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ABSTRACT
This paperreportson measurementsof theNCSTRLdigital
library taken over a two-yearperiod. We reportthe growth
of thesystemalongtwo dimensions:numberof participating
institutionsandnumberof documentsindexedby thesystem.
Wealsoreportanaspectof reliability for thisdistributeddig-
ital library system.

INTRODUCTION
The NetworkedComputerScienceTechnicalReferenceLi-
brary (NCSTRL)hasbeenin existencefor aboutfive years.
In thispaperweexploresomeaspectsof NCSTRLobserved
by regularpolling of thesystemovera two-yearperiodfrom
1997-1999.

Briefly, NCSTRLis a collectionof ComputerSciencetech-
nical reports� organizedas a loosefederationof cooperat-
ing servers.Althoughthedocumentrepositoriesin NCSTRL
arelocatedat geographicallydistributedsites,therearetwo
strategiesin usefor maintainingthemetadataandproviding
indexing services:(1) a geographicallydistributedsetof in-
dex servers;and(2) a centralizedindex server. The former
configurationis maintainedasa researchvehicleandis the
configurationthatwe examinein this paper. Thelatteris the
productionsystemdesignedto providestability to endusers.

Participatinginstitutions(knownas“publishingauthorities”)
canbeinvolvedas“Standard”or “Lite” sites.A Standardsite
runsthreeservices:userinterface(UI), indexer, andreposi-
tory. A Lite sitemaintainsits technicalreportsat thehome
institution, but has its metadataheld at a specialsite (the
CentralServer) that provides indexing services. The Cen-
tral ServerlookslikeaStandardsiteto therestof thesystem.
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Recentlyawidervarietyof materialhasbeenacceptedinto thesystem.

Thereis also a BackupServer to increasereliability. It is
highly availablebut possiblya little outof date.

Within NCSTRLqueryprocessingproceedsasfollows.First
auserposesaqueryto aUI server. Thequeryis broadcastto
all theStandardsitesincludingtheCentralserver. Eachlocal
indexerprocessesthequeryandsendstheresultsbackto the
issuingUI. If all sitesdo not respond,theBackupServer is
contactedto supplyresultsfor thenonrespondingsites.

In the sectionsthat follow, we discussthe growth of NC-
STRL over the two-yearobservation periodandgive some
insight into its reliability. In this paper, we will judgereli-
ability by estimatinghow often the BackupServer mustbe
invoked. Thereaderis referredto Davis andLagoze[1] for
a more detaileddescriptionof NCSTRL and to Dushayet
al.[2, 3] for morecomprehensiveperformancemeasurements
of thesystem.

GROWTH OF NCSTRL
WepolledeachNCSTRLsitefor acountof documentsfrom
9-Aug-97 through25-Sep-99. In responseto the poll, the
serversrespondedwith eitheracountof documentsor aner-
ror message.The Saturdaypolls from the two-yearperiod
of 6-Sep-97through28-Aug-99arereportedhere.Over the
courseof thetwo-yearperiod,therewereinstancesof incom-
pletepolls,e.g.,atimed-outconnectionatsomeservermight
causethepoll to terminateprematurely. Weekswith incom-
plete polls were elided, leaving polls from 78 weeks. We
have at leastonecompletepoll for eachmonth in the two-
yearperiod.

For purposesof countingthe numberof documentsin NC-
STRL, if a server repliedwith an error message,the most-
recentlyreporteddocumentcountfor thatserverwasused.If
nodocumentcounthadpreviouslybeenreported,thatserver
was assigneda count of zero documentsuntil a document
valuewasreported.As aresult,thevaluesreportedhererep-
resenta lower boundon the numberof documentsin NC-
STRL at a given time. Therewere also four sitesthat al-
waysrepliedwith server errorsandnever reporteda docu-
mentcount. Thesesitesarecountedin the total numberof
sites,but donotcontributeto thetotalnumberof documents.

In Figure1, we show thetotal numberof documentsin NC-



STRL for the last poll of the month,for eachmonthin the
two-yearperiod. We beganwith 17,406documents(6,174
of thesefoundat Lite sites)andfinishedwith 29,367(9,750
Lite), a total increasein holdingsof 69%.This is anincrease
of 75%atStandardsitesand58%atLite sites.Thesharpin-
creasein October, 1998is dueto theadditionof a NCSTRL
Standardsite for INRIA (Institut Nationalde Rechercheen
Informatiqueet en Automatique)which addedover 3,500
documents.

We alsotrackedthegrowth of thenumberof Lite andStan-
dardNCSTRLsites. We begantheperiodwith 98 sites(56
of theseLite) andfinishedwith 123sites(63Lite). Sotheto-
tal numberof participatingsitesincreasedby 26%;Standard
sitesgrew by43%whileLite sitesgrew only13%.At theend
of theobservationperiodtherewereapproximatelythesame
numberof Lite andStandardsites.Davis andLagoze[1] also
reportthegrowth of NCSTRLsites,but for a differenttime
period.

As agrosscharacterizationof NCSTRL,wecansaythattwo
thirdsof thedocumentsarestoredin aboutonehalf thesites,
i.e., theStandardsites.
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Figure 1: Number of technical reports.

RELIABILITY
We eliminateda numberof sitesfor the purposesof exam-
ining server reliability. We eliminatedsitesthat alwaysre-
spondedwith an error (in casethe problemwasdueto our
polling approachat thatsite)andthesitesthataddednonew
reportsduringthetwo-yearperiod(assumingthat they were
inactiveandnotmonitoringtheserver). It is alsothecasethat
a singleserver might serve up documentsfor multiple pub-
lishing authorities,e.g., the Lite server handlesall 63 Lite
sites.We reporton theavailability of 38 servers.Reliability
percentagesarecalculatedover the78 weeklypolls. A vari-
ety of errorswereencountered,in somecasesthecausewas
unclear. We only concernedourselveswith threeof themost
commonlyoccurringones,“could notconnect”,“connection
timedout” and“dienstserverunavailable”.

Table1 showstheavailability of serversonaserver-by-server
basis. For example,if a server respondedto 77 out of 78
polls, it would have an uptimeof 98.7%. Two siteshadan
uptimeof 100%. Theaverageobserveduptimewas86.7%.
Dushay, et al. [3] observedaverageuptimesof 87%and89%
whenstudyinga smallersubsetof servers. The numberof
sitesthat failed on a given percentageof polls (on a poll-
by-poll basis)is shown in Table2. In 100%of the polling
attempts,we experienceat leastoneserver failure. This im-
pliesthatduringqueryprocessingwe would have contacted
thebackupserver for everyquery.

Uptime (%) Num. Servers
95-100 14
90-94.9 9
85-89.9 5
80-84.9 2
75-79.9 3
70-74.9 1
lessthan75 4

Table 1: The number of servers that responded to	
percent of the polling attempts.

# Servers Down 6 5 4 3 2 1 0
% of Polls 3.8 7.7 28.2 34.6 23.1 2.6 0

Table 2: The percentage of polling attempts in
which exactly 
 servers were down.

DISCUSSION
NCSTRLis a growing digital library. In the two-yearmon-
itoring periodthenumberof participatingsitesincreasedby
26%andthe holdingsgrew by 69%. Reliability of the dis-
tributedsystemis low. Table1 shows thatmany serversare
highly available,specifically23 of 38 (61%)areup 90%of
thetime. However, from Table2 we seethatthesystemhad
at leastoneserverfailure100%of thetime. This impliesthat
duringqueryprocessing,every querywill have to berouted
to theBackupServer, increasingtheoverallsystemresponse
time.

Our measurementsindicatethat engineeringreliable,distri-
buteddigital librarieswill beachallenge.A federatedsystem
is vulnerableto its weakestcomponent.Stronginstitutional
commitmentwill benecessaryfor success.
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