Growth and Server Availability of the NCSTRL Digital
Library

Allison L. Powell

Jame<C. French

Departmenbf ComputerScienceUniversityof Virginia
Charlottesville VA
{al p4g| french}@s. vi rgi ni a. edu

ABSTRACT

This paperreportson measurementsf the NCSTRL digital
library taken over a two-yearperiod. We reportthe growth
of thesystemalongtwo dimensionsnumberof participating
institutionsandnumberof documenténdexedby thesystem.
We alsoreportanaspecbf reliability for this distributeddig-
ital library system.

INTRODUCTION

The Networked ComputerScienceTechnicalReferencd.i-
brary (NCSTRL) hasbeenin existencefor aboutfive years.
In this papemwe explore someaspect®f NCSTRLobsenred
by regularpolling of the systemover atwo-yearperiodfrom
1997-1999.

Briefly, NCSTRL s a collectionof ComputerSciencetech-
nical reportd organizedas a loosefederationof cooperat-
ing seners.Althoughthedocumentepositoriesn NCSTRL
arelocatedat geographicallydistributedsites,therearetwo
stratgiesin usefor maintainingthe metadatandproviding
indexing services:(1) a geographicallydistributedsetof in-
dex seners;and(2) a centralizedndex sener. The former
configurationis maintainedas a researchvehicleandis the
configuratiorthatwe examinein this paper Thelatteris the
productionsystemdesignedo provide stability to endusers.

Participatinginstitutions(known as“publishingauthorities”)
canbeinvolvedas“Standard’or “Lite” sites.A Standardite
runsthreeservices:userinterface(Ul), indexer, andreposi-
tory. A Lite site maintainsits technicalreportsat the home
institution, but hasits metadataheld at a specialsite (the
Central Sener) that providesindexing services. The Cen-
tral Senerlookslik e a Standardsiteto therestof thesystem.
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1Recentlyawider variety of materialhasbeenacceptednto the system.

Thereis alsoa Backup Sener to increasereliability. It is
highly availablebut possiblya little out of date.

Within NCSTRLqueryprocessingroceedasfollows. First
auserposesaqueryto aUl sener. Thequeryis broadcasto
all the Standardasitesincludingthe Centralsener. Eachlocal
indexer processethe queryandsendgheresultsbackto the
issuingUl. If all sitesdo not respondthe BackupSener is
contactedo supplyresultsfor the nonrespondingites.

In the sectionsthat follow, we discussthe growth of NC-
STRL over the two-yearobsenration period and give some
insightinto its reliability. In this paper we will judgereli-
ability by estimatinghow oftenthe BackupSener mustbe
invoked. Thereaderis referredto Davis andLagoze[1] for
a more detaileddescriptionof NCSTRL andto Dushayet
al.[2, 3] for morecomprehensie performanceneasurements
of thesystem.

GROWTH OF NCSTRL

We polledeachNCSTRLsitefor a countof documentérom
9-Aug-97 through 25-Sep-99. In responsdo the poll, the
senersrespondedvith eithera countof document®r aner-
ror message.The Saturdaypolls from the two-yearperiod
of 6-Sep-97hrough28-Aug-99arereportedhere. Over the
courseof thetwo-yearperiod,therewereinstance®f incom-
pletepolls, e.g.,atimed-outconnectiorat somesener might
causethe poll to terminateprematurely Weekswith incom-
plete polls were elided, leaving polls from 78 weeks. We
have at leastone completepoll for eachmonthin the two-
yearperiod.

For purposesf countingthe numberof documentsn NC-
STRL, if a sener repliedwith an error messagethe most-
recentlyreporteddocumentountfor thatsenerwasused.If
no documentounthadpreviously beenreportedthatsener
was assigneda countof zero documentauntil a document
valuewasreported As aresult,thevaluesreportechererep-
resenta lower boundon the numberof documentsn NC-
STRL at a giventime. Therewere also four sitesthat al-
waysrepliedwith sener errorsand never reporteda docu-
mentcount. Thesesitesare countedin the total numberof
sites,but do not contrikuteto thetotal numberof documents.

In Figurel, we shav thetotal numberof documentsn NC-



STRL for thelast poll of the month,for eachmonthin the

two-yearperiod. We beganwith 17,406documentg6,174
of thesefoundat Lite sites)andfinishedwith 29,367(9,750
Lite), atotalincreasen holdingsof 69%. Thisis anincrease
of 75%at Standardsitesand58%at Lite sites. Thesharpin-

creasan October 1998is dueto theadditionof aNCSTRL

Standardbsite for INRIA (Institut Nationalde Recherchesn

Informatique et en Automatique)which addedover 3,500
documents.

We alsotrackedthe growth of the numberof Lite and Stan-
dardNCSTRL sites. We beganthe periodwith 98 sites(56
of theselite) andfinishedwith 123sites(63Lite). Sotheto-
tal numberof participatingsitesincreasedy 26%; Standard
sitesgrew by 43%while Lite sitesgrew only 13%. At theend
of theobsenationperiodtherewereapproximateljthesame
numberof Lite andStandardites.Davis andLagoze[] also
reportthe growth of NCSTRL sites,but for a differenttime
period.

As agrosscharacterizationf NCSTRL,we cansaythattwo
thirdsof thedocumentsrestoredin aboutonehalf thesites,
i.e.,the Standardites.
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Figure 1: Number of technical reports.

RELIABILITY

We eliminateda numberof sitesfor the purposeof exam-
ining sener reliability. We eliminatedsitesthat alwaysre-
spondedwith an error (in casethe problemwasdueto our
polling approachatthatsite)andthe sitesthataddednho new

reportsduringthe two-yearperiod(assuminghatthey were
inactveandnotmonitoringthesener). It is alsothecasehat
a singlesener might sene up documentdor multiple pub-
lishing authorities,e.qg., the Lite sener handlesall 63 Lite

sites. We reporton the availability of 38 seners. Reliability
percentagearecalculatedoverthe 78 weeklypolls. A vari-

ety of errorswereencounteredn somecaseshe causewas
unclear We only concernedurseheswith threeof the most
commonlyoccurringones,‘could notconnect”,“connection
timedout” and“dienstsener unavailable”.

Tablel shavstheavailability of senersonasener-by-sener
basis. For example,if a sener respondedo 77 out of 78
polls, it would have an uptime of 98.7%. Two siteshadan
uptimeof 100%. The averageobsered uptimewas86.7%.
Dushayet al. [3] obsenedaverageuptimesof 87%and89%
whenstudyinga smallersubsetof seners. The numberof
sitesthat failed on a given percentagef polls (on a poll-
by-poll basis)is shavn in Table2. In 100% of the polling
attemptswe experienceat leastonesener failure. Thisim-
pliesthatduringqueryprocessingve would have contacted
thebackupsener for every query

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
k percent of the polling attempts.

# Servers Down 6 5 4 3 2 1
% of Polls | 3.8| 7.7 | 28.2| 346 | 23.1| 26| 0

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

o

DISCUSSION

NCSTRLIis a growing digital library. In the two-yearmon-
itoring periodthe numberof participatingsitesincreasedy
26% andthe holdingsgrew by 69%. Reliability of the dis-
tributedsystemis low. Table1 shavs thatmary senersare
highly available,specifically23 of 38 (61%)areup 90% of
thetime. However, from Table2 we seethatthe systemhad
atleastonesenerfailure 100%of thetime. Thisimpliesthat
during queryprocessingevery querywill have to berouted
to theBackupSener, increasingheoverall systenresponse
time.

Our measurementsdicatethat engineeringeliable, distri-

buteddigital librarieswill beachallenge A federatedystem
is vulnerableto its wealestcomponent.Stronginstitutional
commitmenwill benecessarjor success.
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