the quantity on hand, or
the quantity ordered. This represents a difference in the
semantics of the quantity field. 1In order for an accurate
mapping to occur between schemata, the semantics of the
schemata must be translated as well. In order to integrate
schemata from dissimilar databases, equivalencies musit be

defined statically, dynamically and semantically.

3.4.3. Implementation of Schema Mapping

With more than one data model being used in a heterogeneous
distributed DBMS, schema mapping will occur between dissimi-

lar data models (e.g. network to relational).

The three sichema architecture was defined by the 1976
ANSI/SPARC report [ANSI76]. It defines the three schema
levels to be External, Conceptual and Internal. An External
schema is a users view of the data, of which there can be
many. The Conceptual schema is the logical description of
the entities in a database, their attributes, data types and
relationships to other entities. One will exist for each of
the local site databases as well as for the global distri-
buted database. The Internal sichema describes how the data

is physically stored on devices at various locations.

When equating an external view to the physically stored

data, the external view is mapped to the Conceptual schema.
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This mapping provides logical datla independence. The view
portion of the Conceptual schema is then mapped to the Phy-
sical Storage device(s) providing physical data indepen-
dence. The three schema architecture has been implemented
in centiralized DBMSs, most notably the relational DBMS

model .

This architecture is used in a similar manner for distri-
buted DBMSs. Mappings occur between the internal schema of
the global DBMS and the external schemata of the local DBMSs
(Figure 2.2). A global query is submitted to the HD-DBMS
through the global extlernal schema. The global conceptual
schema is wused to reference global data for manipulation.
When convertling these global references to those in a local
database, a mapping occurs between the schematla. Instead of
the global internal schema being mapped to a physical
storage device, it is mapped to a local external schema at
the necessary sitles. The global internal schema may also

describe the location and replication rules for the data.

Translation of the Schemata

The schema for the global database is defined by the various
local external schemata. This definition, and subsequent
mapping(s), require that the local database schematla are

translated into the same datla model as the global DBMS.

As stated previously (section 3.4.2), equivalencies among
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the database schemata must occur on a semantic level to
fully integrate the schemata. Facts that describe a real
worldl state will define the instances represented in a datla-
base, and vice versa. A real world state cannot be formal-
ized so an abstract state is introduced to formally model

the real world state, including its semantics.

Two formal languages, Logical Data Language (LDL) and Logi-
cal Datla Definition Language (LDDL), have been defined
[BILL78] to represent the abstractl state andl its correspond-
ing abstractl model respectively. The LDDL is a semantic
metalanguage usedl to define the semantics of a database
schema. When the schemata of two databases can be
translated into the same LDDL schema, they are saidl to be

equivalent [BILL79].

It is necessary for the LDDL to be a complete language to
cover all of the possible definitions in local data manipu-
lation languages. It mustl be capable of defining any 1logi-
cal data structure as well as any integrity constraint
defined by a DML. This implies that the global semantic
model should support the most fundamental datla structures.
Mapping of a database schema to the semantic model 1is then

reduced to a decomposition of complex data structure

declarations into elementary data stiructures.

Translation of a schema into an intermediate schema demon-

strates.
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(1) The need for the semantics of the schema, to accurately

map between schemata (and data models).

(2) It is advantageous to use a formal semantic

metalanguage for this purpose.

(3) Use of a metalanguage helps to correctly translate the

integrity constraints.

(4) An intermediate step will simplify proof of the schema

equivalence.
(5) A direct mapping can be derived from the two mappings.
Below is an example of the schema definitions that would
result when a CODASYL schema is mapped to a Relational

schema. The intermediate LDDL schema is shown as a step 1in

the mapping process.

CODASYL to LDDL

Defined in Figure 3.5 is the CODASYL schema for the Curricu-
lum database. It has three entities in it, PROFESSOR, STU-
DENT and COURSE. They are used to describe the relation-
ships between Professors teaching Students in a particular
Course. The integrity constraints for this database are:

—-a PROFESSOR must teach at least one CLASS.
-a PROFESSOR may teach no more than three CLASSES.
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The LDDL schema is a formal semantic description of the
CODASYL schema, for the Curriculum database (Figure 3.5).
It is used for mapping between the CODASYL definitions and
the LDDL definitions. The LDDL declarations (Figure 3.6a),

define the data types used in the LDDL schema. The LDDL

Schema Curriculum-Database
area PROFESSOR
area COURSE

Record PROFESSOR
identifier PIDI
PID: picture 9 {PROFESSOR ID}
PNAME: picture A(20)
NUMB-OF-CLASS: picture 9
CLASS: picture A(20); occurs NUMB-OF-CLASS

Record COURSE
identifier CID
CID: picture 9 {COURSE ID}
CNAME: picture A(20)

Record STUDENT
identifier SID
SID: picture 9 { STUDENT ID}
SNAME: picture A(20)

Set PROF-COURSE
owner PROFESSOR
member COURSE
insertion automatic retention mandatory
structural PID of COURSE equal PID of PROFESSOR

Set STUDENT-COURSE
owner STUDENT
member COURSE
insertion automatic retention mandatory
structural SID of COURSE equal SID of STUDENT

Figure 3.5 CODASYL Schema for Curriculum database
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schema of the Curriculum database describes the relatiions

(Figure 3.6b).

There are corresponding definitions for the PROFESSOR,
COURSE and STUDENT entities im the two schemas (e.g. Record
STUDENT <=> Relation HAS SID). The CODASYL schema also
defines two sets, PROF-COURSE and STUDENT-COURSE. These
sets represent the links from the PROFESSOR and STUDENT
records, to the COURSE record. The corresponding relation
in the LDDL schema is LECTURES, it represents: PROFESSOR
LECTURES STUDENT in COURSE. This entity supports the many-

to-many relationship between the Professors and the

basic imnteger
basic string

type PID subset of integer
type PNAME subset of string

type CID subset of integer
type CNAME subset of string

type SID subset of intgger
type SNAME subset of string

type PROFESSOR
characteriustics: HAS PID
identiified by {HAS PID}

type STUDENT
characteristicsas HAS SID
identified by {HAS SID}

Figure 3.6a LDDL Declarations for the Curriculum database
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Students. The integrity constraints, (number of classes
taught by professor) are also mapped to the LDDL schema.
This mapping occurs with a formal statement of the con-

straints, and in the form of the TEACHES A COURSE and
TEACHES MANY COURSES entities.

To properly map between the schema is a critical operation.
The LDDL schema must be defined by a data base administrator
knowledgeable in the semantics of the source (CODASYL)
schema. Once defined, it requires maintenance when the

CODASYL schema is modified.

LDDL to Relational

After the CODASYL schema is mapped into the LDDL schema, it
is translated from the LDDL schema into the relational
schema. To reproduce the correct representation of the
CODASYL schema, the relational schema must represent all of
the data types, entities, relationships and consistency con-

ditions described in the LDDL schema.

The relational schema requires type declarations for each of
the domains (Figure 3.7a) and definitions of the relations
themselves (Figure 3.7b). The key fields in the PROFESSOR
and STUDENT relations are the PID and SID respectively. 1In-

the TEACHES relation the PID, SID and CID domains make up

the composite key.
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relation HAS PID
domains equal to PROFESSOR, PNAME
functionally dependent on PROFESSOR

relation HAS CID
domains equal to COURSE, PNAME
functionally dependent on COURSE

relation HAS SID
domains equal to STUDENT, SNAME
functionally dependent on STUDENT

relation LECTURES {Professor lectures Students]
domains equal to PROFESSOR, STUDENT, CID
functionally dependent on PROFESSOR, STUDENT

{Professor teaches a Course}
relation TEACHES A COURSE
domains equal to PROFESSOR, CID, CNAME
functionally dependent on PROFESSOR, CID
restricted by PROFESSOR, CID min 1 max 3

{Professor teaches many Courses}
relation TEACHES MANY COURSES
domains equal to PROFESSOR,
INTEGER where (0 <= n and n <= 3)
functionally dependent on PROFESSOR

Integrity Constraints:
There exists n where:
- n is an element in TEACHES A COURSE.PROFESSOR
such that:
the number of occurrences of TEACHES A COURSE,
is <= TEACHES MANY COURSES.INTEGER

Figure 3.6b LDDL Schema for the Curriculum database

Mapping between the LDDL schema and the relational schema is
fairly straightforward. The HAS PID, HAS CID and HAS SID
entities in the LDDL schema, correspond to the PROFESSOR,
COURSE and STUDENT relations The LECTURES entity maps to

both the TEACHES and ATTENDS relations to form two distinct
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domain PID
description: integer

domain CID
description: integer

domain SID
description: integer

domain PNAME

description: string where size 20

n

domain CNAME
description: string where size = 20

domain SNAME

description: string where size 20

Figure 3.7a Domain definitlions for Curriculum datlabase.

PROFESSOR (PID, PNAME)
COURSE (CID, CNAME)
STUDENT (SID, SNAME)
TEACHES (PID, CID)
ATTENDS (SID, CID)

Consistency Constraintls:
PID must teach at least 1,
butl no more than 3 courses.

Figure 3.7b Relation definitions for Curriculum database

relations in the Relationall schema. To complete the map-
ping, the integrity constraints described by the TEACHES A

COURSE and TEACHES MANYl COURSES entitlies and defined
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formally in the LDDL schema are created in the relational
schema. This produces the formal integrity constraints that
are translated into the relational DML. Integritly con-
straints such as these (minimum/maximum), are usually
managed by the relational DBMS. These mappings are again
defined by a data base administirator who is knowledgeable

about the semantic meaning of the schemata.

Schema mapping is but a translation of a database definition
from one datla definition language and data model to another.
To create an accurate representation of the facts in the
target schema, requires far more than a static or dynamic

mapping. The semantics of the data must be mapped as well.

Mapping the data definition precisely requires a translator.
As shown in this section, the schema mapping is a complex
operation. Equivalencies between data models, data defini-
tion 1languages and schemata are manually defined by the
GDBA. Once the methodology and rules for a mapping have
been determined, a translator can be constructed. Informa-
tion needed tlo map could be coded into the software to sup-
port fastl mapping operations. However this information is
subject to change when either the global or local schema are
modified. An alternatlive method is to store the schema map-
ping information in a database. This provides flexibility

in the mapping translators, butl may reduce their perfor-

mance.
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Using either method, once a specific translator has been
implemented, it can be used in many locations if necessary.
That is to say, once a Schema A to Schema B translator has

been built, it can be used whenever that mapping occurs.

3.5. Integration of Schemata

§_§.l. Introduction

Schema Integration is the act of combining 1local schemata
into a global schema, that represents the heterogeneous dis-
tributed database. Local schemata are integrated into the

global schema when they are mapped to the global data model.

Even when all of the local databases belong to the same
organization, there is no guarantee that their schemata are
structured the same. In the previous section it was shown
how mappings occur between dissimilar schema and data

models. These translations are but the first step taken in

the integration process.

3.5.2. The Process of Schema Integration

Integration of the local schemata, requires the generation

of three essential structures.
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(1) Defimition of the global schema requirred by the HD-

DBMS.
(2) Developmentl of the schemata mapping translators.

(3) Definition of the Integration Data Base (IDB) for use

in resolving conflicts among schemata.

These are used to support the mapping among the local sche-

mata and provide the basis for their integration.

To clarify the first point, the global schema requires a
separate declaratiion since itl is not the uniion of all local
schemata. The global schema consists of whatever entitiles,
attributes and relationships the GDBA defines. Thiis indiwvi-
dual must be knowledgeable in the relationshilps between the
local schemata, and understand which entities are necessary
to represent the global database. The global schema may use
the entire schema of one local database and a subset of
another database. The definition of the global schema pro-

vides the cornerstione for the integratiion of the local sche-

mata.

Once the global schema has been defined, the translators
which map between the local and global schemata can be
designed and implemented. As described in section 3.4,

these translators may cope with dissimilar data models as

well as schemata.
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3.5.3. Schemata Conflicts

In conjunction with the translations, functions may be ap-
plied during mapping to resolve conflicts between the sche-
mata. These functions modify the mappings for integration
into the global schema. The conflicts to resolve are due to
the dissimilarity among the local schemata and can exist in

the following forms:

(1) Name - a name used by an individual schema may be a

homonym or synonym to a name in another schema.

(2) Scale - the units used to measure a value may differ

between two schemata.

(3) Structural - what is a relation or record 1in one

schema, may be an attribute in another.

(4) Level of Abstraction - a single attribute in one schema

may be represented by many attributes in another

schema.

(5) Inconsistencies amongst Replicated Data - there may be

disagreement in the value of data that is stored by

more than one database.

In order to resolve these conflicts, there exists the 1IDB.

This database, used by the HD-DBMS, stores information about
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the local schemata. The information is used to construct
the functions which convert a local schema entity (or attri-
bute) into a global schema entity. The complexity of these
functions is dependent on the type of conflict they resolve.

Each of these conflicts is discussed in detail below.

3.5.3.1. Name Conflict

\

Name conflicts appear in two forms, Homonyms and Synonyms.
The name could be that of entities, attributes, sets or even

databases.

Homonyms occur when a name used in one database schema, is
used in another database schema but with a different mean-
ing. An example is shown in Figure 3.8 where the attribute
NAME, represents the name of the ID field (SSN) in Schema A.
The NAME field in Schema B is the name of the person which

corresponds to the NUMBER.

1D# NAME | LNAME | ENAME NUMBER | NAME| RTYPE
John 012-34-5678] John Doe SSN

Schema B

012-34-5678 SSN Doe

Schema A

Figure 3.8 Name Conflict
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Synonyms exist when there are different names which have the
same meaning. In Figure 3.8, the fields ID#¥ and NUMBER both

reference the same piece of information, yet use different

names.

The IDB stores the information which defines the relation-
ships between the local schema and global schema names. A
functlion is used to convert from one name tio another. The
functlion applied tlo these conversions could be a simple

lookup table.

The following is an example of name conversions. In Schema
A, the 1ID# and NAME fields are equated to the NUMBER and
NUMBER_TYPE fields in Schema B respectively. To complete
the conversion, the FNAME and LNAME fields would be con-
catenatled and mapped to the NAME field in Schema B. This
partiicular conversion displays Level of Abstraction con-

flicts and are discussed latler.
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3.5.3.2. Scale Conflict

Scale Conflicts occur when different units of measure are
used for the same data. For example, there may be a meas-
urement of temperature in a database. One schema may store
the value in degrees Fahrenheit, another schema may use de-
grees Centigrade. Both units of measure are equally valid,
however when they are mapped to the global schema, different

functions must be applied to them.

This type of conversion is calculable, (e.qg. degrees
Fahrenheit = degrees Centigrade * (9/5) + 32), so the func-
tions are mathematical in nature. If another unit of meas-
ure is given, say an enumerated one such as Cold, Cool, Warm
and Hot. Then the function may involve a lookup table in

the IDB to determine what numeric value should be used.

3.5.3.3. Structural Conflict

This type of conflict is common in a HD-DBMS. A structural
conflict occurs when an entity in a local schema is an at-
tribute or relationship in the global schema. This type

of mapping can occur in either direction, entity to attri-

bute or attribute to entity-
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When a local entity is mapped, as an attribute, to a global
entity., additional information is needed. It must be deter-
mined which global entity is being mapped to, possibly using
a lookup table. More specifically, what are the rules or
guidelines which must be followed in determining to which
occurrence of the global entity, the local entity data will

be mapped. This information would be found in the IDB.

In the example shown in Figure 3.9, the 1local schema con-
sists of the EMP and ACCT entities. The global schema
defines the PERSON entity which contains the EMP entity data

as attribute data.

To map the EMP entity data accurately, the ACCT.NUMBER value
must be wused. The NAME fields in the EMP and ACCT entities

are "JOINED". This allows the ACCT.NUMBER field to be used

EMP_ENTITY

NAME ADDRESS
ACCT ENTITY PERSON ENTITY

NUMBER NAME ID NAME ADDRESS

Local Schema Global Schema
Entity to Attribute Mapping

maps= EMP to PERSON.NAME, PERSON.ADDRESS
(using results of) using ACCT.NUMBER

(link NAME to NUMBER) where EMP.NAME = ACCT.NAME

Figure 3.9 Structural Conflict
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to link the PERSON.ID field to the respective NAME and
ADDRESS fields from the EMP entity. 1In this example the
ACCT.NUMBER field is not mapped to the PERSON.ID field. It
has been used only to reference the local entity data to its

appropriate global entity as attribute data.

In defining these mapping rules, the Global Data Base
Administrator must be able to determine how a local entity
relates to the attributes of a global entity. Being able to
specify which occurrence of a global entity to map the

attribute data to, is of prime importance.

3.5.3.4. Levels of Abstraction Conflict

Similar to Structural conflicts are conflicts among the Lev-
els of Abstraction. This pertains to the degree of detail

in which data is defined in the individual schemata.

As shown in Figure 3.8, Schema A stores a person’s name in
two fields, LNAME for their last name and FNAME for their
first name. Schema B stores the person’'s full name, in the
single field NAME. To integrate these two definitions, the
fields in Schema A may be concatenated to form a single

field. Alternately the single NAME field in Schema B may be

parsed to form two fields.

Another example of conflicts in Levels of Abstraction is
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shown in Figure 3.10. Schema X defines two address fields
(HOMEADDR and OFFICEADDR) for a person. Schema Y also
defines an address, simply titled ADDRESS which is the
person’s home address. This fact is known by the Local bDBA
for Schema Y. 1It is critical for the Global DBA to be aware
of this definition in order to map the ADDRESS attribute to
the HOMEADDR attribute. In this instance the OFFICEADDR
field would either be filled in from another source, or left

null.

3.5.3.5. Inconsistent Replicated Data

In some HD-DBMS the local data may be duplicated on more
than one system. This provides a redundant system for the

access and manipulation of data.

NAME ]| HOMEADDR | OFFICEADDR NAME ADDRESSI
Schema X Schema Y|

Figure 3.10 Levels of Abstraction Conflict
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Updates to this data may not support the degree of accuracy
desired. The values of the data may vary from site to site
depending on update methods and propagation time. This
could cause different results to be returned for the
same query, depending on which sitles are available and/or
used for the query. This type of conflict, one of incon-

sistent data, may be resolved in a few ways.

One solution is to use the aggregate of the values to deter-
mine the approximate value. As long as the user is aware
that the results were detlermined by aggregation and may not
be accuratle, a "best approximation" type of answer has been
provided. This method may be adequate for many of the
queries posed to the system. It can, however take time to

compile a result if data is replicated atl many sites.

When more accurate results are required, the systlem may
search based on the last date/time modified value for the
data. The most accurate value might be found at any of the
sites that store replicated data. A drawback to this would
be if the site with the most recent modification were una-
vailable, then the user may still receive "old" information.
A subsetl of this type of search would be for data which
represents an accumulatling value (i.e. count of vehicles
through a toll booth). In this case the highestl value would
be the most accurate. Again, if not all sites which retain

this data are available, the retrieved data may notl be as

accurate as desired.
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The Integration Data Base plays an important pprt in the
integration of the 1local schemata. It is usied for simple
conflicts such as name mappings or conversion of wunits of
measure. It can also resolve conflicts involving structural
or abstract definitions of the schemata. The IDB may coex-
ist with the global data dictionary. In this manner, the

IDB may be centralized or distributed across the local

sites.
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CHAPTER 4

PROPOSAL FOR A HD-DBMS ARCHITECTURE

4.1. Introduction

This chapter proposes an architecture for a HD-DBMS. It is
discussed 1in two sections. The first section describes the
general concepts of the system architecture. It defines the
components in the system, their physical relationships to

each other and their functions.

The second section goes into more detail on each of the com-
ponents. Their design 1is discussed and the functions of
each are described. Problems associated with the components

and their structures are presented and possible solutions

proposed.

4.2. Conceptual Architecture

in order to define an architecture, the basic requirements

of the system are first listed. It should provide:
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-Management of the Global Schema and its associated

data.
-Management of Distributed Transactions.
-Mechanisms for integrating dissimilar databases.
~Transparent views of distributed data.
~A consistent interface for HD-DBMS users.
-A robust HD-DBMS that provides for graceful degrada-
tion.

—~Autonomy for local DBMSs.

The architecture and functionality of the proposed system
meets these basic requirements by specifying a HD-DBMS that
a) is truly distributed in its component and schema struc-
ture, and b) will support fragmented and replicated data and
c) provides distributed access and computation to all global
users. In order to support these capabilities, two core

modules are required.

(1) A Global Data Base Module (GDBM) which supports all
global interaction with the global database schema.
This module (Figure 4.1) would consist of the Global
pata Manager, Global Data Dictionary, Integration Data
Base, Network Interface (NI) and User Interface (UI).

To support full distribution of the HD-DBMS, a GDBM
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will exist at each (primary) site requiring global
database capabilities. Other (secondary) sites would
be data resources for the heterogeneous distributed
database, but would not require a GDBM. The components
in this module would provide the user with a consistent

interface to the global, and if desired, the local

database.

Each secondary site supporting the HD-DBMS requires a
Local 1Interface Module (LIM). This module serves the
GDMs at the various sites. It consists of three com-
ponents, the Local Subquery Manager (LSM), Remote Net-
work Interface (RNI) and Transaction Monitor (TM) (Fig-

ure 4.2). The LIM acts as an agent for the GDMs,

GLOBAL INTEGRATION
DATA DATA
DICTIONARY BASE
(GDD) (10B)

GLOBAL
DATA
MANAGER
(GDm)

INTERFACE INTERFACE
(un) (NI)

Figure 4.1 Global Data Base Module
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managing their subqueries. 1Its tasks include maintain-
ing integrity., providing concurrency control and sup-
porting recovery of global transactions at the local
level. The Local Interface Module interacts with the

local DBMS in a manner similar to a local application

program.

Query Processing Primary sites support the global wusers

interaction with the global database. Global queries are
submitted to the Global Data Manager through the User Inter-
face component. They are decomposed at the site of origin
and subqueries are submitted directly to the appropriate
sites. In the case where sites are unavailable, replicated

data, if it exists, 1is obtained from other sites.

REMOTE NETWORK | TRANSACTION 7.
INTERFACE (RNI) | MONITOR (TM)

LOCAL SUBQUERY
MANAGER (LSM)

SUBQUERY PROGRAM
GENERATOR (SPG)

Figure 4.2 Local Interface Module
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Communication between the primary and secondary sites, takes
pPlace between the Global Data Manager and the Local Subquery
Manager components. Once the Local Interface Module has
completed processing of the subquery, it returns the results
to the GDBM. The data returned from the remote sites is

integrated by the GDM for presentation to the user.

This is a brief overview of the proposed HD-DBMS architec-
ture. The two core modules necessary to support this struc-
ture, the GDBM and LIM have been introduced. The next sec-
tion will discuss each of these in detail and define what

role each plays in the HD-DBMS.

| >

.3. Technical Aspects of the Distributed System

4.3.1. The HD-DBMS Modules

Two modules have been defined that are necessary to support
the HD-DBMS, the GDBM and the LIM. At sites requiring dis-
tributed database capabilities, termed primary sites, the
HD-DBMS is represented by a Global Data Base Module. This
module is the foundation for operations that include global
database definitions, schema integration, network communica-

tions and user interfacing.

Residing at local database sites is the Local Interface

Module. It acts as a representative for the GDBM. An LIM
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is required at any site if any portion of the 1local schema
at that site supports the global schema. Sites supporting
the global schema, but providing no global database capabil-
ities, are tlermed secondary sitles. The LIM is responsible
for the execution of subqueries and supportls recovery and

concurrency control in the HD-DBMS.

4.3.1.1. Description of the GDBM Components

Within the GDBM are five basic components. The Global Data
Manager component is the central process that controls the
operations in the GDBM. The Global Data Dictionary and In-
tegration Data Base are data resources providing information
on global schema definitions and mapping functions for in-
tegration. The Network 1Interface and User Interface com-
ponents are processes that support interactliion between other

sites and the users, respectively.

Global Datla Manager

The GDM coordinates the global operatiions that occur in a
distributed database. This component, described in section
3.2.1.1, uses all the remaining components in the Global

Data Base Module to perform its tasks. These include:
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-Management of Global Schemata
-Maintenance of the GDD and IDB
-Security of Global Data
-Processing Global Queries

-Global recovery operations

The GDM receives all global queries, data definitions and
modifications through the User Interface. This interface
provides a consistent method of communication for both the

users and the GDM.

When the GDM examines the query, it uses the Global Data
Dictionary to verify that the global schema specified in the
operations does indeed exist. This verification is the
first step in global query processing. The information in
the Global Data Dictionary is used by the GDM during decom-

position and optimization of the global query.

After a transaction plan has been formulated by the GDM, the
subqueries are passed to the Network Interface for transmis-
sion to the Local Interface Modules. Even if a subquery 1is
destined for the same site that the global query was posed
from, the Network Interface will still be wused as an
intermediary to the Local Interface Module. This may seem
to be an unnecessary step, however it provides both the Net-

work Interface and Local Interface Module with consistent
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methods of operation.

Once an Local Interface Module has processed the subquery.
the results are returned to the originating Global Data Base
Module. 1Its Network Interface receives the data, and passes
it to the GDM. When the GDM has received the results of the
subqueries from all of the Local 1Interface Modules, they
must be integrated. The Global Data Manager integrates the
results based on information stored in the Integration Data
Base. Any necessary mapping functions are applied at this
time to produce an integrated view of the results. This
consolidated view 1is then passed to the User Interface for

display to the user.

Global Data Dictionary

The GDD stores information about the global distributed da-
tabases for use by the HD-DBMS. It is one of the two infor-

mation resource components in the Global Data Base Module.

The GDD retains the definitions of the global schemata,
integrity constraints and security parameters. Also defined

in the GDD is the fragmentation of the relations in the glo-

bal schema.
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Integration Data Base

The IDB is the second information resource component used in
the Global Data Base Module. It stores the information

necessary for integrating the local schemata into a global

schema.

For each local database, the IDB describes the data model,
the DBMS and iits capabilities and the portion of the data-
base schema used by the global schema. Physical locations
of the databases and locations of replicated data (alloca-
tion schema) are stored here as well. 1In conjunctilon with
the physical locations, are the communication and processing

costs associated with each site.

The IDB stores the defimitions of the mappings and functions
requiired when integrating the schemata. These mappings and
functions are applied to the data models, schemata and data

manipulation languages.
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Network Interface

This component manages communication between the local Glo-
bal Data Manager and the Local Interface Modules at the re-
mote siites. As mentioned earlier, the Global Data Manager

uses this component to transmit subqueries to the remote

sites.

When remote site or network failure occurs, the NI must take
some type of action. The NI will notify the Global Data
Manager that the subquery failed. The Global Data Manager
may decide to abort the entire query, or resubmit the same
subquery specifying to the NI to use alternate data sources.
Most of these decisions are dependent on how the query was

originally specified to the Global Data Manager.

The NI would also maintain records on communications costs,
performance and availability. With this information, net-
work data in the Integration Data Base can be kept up to

date by each site.

User Interface

This component provides users with a consistent front end to

the HD-DBMS. Global users will use the UI to interact with

the global databases.
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The UI supports use of a global data manipulation language
to manipulate the global databases. If desired, this com-
ponent could also be used to interact with the 1local DBMS.
This would deliver to a user, a single interface for all

database activities, whether global or local.

A user submits queries to the UI which processes them and
passes them to the Global Data Manager. The UI manages user
dependent functions such as wuser identification, global
database security and device drivers necessary for terminal
I/0. To provide adequate security provisions, additional
checks are provided by the Global Data Manager. When the
Global Data Manager has collected and integrated a result
for the query, it 1is passed to the UI for display. User
interaction with the results and additional queries are all

managed by the UI.

The UI should provide a flexible and robust set of tools for
a wide spectrum of users. A basic feature would be a com-
mand line driven interpreter. Using the global DML, users
would submit queries to the global databases. Support
should also exist for a menu driven, Query-By-Example
[zLOO75]) type of interface. This allows casual users a
method of interacting with the global databases without
extensive training. Finally, the capability to embed the
global data manipulation language into high level program—
ming languages is also required. This permits complex batch

and interactive jobs to be developed by experienced
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programmers.

4.3.1.2. Description of the LIM Components

The Local Interface Module acts as an agent for each GDBM to
support the distributed operations of their GDMs. The LIM
consists of four components, the Local Subguery Manager
(LSM), the Remote Network Interface (RNI) its Transaction
Monitor (TM), and the Subquery Program Generator (SPG).
This module is shown in Rigure 4.2. 1In order to maintain
site autonomy, the LIM appears to the local DBMS as if it
were a local application program submitting transactions to

a local database.

Local Subquery Manager

The LSM manages all subqueries that have been sent to that
site for processing. Since it does not contain a user in-
terface, no user interaction occurs directly with the LSM.
It operates remotely from the Global Data Manager and per-

forms its tasks in a specific sequence.

The LSM receives a sub-query from the Global Data Manager,
through the Remote Network Interface. Subqueries, received
in the global DML format, are first translated into the

local DML. The LSM then passes the translated subquery to
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the Subquery Program Generator for program creation. Using
the Subquery Application Program (SAP), the LSM submits the
subquery for execution by the 1local DBMS. The subquery
results are then returned, using a standard format, to the
Global Data Manager. It may integrate the results, or for-

ward them to another primary site for further processing.

A critical responsibility of the LSM is to support global
concurrency control. Since a single Local Interface Module
exists at each site, it will be aware of all the global
transactions directed toward that site. When the LSM
detects possible deadlock between two or more subqueries,
action must be taken. Initially. the subquery that created
the condition will be suspended. The Global Data Manager of
the subquery is then notified of the problem via the Remote

Network Interface and Network Interface.

Another responsibility of the LSM is to support global
recovery capabilities. The LSM uses the Transaction Monitor
to keep track of active transactions. When 1local site
failure occurs, the recovery facilities of the local DBMS
will restore the local database. The LSM must manage
recovery of the subgueries. The application programs sub-
mitted by the LSM will have been terminated and may or may
not have completed normally. Since subgueries have been
translated into application programs by the Subquery Program

Generator, the LSM can determine which programs failed and

at what point the failure occurred.
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Upon restart of the system, the LSM will notify all the GDMs
for which it had been managing transactions, that its ser-
vices are again available. The LSM will use the Transaction
Monitor to determine which transactions were interrupted and
it will notify the Global Data Managers as to the status of
their transactions. It will request further instructions
(abort, continue, etc.) on each of the transactions and

respond accordingly.

When network communications fail between the Local Interface
Module and a Global Data Base Module, the LSM will store
results of completing transactions. Any transactions that
require Global Data Manager input will be suspended. Once
communications have been reestablished, the LSM will resume
interaction with the Global Data Manager. The status of the
incomplete transactions will be determined and their dispo-

sition defined by their respective Global Data Manager.

Subquery Program Generator

The SPG takes, as its argument, the translated subquery.
The subquery is used to produce an application program.
Translated subqueries could be submitted to the 1local DBMS
"as is", however this would not give the Local Subquery
Mana@er the degree of control required. To maintain tran-
sparency of the distributed data, Local Subguery Managers
must be capable of coping with local problems. Users are

not available to make decisions, change the configuration of
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the query. or resubmit itl if data is locked. Therefore, the

Local Subquery Manager needs a greatl deal of flexibility and

control when processing subqueries.

To provide the Local Subquery Manager with as much power as
possible, and without affecting site autionomy, an Subquery
Application Program is generated. The Subquery Applicatlion
Program has embedded in it, the subquery, ready for execu-
tion by the local DBMS. Error trapping for concurrency con-
trol, and integrity checks also placed in the program permit
the Local Subquery Manager to intercede for correction or

modification of conditlions.

Remote Network Interface

The RNI manages network communicatlions between the Local
Subquery Manager and each of the Global Data Base Modules.
It stores requests for services in the Transaction Monitor.
After receiving a subquery request, the RNI passes it to the
Local Subquery Manager for processing. Responses to
subqueries from the Local Subquery Manager, are passed to

the RNI for tiransmission to their corresponding Global Data

Base Module.

Transaction Monitor

The TM records all transaction requestls received from the

Global Data Base Modules. This information may include an
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ID number for the request, the request itself, site of ori-
gin and statlus. The TM stores a status for each subquery
being managed by the Local Subquery Manager. The Local
Subquery Manager will modify the status of the request as it
changes. This 1log is critical for communication and

recovery operations.

4.3.2. Configuration of the Modules

A Distributed architecture proves tlo be complex in implemen-
tation. While providing the same functionality as a cen-
tralized system, all of the modules do not existl on a single

hostl machine (Figure 4.3).

In this proposed system, a Global Data Base Module and Local
Interface Module would exist on every site requiring HD-DBMS
capabilities. Local Interface Modules would also exist on
additional sites needed to support the global schema. This
arrangement creatles a redundantl architecture that provides a
HD-DBMS which degrades gracefully. Any site with a Global
Data Base Module can initiate global operaﬂionﬁ. Replica-
tion of data allows many transactions to still occur, even

though the site containing the master data, may be unavail-

able.

communications are not concentrated on a single site.
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Figure 4.3 Architecture of System Components

Instead they are distributed throughout the network. They
will concentrate on the sites generating the majority of

global transactions and managing the most frequently

accessed data.
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4.4. Evaluation of the Proposed Architecture

The architecture described above is intended to be flexible
and robust. To accomplish this requires the redundancy in-
herent in a distributed structure. 1In this manner multiple
primary sites support global users of the HD-DBMS. This en-
courages distributed processing whenever possible and sup-
ports replication of data. However, with this type of ar-

chitecture there are certain drawbacks.

Maintenance of the GDD and IDB is one of the more challeng-
ing tasks. Although changes to the database schemata occur
infrequently, they do occur. 1In a distributed architecture,
the global schema definition will exist at every primary
site. Modifications made to the global schema must pro-
pagate to all the primary sites. This will insure that all
sites have the same concept of the global schema. The 1IDB

is affected, and must be treated, in the same manner.

Another concern with this type of architecture is the degree
of system duplication. Every site that desires global data-
base capabilities must support a GDBM. Additionally if a
site supports the global database, it must have a LIM. This
amount of duplication may seem excessive but it is necessary

to provide the required reliability.

The load this amount of software may place on the sites is a
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real concern. While many of the supporting sites may be
secondary sites and not require the GDBM, they must still
support their local DBMS and the LIM. Primary sites would
be loaded the heaviest, supporting their local DBMS, a GDBM
and a LIM. Depending on the CPU power and the configuration
at a site (clustering, etc.) this may prove to be overwhelm-

ing.

How well this architecture performs would be best determined
by implementing a prototype system. Three sites would be
necessary to test all of the possible types of sites. One
secondary site, one primary site and one site which has a
GDBM but doesn”t support a local DBMS or LIM. This type of
configuration would provide valuable insight into a full

implementation.
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CHAPTER 5

SUMMARY

5.1. Introduction

In this research, the HD-DBMS has been defined and its com-
ponents and structure analyzed. Background matlerial related
to distributed data base management systems was provided to
familiarize the reader with the central issues currently
faced in this field . Existing HD-DBMSs thatl have been con-
structed for research were presented for comparative pur-

poses.

The issues specific to heterogeneous D-DBMSs were then exam-
ined in detail, importantl design decisions were introduced
and their advantages and disadvantages discussed. This was
followed by the proposal of an architecture for a HD-DBMS.
The proposal included defining the components that need to

exist, what their functions are and how they are structured

in the system.
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5.2. Motlivation for a HD-DBMS

The issues have been presented and the requirements for the
system have been stated. what advantages are to be gained
with a HD-DBMS? Basically, distributed processing and data
intlegration. This type of system provides the capability to
obtlain related data from different! sources and integratle it

to create a single uniform view.

One of the advantages of a D-DBMS, heterogeneous or not, is
the ability] to provide a degree of distributled processing.
Each local DBMS can be simultlaneously processing a portion
of a global query]. This distiributes the load between many
processors instead of a single site being relied upon to do
all of the work. Another advantage of distributed process-
ing is that local control of the remote processing occurs.
This can be useful in a HD-DBMS where the sitle that is doing

the actual processing usually] "owns" the data.

Heterogeneity between DBMSs will always exist. Efforts may
be made to standardize to one particular vendor or tlo use
one datla model, but this is unlikely to occur on a worldwide
basis. In order to cope with this heterogeneous environ-
ment, a system must be designed tlo integrate dissimilar sys-
tems. The capability tlo translate between different data
models, schemata and data manipulation languages is a funda-

mental requirement for database integration. The desire and
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need to integrate dissimilar databases exists today and will

not disappear.

Given the advantages of distributled processing and the pres-
ence of heterogeneitly, where will HD-DBMSs be implemented?
Within many organizations there exist internal islands of
information that are related. Often, these islands were
formed separatlely without a stratlegy for their future
integration. To effectively manage the information and the
organization itlself, a tool such as a HD-DBMS proves invalu-

able.

The heterogeneity of such a system permits the integration
of data from a variety of sources. 1Its distributed process-
ing properties promote the sharing of the work load. Com-
bining these features provides a robustl and flexible system,

the type of system that can be expanded in the future.

5.3. Feasibility of Implementation

Can this type of system be implemented? The answer is une-
quivocably, yes. In addition to the systems presentled
within this paper, other research projectls such as PRECI*
[DEEN85) and Integrated Information Support System (IISS)

[HUBE86] are underway to build HD-DBMSs.
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Implementation Issues

To implement a HD-DBMS, key design issues must be identified
and addressed. Once adequate solutions to these issues have

been developed, construction of the system can take place.

One of the first decisions would define what type of the
system architecture will be used. Both of the centralized
and distributed structures have their advantages and disad-
vantages. The type of structure chosen will determine crit-
ical characteristics of the system such as concurrency con-

trol and management of the global data dictionary.

What global data model and corresponding data manipulation
language would best support the HD-DBMS is another important
decision. Using the relational model has been a popular
approach due to its flexibility. A functional data model
and manipulation language such as DAPLEX [SHIP8l] is yet
another choice. The capabilities of the data model and its
manipulation language will determine which data models can

be supported and how extensive their support will be.

Integration of dissimilar data models and their schemata is
at the heart of the whole heterogeneity issue. Accurate
integration requires careful planning and development of the
translators and the integration database. The difficulty

lies in the manual definition of how each schema merges with
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another. Once the mappings necessary for integration have
been defined, the mechanism used for integration can be

automated.

Although these three critical issues have been addressed,
their solutions do not come easily. HD-DBMSs can be
designed and implemented, but providing users with the tran-
sparency, flexibility and performance they require is still

a long sought after goal.

Proposed Architecture

The architecture proposed in chapter 4 is an outline of how
the author would construct such a system. It defines the
components of the system, their functions and structural re-

lationships.

The distributed system structure used supports a flexible
and robust architecture for a HD-DBMS. It permits the sys-
tem to operate independent of the degree of network parti-
tioning. As long as the data required by a query can be

obtained, a distributed database system will still be sup-

ported.

A disadvantage of this type of design is its complexity.
Permitting all of the nodes in the distributed system to

perform the processing means redundancy of code and of data.
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Each node must be capable of managing the transactions for
the subqueries it generates and receives. It must also be

able to translate the global query and optimize its execu-

tion.

Though not defined in chapter 4, the global data model for
the proposed architecture should be relational. Addition-
ally the manipulation language would be based on SQL. These
choices are based on the use of proven technology and pro-

vide for future developments.

Integration is supported by each primary site using the Glo-
bal Data Dictionary and Integration Data Base. Even with
these components, the Global Data Base Administrator must

still define the initial mappings between schemata.

Sites supporting this type of architecture will most 1likely
have to meet minimum processing requirements. These could
include processing power/speed, functional capabilities and
network connectivity. This design also increases the prob-
lems associated with concurrency control because of decen-
tralized query management. Multiple sites may be trying to
gain access to the same data simultaneously. Nevertheless
the advantages of this architecture appear to be worth its
complexity and overhead. How well this type of design will

work, may be best determined by implementing a prototype.
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Other Systems

Systems such as SIRIUS-DELTA and MULTIBASE have already
demonstrated the feasibility of a HD-DBMS.. Although con-

ceived several years ago, their development has been a con-

tinuing effort.

The SIRIUS-DELTA prototype demonstrated the trade-offs that
are made when implementing a D-DBMS. It provided research-
ers with valuable insight into problems and issues that
arise in a distributed system. They gained practical
experience in the design, development and implementation of
a HD-DBMS. One of the realizations was the use of a "pivot"
or global system. This provided a focal point for transla-
tions and schema integration. The SIRIUS-DELTA prototype

verified that a heterogeneous system was feasible.

Creation of the MULTIBASE system also yielded valuable
results. Although this system did not support distributed
update capabilities, it did focus on the key issue of
integration. It proposed the use an integration database
for resolving conflicts between schemata. A standard user
interface, logical schema integration and global query

optimization were also features that were developed and

implemented.

The AIDA system (section 2.5) has demonstrated its feasibil-
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ity as well,. However restrictions have been placed on
interfacing to pre-existing DBMSs. AIDA requires that the
local DBMSs support a relational interface. This criteria
has simplifies the task of mapping between data models, but
limits the types of pre-existing DBMSs that can be sup-

ported.

Up to this point, HD-DBMSs have concentrated on the transla-
tion and integration functions. Concurrency control,
recovery and update capabilities have, in some cases, been
reserved as a second milestone. These goals will not be
easy to achieve. With the proliferation of different DBMSs,
constraints must be set on what degree of heterogeneity will

be supported.

Unfortunately, producers of centralized (local) DBMSs may
not have the incentive to develop HD-DBMSs. The heterogene-
ous nature of the system implies integration with other
(competitor’s) DBMSs. Still, the desire for HD-DBMSs exists
in organizations that have pre-existing DBMSs. Development
and implementation of HD-DBMSs has been conducted in
research environments, often being funded by government
agencies. With data management becoming a critical issue in
all types of organizations, it is only a matter of time

until HD-DBMSs become commercially available.
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5.4. Future Trends

Ten years ago initial development began on the first HD-
DBMS. Since that time, many problems and solutions, have
been identified. With HD-DBMS such as those mentioned above

being developed, what is the next step?

In a recent publication [MYER86], it was stated that Rela-
tional Technology 1Inc., producers of the relational DBMS
INGRES, are developing a distributed version of the product
called INGRES* (INGRES Star). This in itself 1is not
surprising, what is interesting are the end goals. Ini-
tially, the product will operate in a homogeneous distri-
buted manner. An ultimate goal of INGRES* is to provide
users with gateways to other DBMS. This is one way that

heterogeneity is being introduced into products.

There are other benefits to be gained. Advances in network
communications, management of distributed processes and
interprocess communication may be driven by the research in
HD-DBMS. Developing an application package such as this

deals with many aspects of computers.

Looking even further in the future there are other possibil-
ities. Expert systems have been maturing and are becoming
commercially feasible. Their ability to manage rules could

prove to be a good source of control for DBMSs. Business
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rules that apply to the informatlion residing in a database,
may be more easily expressed and enforced by an expert sys-
tem. This could be extended when applied to a HD-DBMS. An

expertl system could be used for global query management as

well as rule management.

Abstract data types and objectl oriented systems represent
other forms of datla structures that are being investigated.
Since information can exist in many forms (voice, image,
knowledge, text, etlc.), it is likely that DBMSs will be use-
ful for their management. Keeping in mind that a hetero-
geneous distributed data base management system must be
flexible and expandable. Support of new data structures and
corresponding operators may well be a requirement in future

HD-DBMS .

As the technology tlo store and manage information develops,
it becomes increasing complex. Heterogeneous Distributed
Data Base Management Systems will remove barriers between

dissimilar systems and aid in the management of information.



Appendix &

ARIEL -

ARPANET -

Concurrency

CICS -

CIM -

CMS -

GLOSSARY

a data manipulation language developed
by System Development Corporation for
user interaction with the AIDA system
[MACGS85].

a computer network created by the Ad-
vanced Research Projects Agency (ARPA)
of the U.S. Department of Defense. It
extends from Hawaii to Norway and con-
nects over 100 computers.

two or more transactions occurring
simultaneously within the same database.

Customer Information Control System, a
product of IBM used to communicate to
data base management systems.

Computer Integrated Manufacturing, the
use of computer technology to automate
the design, development and manufactur-
ing processes involved in producing a
product.

an IBM product, a single wuser interac-
tive operating system.
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CODASYL -

CPU -

DAPLEX -

Database -

Data Dictionary

DBA -

DBMS -

COnference on DAta SYstems and
Languages, developed COBOL and the 1971
Data Base Task Group (DBTG) standards.

Central Processing Unit, controls and
supervises operations in the computer.

a functional data definition and manipu-
lation language developed by the Comput-
er Corporation of America [SHIPS81].

a collection of occurrences of a number
of record types. The record types are
interrelated via relationships.

a collection of definitions describing
the structure, storage and type of in-
formation residing in the database.

Data Base Administrator, the person or
persons responsible for defining the
schema, integrity constraints and per-
forming other administrative tasks asso-
ciated with the control and management
of a database.

Data Base Management System, a sofltware
system capable of supporting and manag-
ing a data base.
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D-DBMS -

DIL -

DML -

EBCDIC -

ethernet -

GDBA -

GDBM -

GDD -

Distributed Data Base Management System,
a data base in which portions of the
data are stored separately.

Data Intermediate Language, developed by
Computer Corporation of America.

Dgta Manipulation Language, used to de-
fine the data structure and/or modify
the data in a data base.

Extended Binary Coded Decimal Inter-
change Code, developed and used by IBM.

a coaxial cable network in which all
nodes monitor constantly.

Global Data Base Administrator, the in-
dividual responsible for the definition
of the global database schemata (see
DBA).

Global Data Base Module, a portion of
the proposed architecture that is the
combination of the GDM, GDD, IDB and UI

components.

Global Data Dictionary, the data dic-
tionary that stores information about
the global database (see Data Diction-

ary).
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GDM -

HD-DBMS

IDB -

IDM -

IMS =

INGRES -

INRIA

IsC -

G}oba} Data Manager, a component of the
distributed DBMS that acts on the entire
collection of databases.

Heterogeneous Distributed Data Base
Management System

Integration Data Base, the database that
stores information needed to integrate
dissimilar schemata at a global level.

Intelligent Database Machine, produced
by Britton-Lee 1Inc, it 1is a machine
dedicated to database management.

Information Management System, a
hierarchical DBMS produced by IBM.

a relational DBMS, initially developed
at University of California at Berkley,
now produced commercially by Relational
Technology Inc..

Institut National de Recherche
d’Inflormatique et d’Automatique, a na-
tional research institute in France.

Inter System Communication, an IBM pro-
duct that is a set of protocols which
allow any (IBM) systems to communicate.
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ISO -

LAN -

LIM -

LSM -

MVS -

NEXUS -

NI -

POLYPHEME -

International Standards Organization.

Local Area Network, usually short dis-
tance (i.e. less than a mile).

Local Interface Module, a portion of the
proposed architecture (section 4.3.1.2)
that represents the GDBM at remote
sites.

Local Subquery Manager, a component of
the LIM that manages subgueries at the
remote site.

an IBM product, a batch oriented operat-
ing system.

the user support environment in the AIDA
sysitem [TEMP86].

the Network Interface, manages communi-
cation between a local GDM and a remote

GDM.

a joint venture project between the
University of Grenoble and the CII-
Honeywell Bull Scientific Center

(LEBI8O]).
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QUEL -

query -

RNI -

SAP -

schema -

sSDC -

SPG -

a relational data definition and manipu-

lation language, developed for use with
INGRES.

a request made to the DBMS. This in-
cludes insertion and update of data as
well as retrieval.

Remote Network Interface, a component of
the LIM that is responsible for all net-
work communications between the GDM and
LSM.

Subquery Application Program, a program
generated by the SPG component to pro-
cess a specific subquery.

the logical description of the database.
It describes the fields in the database,
their name, type and relationships.

System Development Corporation, develop-
ers of AIDA.

Subquery Program Generator, a subcom-
ponent of the LSM used to create an ap-
plication program in which a subquery is
embedded.
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SQL -

timestamping -

™ -

transactions -

tuple -

VAX -

view -

Structured Query Language, a relational
data definition and manipulation

lgnguage used with SQL/DS and DB2, rela-
tional DBMS produced by IBM.

a method to uniquely identify the point
in time a process took place.

Transaction Monitor, a component of the
LIM that monitiors any actlive transac-
tions currently managed by the LSM.

an atomic unitl of execution, (i.e. a se-
quence of operations either entirely
performed or not performed at all).

a record, a group of related field
values in a relation or table.

User Interface, a component in the GDBM
that provides a uniform user interface
tlo the HD-DBMS.

virtual Address eXtension, a modgl of
computer produced by Digital Equipment
Corporation.

a logical description of a subset of the
datlabase.
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