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OPTIMIZATION OF THE NUMBER OF CCPIES IN
A DISTRIBUTED DATA BASE

E.A. Coffman Jr.+, E£. Gelenbe ++, B, Plateau +*

Abstract We consider the effect cn system performance of

the distribution of a data base in the form of muitiple
copies at distinct sites. The nurpose of cur analysis is

to determine the gain in READ throuchput <hat c¢an be
obtairned in the presence of consistancy preserving
algorithms that have tc be implemented when UPDATE ope-
rations are carried out on each copy. We show that READ
throughput diminishes if the number of copies exceeds an
optimal vaiue. The theoretical model we develop is ap-
plied to a system in which censistency is preserved through
the use of E11is's ring algorithm.
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INTRODUCTICN

The widespread usage of large scale computer communication networks
has made it possible to create Toosely coupied, but integrated information
processing and retrieval systems using multiple computers. This technolo-
gical possibility has been further enhanced more recently by the wide-spread
introduction of very small (personnal) computers, microprocessors etc. When
used with Tocal area networks or other local communication media, it becomes
relatively easy (at least in principle) to construct Toosely coupled muiti-
ple preccessor systems.

It therefore becomes of great interest to understand how these multi-
nle processor systems (which we distinguish here from the traditional tigh-
tly coupled multiprocessors) can be used efficiently to handle thz proces-
sing power necessary for Targe scale applications (such as numerical analy-
sis, data bases, language processing, etc.).

There are several factors which render such muttiple processor systems
attractive. Among them we may mention the possibility of constructing va-
riable performance systems using their natural extensibility obtained by
adding more processors and their software to an existing system, enhanced
reliability, system moduiarity, and the possibility of constructing clear
hardware-imposed interfaces using the communication network.

However it is clear that these gains are not obtained without a subs-
tantial counterpart in the research effort necessary to understand the
Togical design of such systems. Furthermore, the performance aspects
(throughput, response time and reliability enhancement) of multiple proces-
sor computers are not yet well understood. This paper is a first step in
this direction.

It is difficult to fully understand the performance aspects of multi-
ple processor architectures if one does not examine the problem in the
context of a special class of applications. General studies have been car-
ried out, but their use is limited to providing broad outlines of the ma-
jor trade-offs involved. That is why in this paper we examine this pro-
blem in the context of an application area which is of importance : distri-
buted data bases.
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The creation of a distributed data base can be motivated by two
types of reasons : a large decesntralized enterprise can decide to unify
its information systems on different machines by using computer networks
as a common communication facility, or one can profit from the increased
throughput and reliability of multiple processors in order to have a
data base system of higher performance. In both cases, the increased
potential throughput is reduced by the necessity to preserve consistency
of the distributed information and this is one of the main sources of
performance reduction.

In recent years many different proposals for consistency praserving
algorithms have been published for multiple copy distributed dats basas.
Inf 1 Jsaveral oFf these algorithms are 2riefly reviewed and scme decantralized
control schemes are proposad. The azigeritnm proposed in 72 I is typical of
a class of asynchronous consistency control algorithms. A detailad survey
and ¢ritic  of most of the subiished algorithms can 2e found inf< 7.

Several rezscns make muitinle copy distributad dasz hasas atiractive
the reduction of communication costs for READ operaticns,wirich can orocsed
on a lgcal copy, 2nhancad reliability due to the axistancz ¢f a iiiarnate
site in case of 73ilurz, znc improved RLAD chrougrout capacity cotaired
bv sharing zne READ lcad zamong ssveral csniters. Scme of these advantages
are offset by the necessity of implamenting an elabaratz grocedurs for
preserving consistancy.

Indeed, the consistency preserving mechanism that will be activatsd
when updatas take place, either at each updats or zerigdically, will introcduce
an additional cormunication ¢ost. Furthermere, the recovery proczdurss afisr
failures will be more complicatad becayse of the need 7o preserve consistency.
Finally, the consistency control algerithm will langthen the effeactive time
necessary to carry cut an update because T %the coupling 1% introducas hbetween
different copies and will therefore reducs the processing capacity available
for READ's.

base. Under 2 general formuiatign, we ab%tain 2 general exoression for
effective available READ procassing cavacitfy in the prasencs of 2 stream of
UPDATE's. This allows us c stata an cotimization orodclem : the determinziign
of the optimum number of centars that meximize the 2EAD processing canacizy.
An explicit expression for this quantity is obtainea in the case of a
duplicatad svstam.





