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Abstract: MMarketBasketAnalysi s’ (@ gorithms]
havelrecentl yCseen[vi despreadCuselinCanal yzing[
consumerdJ purchasing patterns—specifically,0 in[J
detectingCproductsthat Care[Tfrequentl yCpurchased
together. OWeOappl yCithelJApriori Dmarket[basket [
anal ysi sJtool Otothetask D of Odetectingdsubject
classifi cationldategori eslthat[Go-occurlinfiransaction]
records] of JbooksOborrowedC fromOauni versity [
library.[Thislinformati on[¢aneltiseful (inldi recting]
usersftoladditional Cporti onsCof(thel€dl lectionthat (]
mayd containd documentsd relevantd toll theird
informeati onCheed, CandC nCdeterminingCaibrary’ s
physical ayout. (0Theselresul tsCcanCal solprovided
insightdintodthe[ degreel] of 0 scatter” Othattheld
classification schemel inducesU in0 ald particular]
collectionl@fl[documents.[]

O

1.0Introduction

0

BarcodesareJubiquitousItoday; Cpractically(l
every[productCeomesiolthetonsumerith(a]
zebra-striped sticker(d ondtheld back.[] O Thel
softwarel] supporting] these[ barcodel] basedd
purchasing/orderingd systems] produces]vast[]
amountsbf [al es[data, [Typi cal | yCtaptureding
“baskets’ [ (recordsd in(] whichO theld items[d
purchasedby(@lgivenléonsumer @t @lgi venldi mel]
arelgroupediogether).IT hisldlatalvasidui ckly
recogni zedCbythelbusi nessCivorl dCasChavi ng[]
immenseJpotenti a Cval ueld nCmarketing. COINC
particular,[] commerciald] organizationsl] arel]
i nterested n(di scovering[1* associ ation[rules” [
that [ denti fyCpatternsCof Cpurchases, [(suchthat[]
thelpresenceldf[Onelitemlih(@basket il [impl yd
thelpresencelof (dnelor[more@dditional [tems.[]
Alhypotheti cal Cexampl elof [suchCaltul elimight
belhat[$hoppershivholpurchaselfoothpastel@rel]
a solli kd yHobuybananaslonthelsamelfripfo]
theld groceryld store.[1 ThisO “market] basket[]
anaysis’ [([MBA)[tesultCtanthen[belusedtol]
suggestLcombi nationsCof CproductsforCpecial O
promoti onsCor[&al es, Cdevi se[almore &ffectivel
storefdlayout, JandCgi veinsight OintoObrand
loyaltyl@ndldo-branding. I

This[ paper presents] a1 novel [ application
domaind fordd MBA:O moddlingd library[
circulation.d O Overd 20,0000 checkoutd
transacti onsiwereldapturedfromihelUni versity
of Waikatollibrary.[T hi sidatalwaslprocessedby ]
allocal [impl ementati onCof (theCAprioriCMBAD
agorithmC{Agrawa [andSrikant,[1994), (with[J
thelgoal [6f [detecti ngldommonaliti eslinthelway]
that[patronsiborrowookslacrossiwolormorel]
subj ectlclassifi cation(categories. I0INOMBAD
terminol ogy, [(thelti rcul ationCrecordsCdescri bell
baskets[{documentstheckedCbut[&Et[the samel]
timeJbyOthe(dsameldpatron),IforOallsetof
consumers{libraryCpatrons).0The[assod ation[]
rulesCinducedbyCA priori Cidentif y[basket[to-
purchaselpatternsi(Librarylof[CongressSubject]
categories(ihat @enddol¢o-occurWhenl$everal O
booksCarelborrowedCat[atime).[Thelinduced
rul esf@relpotential | ylisef ul [inlinvestigati nglthel
degreeldtoldwhi chOthellcl assifi cationCIschemeld
physi call y[di stributesCtlocumentsforihi sClser ]
group,CandCtanCbeluseful GinCinformingCshel fOJ
layout[@ndlin(dlirecti ngluisersfiolother, [possi bl y [l
rel evant, [portions[of thellibrary.[]

Related Wor k[

M BA [echni queshavel$parked @ great [deal [of (]
interest[fromCthe(dbusi nessCiworl dOinCrecent [
years,[andsevera [commercial IMBA [@nal ysis[
packagesChaveltecentl yheen[announced. [T hel
Apriori[@ gorithmvasiheTirstlinductionfool O
for[@heldli scoverylof (assod ation(iul esfinarge]
databases] (Agrawd,00 e d,0 1993);0
modi fi cati onsChavelbeenproposediolimprovel]
itsCeffi ciency (A grawal OandOSri kant,[11994; 0
Srikant[andCAgrawal ,[1996), [andAVariety[of (]
similar Cal gorithms[havelbeenproposed[that [
inducelmorelexpressive Tul es—forCexampl e, [
byCImi ningClover Omulti pl elabstractionO evel sC1
(HanO andd Fu,0 1995)0 or(d bell extracting
generalizednul es[(Srikant[@ndlAgrawal,[1995).1



Thelbul kof [previ ousworklintheland ysislof
library[Tircul ati onCdata hasbeentirected &t
characterizinglteadi nglpatternsLof (alparticular [
set[bf CusersC{forCexampl e, JAntebe lumCNew
Y orkersOlin[0Zboray,[11991); Omeasuringthe[
usagelseenlby(indivi dual CdocumentsCorsub-
coll ections, (tosupport Ccol | ectionCeval uati ond
(eg,DaylandRevil,[1995; [Eldredge,[1998); [0r ]
creating] predictivell mode sJ of 0 the(] total [
circul ationevd [Hor[algi venibrary(eg,[Barr[]
and(5ichd,[1991;Nayl or LandWal sh,[11994). [0
Thelcircul ati onCanal ysi stworkOmastCcl osd y
rel atedfolfhelpresent[paper[éxami ned(patterns]
in(browsi nglacrossi$ubj ect( ¢l assi fi cati ons, but (]
thell methodologyd involvedd creatingd
summarizationsLof [(physi cal [dli stancesbetween]
shd ves[Icontai ningOcircul atingClitems, Crather [
thanlnduci ngpatternsLof[co-occurrencelinihel]
classifi cationcategori esdthemse ves[(L osee, [
1993).00 Evaluations[] of J document subject]
classifi cationschemesUhaveJgeneral ly[lbeen[
basedOonOsubj ectivellorOqualitativeCcriteria. (]
Quantitatived studies] havell examined theld
“scatter” [imposedymovingldocumentsfrom
oneldl assifi cationlSchemelfolanother [(Boycelét [
a,[01990),0 ord usedd information(] theoreti c
measures’] tod compare]l thed information]
commonalities[] between documents(] placed[
physi cdl | yCiadj acent[toConeJanother Cunder Ciall
particularlschemel{L osee,[1992).LT his[present]
work{sChove [inCitsCélatal i ningCapproachtod
detecti ngCpatternsCinOibrarytircul ation[data, I
anditsfocuslon[subj ect[¢o-occurrencesl@tfhe
user[fransactionllevd.[]

Thislpaperlislorgani zed@sfol | ows: [IBection[2]
describesthelpre-processingltequiredforthel]
circulation] datall andd presentsdd all brief[]
explanationCof (the[Librarylof (Congress{L C)[]
classifi cati on[scheme; [Becti onCBLgi ves detail ST
of (the[A priori Cal gori thm; [Becti on[Apresents]
and(dii scusses(theldssoci ati onful eslinducedby [
Apriori @rom(Iheleircul ationldata; [And[Secti on
Slpresentsiour[doncl usions.[]

2.[0DatalPre-processngl]

Raw circulation] datal] was[] acquired] for(]
approximatel y[1 50K (52,518)00 documents]
borrowedfromCthe(0Universityof W a kato[
libraryliniheTirst@ewlmonths[of (1998.[(Each(]
linedl of0 datall contained al timestamp,C

anonymi zed(patronCid,ddocument i d, JandCal]
“cdld number’O (indicatingD the subjectl
classifi cati on[¢odelandshd fllocation). TFigurel]
10presentsTfourlinesCof Orawdata, Cfrom
February[18,1998.I1

18-FEB-1999[10:09:39.55[49879910001004356083L]
BD#450.D38$19660]

18-FEB-1999[10:09:45.35[49879910001000982700L]
BF#698.F746[$19760

18-FEB-1999[10:16:52.37[426113[0001004933931(]
QA"76.9.A73G63$19930

18-FEB-1999[10:18:52.81[426713[0001005193725[]
PL$6465.Z277W55MN0.100

Figurel1.TRaw(gi rcul ationdatal]

TimestampOandCuser [ dCdatal werelJusedtod
groupCimulti pl eClinesCof (datalli ntol 1 baskets” O
representi ngtiulti pl elitemslcheckedlout (&t [Thel]
samelJtime. 0 Theld datel] andO id were[J then[
discarded.(]

ForCMBA , [theltrucial [Cdeci sioninCanal yzing[l
datal] is[] choosing the[d level O of 0 concept ™
abstracti onCat[whi chCJtoOmi nelJassoci ations. [
Regulariti estaybeldi ffi cul tHoldetect[orhon-
existentd at0d theld lowest[ level O (here, 0 the[
indivi dual hook[id) (becausefhelto-occurrencell
matrixObetweenOitemsistooOsparse. 0T held
common{Jdatal]preparationUtechniqueldisdtol]
represent i ndi vi dual Otransacti onClitemsat Jal]
moreJabstractlevel ,[0suchOthat[interesting]
associations] begin tod appear.0] 0 O 1nd thisO
application,thellowest[abstractionleve —the[]
documentid—uwaslIcl earl y(ltooOpri mitiveJal]
concept told yid dO interesting results,[ asld
individual (bookslintheli braryhavelVerylow[]
circul ation(fates{mostare theckedloutlonl y&]
few( i mesl@lyear, lif theylarelborrowed@t@1).0
ThelconceptOl eve OthatOprovidedOthedmost
acceptabl elJdegreellof Cisupport Cfor i nducti ond
withoutCover-generali zati onCiwasthe[Jsecond
leve Cof Othe[ L Ccl assifi cationUcategory, Has]
indi catedlihfheldocument(gal | [dumber.O

Theld LCO dlassification schemeld organizes(]
documentsthi erarchi call ylinto[21[¢ategori eslof [
knowl edgel{labdledCA-H,CI-N,[P-V,[W,andC
Z).0TheseJbroad[cl assifi cationsCareJfurther [
divided ntoharrowersubcl assesCbyCadding ™
onelorfwoladditional Metters, [andTheninall y[



ass gnedCa humeri c[ld assifi cationFangel that [
most[preci sd y[ tharacterizes[thetontentCand(]
coverageloftheldocument.[Figure2[presentsi@l]
porti on[af fhelS$ci encel(* Q") [portionlaf thell COI
scheme.[JAdditional (1" Cutter” DextensionsUare[]
addedby i brari esCtolthe L Clcl assifi cationd
(lettersl@andmumbersi@ppeari ng@fterthelperi od
inCithelcall Onumber); Otheselcutter Onumbers(]
orthogonally(tothelhi erarchi cal (L Clkystem, ]
andOaredprimarilyOusedtoOcreatelalli near
bookshe fCorderingforCdocumentsthat[sharel]
anll Cldl assifi cation.[]
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Figured 2.0 O Portion of 0 the “Science” 0 LCO
classificationd
0
After[Hatapre-processing,[then,theldatalin]
FigureldWwasliransformed(ib: [
O

BD,BFO

QA,[PLO
O
Thelorigi nal 052K OlinesOof Oraw Odatal Jwered
reducedtolapproxi mate y[ROK [ baskets™ ; Cof ]
these, [4308Lnd udedteferencesiolinorelthan]
onelsubj ectlheading. [
O
3.0TheApriorilAlgorithm

Thedfoll owing description] of Jthed Apriori O
a gorithmlisidrawnfrom[{Agrawal [ét[al,[1993;0
Chenlet[dl,[1996):00

LetO={i4,0,,0.. 0} Cenotelthel set[of [items,
representediasiliteral s.[Ashotedlin[Bection2,]
thelgranul ari ty[of [Theldataliepresentationmay ]
vary[Cacross[mini ngCappli cations, (o thatCanl]
item({mi ght[fepresent(alvery(Speci fi clobj ect({for [

exampleda1300mll COcontainerCor(0BrandX O
cream), CorCalmoregeneral Cobj ectCfromtheld
domain’ sCtoncepthierarchy[{forOexampl e, [
dairy[product). [ et[ID [hel A $et [of [fransactions]
(“baskets”),[Wherel&ach{ransacti on[T s $et[]
of [itemsSuchfhat [T [T I. 0T heldumber [of [items[]
of Ceachliypelthat (erelpurchasedfinCal given
transaction is0) not0 incduded inO thisO
representati on, JandUi sTnotOusedOtoObytheld
Apriori[al gorithm;[instead, fhelpresencelof [an(
itemOiteral (i nCB transactionlindicates s mply[l
that[J oneld or[J morel] of [ those(d itemsd were[d
purchased. [l

L etCXbelal3et[of [items. [A [fransaction(T [is[Said[]
toOcontainOXOi f0andClonl yOi fOXOCOT.OANO
associ ati onlrul elisldefi nedlas(an(iimplicationlof ]
thelflormX[=> LY, ivher eIX [T LY, IYIT [, @ndXM O
YED. 0T helgoal Oslnot [Holinducel@ | (possibl e[
associationOrulesfoverDallgivendsetDDOof O
transacti ons, [ but(] onl y[d thoseld rul es] whosel
supportCandCeonfi dencelexceedUiser-supplied
threshol ds.[TAtul eDXE= Dy sCsai ditoChavell
support[$Lover Bhedransacti on[set[D [if [($%[bf (I
thel@ransacti onsCin[D[conta nCX[W LY, CandtoOd
haveltonfidencelclif [¢Yolof (Thelfransacti onsiin(]
Dihat[dontai nCX[dl soldontai (Y. N

ThelApriori [@ gori thmldecomposesthelprocess]
of [d nduci ngCassoci ati onCrul esCi ntoCkwolsub-
problems:[]

1.0 Find@ | (Setslof [items{that havelfransacti on]
supportCabove thelminimumithreshol dCs.[
Thesel@arelflermedilar gelitemsets. [T

2.0 Usel] thed largel itemsetsl] tol] generatel]
associ ati on(ful es.[IFor [évery(lar gelitemset [
|,Call Chon-emptyCsubsetsCof (1 Careldisted; O
each(SuchlSubset[alisepresentedBylarul el
of (theformaO= I G- h) O f(thelfatiolbf ]
support(1)0 told support(a) [ exceeds] theld
mi nimumldonfidencelfhreshol d.[]

AprioriCiterativel yOdiscoversUlargelitemsets, [
consi deringirstitemsetsithat (Wil l (generate A
singl edtemCinthelassod ationCful el1hs,[thend
rul estvith@wolitemslinihedhs, (and$oforth. [T
InCthellsecondCandater[terations, thepass]
begi ns[wvith[A seed[set [of (tandidatelitemsets[]
thatCerefoundtolbeargelinthelprevious



pass.[T DuringCeachliteration[theselseedsarel]
used] toJ generatel] new(] potentially[l largel]
itemsets; [t (Thelendlof (helApri ori [determi nes]
whi chareldindeed arge, Jand theselitemsetsl]
formithelSeedor [thelhext[pass. [Thel@ gorithm
iteratesC] until O nold newlargel] itemsetslarel]
identified.O]

AOnumberDof Omodifi cati onsCito0the[JApriori O
algorithmhavebeenproposed, primarily(to[]
improvelthel&ffi ciencylof Theltul eleneration
processi{eg, [Agrawal [@nd[$rikant,[1994). T he
Aprioriimplementati on[Used(iblanal yzelibrary
circul ation[datalJis1basedlontheJoriginal [
Apriori[agorithm[{Agrawal [&t[al,[1993).[Thed
size[JofJthe[ddataset(1did not warrantJthe[d
impl ementati onlaf [&ffi ci encyl@nhancements.[

4.[InductionResults]

Associ ati on[ful eslarelout put by A priori Onfhed
foll owingform: [

<premise>0] <no.0 of O transactions] coveredd byl
premise>[]

=0

<conclusion><no.dofOtransacti ons covered byl
premisel@ndldoncl usi on>[

<(confidencelyal uelforrule)>[

O

Thelassociationiul eslinduced by Apriori [from
thellibrarytircul ationdatal are presented[in]
Figure13.0000For[cl arity’ sCisake, Osemanticall y[l
redundant(riul esiver elfemovedfromiheloutput (]
set({that(ik, [0nl ylonelful elvasreta nedfromithed
pair (IXO=0YCandOYO=0X).[I Note that[thel]
associationd rulesd areld not[ transitive; [ the[
presencelof [Mul esTXE=Y@and Y= Z [doesnot [
necessarilyimpl yCithat OXO=0Z0will Dattai n(l
suffici entléonfi dencelfoléxceedlthelfhreshol d.O

Minimumisupport:[0.010
Minimumidonfidence:[0.010]

O

1.0 HFIB65E-HDIR65(0.47) 0
2.0 RCIR413>TMCIMO9(({0.45)1
3.0 HCI3142>HDA4110.45)00
4.0 LA00E~1B[44[{0.44)00
5.0 HGA27[=HFB1[0.4) 0
6.0 HG27[=MHDB1[(0.4)0
7.0 LC220=>[1B[84[{0.38)[
8.0 HB209==>MDI78[(0.37)
9.0 PN97=PRB5I(0.28)(1
10.[HV 215=HQBOID.28)0
11.MHB209E>HCIHB5[{0.26) 1
12.[0GN[285=DUB7[([0.24)00
13.[HCB314E>HF71[00.23)
14.TKUQI238=>HDIB3I(0.22)(]
15.fHM[338==>HD[1[(D.21)0
16.[BF319E>HM[B7({0.21)0
17.[BF319E->1BB4[(0.17)0
18.[BF319E=HQB0[{0.16)
19.fHMI338E=>HQME5[(D.13)0
20.[HM[338==HF44[(0.13)0
21.[HQBE74==HDI[45[(D.12)0]

0

Figure3.TAprioriloutput™

0

Threel3ubj ectCheadi ngsl@ppeari nglinFigure30
arelInon-standard: 0 O RC,d herel] denotingd al’]
“reading] collection”d documentd inC the
Educati on[sub-library, tather [ihell Cl¢ategory]
forlihterna [tedicine;[TMC, [ihdi catinglthatthel]
document(T sCpartJof (ktheteachi ngCimaterial SO
coll ectiond n(the[Educati on[sub-library; Cand [
KUQ,OanOextendedOL COheadingdf orONew(
ZealandIawldocuments. [T

Discussion]

All [of helful eslin(FFi gurel3have@erysi mpl el
structure, Ocontai ningConl yCallsingl eJsubj ect [
headingliinthelpremi selandlnfhel¢oncl usion. [T
Library[baskets’ MendibbelinuchiSmall er[@nd]
simplerd than baskets[d reported ford other[
domains,dsuchOas]grocerydstores—inthis[]
dataset, Thel@averagelumber [of itemsBorrowedd
atCaltimelwasCabout[two—and[tonsequentl y [
theld potential [0 support™ for] moreld compl ex(]
associ ati onlrul esiwas(Tacking. [T

Library(¢lassi fi cationSchemes(ar eldlesi gned(fiol]
bringOsi milarCdocumentsCitogether, CtoCgroupC]
documentslinthelhopelthat[thi sCphysical [to-



| ocati onbylsubjectiwill Hadi litatelbrowsi ngfior
patrons.[TJA [successful [Tl assifi cati onCschemel]
will O mini mizedtheTDamount [ of Ctimed spent ]
browsingOfordorOretrievingd documentsby ]
reduci ngliheChumber [of [F stops” [hat [l patron(]
mustCimakelinthelibrary$tacks.[TAschemell
that [ sfl Cadapted(tol & bi venltollection[will
“scatter” O likeld documents(] across] subjectsl]
(Loseg [1993).1T

Note[JthatOfor01500f Othel121 Oof Otheldrul esC]
generated, [thelSubj ectsiinbot hithelpremisel@and]
conclus ondfallJ underOthed samedtop-level [
(singl el etter) (L Clcategory.[TJAtthelhighest
leve , [then, Hlor[fheling ority[of [(patternsipatrons]
areffindingltheldlocumentslthat Theyborrowin[]
classifi cati onsihat[arel$emantica | y(te ativel y[
“d ose’ [ToeachUot her. [T he[3si xCexcepti ons[]
(rules2,12,14,016,17,[8)(ihdi catelinteresti ng]
interdisd plinaryCinterestsCamongCthedibrary
patrons—ford example, O ruled 1200 linksO
anthropol ogyJ(GN) OwithCOOceanial1(DU),dal]
combinationfhat [is[hot [Unexpectedgi venlthat [
anthropol ogyCandCMaori/Pacifi cCevel opment
courseslat [hi sCuniversi ty[@endoChighli ght[of [
thelocal [region.[IT heselli nstancesCof Csubject
scatterCarellike y(tolbelddiosyncrati cCtolthis
particularuini versi tylandUiser (base, [ather [than]
indi cati ngladl awlinIhelt! assifi cation($chemeld
itself.[0

Froml(thel¥i ewpoi nt[of [physi cd Oibrary(layout, ]
thelshe vi ngCpl anCgroupsihebrowsi ngpoints]
togetherOwell:[(XheCBassodi ati onrul esCindi catel]
thatOpatronsClaredtravel lingOrd ative yshort
di stancesbetweenhel$potsiromOivhi chihey
retri evelbooks. [Onl yfwolrul es[{(14,[17)(ihcl ude]
classifi cati onsOthat CarelThousedCDonCldi fferent [
floorsCof (thelibrary, andConl y(iwoltul es[{16,0
20)[includeltlassifi cati ons[that Careldistanced]
morethanChal f[thell engthCof CaCsingl e fl oor. [
Thelinduced(¥ul esCdlolhot[Indi catelanymajor ]
defid encieslin[thelshd vingLarrangementsCon[]
orfacross{il oors.O

4.0Conclusions]

Welhaveltlemonstratedthat[M B A [techniquesd
canObedappliedCtodtheJand ysisOof Clibrary ™
circul ationldata—specifica |y, [fbldetect[Subj ect ]
classificationd headings that(J co-occurd in[J
circul ationlfransacti ons.[T helinducedCpatterns]

providelinsi ghtliintolfheldegreelof(physi cal [@nd[
conceptual Cscatter [imposedCbnCpatronsCivhen]
browsi ngldr [retri evi ngldocuments. [T

Oneld application(dfor thesed resultsClisCItheld
constructionCof Cbrowsi ngChints[for[patrons—
perhapslintheformlof (hoti ces(attachedfolfhel]
shdves—informingd patronsC] of (1 the[] other[
subj ectheadi ngslthat [@rel@ssociati onal | yllinked
tolthelheadi ng[that[theyhavellocated.[OThis[]
typelbf Cuser-CandCusage-based feedback [ tan[]
allowOalibraryOtoOadaptivel y(support[the[
informati onCseeki ng/browsingCbehavior Lofits]
patrons(at Towldost,[andwithout[maki nglrnagjor (]
changes] in0 the catal ogingd ord physical ]
arrangement(offheldoll ection.[

OfOcourse, Othelassociati onCrul esClcanConl y [
indi catelorrowi ngpatternsihat [arelpresentin[]
thel] data—that( are] either supportedd by
classifi cati on[proximity, [0r [fhat[patronsiéxhibit [
despitelJanylcl assificationOorlibraryOlayout [
defi ci enci es.[T hi s[flechni queldoesmot[Suppl ant [
previousCcircul ationCanal ys sCimethods, (Cbut [
rather OprovidesCadditional OinsightOintoOtheld
i ssueslthat [infl uenceldol | ecti onlutlization.O
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