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ABSTRACT

As the sharing and exchange of resources increase
rapidly, the reliable way of accessng and maintaining
these data have beaome extremely important. Because
of the diversity of the types of information stored,
andthe fad that locaion d the users can vary gredly,
the nead for distributed database systems that can
suppat these requirements have been in the
highlights. Users from various parts of the world with
different platforms or databases that are possbly
working onthe same or similar areas $houd be ale
to share the information among ead ather withou
being concened abou either the locaion a the
format of the resource There ae various commercia
toals that help bring a solution to this areato some
degree depending onthe different requirements they
have been based on Here, the author triesto come up
with requirements that are esential to every
distributed database tool and besed onthese presents
an evauation d three of the Distributed Database
System (DDS) tods namely Codebase 6, Attunity,
and Mariposa acording the requirements that we
have proposed. According to ou evauation, we have
concluded that Codebase 6 acammodates most of
our requirements.

1. INTRODUCTION

The recent growth of the Internet as a major source of
resource storage and retrieval has led to storage of
information in areliable database. The main problem is the
number of transadions that can be suppated by a database
system i.e., the number of hitsit can handle. This hasled to
the use of many sources of data that can be accesd. In a
Distributed Database System (DDS), the data is gored in
regions that are distributed geographicdly and can be
accexd either locdly or remotely.

Distributed database system can be defined as a
colledion d multiple, logicdly interrelated databases
distributed over a wmputer network [7]. The DDS is
esentiadly a olledion o co-operating nodes. An
authorized user can access any one of the nodes in the
system. The @ncept of DDS introduced some major
advances in the field of multimedia development. It also
influenced the scdability isaues in the system. The seaurity
isaues that drive many systems were foundto be suitablein
aDDS. The main problem when data is distributed among
different systems is the read requests. Sinceit is difficult to
maintain uriformity, the DDS suppated the accss of
systems that were stored in dfferent environments. It

provides other efficient feaures like location transparency,
partition transparency, query optimizing, portability, etc.
The reason for the popuarity of a DDS is due to the high
level of availability, the data stored can be accesd from
remote nodes. Diverse users can share the data It is
possble to ke tradk of the configuration information such
aslocation o fil es, etc.

A Distributed Database Management System (DDMYS)
is used to develop applicaions that can creae and maintain
aDDS[11, 14]. A Tod to develop, maintain and manage a
DDS must suppat the feaures auch as concurrency
control, distribution o the load among the systems, and
maintenance of a seaure ewironment by alowing only
authorized accessto the system. A todl to analyze asystem
that provides DDS cgpabiliti es would have to addressthe
different problems that a DDS encourters and hes to
provide means to solve them succesdully. Thereis an aaite
neel for toadls that aid in the development of systems that
can help maintain DDS.

One of the dternative solutions is to use adatabase
server with connedion to the central server from different
remote sites. The other options are to use network
computers at the remote sites to access high-speed servers
or to use a dient/server architedure gproach. The
client/server approach involves ead server sharing
information, which is the most reasonable one to use & it
addresses the scdability, availability and performance a
the remote sites withou a need to upgrade the main server
to ahigh-end server.

It is adso important to dfferentiate the difference
between replicaed vs. distributed databases. In apurei.e,
nonreplicaed distributed database, the system manages a
single wmpy of al data axd suppats the database objeds.
Typicdly, distributed database goplicaions use distributed
transadions to access both locd and remote data and
modify the global database in red-time. The term
replication refers to the operation d copying and
maintaining database objeds in multiple databases
belonging to a distributed system. While replication relies
on dstributed database techndogy, database replicaion
offers applications benefits that are not possble within a
pure distributed database ewvironment. Most commonly,
replicaion is used to improve locd database performance
and poted the availability of applicaions, becaise
dternate data accses options exist. For example, an
applicaion may normaly access a locd database rather
than a remote database server to minimize network traffic
and achieve maximum performance Furthermore, the
applicaion can continue to function if the locd server
experiences a failure, but other servers with replicated data
still remain accessble.



The organizaion d the paper is as follows. The
concept of Distributed Database Systems is explained in
detail in sedion 2 This is followed hy the Distributed
Database Management Systems in sedion 3 Sedion 4
discusses the evaluation of the DDS Tods and finaly
sedion 5 pesents the conclusions.

2. DISTRIBUTED DATABASE SYSTEMS (DDYS)

In this dion, we explain the mncepts of a DDS. We
present an owerview of the achitedure of a DDS aong
with the different types: homogeneous and heterogeneous
systems. We discussthe dient/server architedure, database
links, and the requirements for distributed database
systems.

2.1 Architedure of Distributed Database Systems

A distributed database system all ows appli cations to access
data from locd and remote databases. In a homogenous
distributed system, all the databases are of the same type
i.e., ORACLE or SYBASE. In a heterogeneous distributed
system [14], the system can contain more than ore type of
databases. Distributed databases use a client/server
architedure to processinformation requests.

Homogeneous Distributed Database System

A homogenous distributed daabase system is a network of
two or more databases of the same type. The Databases
reside on ore or more machines. Figure 1 illustrates a
distributed system that conreds three databases: HQ,
MFG, and SALES. An applicaion can simultaneously
access or modify the data in several databases in a single
distributed environment [6]. For a dient applicaion, the
locaion and datform of the databases are transparent. The
synoryms can be aeded for remote objeds in the
distributed system so that users can access them with the
same syntax as locd objeds. In this way, a distributed
system gives the gopeaance of native data acces Users on
MFG do nd have to know that the data they accessresides
on remote databases. If different versions of the same type
of databases are used, they are considered compatible.
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Figure 1. Homogeneous Distributed Database
System [6]

Heter ogeneous Distributed Database Systems

In a heterogeneous distributed database system, more than
one database type is used i.e., ORACLE and SYBASE. To
the gplicaion, the heterogeneous distributed database
system appeas as a single, locd database. The locd
database server hides the distribution and heterogeneity of
the data. A database server can access a remote database
system using provided heterogeneous services [12, 13]. To
access a remote database of a different type, the system
needs to olan a ftransparent gateway agent to
communicae. For instance if you access the nonOrade
data store using an Orade Transparent Gateway, then the
agent is a system-spedfic goplication. If you include a
Sybase database in an Orade distributed system, then you
need to oktain a Sybase-spedfic transparent gateway so
that the Orade databases in the system can communicae
with it [6].

Client/Server Database Ar chitecture

A database server is the software managing a database, and
a dient is an application that requests information from a
server. Each computer in a network is a node that can host
one or more databases. Each noce in a distributed database
system can ad as a dient, a server, or both, depending on
the situation. In Figure 2, the host for the HQ database is
ading as a database server when a statement is ised
against its locd data for instance the second statement in
ead transadion isaues a statement against the locd DEPT
table. However, it is ading as a dient when it issues a
statement against remote data for instance the first
statement in ead transadion is issued against the remote
table EMP in the SALES database. A client can conred
diredly or indredly to a database server. A dired
conredion accurs when a dient conneds to a server and
accesss information from a database cntained on that
server. In contrast, an indired conredion accurs when a
client conreds to a server and then accesses information
contained in a database on a different server [6].
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Figure 2. Client/Server Database Architecture [6]



Database Links

Database links are one of the most essentia topics within
Distributed Database System in which is a nredion
between two physicd database serversthat allow a dient to
access them as one logicd database. A database link is a
pointer that defines a one-way communicaion peth from
one-database server to ancther database server. The link
pointer is acualy defined as an entry in a data dictionary
table.

To accessthe link, the locd database to which the user
has been conreded must have a entry in the data
dictionary. A database link conredion is one-way in the
sense that a dient conreded to locd database 1 can use a
link stored in database 1 to access information in remote
database 2, but users conreded to database 2 canna use
the same link to accessdata in database 1. If locd users on
database 2 want to access data on dbtabase 1, then they
must define alink that is gored in the data dictionary of
database 2. A database link conredion allows locd usersto
access data on a remote database. For this conredion to
ocaur, eat database in the distributed system must have a
unique globd database name in the network domain. The
global database name uniquely identifies a database server
in a distributed system. Database links are ather private or
pubic. If they are private, then orly the user who creaed
the link has access if they are pubic, then al database
users have acces One principal difference anong database
links is the way that conredions to a remote database
occur. Figure 3 shows the database link.
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Figure 3. Database Link [6]

Users can access a remote database through ore of the
following different links:

e Conreded user link conneds as them, which
means that they must have ax acourt on the
remote database with the same username & their
acourt onthe locd database.

e Fixed user link conreds using the username and
password referenced in the link.

e Current user link conreds as a global user. A
locd user can conred as a globa user in the
context of a stored procedure withou storing the
global user's passwvord in alink definition.

Some of the alvantages of using a Database Link are &
follows:

»  They dlow users to accessancther user's objeds
in a remote database so that they are bounded by
the privilege set of the objed’'s owner. In other
words, a locd user can accessa link to a remote
database withou having to be a user on the
remote database.

e They alow the user to grant limited acces on
remote databases to locd users. By using current
user links, the user can creae centrally managed
globa users whose passwvord information is
hidden from both administrators and non
administrators.

* By using fixed user links, the user cen crede
non-global users whose passwvord information is
stored in unencrypted form in the data dictionary
table. Fixed user links are eay to creae and
require low overheal becaise there aeno S or
diredory requirements, but a seaurity risk results
from the storage of passwvord information in the
data dictionary.

2.2 Requirements for Distributed Database Systems

These requirements are ompletely based on the domain
pertinent to ou class of applicaions. These requirements
are the basis for the evaluation d the tools that helped
develop DDS.

1. Data shoud be made aailable to authorized users
locdly or remotely. This property indicaes that the
data stored in a system must be made avail able locdly
and remotely. The system must be caable of handling
multiple ewironments, i.e, the system must be
cgoable of accessng data from a UNIX environment
aswell asawindows environment.Accessto data must
be mnsistent. Thisis a major issue when we distribute
a database by replicaionThe data stored must be
accesble only by authorized users. This addresses
one of the seaurity concernsin such a system.

5. The system must be reliable i.e. if one of the servers
fail then the other servers must share the load.

6. The system nust have a fast resporse time when
handiing read or write requests.The accss to data
must be logged to deted unauthorized intrusion and
deted tampering. This is again ancther seaurity
feaure. Thisfedureis present to deted tampering.The
system must handle large volumes of data. Usualy
most databases are very large and contain milli ons of
records, so the system must hande large volume of
data

9. The system must be caable of presenting different
views of the tables to various users. The system must
also provide locaion transparency.

10. The system must have toadls for the management and
control of the different servers. This is an important
requirement as aDDS is very complex.

11. The system nust be eay to install and have good
online help. These ae some of reguirements that
would help the user.The data shodd be made



accessble from the Internet. Thisis afedure to access
the DDS from the Internet.The system nust be
portable, i.e., we must be ale to moveit between
different environments.

3. DISTRIBUTED DATABASE MANAGEMENT
SYSTEMS
Some of the key terms used are briefly described below:

- DDB: is a distributed oljed-relational database
management system. We will use it as an example
of implementing the distributed database for
multimedia gplications.

« DDB ORDB: is an oljed-relationd database
management system running on various platforms.
Becaise of its objed-oriented extension, it is
cgpable of storing various multimedia data
structures such as pictures, video, audio, etc.,
together with methods (procedures) that operate on
them. There ae anumber of predefined classes (for
C++ and Smaltalk) that can handle multimedia
data. This enables developers to focus on bulding
application rather than thinking abou the interna
structure of multimedia data and converting those
datainto aformat suitable for database storage.

« DDB Hub: This is another comporent of the DDB
that enables building the distributed multi database
management system. Besides sippating the native
DDB ORDB, it provides drivers to access existing
database systems, including prerelational, relationa
and ohed-oriented DBM Ss.

The system is available on various platforms, giving
the user freedom to choose the gpropriate platform for
eah locaion. ANSI SQL database language is fully
suppated ensuring the immediate knowledge of data
definition and manipulation. Database language has been
extended with oljed-oriented data definition, enabling the
database to store both the objed's properties and methods
definition [3]. Database system is accessd through a
number of interfaces ensuring the versatility of applicaion
development tools used for building the multimedia
applicaions. The scheme of comporents is as shown in
Figure 4. Conreding the individual locd databases into a
single distributed database becomes increasingly important
because users demand a unified view of the data. With the
advent of distributed database management systems, these
demands can now be satisfied.

One of the most important cgpability of distributed
database systems, with the resped to multimedia
applications, is the adility to run the database software on
different platforms, becaise not al the hardware and
software platforms are suitable for multimedia gplications.
We believe that the aility to run dstributed database
system on dfferent platforms, as well as the aility to
compose the distributed database with dfferent database
systems, is of gredest interest for thase dready having
locd multimedia databases. This enables the preservation
of previous investment in hardware, software, people and
knowledge.
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Figure 4. Scheme of Componentsin DDB [3]

Ancther very important cepability is locdion
transparency that enables users to perceve the distributed
database @& any locd database, while holding the
multimedia data (requiring huge storage space at the
locaion where it is needed most of the time and being
accesshle from al other locaions. At the same time,
multimedia data is no longer isolated from other data,
ensuring the data integrity between multimedia and
conventional data.

Objead-oriented extension is included in some of the
distributed database management systems, which enables
simplified handling of the cmplex multimedia data while
providing the alditional reason to finaly integrate both
conventional and multimedia databases into ore logicd
database [9, 10].

4. EVALUATION OF DDSTOOLS

We have evduated the three distributed database todls:
Codebase 6, Attunity, and Mariposa acording to the
requirements that we spedfied in sedion 22. Table 1
presents the capabiliti es of ead o these toals. Therefore,
we oncluded that CodeBase6 was the tool best suited to
med our nedds.

Other methods such as formal methods have been propased
to help evaluate software tools to develop DDS. Some of
the Formal Evaluation Techniques mentioned in [5] are &
follows.

e Performance Modeling of Distributed and

Repli cated Databases

e Anayticd Modes

e Simulations

e Parameter Vaues

»  Default Homogeneity Asaumption

»  Database Site Models
Summary of the highlighted feaures of ead toadl are briefly
mentioned in the following.
Fedures avail ablein CODEBASE 6 [2]:

«  Extremely fast response time

e Unlimited database size

e Low memory requirements

*  Source odeisavail able, to make changes

e Availablein many international languages



e Addtiona tools like @ding reporter, coding
base, service aministrator and Database fix can
be incorporated

Companies that use CODEBASE 6 include
Lockheed, BOEING, AT&T, INTEL, IBM, and
Microsoft

Fedures avail able in Attunity Conred [1]:

*  Suppats multi-threading

e Provides database management tools for
integration, query processng and managing
access

*  Wizadto conred

e Concept of virtual database

e Al user profiles and metadata ae stored in
Objed stores

*  Providesfile pod cading

Fedures availablein MARIPOSA [4]:
e  Query processng is fragmented; the data itsdlf is
stored as fragments.
e Site manager to supervise the bad end
*  Oneor more badkend servers
e Adclient front-end application

5. CONCLUSIONS

The recant trend in information grocessng on performing
tasks to creae, modify, exchange and such ongiven sets of
data has made distributed databases very popuar, becaise
of the service they provide to maintain these resources
aqossvarious platforms, regardlessof the location they are
residing in. There ae many toadls to help acomplish this,
but from the user's point of view, it is very esentia to
know how to evauate these todls in order to find the one
best meds the given requirements. The authors give aset of
requirements with dfferent importance levels and that
evaluate three different distributed database todls in order
to show the process of chocsing the right tod. It is
extremely important to know what needs to be dore & well
as how to find such tod given multiple options. When
studying the different systems ome of the common flaws
that we encourtered were the ones due to patability. We
found that most of the systems could be deployed in orly
one awironment and if an application was developed in
one environment it was hard to move it to ancther.

Anocther isaue that needs to be aldressed was the use of
GUI and hiding the information irrelevant to the user. Most
of the systems that we looked at were missng such GUI
implementation. At last but not the least, most of the
systems nowadays neal to be web enabled and access to
data from the Internet is of utmost importance The systems
shoud provide todls that automaticdly conred to the data
sources, query them and generate results that are properly
documented and can be displayed onthe web. Based onthe
asssanents made and rakings, we found Codebase 6 to be
the best fit to the requirements proposed and compared to
the other two systems that went under the evaluation.
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FEATURE CODEBASE 6 ATTUNITY MARIPOSA
Developer Sequiter Software COMPAQ UC Berkley
Database Type | Heterogeneous Homogeneous Homogeneous
File Supported | FoxPro, dBase, Clipper, Excel, Access XML, Flat files, DB2, Informix, IMS, PostGies
etc
Database Size Up to 1 Million Terabytes, can be extended | Not known, supports variable length Not known
records
Memory Memory efficient, typicdly client/server 32MB RAM and 24MB hard disk 8 MB RAM and 50MB hard disk
requires around 1MB space space
Platforms Windows 200Q 95, 98, NT, all versions of IBM AS/400, UNIX, Open VMS, DEC OSF/1 32 running on
Supported UNIX, LINUX, Solarisand Mac Windows 95, 98, 2000 Digital Equipment Alpha
Scalability Can be stand-alone or client/server, Is Scdable Can scdetoa mupleof steson a
supports up to 10 simultaneous connections WAN
GUI Yes Yes Command Line
Querying Very fast acaessupto 1 million recordsin Not as fast as CODEBASE 6 Not known
Speed 0.65 secs
L anguages C, C++, VB, Delphi, Java, VBScript, ASP | Javabased, support for multi-threading | C, C++
Supported
L ogging All changes get logged into the log file Not known No loggng cgpability
Backup Incremental badkups Not known Manua badkups
Stability Highly stable since only server implements | Not known Unstable and ro mechanism to
changes prevent data crruption in case of
system crash
Web Uses DBC, ODBC drivers to construct Uses DBC, ODBC driversto construct | Not acassble from web
Accessible from the web from the web
Security Secured viafile acassprivileges and user Saves user profiles as object stores on Very basic security features
acounts the server
Transaction Complete rollbad and commit capability Distribution transaction manager Not known
Processing implements 2-phase commit protocol
Reliability Reliable recovery from crashesandloggng | Not known Very insecure since the system
manager can corrupt the dataif it
failsin the midde of atransadion
Query Not known Query processor and optimizer are Query processng involves
Processing available generating a query plan and
integrating fragmented data
Installation Simple, goad documentation provided Complex even with the presence of Very complex, manual setup
wizards
Help Files Good help provided Good help provided Adequate release notes and user
manual provided
Additional Management tods, report generation todls, Not known Not supported
Tools debug tods and code controllers
Cost Approximately between $500to $3000 Not known Free research software

(including add on tods)

Table 1. Evaluation of Distributed Database Tools




