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OPTIMIZATION OF THE NUMBER OF COPIES IN 
A DISTRIBUTED DATA BASE 

E.'Ô. Coffman Jr.+, E. Gelenbe ++, B. P,ateau ++ 

Abstract He consider the effect on system performance of 
the distribution of a data base in the form of muitip1e 
copies at distinct sites. The purpose of our analysis is 
to determine the gain in READ throughput :hat can ~e 

obtained in the presence of consistency preserving 
algorithms t.'1at have to 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 value. The theoretical model we develop is ap­
plied ta a system in which consistency is preserve<:i through 
the use of Ellis's ring algorithm. 

+) 3ell Laboratories ,~iurray Hill ,èlew Jersey (U.S.A). 
++) Laboratoire de Recherche en Informatique, Université P~ris-Sud 

BAt 490, 91405 Orsay, France. 
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INTROOUCT ION 

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

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

There are several factors which render such multiple processor systems 
attractive. Among them 'Ile may mention the possibility of constructing va­
riable performance systems using their natural extensibility obtained by 
adding more processors and their sofb~are to an existing system, enhanced 
re1iability, system modularit~ and the ooss~bility 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 
logical design of such systems. Furthermore, the performance aspects 
(throughput, response time and reliability enhancement) of multiple proces· 
sor computers are not yet wel1 understood. This paper is a first step in 
this direction. 

It is difficult to ful1y understand the performance aspects of multi· 
pie 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 'Ile 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 OvO 

types of reasons : a large decentralized 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 higner 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 reçent years many different proposals for consjstençy preserving 
algorithms have been ~ubljshed for mul:ip,e copy ctis:ributAd data Jases. 

In [1] saveral 37 t!;ese a;çori:hms are :;rieflJ r'evie1:ied and SC:7ie dece:ntr~i ized 

control schemes ar"1e ç;r'.?posad. 7he algoritnm propcs~c {n ~ 2 ~ ~s typical of 

a class of asynchronou$ ccnsis:ency con:rol a1gori:hms. A detailed survey 

and cr;tic of :nost of the ~ubiished algorithms C:ln ~e fourd in ["-}. 

Several reascns ~ake ~u1ti?ie copy j~stributad da:~ ~as~s ~ttra:tive 
the reduc:ion of communic3.tion cos'Cs for REA!) ooerations,'fIrrich can proce"d 
on a loca1 ccpy, €~hanced. reliabi11::r cue:o t:1e e:dstenc.a cf a !!ternate 

site in case ;if fai:ura, !ne irnoroved ~E,J,D ;:r:rougr:pu:: capaci::, cot3.irea 

oy st',aîilig "'::1e RË.AD lcad among saveral center'S. Some of chese aG'Ianrages 

are offset by the r.ecessi:y of imp1ementing an e1abor~ta prnce~ure for 
preserving consistency. 

Indeed, the cons i stency preserti ng mechanisi7I tha t 'IIi ~ ~ be let; 'la tee 

wh en updates take place, either at each update or ~eriodical1y, will intrcduce 
an additional c'jrr:munication cost. r~rthermore, the reco'lery prOC2CI"j/'·es ai:::: 

rai 1 ures wi~ l be ;nore CQ;'ilpl i ca tad because cf tr,e 'Îe~d ':û or~$e!"''Ve cons i ster.cy. 

l'ïnally, the consiS1:ency con~rol alçorithm 'fI'1l lengthen the effective time 

necessary ta carry eut an upciate beça~se cf tMe coup1i~g it int~oduce$ ~etwee~ 

different copies and. will t!"ler~fore r~duce t::e prccessinç c:apacit:J avai1ab;e 

fôr READ's. 

In this paper we address t:,is ;ast issue. Ile c:)ns~der first a system 
in which n centers contain fully or partially replicatec copies of a ~ata 
base, Unde~ a general formu~ation, \:i~ ob":air a ']e!ieral ~x:::res$ion for 

effective ava~1a:'le i{EAO pr-ccessing Cloacit:/ fn ::~e ~resel"!ce cf ! stream ot 

UPDATE's. This a! iows us t~ state an optimization ;:robiem : the det.ermina:ion 

of the cptimL.:m f".urnber of ce:ïters that 'naximi:9 ~~e ~~:'D processil19 ..::ao.c:-:ity. 

An explicit expressicn for this qU8m:ity is obtainec i:1 t::e cast? cf a ~'Jl1y 

duplicatêc system. 
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