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ProblemStatement

1. Evaluationof DLs

(a) Collectionevaluation:impact,
relationsamongrecordsin
collection

(b) Usercommunity:characteristics
andstructure.

2. GeneralApproach

(a) Userretrieval patternsrecordedin
DL server logsdeterminenetwork
of documentrelations

(b) Documentimpactanduser

communitystudiedby proxyof

graph-theoreticalcharacteristicsof

documentnetworks

3. Structureof presentation:

(a) Methodologyfor adaptive linking

from userretrieval patterns

(b) Determination of document

impactmeasures

(c) Characteristicsof usercommunity
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JournalImpact

1. De factostandardis ISI JCRcitation
database

(a) Numberof citationsto articlein
journals

(b) Normalizedby numberof
publishedarticles

2. Impactfor yearx, journal i at year
x � IF

�
x � i � � A

B

(a) A = numberof citations2 years

preceedingx

(b) B = numberof articlespublished2

yearspreceedingx

3. Integral partof theevaluationof:

(a) Journalimpact

(b) Quality of research(individuals,

departments,countries,DLs)

(c) DL impact: IFs for collection.
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CitationFrequency andtheISI IF

1. Validity:

(a) Author motivations

(b) Biases

(c) Do citationsindicateagreement,

opposition,impact,

recommendations?

(d) Few authors,many readers.

2. Technicalreports,digital publications?

(a) Citationsof graypublicationsare

not counted

(b) Webpagecanbefrequentlyread,

but notoftencited: is it not

influential?

3. Citations:staticanduniversal

(a) donot changeover time

(b) donot adaptedto specificuser

community
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Ourapproach

1. Focusis usercommunity, not author
citations

2. Usagedefinesdocumentrelations

(a) Usercommunityretrieval patterns
determinedocrelations

(b) Co-retrieval: evidencestrengthens
documentrelationweight

(c) Goal: capturedocumentrelations

from collective retrieval patterns

(d) Documentnetworksanalysis

(graph-theory)

i. Documentcentrality: impact

ii. Structureindicates

characteristicsof user

community
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Basicprinciplesof documentnetwork generation

1. Userretrieval behavior exhibitscertain
regularities

(a) Userinterestsresultin propensity
for retrieval of relateddocuments

(b) Documentsfrequentlyretrievedin
closetemporalproximity are
associatively relatedto a degree
correspondingto theretrieval
frequency.

2. DL server logs: definitionof
co-retrieval event

(a) A pair of any two retrieval
requestsby thesameuserwithin a

givenperiodof time labeled∆t .

(b) Reconstructedfrom sequencesof

retrievalsfoundin DL server logs

(c) Retrieval: broadcategory (any

tokenof userinterest)

3. Pitfalls

(a) DL needsto maintainretrieval

logs

(b) IP oftenusedasuserID

(c) Operatesonstatisticalregularities,

i.e. pertainsto usercommunity,

NOT individual users
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Generationof co-retrieval events

userID data/time DocumentID Service

100 24/Aug/2001:17:12:52 02721716;14;4;69 ddacfrtip SciServer

100 24/Aug/2001:17:14:41 01689274;25;4;499 prtuauma SciServer

100 24/Aug/2001:17:15:43 00978493;19;2;281 apiaaaortars SciServer

101 18/Jun/2001:12:03:04 00207225;38;3;347 otfrim SciServer

101 18/Jun/2001:12:04:40 02780062;19;3;211 aotdfmfct SciServer

101 18/Jun/2001:13:13:40 08956111;25;2;113 asrgt3tr SciServer

Table1: An exampleof thetransformedScienceServer log usedto recon-

structjournalanddocumentco-retrieval events.
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100 (0272-1716,0168-9274) (0168-9274,0097-8493)

101 (0020-7225,0278-0062) (0278-0062,0895-6111)

Table2: Co-retrieval eventsderived from setof userretrieval requestsin

table1.
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Generationof documentnetworks
Documentnetwork: G � �

V � E � W �
V � � v0 � v1 ��������� vn 	

E 
 V2

W : E � �0 .

n 
 n matrix M

setof co-retrieval eventsC � � c1 � c2 ��������� ck 	
ci

� �
vi � v j � t � vi � v j ���

eachco-retrieval ci � mi j � r � r � f
�
ci �

f
�
ck � is referredto asreinforcementfunction

for thispresentationf
�
ck � � 1

�
i j mi j

� 0

for (i=1; i � n+1; i++) �
ei

� �
vi � v j � t � vi � v j ��� : mi j � � f

�
ei �
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Earlyapplicationsto hypertext Systems

1. PrincipiaCyberneticaWebsite(U.
Brussels)

2. 1800nodes,300,000log lines

3. SymmetricandTransitive closure

(a) To increasematrix density

(b) Samelinking methodologyas

discussed

4. Usedmainly for analysispurposesand

recommendationsystems

September15,2002 Page10



jbollen@cs.odu.edu

PCPserver log graph
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Network Matrix

number label 1 2 3 4 5 6 7 8 9 10

(1) act 0 8.5 0 0 0 0 0 0.5 0 0.5

(2) action 0 0 0 0 0 0 0 0.5 0 0

(3) age 0 0 0 0 0 0 0 0 0 0.5

(4) amount 0 0 0 0 2.5 0 0 0 0.5 0

(5) area 0 0 0 0 0 0 0 0 0 0

(6) art 0 0 0 0 0 0 0 0 0 0.5

(7) attention 0.5 0 0 0 0 0 0 0.5 0 0

(8) authority 0.5 0.5 0 0 0 0 0 0 0 0

(9) bed 0 0 0 0 0 0 0 0 0 0

(10) blood 0 0 0 0 0 0 0 0.5 0 0

Table3: Sampleof matrixrepresentingfinal structureof adaptivehypertext

network trainedin experiment1
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Digital Library Applications

1. LosAlamosNationalLaboratory
ResearchLibrary (LANL RL):

(a) Largedigital library with focuson
managementof own material

(b) Usercommunity:focuson
physicsandnuclearscience

(c) SciSearchdatabase:+20,000,000
articles

(d) Downloadable:PDFformatafter

searchandmetadataretrieval

2. Availability of server logsfrom 1998

to present

(a) Downloadrates:10,000/mo.

(b) Server logsused:2001

(c) Log file used:5 months,40,847

requests,1829journalsand

20,720articles
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Methodology

1. Reconstructionof co-retrieval events
from LANL RL Server logs.

(a) LogscontainIP number, dateand
time of requestanddocumentID

(b) Reconstructsequencesof retrieval
requestsby users

i. Sortserver log by userand
date-timeof request.

ii. Eachpair of documents
retrievedby sameuserwithin
certainperiodof time:
co-retrieval

2. GenerateAssociativeNetwork of
Journals

(a) Co-retrieval: link weightbetween

co-retrieveddocumentincreases

(b) Scanall co-retrieval eventsand

applylearningrules

(c) Result:documentnetwork

3. For LANL RL

(a) First prototype:journalnetworks

for scale

(b) Everyarticleappearsin journal

(c) Abilit y to validatenetwork

structureto existing data(Journal

CitationRecords)
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LANL RL full-text retrieval
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Analysisapplication
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GeneratedNetwork

1. 1829journalsfor 20,720documents

2. density0.176%

3. min(mi j ) = 1, max(mi j ) = 22

4. meanlink weight= 1.196,standard

deviation=0.821for all mi j : mi j � 0
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Matrix

Journal 01 02 03 04 05 06 07 08 09 10

ADV COLLOID INTERFAC 01 0 0 0 0 0 0 0 0 0 0

ADVAN MATH 02 0 0 1.5 0 0 0 0 0 1.5

ANALYT CHIM 03 0 0.3 0 6.9 0 0 0 1 0 1.2

ANALYT BIOC 04 0 0 19.6 0 0 0.6 0 1 0 2.1

ANIMAL BEHAVIOUR 05 0 0 0 0 0 0 0 0 0 0

ANN PHYS-NEWYORK 06 0 0 0 3 0 0 0 0.6 0 0

APPLIEDACOUSTICS 07 0 0 0 0 0 0 0 0 0 0

APPLPHYSLETT 08 0 0 0.3 0.3 0 2.5 0 0 0 0

ARCH RATION MECH AN 09 0 0.3 0 0 0 0 0 0 0 0

ARCH BIOCHEM BIOPHYS 10 0 0 5.5 10.5 0 0 0 0 0 0

ARTIF INTELL 11 0 0 0 0 0 1.5 0 0 0 0

ASTRONOM J 12 0 0 0 0 0 0 0 0 0 0

PUBL ASTRON SOCJPN 13 0 0 0 0 0 0 0 0 0 0

ASTRON ASTROPHYS 14 0 0 0 0 0 0 0 0 0

ASTROPHYSICAL JOURNAL 15 0 0 0 0 0 0 0 0 0 0

September15,2002 Page19



jbollen@cs.odu.edu

Fivestrongestconnections

Frequency Startnode EndNode

22.0 PHYSICA C PHYSICA B

18.0 PHYSICA B PHYSICA C

14.0 NUCL INSTRUM METH A IEEET NUCL SCI

12.0 PHYSICA B JMAGN MAGN MATER

11.0 JMAGN MAGN MATER PHYSICA B

Table4: Five pairsof journalsfor which highestco-retrieval frequencies

have beenfound.
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Relations

Links from NUCL INST METH A

ISSN Weight Title

0018-9499 14.0 IEEET NUCL SCI

0920-3796 5.0 FUSIONENGDES

0969-8043 5.0 APPLRADIAT ISOTOPES

0920-5632 3.0 NUCL PHYSB-PROC SUP

1350-4487 3.0 RADIAT MEAS

0149-1970 3.0 PROG NUCL ENERG

0236-5731 2.0 JRADIOANAL NUCL CH

0022-3115 2.0 JNUCL MATER

0306-4549 2.0 ANN NUCL ENERGY

0168-583x 2.0 NUCL INSTRUM METH B
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Analysis

1. Which journalshave highestimpact

accordingto network structure?

(a) Network structurecorrespondsto

usercommunity

(b) Relationsdefinedby usersinstead

of thosedefinedby authors

2. How douser-basedrankingdiffer from

ISI IF, andwhere?

(a) Differencesreveal

community-specific

characteristics

(b) Contrastgenerallevel impactvs.

community-specific
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JournalConsultationFrequency asanexpression
of journalimpact

F
�
vi � � n

∑
j � 1

mi j �
n

∑
j � 1

mj i (1)

1. Correspondsto journalsthathavehighestin- andout-degree

2. Most centralto userretrieval patterns

3. Canthereforebeconsideredhighestimpact
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ImpactFactorDiscrepancy Ratio
Journalusagefrequency confoundstwo distinctfactors:

1. Journalrelevanceor impactto a specificusercommunity.

2. Generalimpactor relevanceof a journalto thelargerscientificcommunity.

IFDR=ratioof userimpactover ISI IF.

� High IFDR = high local impact,low generalIF

� Low IFDR = low local impactregardlessof high IF

r f
�
i � � JCF

�
i �

IF
�
i � (2)
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JCFvaluesfor LANL RL: 15 topJCFjournals

Frequency IF JournalTitle

176.00 0.893 PHYSICA B

134.00 0.964 NUCL INSTRUM METH A

132.00 1.576 APPLCATAL A-GEN

112.00 0.897 MAT SCIENG A-STRUCT

107.00 0.845 JALLOY COMPD

106.00 1.060 IEEET NUCL SCI

104.00 1.933 CATAL TODAY

96.00 3.030 JCATAL

93.00 2.198 SURFSCI

92.00 1.241 JNUCL MATER

Table5: List of 10 most frequent journalsin LANL RL ScienceServer

network and2000ImpactFactors.
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JCFvaluescomparedto ISI IF
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JCF vs. IF 1. IF(2000)retrieved.

2. Spearmanrankordercorrelationcacu-

latedovernon-zeroentries

3. JCF- IF: 0.13(p � 0 � 05)
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JCFandIF ratio

r f JCF IF JournalTitle

232.80423 44.00 0.189 ASTROPHYSSPACE SCI

199.00497 40.00 0.201 NUCL ENG DES

197.08847 176.00 0.893 PHYSICA B

189.87341 45.00 0.237 JMATER PROCESSTECH

189.80170 67.00 0.353 ADV SPACE RES

172.04301 32.00 0.186 ACTA ASTRONAUT

153.68852 75.00 0.488 JRADIOANAL NUCL CH

143.93939 38.00 0.264 PROG NUCL ENERG

139.00415 134.00 0.964 NUCL INSTRUM METH A

128.67647 35.00 0.272 MATH COMPUTSIMULAT

Table6: List of 10 journalsfor which highestratio of JCFandISI IF has

beenfound.
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Conclusion

1. Documentlinking

(a) Generalmethodlogyto link
documents(not just journals)

(b) Usercommunityspecificlinks

(c) Low costgeneration

(d) Independentof keytermsand
metadata

(e) Canbeappliedto electronic
publications,techreportsetc

2. DL evaluation

(a) Generatednetworkscorrespondto
characteristicsof usercommunity

(b) Impactmeasuresderivedfrom DL

log files

(c) Largediscrepancy with ISI IF

(authorsvs. readers?)

(d) Discrepancy revealsspecificsof

community

3. Future:

(a) Tracksub-communitiesby cluster

analysisandMDS

(b) Studyevolution of user

communities

(c) Generationof setof freely

availablejournalanddocument

impactnorms
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