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ABSTRACT

This thesis examines the applicability of international data
management and interprocess communication standards in addressing the
problems faced by vendors building both homogeneous and heterogeneous

distributed database management systems.

The objectives of information technology standardization are
discussed, followed by a review of the requirements to be addressed by
distributed database management systems. Existing and developing
standards with potential impact on the standardization of DDBMSs are
examined. An architectural framework permitting the integration of various
data management and interprocess communication standards is proposed.
The "design" of the standards components necessary to facilitate
heterogeneous distributed database processing suggests the need for
modifications to the manner in which si..gle-site data management facilities

are being specified and implemented. Mechanisms for supporting various

distributed database distribution alternatives are discussed.
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Glossary of Terms and Acronyms

Abstract Syntax: A set of formal rules for describing the structure of objects within a
universe of discourse, without regard to the details of how these objects are represented
in a physical medium (within the storage of a computer, on piper, on a transmission
medium, etc.). In particular, an abstract syntax will often disregard the order in which
the components of an object are to appear, and will omit symbols whose sole purpose is
to act as separators between components.

Application Association: A cooperative relationship between two application entity
invocations for the purpose of communication of information and coordination of their
joint operation. This relationship is formed by the exchange of application protocol
control information using the service provided by the presentation layer.

Application Context: A set of rules shared in common by two application entity
invocations governing their behaviour in a given application association in order to
enable their cooperative operation. An application context i1s a shared conceptual
schema for the universe of discourse for communication.

Application Database: A collection of data instances intended for manipulation in the
environment of an information system.

Application Entity Invocation: Performs the functions of an application entity to
fulfil a specific set of communication requircments of an application process
invocation.

Application Entity: An entity within the application layer.

Application Layer: The uppermost layer within the OS] Basic Reference Model,
directly providing facilities for use by application processes.

Application Process Invocation: An instance of an application process in a rezi open
system to perform its functions for a specific occasion of information processing.

Application Process: An element within a computer system which performs the
information processing for a particular application.

Application Schema: A description of the data instances which comprise the
application database.

Application Service Element: A set of functions that provide a capability for the

interworking of application entitics for a specific purpose on a single application
association.
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Application: A particular activity or group of activities associated with some function
within an enterprise.

ASE: application service element.

Association: A relationship between application entities for the purpose of
communication between them.

Atomic Action: An action which is either carried out completely or not at all.

CCITT: Comité Consultatif Intemational Télégraphique et Téléphonique - a United
Nations organization through which the national telecommunications bodies coordinate
their activities.

CCR: Commitment, Concurrency and Recovery.

Centralized Database: A database in which both its data and metadata is stored on,
and managed by a single computer system (a single-processor machine, or a
multi-processor machine with shared memory or otherwise tightly coupled). A
centralized DBMS is one that can create and manage only centralized databases.Client:
A user requesting the scrvices provided at an interface of a server.

Client: A user requesting the services provided at an interface of a server.

Conceptual Schema: A description, usually in a formal language, of a universe of
discourse.

Concrete Syntax: A syntax describing the way in which objects within a universe of
discourse are physically to be represented by concrete sequences of symbols (bits for
example) in a physical medium.

Conformance: The degree to which an implementation of a standard within a specific
system satisfies the requirements of a standard.

Data Independence: The independence of process objects from data objects such tha
certain data objects may be changed without unnecessarily affecting the process objects.

Data Manipulation Language: A language for declaring the database procedures and
executable statements of a specific database application program.

Data Modelling Facility: A class of data structure rules and associated rules for data
manipulation operations.



Data Type: A grouping of data objects according to some rule for distinguishing the
group from others. Typical rules involve the set of values which the objects of the group
may assurne and the set of operations which may meaningfully be carried out on objects
of the group.

Data: A representation of facts or ideas in a formalized manner suitable for
communication or manipulation by some process.

Database Management System: A set of software/hardware processing elements
which together provide the services needed to support database management. A number
of processing elements which together support and control the creation, use, and
maintenance of a database.

Database: A collection of interrelated data objects stored together in the same
container with controlled redundancy according to one schema to serve one or more
applications.

DBMS: Database Management System.

DDB: Distributed database.

DDBMS: A distributed database management system.
DIS: Draft International Standard.

Distributed Database Management System: A distributed database management
system (DDBMS) is a set of software/hardware processing elements which together
provide the services needed to create and manage a distributed database.

Distributed Database System: A distributed information system in which data objects
are distributed.

Distributed Database: A database in which its data or metadata (or both) are stored in
parts or in multiple copies (or both) on more than one computer system, where the
systems are connected by a communications network, and the database is managed in a
coordinated fashion as a whole entity.

Distributed Processing: Distributed processing comprises that class of information
processing activities in which discrete components of the overall processing activities
may be located in more than one system, at more than one geographical location, or
where there is any reason which necessitates explicit communication among the
components.

DML: Data manipulation language.
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DP: Draft Proposal.

Draft International Siandard: Within ISO, a final draft of a standard produced for
public dJiscussion and comment within all member countries. This is the stage
immediately preceding issuance of an ISO International Standard.

Draft Proposal: Within ISO, an initial draft of a standard produced for public
discussion and comment within all member countries. Depending on the result of a vote
among those members which are voting members of the relevant ISO Sub-committee,
the Draft Proposal may be advanced to the status of Draft International Standard or may
be sent back for revision.

End System: A real system.

Enterprise: An undertaking or venture in the real world.

Entity: Within the OSI Basic Reference Model, the conceptual objects responsible for
performing the functions within a layer. The model does not place any restrictions on
how entities are implemented in real systems.

Formal Language: A language formally defined in terms of an alphabet of basic
symbols together with a syntax describing how these symbols can be put together to

produce more complex linguistic objects within the language.

Gateway: A system which is responsible for transforming the conventions used within
one system (or network of interconnected systems) to the conventions used in another.

Heterogencous Systems: Systems which differ significantly from one another in their
structure, or in the conventions used for representing information.

IEC: International Electrotechnical Commission.
Information Processing: The systematic execution of operations on data.

Information System: An organized storage and manipulation of information about a
universe of discourse.

Information: The meaning that a human associates with data in a particular context
through knowledge of the conventions of representation used.

Interconnection: Association of application processes with one another so that they
can exchange in a dialogue.

Interface: A defined set of services made available by a processor.




International Electrotechnical Commission: A standardization organization whose
responsibilities include standards for microprocessor systems and information
technology equipment. IEC forms a part of JTC1 with 1SO in the area of information
technology.

International Standard: Within 1SO, the final version of a standard on which
international agreement has been reached.

Interoperability: Ability to interwork.

Interworking: Collaboration between application processes which enables them to
perform distributed processing.

Information Resource Dictionary System: The set of software/hardware tools which
together provide the services needed to support the knowledge of objects in an
information system.

IRDS: Information Resource Dictionary System.

IS: International Standard.

ISO: The nternational Organization for Standardization, a body dedicated to the
production of standards through international agreement. The ISO technical committee
dealing with information technology (JTC1) is a joint committee comprising the former
Technical Committee 97 of ISO and Sub-committees 47B (Microprocessor Systems)

and 83 (Information Technology Equipment) of 1EC.

JTC1: Joint Technical Committee 1, entitled "Information Technology", was formed
between ISO and IEC to prevent duplication between the two organizations.

Language Binding: A defined relationship between the syntax and semantics of a
programming language and that of some supporting service.

Layer: In OS], a part of a hierarchically structured architecture, whose functioning is
dependent on the layer below, and which provides a service to the layer above.

Local Syntax: A syntax used internally within a system.

Local System Environment: Those aspects of a system which do not have bearing on
its interconnection with other systems.

LSE: local system environment.

Mapping: A set of objects having a defined correspondence with the members of
another set.
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Metadata: Data about data.

Open System: Within the OSI Basic Reference Model, a system which obeys OSI
standards in its communication with other systems.

Open Systems Interconnection Environment: The set of definitions of the
standardized services, protocols, and data structures which enable the interconnection of
systems.

Open Systems Interconnection: A set of standards for the exchange of information
among systems that are “open" to one another by virtue of their mutual use of the
applicable standards.

OSI Basic Reference Model: A standard, produced by ISO, which describes the
conceptual structure of systems which are to communicate with one another.

OSI: Open { ystems (nterconnection.
OSIE: Open Systems Interconnection Environment.
PDU: protocol data unit.

Peer-to-peer Protocol: A protocol used for communication between entities associated
with the same layer of the OSI Basic Reference Model.

Presentation Layer: That layer within the OSI Basic Reference Model which is
responsible for the representation of data to be transferred between systems in a form
acceptable to the application entities within those systems. This service is provided to
the application layer, and depends on the service provided by the session layer.
Processing Element: An abstract conceptualization of an executable piece of code.

Processor: A processing element.

Protocol Control Information: Information exchanged between communicating peer
centities to coordinate their operation.

Protocol Data Unit: A unit of data specified in a protocol consisting of protocol
control information and possibly user data.

Protocol: A set of rules for the interaction of two or more parties engaged in data
transmission or communication.
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Real Open System: A real system which complies with the requirements of OSl
standards in its communication with other real systems.

Real System: a set of one or more computers, the associated software, peripherals,
terminals, human operators, physical processes, information transfer means etc., that
forms an autonomous whole capable of performing information processing and/or
information transfer.

Remote Operations: A model, notation, service definition and protocol specification
defined in ISO DIS 9072. The remote operations execution paradigm is based upon
objects, in which the functionality of an object is modelled as a set of operations
available at its interface.

Remote Procedure Call: A procedure call in which the calling procedure and the called
procedure do not share an address space and may be in physically separate locations.

RO: Remote operation.

ROSE: Remote operatior service element.

RPC: Remote procedure call.

Semantics: The meaning associated with an object or its representation.

Server: A role filled by a processing element when it provides services to another
Processor.

Service Element: A self-contained operation {(or group of operations) associated with
the activation of a particular facility within a service.

Service: In general, a capability provided by one processing element to other
processors. In the OSI Basic Reference Model, the facilities offered by a layer to the
layer above.

Session Layer: That layer within the GSI Basic Reference Model which is responsible
for the organization and synchronization of dialogues between presentation entities.
This service depends on the service provided by the transport layer.

Syntax: A set of formal rules for constructing sequences of symbols to represent
objects within a universe of discourse.

System: A real system.

Transaction: A transaction is an atomic unit of execution; i.e., it is a sequence of
operations which either are performed in entirety or are not performed at all.
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Transmission: The process of sending (for example, data) from one place to another.

Transport Layer: That layer within the OSI Basic Reference Model which is
responsible for providing transfer of data between arbitrary systems, with control on an
end-to-end basis. This service is provided to entities within the session layer, and
depends on the service provided by the network layer.

Universe of Discourse: That part of the real or hypothetical world which is understood

in the same way by communicating partners and about which they agree to
communicate.
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Chapter 1

Introduction
and Problem Definition

1.1 Introduction

The potential for multi-vendor commuuication networks is increasing
as vendors implement products conforming to Open Systems Interconnection
standards. Concurrently, data management, programming language, and
operating system standards are being developed for the single-site
environment. However, distributed systems products must become more
“open" to allow the development of heterogeneous distributed systems. Many
distributed database systems stem from research prototypes, supporting one
or a small number of database management systems using vendor-specific

communication protocols, without reference to the evolving standards.

Such developments are beneficial in advancing knowledge of
distributed database management systems (DDBMSs) and of the practicality
of different methods of implementation, but do little to address the urgent
commercial requirement for implementation of distributed applications
requiring access to databases controlled by different DBMSs. This
requirement stems from a desire to take advantage of substantial
investments in existing databases. The direction of the research undertaken
for this study is predicated by a belief that the only pragmatic solution to the
problems of great diversity which must be addressed by heterogencous
DDBMSs is to attempt to reduce the complexity to tractable proportions. The

only practical way to accomplish this is to develop an integrated and

comprehensive set of data management and interprocess communication




standards such that product vendors have a target to which the peculiarities

of particular implementations can be mapped.

Standards work on distributed databases is in the preliminary stage.
There is still no recognized framework addressing such problems as the
determination of the location of data fragments or facilities for control of
data replication. However, the Database Working Group of Subcommittee
21 of the Information Technology Technical Committee of ISO/IEC (JTC1)
is developing a remote database access service that defines a service
combining database language standards with OSI protocols to allow a

“client” to read and update data at a "server".

1.2 Problem Definition

The major objective of this .hesis is to evaluate the applicability of
existing and developing data management and interprocess communication
standards to the requirements of distributed database processing. This
rescarch has been done with a view towards providing recommendations
concerning the direction of evolving standards for support of a distributed
database envirviunent. The focus of this research is centered on the design
of distributed database management systems, rather than on the manner in
which existing DDBMSs may be used in supporting particular application
databases. The requirements that must be addressed by users developing

applications of DDBMS technology are considered.




1.3 Th.esis Outline

Chapter 2 addresses the gcals of information technology
standardization. In order that the scope of the area being studied is clear,
Chapter 3 elaborates requirements that must be addressed by DDBMSs,
many of which must also be addressed by single-site DBMSs. Chapter 4
reviews the progress of standards that have been finalized or are currently
being developed insofar as they relate to the problems faced in a distributed
database environment. Chapter 5 reviews the requirements identified in
Chapter 3, and the existing situation as regards relevant standards, in
suggesting considerations for component standards required to address
distributed data management requirements. In this way the proposed
“design", elaborated in the form of an architecture in Chapter 6, is similar
in nature to the design that would follow the requirements definition and
analysis stages of typical information systems developments. Chapter 6
outlines a proposed "mode!" for the Reference Model of Data Management
that has been under development for some time within the databasc
working group of Subcommittee 21 of the Information Technology Technical
Committee of ISO. This reference model, similar in concept to the OSI Basic
Reference Model, attempts to prescribe a framework in which existing and
developing standards can be placed and the interfaces of new standards can

be determined.



Chapter 2

Identification of the
Primary Goals of Standardization

2.1 Introduction

In the past, information technology standards have focused
individually on data communication, data processing (as in manipulation),
and d».a storage and retrieval. Interprocess communication standards are
exemplified by the various components of Open Systems Interconnection
(OSI). Information processing standards have been developed for a wide
variety of programming languages. Database standards have been
developed in order to facilitate definition and access to data from varying

programming languages.

Information technology standards have generally addressed the

scparable problems involved in:

1) the portability of applications, and
2)  the interworking of several applications.

Database and programming language standards have addressed the
concerns of application portability. OSI standards, on the other hand, have
been more concerned with interoperability, that is, attempting to ensure
that different application processes are able to interwork to achieve

application objectives.

This chapter addresses the goals of standardization as they relate to



the area of distributed database technology. The timing is appropriate i
that standards addressing such technology are still in their infancy. Since
distributed database technology is concerned with interoperability as well as
with the portability of database applications, it is beneficial to consider the
goals, advantages, and disadvantages of information technology standards
as they relate to both of these standards objectives.

There are three basic types of information technology standards:

- defacto standards from manufacturers;
- industry or private standards; and
- official national and international standards.

De facto and industry standards are important to both vendors and users in
formulating an information technology strategy. However, national and
international standards are of primary interest since they are nonpartisan,
and will form the context in which standards are addressed in this study.
The International Organization for Standardization (ISO), the International
Telephone and Telegraph Consultative Committee (CCITT), and the
International Electrotechnical Commission (IEC) are the international
organizations having the greatest influence on information technology
standardization. Standards may be thought of as "global technical treaties”
benefiting both suppliers and users for technical, business and economic

reasomns.

There are a number of reasons for standardizing information
technology hardware and software components. The neced for connectivity,
forced by the integration of computers and communications, is one of the
major factors in making information technology standards a prominent
issue. The absence of standards can lead to the development of multiple

similar solutions addressing the same problem, with consequent duplication



of effort and interfacing difficulties. The goal of Open Systems
Interconnection, for example, is to mask the effects of the differing
technologies and specific designs of different vendors from the
interconnection process. The criticality of standards in the
telecommunications industry has long been recognized due to the need for
telecphones to communicate with each other. However, standardizing a
technology before it has become sufficiently mature may be detrimental to

the propitious development of the technology.

In considering the timing which may be appropriate for
standardization of a specific area of information technology. it is relevant to
examine the goals of information technology standardization. The two major
goals are application portability and interwocking. Application portability is
addressed in section 2.2; section 2.3 considers the need for interworking in a

distributed database environment.

2.2 Application Portability

Application portability is the ability to move an application from one
computing environment to another with little or no change to the
application. Application portability makes it possible to distribute
applications and data throughout an organization according to business
needs rather than according to system compatibility. The accessibility of the
data processed or managed by an application also affects the extent to

which an application is portable.

Portabilit: " -creases the range of environments in which a product can
be applied with reasonable cost. The result is that the costs of developing a
product can be amortized over a broader base. The effective lifetime of a

portable piece of software can be expected to be longer, since it is possible to




transport it to more modern hardware at a later date. Portability of
software has become a dominant issue in information processing,
particularly in the public sector where procurement policy forces

procurement requests to be open to the widest possible competition.

Perfect portability implies that an application can be ported in object
code (binary executable) form. Much of the standardization effort associated
with programming languages has focused on source code compatibility,
which can often be completely adequate for the porting of applications from
one environment to another with reasonable expense. Much of the
standardization work relating to databases also has addressed the source
code (database language) level and, as will be discussed subsequently, this
situation presents limitations for the interworking which is required for

distributed database processing.

Portability of application software can result in benefits for both users
and vendors. For users, an increased degree of application portability
implies a greater degree of vendor independence and a greater degree of
protection of investment in applications software. Vendors are provided
with opportunities for access to markets which would otherwise be
inaccessible as a result of high costs of conversion. Standards thus force
competition based on factors other than product differentiation for the sake
of differentiation. If the functionality to be provided by a vendor product
can be measured by conformance to a particular standard, then evaluation
of products can be based on performance, user interfaces, and other criteria

of particular interest for the requirements being addressed.




2.3 Interworking

Distributed systems considerations require that components of an
information processing system which are physically separated must be
capable of working together in order to perform a data processing task. In
the case of distributed database management, clients at remote sites must
be able to access data at servers located remotely. A primary goal of
standardization is to address such requirements for interworking (or
interoperability). Satisfying such requirements goes far beyond normal
requirements for application portability, which often are addressed
satisfactorily by source language standardization. Effective interworking
requires more than source language compatibility, in that recompilation of
procedures is not feasible from an operational viewpoint for each execution
of the procedure. Distributed dat~base processing is one area where

effective interworking is an important standardization concern.

2.4 Advantages and Disadvantages of
Standardization

The demand for interconnection has been the primary motivating
factor leading to the rapid proliferation of information technology
stondacds. Since requirements for interconnection are ultimately
international, the standards with the greatest potential to affect the future

of the information technology landscape are international standards.

The heavy costs of research and development by vendors, and the

equally high costs of information systems redevelopment by users, are the




main reasons that both governments and industry support standards.
Standards are designed to ensure that such investment is long-term.
Standards are intended to increase the stability of the information
technology environment, but in order to be successful they must be
formulated with great care and foresight. Formally agreed standards are
fairer to information technology vendors, in that no single manufacturer’s
specifications are the basis for interconnection. The definition of standards
requires agreement on a generic, abstract form of specification unlike that
used by any particular vendor. Standards limit the number of solutions to
the same problems; in doing so it is possible to concentrate on improving a
smaller set of techniques. The result is that users become less "locked in" to
the products of a particular vendor, increasing competition and the chcice of

available products for many applications.

However, standardization does have the potential to stifle progress,
particularly in a fast-moving field such as information technology. Although
it is true that the premature introduction of an inappropriate standard has
the potential to cripple new technology, the failure to reach agreement on a
single standard can cause great inconvorience and expense in the longer
term. An example is the requirement for standardization of electrical

voltage, frequency and physical connection parameters.

One of the disadvantages of standardization is the overhead which
may be associated with certain standard solutions. For example, OSI
standards must account for many differing ways of communicating, and
thus must include functions which may not be necessary in certain

implementations. Another disadvantage of standards is an increased degree

of rigidity, which can tend to restrict innovation, The slow development of
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standards causes consumers to delay purchases and vendors to hold back
investments until they are sure that what they buy or sell conforms to a

forthcoming standard.

One of the fundamental motivations for users to adopt standards is to
achicve a greater degree of stability in their information systems
environments. Making changes in established standards is very difficult
since users will tend to resist changes which make existing systems
incompatible with new standards. This results in the need for adequate
planning and design of information technology standards so that necessary
modifications can be facilitated. As information technology fields such as
data communications and data management become more integrated, the
need for determination of how various standards components will fit
together increases. If information technology standards are to provide the
stability which is the motivating factor in their development, the design of

the components must provide for evolution into the future.

The determination of standards components that will fit together
optimally in order to provide a coherent framework for developing user
applications is similar in nature to the development of any information
processing system. First of all, requirements must be addressed taking into
consideration the existing system. Next, such requirements must be
analyzed and a design formulated in which existing components can be
placed. Also, the design will prescribe the functionality to be addressed by
required components. Only by preparing such a design can a normal project
management approach permitting parallel development by numerous

project participants be accommodated. As associated with an information

systems development project, the project phase dealing with the
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identification of components and the manner in which these
components interrelate is known as the design phase. In standards

development work, this phase often is addressed by the preparation of a

reference model.

2.5 Reference Models

2.5.1 OSl Reference Model

Perhaps the best known reference model within the information
technology standards arena is the Basic Reference Model of Open Systems
Interconnection [52]. At a time when a number of different network
architectures were in existence or being developed, the OSI reference model
was an invaluable aid to standardization in that it provided a framework
and methodology in which standards for each of the seven layers could be
developed in parallel.

The objective of the OSI Reference Model was to establish a framework
for coordinating the development of existing and future standards
permitting interworking between systems. Such interconnection was
intended to address specifically the interprocess communication aspects of
"open systems". The reference model outlined the functions to be addressed
by each of the layers so that replacement of the software or firmware

addressing this functionality would be feasible.

The approach of OSI to the requirements of interprocess
communication was to provide a standard set of conventions and
mechanisms for representing information to be communicated. Prior to the

availability of such an approach, the only method in which differing

network architectures could be interfaced was by means of a "gateway"
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