
DOI: 10.4018/IJLIS.2020070101

International Journal of Library and Information Services
Volume 9 • Issue 2 • July-December 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

The Collection and Service Optimization 
of China’s Academic Library ILL 
Based on Bipartite Matching:
A Case Study of Soochow University
Yue Ma, School of Information Management, Central China Normal University, Wuhan, China

 https://orcid.org/0000-0002-0875-2405

Jingxian Han, Soochow University Library, Suzhou, China

Zhuozhuo Li, Department of Archive and E-Government, School of Social Science, Soochow University, Suzhou, China

ABSTRACT

Theinterlibraryloan(ILL)serviceisessentialtoamulti-campusuniversitylibrary.Thisarticlebuilds
adynamiccollectionoptimizationmodelbasedonreaders’needsusingILLdata.Thisarticlefirst
examinedthestatusquoandmethodsofILL.Then,referstosomeexistingalgorithmsofbipartite
matchingandrecommendationsuchasnetwork-basedinference(NBI).Basedontheaboveanalysis,
thisarticlebuildsamodeltooptimizeuniversitylibrarycollection.WiththeloaningdataofSoochow
AcademicLibrary from2013as the trainingdata,anoptimizingcasewasperformed.The2469
interlibraryloanrecordsincludingreadersandbooktheyborrowfromotherlibraryin2014wasused
fortestingtheeffectsofthemodel.ThemodelisabletoidentifypotentialILLdemandsandimprove
theefficiencyofbookcirculation.
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INTROdUCTION

Interlibraryloanisviewedasaserviceplatformthatcombineslibrariesindifferentgeographical
locations.Readersofmemberlibrariesallhaveaccesstoalloftheresourcesinthelibrarynetwork.
Accesschannelsareeitheronsiteorbytelephoneandinternetapplicationservices.Self-service
bookborrowingandreturningcanbedoneinthenearestlibrary,anddoor-to-doorbookserviceis
availableaswell(Li,2016).

Chinaexperienceda tideofuniversitiesmerging in1990sanda large-scale constructionof
universitytownsintheearly21stcentury.Tooptimizetheresourceallocationofuniversitylibraries
andfacilitateproximityutilizationforreaders,branchbuilding,resourcereorganization,multi-point
serviceandinterlibraryloanhavebecomepartofthenewnormalstate.Notonlyfacinguniversity
libraries,interlibraryloanalsoplaysanimportantroleinurbanlibraryservice.Inparticular,with
theimprovementoflibrarysharingsystems(suchasonecardsolution),thestandardizationofpublic
cultureservicesandthepromotionofanationwidereadingmovementinrecentyears,interlibrary
loanhasbecomeoneofthebasicpubliccultureservices.Meanwhileitisalsothepremiseofthe
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formationofalibraryresourcesandservicenetwork.Inthiscase,universitylibraryinterlibraryloan
servicesshouldattachmoreimportancetointegratingdispersedteachingandresearchresourcesand
servicesaccordingtothesubjectsettingofeachcampus.Additionally,theadjustmentofcollection
structureandlayoutisalsoinurgentneed,soastosatisfyrelativelystableknowledgepreferences
indifferentcampuses.Moreover,bookcirculationnetworksbetweencentrallibrariesandservice
nodeshasbeenfurtherpromotedwiththeprevalenceofcommunitylibrary,subwaylibraryandself-
check.Datageneratedfromthisinterlibrarycirculationnetworkprovideswithadynamiccollection
optimizationscheme.ThisstudyistoanalyzetheinterlibraryloandataofcampusesinSoochow
Universityandtofindoutandadapttothediverseneedsofreaders,soastoachieveanaccurate
predictionofreaders’needsandadynamiccollectionstructuresystem.Asaresult,timeandspace
costsduetocollectiondivisionbycampuseswillbeminimized,andcirculationefficiencyandservice
qualitywillbeimproved.

LITeRATURe ReVIew

Interlibrary Lending Service (ILL)
In1894RowellinitiatedU.C.Berkeley’sfirstprogramofinterlibrarylending,withtheCaliforniaState
Libraryasitspartner.LaterthatyearRowellexpandedtheinvitationtoagroupoflibraries,named
NUCMC(NationalUnionCatalogofManuscriptCollections),whichcanbeseenasthefirstpractice
ofinterlibraryloan(Wikipedia).In1994,theReferenceandUserServicesAssociation(RUSA)of
theAmericanLibraryAssociation(ALA)ledthedevelopmentofthe“InterlibraryLoanGuidelines”
(ALA,2008)whichhasbecomeadefactostandardforlibrariesatalllevelsafterseveralrevisions.It
states:“theneedsofeachreadershouldbesatisfiedassoonaspossible,”and“keepcommunication
betweenlibrariestoadjustthecollectioninadvanceaccordingtopotentialneeds.”Theseprinciples
indicateafocusonconvenienceandfriendlinessofspecificservice.Sealpointsoutthatuniversity
academiclibrariesalsoundertaketheeducationalmissionofprovidingassistancetostudents’growth
andscientificresearch(Seal,2016).Sharingofopenaccess,onlineresourcesandforeignlanguage
resourcesisasignificantareaofinterlibraryloanserviceaswell(Celikbas,2016;McGrath,2016).
Withthegradualenrichmentofinformationtypeandcontent,contentbuildinganddistributionof
collectionresourcesdisplaymoreandmoreimportancenowadays.

Threemainperspectivesareproposedintermsofinterlibraryloanserviceefficiency.Thefirstis
fromtheperspectiveofcollectioncirculation,measuringcollectionrateandotherrelatedindicators.
In1995F.W.Lancasterputforward that interlibrary loanefficiency ismeasuredmainly through
collection structure analysis, circulation analysis and availability (Lancaster, 1995). ISO11620
“Informationandliterature- libraryperformanceevaluationindicators”viewsspeedandsuccess
rate(percentageofsuccessfulinterlibraryloans)asmainindicatorsofefficiencyevaluation(British
Standards,2014).Additionally,indicatorslikecoveragerateandcirculationtime(Stein,2001)are
alsoincluded.Asreferredtoin“InterlibraryLoanGuidelines”(ALA,2011),coveragerateisthe
satisfactionrateofreaders’interlibraryloanrequests,whilecirculationtimereferstothetimeby
which readers’ demands are satisfied, representing service speed. Some studies have examined
requestsourceandresponsesituationonthebasisofborrowingrequestanalysisinordertobetter
assessservicestatus(Benn,2009).Ocholaintroducestheconceptofoverusetodiscoverandoptimize
collectioncategoriesthatdonotmeetreaderdemands(Ochola,2002).Thesecondisfromthereader’s
perspective; that is, directly investigate readers’ satisfaction towards interlibrary loan (Stevens,
1974).Forinstance,applyingafieldmethodtotheservicesatisfactionevaluation(VanDenHoogen
&Parrott,2012),oridentifyingloyalusersthroughuserportraitstoprovidereferenceforservice
optimization(Mangiaracina,Cocever,Chiandoni,&Arabito,2014).Asurveyregardingalibrary
networkinHongKongfoundthatreadersweresensitivetothetypeofresourcesborrowed;there
wasashortageofsometypesofresources,whiletheunpopularresourcesremainedindeepfreeze
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(Sidorko,Wong,Tai,&Wong,2006).Thethirdistostudytheoverallinterlibraryloanprocessfroma
macroscopicperspective,suchasasystemthatcaresabouttimeandeconomiccost,theestablishment
ofTDABC(Time-DrivenActivity-BasedCosting)model,impactingfactoranalysisconcerningthe
servicequalityofinterlibraryloan(Pernot,Roodhooft,&VandenAbbeele,2007),oranintegrated
modelexplainingresourceprocurementflow(Lindy,Oktaviani,Willy,&Prasetio,2015).Theaimis
toachieveanintegrationofonlinebrowsing,discoveryandofflineaccessofresources.Interlibrary
loanservicestudiesthatemphasizepracticeputgreatconsiderationinto“effectiveinput”(Leon&
Kress,2012).Thebestlibraryservicesaresupposedtosatisfyreadersasmuchaspossiblewithout
interlibraryloanservice.Abetterinterlibraryloanserviceissupposedtocommunicateneedsand
deliverbooksinadvanceandcooperatewithrecommendingandpurchasingsystemstomaximize
resourceutilizationefficiency,eventuallyattainingeffectiveutilizationoflibraryexpenditure(Austin
Booth&O’Brien,2011).Reflectionsoninterlibraryloanserviceemergewiththeconvenientand
widespread use of digital resource. Although digital resources cannot completely replace paper
resources,moreattentionshouldbepaidtodigitalresourcesutilizationinsteadofinefficientpaper
resourcesservices(Pedersen,2010).Inthiscase,itisworthlearningfrominternetproductservices
toenhancetheflexibilityandintelligenceoflibraryservices(Posner, 2007).

Thestudyofinterlibraryloanserviceefficiencyprovidesreferencesfordynamicoptimizationof
librarycollections.Ontheonehand,theinherentlogicoftheinterlibraryloanservicedevelopment
requiresamature resourceconstructionanddistributionmodel; the librarymission requires that
interlibraryloanserviceshouldsupplyinformationresourcestousersmoreaccurately.Theactual
situationrequiresthatlibrariesmustmakefulluseoflimitedexpenditure,avoidingworthlesseffort
andinput.Theexistinginterlibraryloanmodellacksflexiblecommunicationbetweenlibrarybranches
andhasdifficultyapplyingtopracticalwork.Therefore,itisnecessarytocoordinatetheresource
allocationofbranches.Ontheotherhand,existingempiricalresearchoninterlibraryloanservice
mainlyfocusesonsimplestatisticalmethods.ItwasfoundthatresourceconstructionofILLservice
cannotmeetreaders’demandsinregardtocirculationandcategory,whilespecificcountermeasures
forcollectionoptimizationareinsufficient.Theextensiveapplicationsofbigdataexploitnewmethods
fordynamiccollectionoptimizationinordertoachieveaccuratecollectionadjustment.However,in
termsofthecorrelationbetweenILLefficiencyandcollectionoptimization,thereisastilllackof
effectivewaysandutilizationmodestopredictreaders’demandsandachievedynamicadjustment
ofcollectionstructures.

Basedonthestatusquoofuniversitylibraries,collectingandanalyzingILLdata,andusingit
toexploreamethodormodetooptimizethecollectionsofmulti-campuslibraries,theyarefinally
tosolvetheproblemof“whattodeliver”andenhancethe“Sensitivity”and“Responsiveness”of
librarycollection.Thefinalpurposeistosatisfyreaders’realneedsandtofindoutreaders’potential
needs.Positivechangesincludetransformingthemodefromtraditional“passive”librarycollection
and circulation into “active” prediction anddemand guidance, along with improving circulation
efficiency,reducingcirculationcostandactivatingofcollectionresources.

Bipartite Matching and ILL Collection Optimization
Agraph,madeupofasetofpointsandedges,isanabstractwayofexpressingasetofobjectsand
therelationshipsbetweenobjects(Easley&Kleinberg,2010).Abipartitegraphisatooltoexpress
twodifferenttypesofobjectsandtheirrelationships,whichcanbeseenasamappingofrealistic
relation(Wasserman&Faust,1994).Forexample,relationshipsbetweenbooksandreaders,goods
andconsumersaresuitableforusingabipartitegraphtopresent.BipartiteMatchingmatchesthe
elementsofthetwosetsaccordingtoacertainrelationship.Intheborrowingprocess,itisforreaders
tofinddesiredbooks.Inotherwords,abipartitegraphrevealsthecorrelationof“findingbooksfor
readersandfindingreadersforbooks”inlibraries.Withtherapidchangeofreaders’needs,library
resources development plans and collection systems need to be adapted and adjusted. Li Yang
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discussedbookdistributionissuesinILLbyusingalogisticscenterlocationmodelbutdidnottake
intoconsiderationusers’needforbooks(Li,2010).

Inrecentyears,theapplicationofsocialnetworkmethodsinthefieldoflibrarycirculationhas
becomemoreandmoremature.Socialnetworkmethodscanroundlydescribetheoperationstatus
ofILLservice,andfindinformation,suchassubgroupandcentrality,thatisnoteasilyrevealedby
usingoriginallinearmethods.Thepurposeistomakefulluseofreaderbehaviourdata,providing
newmethodsandideasforcollectionoptimization.InstudiesonILL,C.Glover,etal.regardlibrary
locationsasnetworknodes,buildingaresourcenetworkbasedontheconsiderationoffreeflow
oflibraryresources(Glover&Langstaff,2006).Socialnetworkanalysishasalsobeenappliedin
studiesonILLcirculationandconstructionoflibrarianconsortiums,identifyingimportantbranches
andsubjectswithhighILLrates(Jalalimanesh&Yaghoubi,2013).

Inthecourseofresourcedistribution,theessenceisamatchbetweenreadersandbooksasthe
homogeneityandcorrelationofreaders’needs.Correspondingly,theultimategoalofrecommendation
systemistoallocateresourcestoreadersinneed,consistentwiththeessentialrequirementsofILL
service(Pernot,etal.,2007).Besides,recommendationsystemscancapturethetendencyofreaders’
needwithgoodflexibilitythankstoreaders’feedback.Therefore,itislikelytoachievemoreefficient
collection optimization by introducing a recommendation system to dynamically adjust library
resources.

MeTHOdOLOGy

At present, there are four main approaches for recommendation systems: collaborative filtering
basedonsimilaritybetween readers,aglobal rankingmethod,acontent-based filteringmethod,
andanetwork-basedinference(NBI)method(Bobadilla,Ortega,Hernando,&Gutiérrez,2013;KG
&Sadasivam;Liu,2016).Existingstudiesonbook-loaningmatchesmostlypracticecollaborative
filteringmethodsandglobalrankingmethods(Fei-juan,MIAO,XU,&Bi,2015;LAN,2016;N.-n.
Li&Zhang,2009).Thisstudy,mainlyusesnetwork-basedinferencemethodtorepeatedlyimprove
theweightoflinksbetweenreadersandbooks,andachievesarelativelystablestatebyiteration,
andfinallydescribestheultimateweightofresourceallocation(Zhou,Ren,Medo,&Zhang,2007).

ThecoreoftheNBIalgorithmistouseabipartiteprojectiontoprojectoneclassofnodesonto
anotherclass.Forexample,thehomogenousdegreeofreaders’bookloaningbehaviorcanbepresented
asasingle-modenetworkbetweenbooks,whichmeanstwobooksthatareusuallyborrowedatthe
sametimeshowastrongerlinkinthesingle-modenetwork.Distinguishedfromsimplesingle-mode
networks,edgeweightsbetweennodesareallocatedbyaniterationofcommonloaningrelationships
betweenreaders(Zhouetal.,2007).TheloaningrelationshipisbinaryintheoriginalNBIalgorithm,
thatis,onlyconsiderwhethertoborrow(0or1)orusespecificvaluestodescribeloaningrelationships
(Liu,2016;ZHANG&JIANG,2012).Theresourceallocationmatrixesmadeupofsingle-mode
relationshipsreflectthedegreetowhichoneresourceisrecommendedforanother.Combinedwith
previousloaninghabits,readers’potentialdemandscanbetargeted.

Foruniversitylibrarysystemsadoptingauthorizationloaningmode,althoughthesystemcontrol
centercanuniformlyallocateresources,resourcesaredispersedindifferentbranches.Readersare
welcometoborrowbooksfromanyoneofthebranchesinthelibrarysystem.Theoperationmode
is:readerproposesarequesttocertainbranch(requestinglibrary);thentherequestlibrarysendsa
requesttothebranchwherethebookiscollected(requestedlibrary);andthebookisshippedtothe
requestinglibraryataregulartime.Likewise,whenreturning,readersreturnbookstorequesting
library,andthentooriginalrequestedlibraryaftersortinganddelivery.Logisticalpressurecanbe
reducedontheconditionthatdeliveryandallocationaredoneinadvance.

ForILLinuniversitylibraries,readers’demandsareofstrongsensitivityandinclination.Students’
loaningdemandsareoftencloselyrelatedtoaspecialty(researchandteachingbooks),accompanied
withstableandperiodicdemands(suchashighandstabledemandfornovels,andaperiodically-
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changingdemandforreferencebookforexams).Therefore,thefocusofcollectionallocationisthe
structurereaders’demandsforbookcontent.

UsingexistingILLdata,firstcreateamodeltocalculatetheallocationofbooksforvarious
disciplines.Thenreadjustthecollectionstructureofbranchesaccordingtotheinclinationofreaders’
demands.Finallyallocatebooksbeforehandtobranchesmostlikelyinneed,soastoincreaselogistics
anddistributionefficiency.Whatismentionedaboveisatheoreticalcollectionoptimizationprogram,
independent from implementationmethodsof distribution, location, time cost, etc.Here are the
followingassumptions:

H1:Readersfromthesameschoolgenerallysharesimilardemandsforbooks.
H2:Inclinationofreaders’demandscanbeextrapolatedfrompreviousloaningrecords.
H3:Readerswithatendencytowardshighdemandshouldhaveprioritytoutilizebooks.

Inempiricalresearch,Rlanguageisusedfordataprocessingandcalculating,whileigraphand
ggplot2packagesareusedfordatavisualization.First,buildacorrelationmatrixbetweenreadersand
books,andmodifythematrixaccordingtothenumberofreadersandbooks.Second,projectbook
nodestothebipartitegraphshowninthematrix;thatis,calculatetheresourceallocationmatrixto
obtainthedegreeofmutualrecommendationamongbooks.Third,intermsofeachreader’sloaning
inclination,basedontheresourceallocationmatrix,calculatethedemandinclinationofeachreader
foreachkindofbook.Fourth,considertheactualcollection,counttheaverageofreaders’demands
toobtaintheresourceallocationmatrixbetweenbooksandreaders.Thewholeprocessisshownin
Figure1.

Build and Modify the Incidence Matrix
In the bipartite graph of loaning relationship, the set (nodes) of readers (schools) is given as
R r r r

m
= { }1 2

, ,.., ;theset(nodes)ofbooksisgivenasB b b b
n

= …{ }1 2
, , , ,andthesetofloaning

relationship(edgeset)betweenRandBisgivenasL l l l
mn

= …{ }11 12
, , , :

l
k k of b are borrowed by r

no b is borrowed by rij
j i

j i

=
 ,

,

     

    

 

 0






 (1)

Thiscontributestoabipartitegraph,representedasthecorrelationmatrixL
m n× .

Figure 1. Process of building the collections optimization model
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Inthisstudy,thematchisbetweenreadersetRandbooksetB.Foranyreaderr,thepurpose
ofthenetworkinferencealgorithmistosortbaccordingtothepreferencedegreeofr.Thehigher
rankingthebookbisthemorelikelyitistoproduceademandforresourcesthatshouldbeassigned
tospecificrwithpriority.B’swithhigherrankingsaretheresourcewithhigherdemandfromthe
r,andshouldbeallocatedtotherwithpriority.Onceresourcebischosenbyr,thealgorithmcan
alsorecommendmoreitemsinsetbtor.Thistwo-wayinteractionallowsthepredictionofpotential
demands.Inotherwords,booksborrowedbymoreactivereadersareofhighervalue,whilereaders
borrowingmorevaluablebooksaremoreactive.Bygivingpriority to active readers in termof
deliveringthevaluablebooks,basicallytheefficiencyofILLworkcanbeimproved.

Specifically,inFigure2,thetotalfrequencyofb b b
1 2 3
, , beingborrowedaretheinitialresources

x y z, , .Thenb b b
1 2 3
, , shareresourcesequallytorelatedreadersr.Inthisprocess,readerswhoborrow

morevaluablebookstendtoobtainmoreresources(whichmeansitslendingcapacityforonespecific
kindofbooksraises),asshownin(2-b).Similarly,readersrsharetheirresourcesequallytoadjoining
booknodesb b b

1 2 3
, , ,andbooksborrowedbyactivereadersareofhighervalue.Thisimprovedmethod

determinesthevalueof x y z, , ( f b
j( ) ,asshowninFigure(2-c)).Theamountofresourcesreflect

thevalueofb b b
1 2 3
, , ,providinganedgeweightreferenceforsingle-modenetworkconstruction.As

forthecalculationprocess,thefirststepistoassignactivityvaluesofeachreaderaccordingtobook
loaningsituation:

f r
l f b

k b
i

j

n
ij j

j
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∑
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AsshowninEquation(1), l
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isthefrequencyofbookb
j
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i
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j
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j
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Figure 2. Network based inference algorithm
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Sincereadersandbooksaremappingsofactualschoolsandbooktypes,thematrixneedsto
bemodifiedafter importing thedata. Inotherwords, itought tobe taken intoconsideration the
deviationofthenumberofstudentsateachschoolandthenumberofbooksincertaincategories
whencalculating.Thecorrectedweightiscalculatedas:

c
v

vi
i=  (4)

InFormula(4),C
i
isthemodifiedweightofentityI;v

i
istheactualnumberofitemsinentity

I;v istheaverageofthetotalitemnumbersofallentitiesintheset.Thisstepmakessuretherewill
notbetoohugedifferenceinnumberofC

i
andbeintherangeof0to1.

Forinstance,forschoolr v
i i
, isthenumberofstudentsineachschool,whileforbookb

j
,v
j
is

thenumberofcollectionsineachcategory.OncethesetofmodifiedweightforRandBhavebeen
obtained,calculatethecollectionnumberofallkindsofbooksfromeachcampusas:

l l c c
ij ij i j
' = × ×  (5)

Themodifiedresultisanewmatrix ′ = ×L l
ij m n

( )' .Forsimplicity,latermentionsof l
ij

inthis
paperareallelementsinthemodifiedsetL’unlessotherwisestated.

Compute the Resource distribution Matrix
Transform the bipartite graph represented by the correlation matrix into a single-mode network
betweenbooks,thatis,aresourceallocationmatrixthatpredicttheweight(inotherwords,lending
priority)ofreaderr

i
borrowinganotherbookb

z
basedonpreviousborrowingrecordofbookb

j
:

w
d b

l l

d rjz

j i

m
iz ij

i

=
( ) ( )=
∑

1

1

 (6)

InFormula(6),w
jz

.isthepredictiveweightofb
j
tob

z
;d b

j( ) isthemeasurementofbooks

b
j
,thatis,thesumofcolumnb

j
insetL’(howmanytimesb

j
hasbeenborrowed).d r

i( ) isthe
measurementofreaderr

i
,thatis,thesumofcolumnr

i
insetL’(howmanybooksr

i
hasborrowed).

Asaresult,W w
jz n n

= ( )
×

.Basically,thisstepprojectsthe2-modegraphtoone-modebymultiplyinthe
matrix.ThisisakeywayofNBI.

Compute Readers’ Lending Preference

Foreachr
i
,theinclinationofborrowingbookb

j
isrepresentedbythenumberofresourcesflowing

backtothereaderthroughtheiteration,whichissimplifiedbyFormula(3),asshownbelow:

f b w l
i

j

n

ij jr( ) =
=
∑
1

 (7)
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Dependingonpreviousreadingpreference,thealgorithmrecommendsbooksthatmightpossibly
beneededtoreaders.

However,booksarelimitedandthealgorithmissupposedtogiveprioritytoreaderswithstronger
demands.Therefore,readers’inclinationneedstobeaveraged:

δ
rj r j

i

m

i j

f b
f b

= ( )×
( )

=∑
1

1

 (8)

δ
rj

representsreaders’demandsforbookb
j
afteraverageprocessing,soactuallyitrepresents

theaveragedpriorityvalue.Theresultisamatrix∆ = ( )
×

δ
rj m n

,thatindicatestheweightofanyb
j


beingallocatedtoanyreaderramongallthecollections.

Compute Collections distribution Matrix

LetsetC r r r c
c r
= …{ } =( )1 2

1 2 3 4 5, , , , , , , , ,representstheschoolsineachcampus.Eventually,books
ofdifferentcategoriesforeachcampusarerepresentedinmatrixasbelow:

A v r C b m
c rj j m n c
= ×( ) ∈ = …( )

×
δ � , , , ,1 2  (9)

InFormula(9), v
j
istheparticipationofallredistributedbooks.A

c
istheallocationprogram

ofcampusc.Thecollectionoptimizationprogramforbranchesisacorrelationmatrixthatdisplays
thenumberofbibliographiesofeachcategoryobtainedbyeachcollege.

eMPIRICAL ReSeARCH ANd ReSULT

Research Object
SoochowUniversityLibrarywaschosenastheresearchobject.Theyoptimizedcollectionaccording
topracticalsituations,andcheckedtheeffectofthemodelwithtesting.

SoochowUniversity is located inSuzhou, JiangsuProvinceofChina. It isacomprehensive
universitywith5campusesand29first-orderschools.ExcludingC.W.ChuCollegeandTangWenzhi
College, thereare27independentschoolswithrecordedlibrarydata.Eachcampushasa library
branch,including:I.Binglinglibrary;II.Maincampuslibrary;III.Jingwenlibrary;IV.Northcampus
library;V.YangchengLakecampuslibrary.Thethreebranches:III,IV,andVaregeographically
closertogether,butstillindifferentcampuses.Figure3depictsLocationofSoochowacademiclibrary.

WiththeILLserviceofSoochowUniversityLibrary,readersobtainbooksfromotherbranches
throughabranchagent(Soochow-University-Library, 2016),whichisoneofthemostpopularservices.
AnigraphwasusedtovirtualizeILLdataofSoochowUniversityLibraryfrom2013-2016.InFigure
4,thestartingpointofthearrowisthecollectionlibrary;theendistheauthorizedlibraryandthe
figureisthenumberofbooks.

Itcanbeconcludedthatinsomebranches,suchasbetweenIandIII,bookflowismoresignificant,
indicatinganexistingcollectionstructurethatisnotfullyadaptedtothereaders’needsofthatcampus.
MeanwhiletheinflowofbranchVisgreaterthanitsoutflowduetothelackofcollectionresources
themselves.
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Figure 3. Location of Soochow Academic Library

Figure 4. ILL situation of Soochow University Library in 2013-2016
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data Overview
SoochowUniversityLibraryhasatotalof755,231booksinthe523categoriesof“ChineseLibrary
Classification”that isnot includingbooksunder“LibraryClassificationofChineseAcademyof
Sciences”orotherclassifications.Reallocatingexistingcollectionstosatisfyreaders’demandsthat
popularbooksbeplacedinbranchesasmuchaspossible.

Thetrainingsetincludedloaningdata(includingILLdata)from15340transactionsatSoochow
UniversityLibrary in2013.Each recordconsistsofa requesting library, requested library,book
classificationnumber,readers’ID,etc.SomedatasamplesareshowninTable1.

Theoverviewofbook loaningdata in2013,shows that readers’preferencesforbookswere
relativelyconcentrated(novels),whilespecificschool(suchasschoolofbasicmedicine)hadagreat
demandforcertainkindsofbooks(medicalandhealth).Thisremainstobeverified.Thenumberof
booksundereachcategoryofthe“ChineseLibraryClassification”wasobtainedthroughtheOPAC.
ThenumberofstudentsineachschoolwasaccessiblethoughtheyearbookofSoochowUniversity
in2013,andsomeinaccessibledata,wasinferredfromtheofficialinformationreleaseplatformof
SoochowUniversityandtheenrollmentplanofthatyear.

Computing Collection Allocation Matrix
AfterimportingthetrainingsetintoRandremovinguselessfields,theresultingdatasetconsistsof
fourfields:requestinglibrary,requestedlibrary,departmentofthereadersandthebookclassification
number.Then,buildadatadictionary,processingallthefieldstocorrelatereadersandtheirschools,
booksandtheirclassificationnumbers.Thismodeldefinesbookswiththesameclassificationusinga
bookclassificationnumberconsistingofthesame2-digitnumberafteraletter,whichcompressesthe
amountofinformationandreducescomputingpressure,avoidingover-scatteredpredictions(Easley
&Kleinberg,2010;Jalalimanesh&Yaghoubi,2013).

Depending on the incidence matrix between books and readers which is described above,
modifications are made for the number of students in each school and the number of book
classifications. Themodified result is a 529 27× matrixwith correction significance of 1.The
resourceallocationmatrixiscalculatedbyFormula(4)tocorrelateschoolswithaffiliatedbranches.
TheresourceallocationmatrixA

c
ofthefivecampusesisobtainedfromthemodel,andcanbeused

toreallocateloanablebooksbydemandstrength.

Collection Allocation Result
Fiveallocationmatrixesareintegratedintoanallocationschemeforeachcampus.Thematrixis
showninTable2.Figure5istheVisualizationoftheallocationscheme.

Table 1. Soochow Academic Library inter library lending data in 2013(part)

Request Library Reader’s ID 
Number

Requested Library Book Classification 
Number

Department of 
Readers

Maincampuslibrary
warehouse

122******* Binglinglibrary
warehouse

I267.1/1118 Electronicsschool

Binglinglibrary
warehouse

120******* Maincampuslibrary
warehouse

H316/122 SchoolofPolitics
andPublic
Administration

Maincampuslibrary
warehouse

130******* Binglinglibrary
warehouse

H030/6 ForeignLanguage
School
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Asitturnsout,branchIpossessesaround5,430outof15,340booksafterreallocation.Book
categoriesarediversified.Except for747novels, thenumberofbooks in fields likephilosophy,
educationandliterarycriticismareallaround10to30,whichcorrespondstothesubjectsetting
ofthecampus.BranchIIaccountsfor3,253books.Exceptfornovels,specializedsubjectsinclude
chemistry(109),law(162),mathematics(111)andarchitecture(65).Relevantbookssuchaslegal
theory,physicsandelectricmachineryalsohavetheirplaces.BranchIIIhas2,140books.Basedon
Figure5,thebookscomefromwidelydispersedcategories,andthereisnooutstandingedgelikeother
branches.Booksoneconomicsmakeupacertainproportion,butnotastrongconcentration.Branch
IVhasthemostmedicalbooksduetothethreemainschoolsoftheMedicalCollege.Ofthetotal
3,728books,366booksaremedicalbooks.Whilethereare234and317booksaboutearthscience
andessaysrespectively,branchIVis, ingeneral, relativelycentralized.BranchVisabitspecial
sinceithasonlyoneschool.Specializedbooksareabundantandlendingoutisnotoftendemanded.

Table 2. Collections distribution matrix (part)

Anthology Mao Zedong Marxist 
Study

Philosophical 
Theory

World 
Philosophy

Pre-Qin 
Philosophy 

(~ 220 Years 
Ago)

Modern 
Philosophy 

(1919 ~)

Asian 
Philosophy

I. Bingling 8 0 7 8 7 78 0 18

II.Main 2 0 1 3 5 37 0 10

III.Jingwen 3 0 2 2 2 17 0 5

IV.North 8 1 5 8 7 49 2 14

V.YCLake 0 0 0 0 0 0 0 0

Figure 5. Results of collections distributing
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However,demandfornovelsandEnglishlearningbooksaccountsfor234ofatotal789booksfor
allocation.Inshort,amongthesefivebranches,thehottestbooksarenovels,essays,astronomy,earth
science(includingpopularscience)andEnglishlearningbooks.Thespecificallocationschemeof
eachbranchhasdifferentcharacteristicsaccordingtothereaders’discipline.Itisindicatedthatthis
allocationschemegivesconsiderationtobasicbookswithlargedemand(suchasEnglishlearning,
novel,essay)andspecializedbooks(suchasmedicineandchemistry),whileoptimizingthecirculation
ofunpopularbooks(suchassemantics,vocabularyandbasicscienceofagriculture).Librariesshould
increasepurchasingforthehottestbooks,whileemphasizingtheadjustmentoftheexistingcollection
forspecializedbooks.

Wecansaythatsuchanallocationmatrixisatheoretical“should”plan.Inpractice,itcanbe
combinedwithlibraryworkflow,andcoordinatingthecollectionbasedontheactualsituation.For
example, ina large-scaleoptimizationofall thecollection,moreattentionshouldbeattached to
bookswithhighdemand(novels),andinregardtothelocaloptimizationofthebranches,special
needsshouldbetakenintoconsideration.TooptimizebranchIV,focusshouldbegiventomedical
andhealthbooksthatareurgentlyneeded.

Collection Allocation effect evaluation
Totesttheeffectofresourceallocation,thispaperimportstheILLdatafrom2014asatestset;2,469
ILLrequestsareincluded.Usethemodeltooptimizethecollection,thencalculatetheratioofILL
requestbeingsatisfiedwithinthebranch.Expectedsatisfactionindexforthedemandis:

fr
b
=
number of optimizated collections

number of actual colleections
 (10)

Itisworthnotingthat,sincetheoptimizedcollectionandtheactualcollectionaremeasuredin
branchesandschoolsrespectively,collectionredundancyexistswhencomparedwithactualdemand.
Theredundancyindexmaybehigherthan1,whichindicatesthisbranchisabletosatisfythisschool’s
demandforthiskindofbook.Simultaneousdemandsforacertainkindofbookfrommultipleschools
arenottakenintoconsideration.

TheILLdemandofallschoolsinthetestsetas fr
b

,andwascalculatedandthedistributionof
fr wasdividedbybranches.TheresultisdisplayedinaboxplotasshowninFigure6(namesof
schoolshavebeensimplified):

Thelengthofthe“line”indicatesthenumberoftotaldemandsandtherangeofsatisfactionrates
foreachschool,whilethe“box”positionindicatestheschool’saveragedemandsatisfactionrate.
Sincethe fr valueislogarithmic,ifthedatapoint’sordinatevalueisgreaterthan0,then fr > 1 ,
meaningthatdemandcanbesatisfiedbythebranchcollection.Takingtheexpectedvalue,itcanbe
inferredthat56.75%ofthedemandsofalltheschoolscanbesatisfiedwithintheiraffiliatedbranches
afteroptimization.Inotherwords,itshowsthelendingcapacityofaspecificschool.Thepredictive
capabilityofthemodelhasbeentestified,butarelativesurplusstillexists.Forinstance,theSchool
ofBasicMedicalandLifeScience’sdemandsatisfactionrate ismuchgreater thanotherschools
affiliatedtothesamebranch.Thismayattributetothestrongspecializationofthebooksitdemands
with“exclusivity”.BranchIandIIhavealargenumberofreadersfromvariousschools.Thedemand
satisfactionratehasahugerange,suggestingthismodel’spredictionisunbalanced.Bycontrast,with
limitedresources,branchVcansatisfymostof itsrequests. Itcanbe inferredthatuniqueneeds
(specializedbooks)andgeneralneeds(novelsandotherbooks)havedifferentallocationeffects.In
otherwords,eveniflargeamountsofresourcesareobtainedinthetrainingset,ifthedemandis
biasedtowardsbooksofageneralneedsuchasliteratureandEnglishlearning,thedemandsatisfaction
ratemaynotbetoohigh.
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CONCLUSION ANd dISCUSSION

AftermodelingtheloaningdataofSoochowUniversity,thecollectionallocationschemeshowsa
certaindegreeofpredictabilityinthetest.IncomparisonwiththeexistingILLmodel,advanced
resourceallocationhelps todecrease thepressureof ILLdeliveryservice.Apracticalcollection
optimizationplanwaslaunchedbasedontestresult.Thefirstthingtobenotedistheallocationof
booksingeneraldemand.Withthemostreaders,branchIstillcannotsatisfydemandforbookslike
novels,essaysandEnglishlearningafteroptimization.Thus,branchIshouldbegivenpriorityto
havethesebooks.Sinceallthecampuseswelcomesbest-sellingbooksandleisurebooks,regular
bookexchangeandcirculationamongbranchesisnecessary.InthecaseofbranchV,demandfor
readingismotivatedbyactivitieslikereadingappreciationandreadingclubs,whichinturnsactivate
ademandforbookswithlowcirculationrate.Thiskindofbookcirculationandreallocationisa
win-winstrategythatimprovesbookuseefficiencyandsatisfiesthedemandsofotherbranchesat
thesametime.Second,collectionstructureofspecializedbooksisdiscussed.For theschoolsof
liberalarts,branchIhasalowdegreeofdemandsatisfaction.Education,politicaltheory,European
historyandotherbooksareinadequate.Withsufficientcollectionspace,itisappropriatetoincrease
thepurchaseofthesekindsofbooks,tooptimizethecollectionanditsutilizationefficiency.Last,
butnotleast,isthedemandforunpopularbooks.ThedemandsofseveralschoolsofbranchIV(such
astextileengineeringandmetallurgicalEngineering)andSchoolofPhysicalEducationofbranch
III,aresmallwithalowsatisfactiondegree.Thisisbecausemostoftheirbooksareunpopularand
notcollectedinotherbranches.Collectionsitesfortheseunpopularbooksshouldbeadjustedand
centralizedinschoolbranches,soastoimproveutilizationefficiency.

This paper puts forward suggestions for collection allocation and adjustment that cater to
users’demands.MorepracticalissuesconcerningILLcirculationanddelivery,bookshelfcapacity
andcollectionspaceshouldalsobe takenintoconsiderationwhenlaunchingabranchcollection

Figure 6. Expected satisfaction of each library
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optimization scheme in university libraries. Collection optimization is a process of continuous
improvementbasedonexistingthecollectionsystem.Throughtwo-wayadjustmentofcentralized
procurementandbranchallocation,collectionoptimizationaimstoachieveadynamicandintelligent
collectionsystem.Inaddition,collectionconstructioncanbecombinedwithrecommendationand
otherlibraryservicessuchaspushinginformationbasedonusers’demand.Itwouldbeveryusefulto
integratetherecommendationsforbookinformationandfortheallocationofphysicalbooks,using
realtimecorrelationanddatacomputing,tobuildadynamicthree-dimensionalsystemforcollection
optimizationandcirculationservices.Thepurposeofthesystemistoenhancedataintelligenceand
serviceefficiency.Itisworthnotingthat,thisempiricalresearchusesSoochowUniversityLibraryas
anexampleandfocusesontheresearchrouteofcollectionoptimization.Whenbuildingthemodel,
issueslikecompatibility,speed,securityandsoon,wasnottakenintoaccount.Inaddition,thispaper
simplifiesdefinitionsforreadersandbooks,whichislikelytoinfluencetheaccuracyoftheresults.
Thecollectionoptimizationmentionedinthispapermainlyreferstodemandpredictionsbydata
analysis.Anoperationalplanconcerningshelvingbooksordeliveryafterpredictionisnotdiscussed.
Moreover,themodeldoesn’tidentifythedifferencebetweendifferentkindsofbooks.Thisistosay
thatinfactthereadingpreferencemaybeusefultofictionreaders,butnotsoasforbookslikesubject
books.Thisisonepointwhichthemodelhasoversimplified,onepossiblesolutionistotakemore
detailsintomodelsothedemandsonsubjectbookscanbeprocessedwell.Themodelwhichisused
inthepapermayonlyshowtherelativehighdemandsonsubjectbook,butfailtopredicttheaccurate
demands.Therefore,difficultiesexistwhentheplanisputintopractice.

In future research, more attention should be put on discovering the relationship between
procurementandallocation,aswellasadeeperinvestigationintoimprovinguserdemandminingand
responsivenessstudies.Furthermore,whetherornotthereisacorrelationbetweenpredictioneffect
anddemanduniquenessisworthdiscussingfurther.Universitylibrariesmainlyprovideservicesfor
researchandteaching.Thisresearchfoundthatthedistributionofspecializedbookscorrespondswith
subjectdistributionineachcampus.Forcaseswherestudentswiththesamemajorareondifferent
campuses,thisresearchcanalsoapply.TheILLoptimizationmodel,basedonbipartitematching,
isabletoachievepredictionandpre-adjustmentofcollectionresourceallocationtosomeextent.
Specifically,thismodelreachesmaximumallocationefficiencybycoordinatingcollectionresources
andreaders’demands.Additionally,thelogisticsanddistributionpressureofILLisreduced,satisfying
bothefficiencyandcost.
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