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ABSTRACT 
T he l Clq.';t~-s(' cdl' a na ly .. is of scholarly artifact us age is con­
stra ined primar ily by ClI rrellt· practices in usage dilta archiv­
ing , pr ivHcy is)-; lIes concerned wit.h 1 he dissemina tion of usa)";e 
d il.l eI, 'i lld the la('k of a practiu d ontology fur modeling the 
usag(' d () trl ain . As a. relIJedy to the third on;,t raint, this 
cut ick prese llts a scholarly ontology that was engillee red tu 
rep resent t hose cla...., ses for wh ich large-sca le bibliographic 
a nd usage dat a 'xists, supports usage research, and wh sc 
inst a ntiation is sca lable to the order of 50 miliioll articles 
alung wi t h t Il( ir assuc iated ar t. ifacts (e.g. a.uthors and jour­
!lab) alld an accompany ing 1 billion u age events . T he real 
wmld im;La ll Liatioll of the presen t.ed abs t ract on tology is a 
se m cUlti<: Iwtwork model of thp scholarly commullity which 
lend" the e;cholad y procee;:-; t.o ;;tatisticaJ a nalysis and COrII­

p ll t at iClIlal suppor t, 'vVe p resent the ontology, discuss its 
ills t aJ It iat ion . and p rovide some examp le in ference l'll lcs for 
ca k u la t ing vm imIe; scholarly art ifact met r ics. 

Categories and SUbject Descriptors 
1.2.4 [Knowledge Repres ntation Formalisl s and Meth­
ods]: Sem antic Nehvorb; II. 3.7 [Digital Librarie s]: S taIl­
dard~ ontoloqilOs 

General Terms 
Ont( )log ics, Schola.rly COIIllllunication 

Keywords 
R esource Dee;c r iption Fra mework and Schema, \VPD O ntol­
ogy L, [jg.mg[~, Semantic N, t works 

1. INTRODUCTION 
e'", p ilblicaliom; are add ed to the scholarly record al an 

m:cc!erating p ace. T ltie; puint is n !Fd ized by obCierving t he 

Pennissioll to make digital a hard copies of all or ['3rt of this work for 
persollal or c\3ssroom LIse is grilnted without fee provided that copies ilre 
not mad..: or djstriblJ\~LI for rrofit or commercial ildv;lIlwge and that copies 
bear this notice and the full citation on the first page. To copy otherwi se. to 
repUblish, to post Uf1 servers or to redistribute to lists , requires prior specific 
pennissiof1 a nd/or J fee. 
C py righl 2()OX ACM X-XX XXX -XX ·X/XX/XX ... $5.00 

evol ution of the amount. of publicaL ioIle; iIlCieX('(] in flrOlll­
son Scient.ific 's cit a tioIl rl at aba~e over t. il t! h .s l. fift eell . ear s: 
R7.'i, :HO in 1<)90; 1,067,292 in F):Jfi· 1 164,01 5 in 2000, a. nd 
1,,') 11 ,067 in 2U05. However , t he CXt.(~ lll o f Ill(' scholarly 
T'l~('orcl reaches ftlJ' beyolld w ho.t is ind exed l)y T hor npson 
Scie ntific. W hile T hompson Scient ific fO(' t L()~ primarily on 
quality-driven journa ls (roughly 8,700 in 2U(5), they do 1Iot 
index more novel schular ly art ifac t !') s uch H. .. 'i p reprintli de­
posited ill institutional or d iscipl ine-o ric nted rcp osit ur ics1 

dat asets . so ft w::u'c , and sirnulat io m; t ha t. m e illneas ingly be­
ing C'OIlsirie rc'd scholarly communicat. ion tlll it s ill t.heir mvn 
righl" 

\ Vhile t.he size (and grm l it) of t.he sd lola.l' l.v I'('('ord is 
i mprcCic,iv(~ , t.he cxtC'n t of it ;, use i::; e ve n nto n' s taggering. 
For ill ::o t a nce , in -oveIlllwr 2006, Elspv i~ r \ Sc i(~ncc [ il'eC' t , 
w hich pruvides aC(' t' SS to arL ic ks frurn a p prox imately 2, DU O 
journals, celebrated i t;, 1 biliioI1Lh fu ll- text cIo"vTl load since 
('oullting start.ed in Apr il of lYDD 1

. And, a ga in , t he ext <'lI t. o f 
schola rly IIsagt~ clearly reaches fa r b(~'yol\(l E l:;(' v icr's repus­
itory. Furt.hermore, w,age PVf' llt s includ e nut only full -tl:xt 
dow nloads , hil t also eveIl t s s uch E1.. w qllcst ing t<crv iccs from 
linkiIlg servers, download ing bihliographic ci lat.ions, email­
ing abstracts , pte 

To a large extent, t. he effect. of u;;a ,e;e beh av ior on the schul­
arly process is a hori zon tha t is only bogill ll ing to b under­
stood and , if properly s t.udied , wi ll offe r c:l 1H":-i to the evolu­
t.ionary trends of :scie ll ' f! [12 , 8, 4], qll rl.ll 1. it a t i\(' mode L.; of 
the va lue of scbolarly artifacts [7, Sj, (;t.l ld . f' rvic:E~~ to sup­
port Cicholars [0]. T he Andrew \\' . ?-J e lioIt funded :"IESPRL 

project a.t t h co Re'i(!iuch Library of the Lo, A lnlllO::; Nat ional 
Labora tory aim s at d evelop ing nwtr ics fur ilbscss itlg schol­
arly commlllliC'cttion art iFacts (e,g. arti cles , journ a ls , confer­
ence proceedings, etC'.) a Ild a gent" ((:.g. alll hor~-; , in st it ll­
tions, publishers, reposi tori ~s, etc .) on t he \ 'i\5 is of -cllOla r ly 
II sage . In order l ) do t his, the ·LESUR p rojPc L n mkes llse 
of a repre>p nt a tiv(' collection o f bibliograph ic , t' il.atioI1 and 
llsag(' data. 'hi" d a t. a is co llec l.e el from a wide var iety of 
souru ' s includillg (l(,(l.d emic publishers, secondary pub lis h­
e r:" ins t itut ional linking S<'I'VPI'S, ct.c . Expectatio IlCi are t. ha t. 
the collected d at.a will eventua lly c nCU lllpa:,;s re Il~ of mill ions 
of bibliographic records , hundreds of milliulls of d~(l.t. ions, 

1 E lsevier's 1 Gill ion elm nlUC1(\s a rt icIe avnil <L b k at: 
It t l p: / /www.iIlfu.sciellced irect .. com / ne ws/ a.r cb iv(· /2006 / 
IlewsJ)ill ionth.asp 
2rvlE trics from Scllola.rly Usa.ge of Rcsou)'c('s avnilable at: 
http://www.mesur.org/ 



aile! h ill io ns of tlSdge events . ~I i ning such Cl. vast data set 
ill Hll l' fl ic ient., p n form illg, alld fle xible mannCl' presents sig­
ll ifica Il t cha.llcnges regarding data representa tion ane! dat a 
acccss . This ar ticle p resent s, t. he O\VL ontology [17] llsed 
by :\ IESUH to repn 'Sp. llt bibliographic, cit ation (l lld usage 
data ill a n int egra ted marlllcr. T he proposed tv[ SUR on­
tology is pralheR!, i' S Opputi('d to all encompa.ssing, in tha.1 
it. rcpn .se nh those art ifacts and p roperties that, as previ­
olls ly sit wn in [6], m e realist ica.lly iwaila.ble from modern 
sc ltula rly illfor ma t io n systems. T his includes bibliographic 
data :,;ucl! clS allt hor. tit le , idenl ifi e r, publication da.te a.nd us­
age d a t a sllch as 1 he IP address o f t he accf'ss ing ag81lt., the 
d a te a nd time of access, t.ypn of usage, etc. F ina.lly, ((Ilother 
/love I contr ibntion of th i" work is t he hybrid s torage a.lld 
HCCP S:'; archi t ect ure in wh ich rclat io na l database and tr iple 
s torr' tedlllology are co mbined. T his is achieved by st oring 
core data ane! rela tiu nti hip::; in the triple store and a u xi liary 
data in a rel at ion a l d a t a base . This d eOiigll choice iOi driven 
hy Lltp Ileed to keep the siz(' of the triple 51- ore to a level that 
ca n realis t ica lhr be ha ndled by curre nt t echnulogics. The 
t'O I1l h inat ion of the d a t u a rchitecture alld scholarly ontology 
presented in this a rticle' provid p the foundation for thp Ja.rge­
SCR [P mudeling a nd ana lysis of scholarly artifacts and their 
llsag (~. 

2. SEMANTIC NETWORK ONTOLOGIES 
A S(~lllantic network (::;ometim o. - c<: !led R multi-relatiollal 

nd .. vork or multi-gr ::lp h) is compot,l:'(l of a , (' t ofllodcs (repre­
se ll ti ng hetcrogclIco l!" art ifacts) connected to one another by 
a set o f qllalified . or labeled, edges [25]. In a gra.ph theoretic 
::;e r 1St> , a semant ic nctv'lOrk is a d irected labeled graph. De­
causp a.1l eugf' is labeled, t.wo nodes ca n be connc'ctpd to Olle 
allotIter by an in fi ll i1e Illlrnber of edg('s . However, in most. 
("nSf'S , Lhe pos;, ible interconnections betwee n node types is 
cOllst.railled to it prede termined set . T his predetermined set 
is lllad e exp lic it in the sema ntic lletwork's associat.ed ontol­
ogy. A n onto logy is generally d efined a.s Ct ::;d of a bst ract 
cl El " S~l"i, t.heir relationship t·o OIl f~ a.nother, and a collect ion of 
infcre IlCf' rules for de r iving implicit relationship" [L]. A n on­
tology ll iakes no exp lic it re fe re nce t.o the ac tua l inst a nces of 
the <le ttnce! ah ::-. tract classe::. : t his is the role of the semantic 
nf'twork. 

All om.ology is re la t ed to the developer' s A P I in object ori­
ent .. ~d prugwIllllling languages such il$ C++ a nd J ava (minus 
t he exp licit rep resent.at-ion of class methodOi/funct.ions). For 
('xcullp l, ' , the Oid of rela.tionships of all ontological elelSS arc 
know n a~ the d CLs.,,' prnper t ips and, in the object oriented 
lexicon, c a ll b e unders t.ood as cl cL.'js fields. A b o, a taxon­
orny is usua lly exprc::lsed ill a semant ic net.work ontology. A 
tcLxunoIllY of S ll b- a nd super-classc!'; support (he inheritance 
of c lass proper ties . For ins ta nce, if all mammals arc warm 
blooded , (hen It II h llmall :-; are warm blooded bee-arIse all hu­
rmms a rc Jll iHIlIHa b. In an inheritallce hierarchy, the warm 
blood ed p ropert,y of ma.mmab b inherited by all sub-classes 
of rn m nmal (c .t>;. hu ma n). 

F ig llre 1 d iAgrRm s t he rela tionship betwec' ll an ontology 
alld ib semanti(' network insta nt iat ion. T he circles rcpre­
~('n I.Oi object. t ha t are ill f' tan cs of t he d ash-dot !Joillted to 
abstract c l,1."sf's (the sqllarcs )_ T he three lower squares are 
:o ubd a:;s('s of a more genera l top-level cl a;;s (denoted by the 
d a"hcd cd gf' c; ). The horizllntal cdget, in the ontology denot.e 
penn is. ih k property t.ypes ill th c~ instantiation and thus, 
CLJ lTcspow li llg horizontal labeled edges in the semantic net-

work may (>xist. Figure 1 does not cxpo~c the ra nge of ("Oll~ 
ceptu R.! nmLll( :c ~ 1 hat call be expressed by modern ontology 
langlIR.ge:,; and thus, ouly provid es a r udime ntary r('p r l' :,; (~nta­

tion of the relati () llship b Ct.WCCll I'Ll! on tologj' n nd its sCl!lcllltic 
network illsta ntiation. 

/M 
n~Db~O 

,~ ... • ~ ontology "'"/' .! ............. -r ........ A \ . '~~t';';~ ;k ' 

d! ! U '. 
6a-.~-b 

F igure 1: The relationship betw en an ontology and 
its semant ic network instantiation 

2.1 Semantic Network Technology 
T he most popular scmulltic network r presen tational fr a me­

work is t he R esource escr ip t io n Fra lllework and Schema, 
or RDF(S) [Hi]. RDF (S) r ~ pn:scnts (Ill nud es illl d ed ges 
by niver~al Rr~:-,ource Td C' ntifiers (URI) [9) Tla: t R I a p­
proach support.s t he ll ,, ( ~ of namespaci ng s llch t ha1 t he URI 
h ttp : // ww ',,, . ~cience, o r g#Art i c l e IHlS a dilTcrc nt mca ll­
iIlg, or conno t.ation, than what Illay be Ulll.k rs (. ooc! by the 
URl http ://www . news p ape r . netiArt i c le . 

The W eb O lltology La nguage' (OWL) is a ll pxtensioll of 
R Dr(S) that ::;upp ur Ls a richl' r vocah ulary (I>. g . prornot f's 
rnRTly set theuretic:al concepts) [17]. I'otcg( -' is perhaps t I le 

most populm applicaJion for d eOiign illg 0\ L Dllt o logil '":> [I K] 
W hile OWL is primarily !1. nl<1l"hilw rcad a.ble lang ua.gc , a ll 

OW L ont ology C,Ul h e ( ' ag ra rnmed lI sing the U n ified ~vI() d ­

eling Langua.ge's (e ML ) class d i El.~'T a rnS (i.e. ellt.ity reJ a l loll­
ship diagrams). 

~\lodern ,,("ma ntic network riMa stores r 'p res nt the rela­
tionship between two noc\t':" by d triplc. For ins tance, t he 
triple 

(URL" http: // xml n s .com / foaf / U. li # knows , t'Rh ) 

state::; t hat the rr' t;ourcc ielcnt ifi cd hy UHIo knuw~ t.he re-

8- http:// xml ns.com/foaf/O .1!#knOl"s -.s 
Figure 2: A diagrammed triple 

so urce identified by UR l b , where URIa a.nd Ulli,) Me Ilode:,; 
a.Ild htt p :// xm l n s. coml f oa f lO. I I #" k n ol,.r s is a direct (~d 

la be led edge (see F ig llle 2). T he meaning o f kno",,!s i:-, fu lly 
d efined by the URI h ttp : // xml n s. com/ foa f / O . 11. T he 
union of instRIltia.t ed FOAF triples i,; a FOAF sernCl n tic net ­
work. 'mrent pla.tfor rns for stori ng aIld qllm ying such ~(' ­

ma ntic networks are ca lleel triple !:J tures. ]\[any ope ll ",ouree 
alld proprietary trip le stores cu rre nt ly ex i. t . Variolls q uery­
ing langllag(~S ex is t a.s well [V') ]. T he role of l he qm~l.y li-"u l­
guage is to provide the interfRcc to (w ee"., t he d a.t a cont. (l illed 
ill the triple Oil ore. This is a nalogoLls to t he ]plat io[[sltips 

:Jprotege available at: http:/ / p rotegc,stanford .ed u/ 



br t WE:rll SQ L alld relational d atabases. P Jrhaps the most 
popu la r tr i pJ(~ .-tore query language is SP. RQL [20]. n 
l'xa m pl(' SPARq L query b 

P HE F1X 
l-' R EFIX 
::;ELEl'T 
WI]}li£ 

foaf: < h tt p://xmills.cum/toaf/O.l/#> 
vulJ: <h tt p://hom('pil ~ f' ~ . vub, ac, b e/#> 
?x 
( ?x f()c' f: kflCl WS vllb: (" ~I.' rshcn ), 

fll the ahov(: query, the ?x vrtriable is bound to any !lod(· 
tha i', is t. he domain of a triple with an associated predicate of 
ht t p ://xmlns. c o m/ £oaf/ O.l /# k ncl-ls and a range of 
vub : cgershen . Thus, t he ahove q uery re turns ali people 
wh u kllow v u b : c ge r she n (i.e. ,arios G ers hellson). 

T he ontology p lay:; a s ignificallt role ill mal1Y (Is pects of 
a s m ltntic network . F igure 3 d emonstrat.es the role of the 
ont ology in dete rmining which rea l world dat a b harves ted, 
how that d ata is represe llt.ed inside of the t.riple store (se­
mantic lletwork ), and fina lly, what queri.;s and inferences 
are poss ihle t () e xec ute. 

I 

OOT "' 
4- relrieve (B 

Figure 3: The many roles of an ontology 

3. SCHOLARLY ONTOLOGIES 
III general, a n ontology \ classps, t.heir relationships, and 

infere llcC' :o; an~ d et er m ined accordi ng 1.0 what. is heing mod­
eled, f r what. p roblems t.hat m odel is tryillg t.o solve, and 
how t hat model's classes ca n be iw-;tantiated according to 
reed \vor\d d a t a T hus, the re were t hre primary require­
menh t. () the d pvc!opnwnt of the i\ IES R ontology: 

1. rCctl is l icully aYiljJ ab lt: real world data 

2. ability to st udy usage behavior 

: ~ . sca lab ili ty of t.he tri p le store inst a lltiat ion. 

W it hout real-world data, a n ontology , ' (~ r ves only as a con­
('ppt ua l t.o ol fUl lind. rs tanding a pa rticular domain and, in 
::. ue ft em, '''' on to logies of this nat ure may be very det a iled 
in w ha t tl lPy represent.. Howe ver , for ontologies that ar e 
d csig![(:d 1.0 Iw ins ta. ll riatf:d by rea.! world d a t a, the ontol­
og. is ultimate ly constrained by dat a avail a b ility. T hlls, the 
MES UR o utolog.y is constrained to bihliographic and usage 
d'J.t.a s illC\ ' tlte ::;e ilr e the primarY sources of scholarly d a t a. 
III the ,.;cltolarly community, while (1r tic b:i , journals, c()nfer­
ence pror~:ed i ngs , and the li ke al e well documented and rep­
rescnt t,d ill fo rrnat.'i t hat le nd t.he rnsd ves to tl w:t lysis, other 
infor m a tion, Sll ;h a.'i Llsagt' data, Lt' l1cls t o b e less ex plicit due 
t.o the in herent p rivacy iss ues :ourrounding individual usage 
beh aviur. T hr re fore, a primary obj(> tive of the ME SC R 
projed is the acquis it ion of large-sca lp usage data sets from 
provid f' rs world-widl~ . 

The purpose of the l\;I ES Urr project i:o to study usage be­
ha ior in t.he sc holarly process and therefore , ll:oage mod eling 

is a lleCCSSi"Lry C()lllpOm~ nt of the ~'l ES UH o nt.ology. G ivC'll 
both usage and hibliographic clal a, it wil l he possi lJlp. to g en­
era t e (\.Ild vClJidak metric:; for u nderst a nding the ' va lue' of 
all types of scholarly ar tifac ts . C urrently, t he scholarly com­
munity has OIle prim ary meallS of lInder~ta l l d iIlg t he valllt' 
of a journal and Lhus it s a.u thors: the lSI Impa ct F actor 
[10]. \ Vith a semantic Ilctwork data s t ructu re that inclllciE's 
not. only article (alld thu, ', jourllal) cita tion, but a lso a u­
thorship, usage , dod ills t it utional re l a tio n,.; hip~ , llew m ( ~ t rics 

that. not only rank journa ls , but also CO Il fc r Clj("(,s , a1l t hors, 
and institut ioIls will be c reated a nd va lid a t ed. 

Finally, t he p roposed unt.ology wa" engi lH' Cl"l'd to han­
dle CJ.n extremely large se m a nl ic !let work in"t a ll ti a tioll (on 
the order of flO mill iun articles w ith a corrC':.; p o ndi ng 1 bil­
lion usage eve nt.s). The M ES Un ontology wa.., e llg illPerecl 
to make a J is tilld ioll between req uired lmst'-relRt. ionsh ips 
and thm;e, that if lleeded , can be inferred from t. he base­
re lat iu1l5. Fu t.hermure, due to (he LtC t t.lmt t. he },IESVR 
ontology was d eve lo ped to s up port I he la.rge-sca le a naly:oi ::; 
of usage, many of t.lte' rnetadat.a propcrt ieo; sllch itS ar ticif' 
title or Ruthor lla me a re !lot exp licitly r("pn 'sf' n tecl in t.he 
ont.ology ClI\(1 tilliS, as will be demolls t rated, such lata ca n 
lw accessed outs ide the trip le s tore by reference t.o a rela.­
tioIla.! database'. 

4. RELATED WORK 
Other efforts have prod uced a nd ('xp lo it ed scholarly on­

tologies, but they do n() t cover t h(: needs of tll( ~ ME~ UR 

project for t wo primary rea ::>o ns. F irst ) t hey generally lack 
t he integration of publicatiu ll , c it atioll and usage n at.a, w hich 
MES R requires in order to represC' ll t awl Dnal ze these cru­
c ia l ::;t.agt: ~ of the public: scholctrly ('umlllull ica f.ion process . 
Second, ::ica.lability appears to lIot have hee n a m a jor con­
cern when c\!:sig ll ing t he u mulogi .h alld t h us , ills tant iat ing 
them a t t.he oreler of wha t ~IESUR will b e re pre::;entillg is 
unfeasihle. Somet im es , t. !w ontologv is too i' h bnra t.e , ad di ng 
complexity that nUf' ly pays off fo r t h ~ s i_m p !c' l'<~aSUll t ha t it 
i:-; hare! to realistically come by d FlJrI t o pOJl ulate df'fined 
properties (e.g. detailcd author or a ffi liation inform aC iun ). 
Other times , t he ont o logy requires the stor ge of illforrr lfl.­
tioll that ca nnot rpa.list icaliy be represent pd for vast d a t ~L 
collec t ions using current t rip e s tore techno l()gi ('~ . 

Several scholarly ont.o lugie, arc a va il F\.b \e ill the D A M L 
Ontology Library". 'vVhile t. hEV focu ~ on b ib liogra p hic COll­
struct. , they do Ilot rno lei usage events. The sa me is true of 
the Semantic C omrn !IIIit.y Web P o r tal ontology [2(;], which, 
in addition maintains m any d et.a iled classe. hos( ill s tanti­
a tiull is unreCl.li::;tic given wha t is recurded by moderll schol­
arly inform ation systems. 

The ScholO nt.o o ntology was developf' d a s I rnt of cLl I ef­
fort aimed a t enah ling researchers to descr ibe and debe I.e, 
via a sem antic: network, t.he contribut.io n" of c\ c\ocu rIlf'nt, 
and its rela tionship to the li t.era t ure [24]. W hile th is on­
tology supports the concept of a schola rly d ocument a lld a 
scholarly agent, it· roc uses on form a lly sum m ar izing and in­
teracti vely debati nO" claim~ m ade in d Ol' ulll 'nt s , not on ex­
pressing t.he ac t ua] use of docu ments. t-.Ioreover, hupport for 
bibliographic d a t a i::; minimal wherea.s su p purt fo r discourse 
c:ullstmcts , not requi red fo r MESUR, is very detailed, 

T he AI3C ontology [13] ,'idS prim a.r ily engiw"lored as a (,OIIl-

ID A M L O ntology Library availa ble 
h t.tp ://www.d a ml.org/ontologics/ 



rtlon conc:ept md Illodel for t.he illtf'ropel'abilit.y of a varie ty 
of ll letaclata ontologies frum different doma ins. A lthough 
t.he AB C ontDlogy is a ble to repre~e lll bibliograph ic and II S­

age CO ll( Cpts by means of ('on::;r,r uc ls such as a rt. ifact (e.g. 
ar t. icle ) , gell t ('.g. ' lI t. ltor), and action (e.g. lise), it is de­
siglH'(l a l <1 leve l of ge nerali ty tha t does not riirf'ctly support 
the grall u la ri y r (~q l l ired by the 1'v1ESUH project. 

A ll illl"Pt"cst iIlg ont.ology-lmsed approach was developed by 
t.hn Ingell t ), f>. Ict.aS t,orc project [19]. U nfort.unately, again , 
( he Inge nt a on! ology do('s not. support exprpssillg usag(' o f 
schola rly document.s, which is a primary COIlCCru ill l\[ E S R 
J T f' v ( ~ rl . l lt'l ess, t he approach is ill spiring l)('c<1llse I ngellta fHce~ 

sign ifi ca nt, cha llenge,; regarding scalabili t.y of the ontology­
ba)')ccl n ' prese lltatioll. storage alld access oftheir bibliographic 
me tadat a col k ctiulJ , which covers approximately 17 million 
jonrnal Etrt. ic\c". Hovvever, tht; s('ale of t he lvIESUR dat. R. set 
is several orders of m agnitude largN , callillg for optimiza­
tiOTI" w he rpve \' po:i"ih k. For (' xilmple, giv('1l the lvIESL H. 
project's focus on Il~agp" st.oring bibliographic propcrt.ips 
(aut hor naIIles, abst ract, titles, etc.) in the triple score, as 
ciO lle by lllgcnt a , is !lut ',;"entia!. As a result, in order tu im­
pn)\f(' trip le s t ore q uery efficiency, M8SUR stores such dr"t ta 
in a rel a t iOll a l data bas f' , a nd the lvIES UR ontology does not 
exp I iei ! Ii' represe nt t !lese litera ls. 

T he pr inciples eSjlollsed by the OntologyX5 ontology are 
ills pir ill ); . O ll t.ologvX uses cont ext classes a s the "glue" for 
rplaLing o ther cla~ses , cUI ap proach tha t. w s adopted fo r the 
MEt; LJR ontolugy. For inst a nce, the M ES UR ontology d oes 
not have a direct reldbonship bet ween a n article alld its 
puhl i>ih ing journa l. InstcA.d, th("re exists a publishing COll­

t ext t hat serve!-:l as all )\,I-a ry ope rator un it ing a journa l, t.he 
ar t icle, it" p llblication date, its au thors, a nd rLllxiliary infor­
ma t ion 81lch as the source of the bibliographic data. The 
context ( I) n,; lruct is intu itive and allows fur futllI'e x ten­
sions to t he ontology. Ontology X also helped to de!.e rmine 
t he pr imary a bst rac t classl's for the MESUR ontology. Un­
fm t ll fw,t.l dy, OntologyX is a propriet.ary ont.ology for which 
very Iilll iucd p ub lic informat ion is available, w a king direct 
ad optio Tl unfeasible for M eSUn. As a matter of fact, all in­
spirutioD was c1 eriveJ from a sing le Power Point p[f~S (!llta.t.ion 

fro m t. he :!OO,') FBRB W orks hop [22] . 
F iually, in t,lw rC'l! m of usage data represe lItell ion, no 

ontolog:y-ln'lsPd efforts were fOUlld. j\pvc rt.heless, t he fol­
low illg exi~ti ng schema-drivell a pproaches were explored and 
ser ved £1,". inspira t ion: the O p en t RL C Oll LcxtObject approach 
to fac ilita t e OAI-P .\H f-bascd harvesting of schola rly usage 
r' vcn t~ s [6]. the , ' r.,[L Log sta ndard to r <'pr sent digital library 
log>; (11], Rncl the ,OllI T R sdrema t.() express journal level 
ll::iage ,;1 a t. i~Lil' :-. [2:3]. 

5. LEVERAGING RELATIONAL DATABASE 
TECHNOLOGY 

Th e i'vII ':S L H. p roject make~ use of a triple s t.ore to rep­
rese llt a nc! ac('(',;,; its c:ollecbyl dat.a. W hile the triple store 
is ::;till "I m atnriIJg technology, it. provi ci es many advant.ages 
over thf' relRtioJl al d a t a b a!-:lc model. For Olle , the network­
b a::;(;d r('presc lltal iOIl supports the u:,e of network C1nalysi::; 
algorithlll~ . For the purposes of t.he ~j1 8S UR project, a 
nct. work-IJased a p proacb to data analysi :-; will pia. u major 
rul e in qllCl nt ifving t he va ille of the scholarly a rti fact.s COIl­
t.a illed wit h in it . O t.lw r h enefits that are found with t.riple 

''''O ntologyX ava ilable at: htt p://www.ontologyx.com/ 

store t.ec hnologies t.h; tt are llot eas ily reproducihle within 
t.he relational da\'aba~, c ' frarlJework incl \ld e ea~e of schema 
extellsion anel ollt.ological iIl r(~ ['cncing. 

A llovel contrih ution of t he present ed ontul()gy is it.s so­
lution to the prob lem of sutlabilit.y found ill modern t r iple 
store tedlIlologi(~::; [1.1] . \V hilf' ';C lfI i-J,[I tic lid-Works provide a 

fl ex ible medium for representing and Clea.rcit ing know lfxlge, 
current triple store a p plicat.iun,; do not !'ill pport the itmount 
of dat a that ca n be repres(~ ll ted a t· t. h r~ upper limit of what 
is possible with modern rel M iomt.! d8.talJa:-;(' t t'l'hnologlf's. 
Therefore, it. wa,; lWCeSSil.ry tu be :"ckc t. iv(~ u f "" I lat illfor­
mat.iOll i,; a ctually Illodeled by t.he i\ IESUH. ollto logy. For 
the ]\[ESl R project , m uch of thr oatH a~s () ci al. ('d \vit h each 
scholarly artifact. is m a int a illed ou tside t. hc' t r ip le store in a 
relat ional databa:, (~ . 

T he typica l b ibliug rap hic record con t.a ilJs , for cxm llple, 
an articlc':-. identifiers (e .g. 0 1, STCI , et,c. ), authors, title, 
journal/confC'rence/book , voill me, i::;slle, lillm ber , rUi d page 
numbers. T ypi('a. l Llsage in for m a.t. ion ('untain~ . fOt' example . 
the users idellt ifier (e. g. IP add ress), t.he l ime of t.he llsagf' 
event , and a session id l ~ llti fi ('[. An cxamp l ,~ of the v; r io lls 
bibliographic and usage p ropert ies arc uut lilwu in t h(·~ T rL­
blp 1 Rnd Table 2, r espectively. )Jot,p t ha t t he cO!HI('(t ioll 
b r:tween t.he bibliographic n cord aile! thf' U!-:I;.tgc ('vent oc­
curs through the dOl:_id (bold ed p rnpert i s). T he doc id is 
(t inl ermdly g;ellera t,ecl id en t. i(ie r creat,ed lur illg t. he ~1 FSUR 
project's ingest. ioll process. 

p r operty value 

title The Convergence of Digital Lihrc.r iet> . 
il.lltltor(s) Rodr iguez. Bollen. V, w J(' ~ u'lI[>e! 

cc ollec tiun Journal of Inform a tion :) cinll ('f' 
publisher S a.g p Publica.tion~ 

2006 
s ta r t p ag" 149 

1.50 
VO! l11l1P 32 
issu e 
doi 10.1177 /016555 1000 U62 3 27 
Joc-id b 5el ab73 -26b5-41 fO-a83f- b4 7 b4d737 

Table 1: Example bibliograph ic properties 

property valu e 

' ''',wLid -155G3ccc2-c7 d4-4GG9- <lb 9c-a.r .S 1295 ;1" , ·, ·F, 
Li m e 2006-0 9-27' OO:UU:O:) 
,,-gent ,IA D2 FD457EB59CE 08AAA F6 EAZA (i;J F 
" >"»S iOlI (; 30442 06 
{1.ffitiation Califorll'" SLlt (' U ni ve rs ity . r.o~ A lIgcl ('~ 

docc_id b5elab73- 26b5-4 1fO-a 83f- b41h 4d137 

T able 2: Example usage properi t es 

T he t wo t.ab les demollst rate how bi b liograph ic alld usug"(~ 

data can bE' pas ily represP ll tec\ in a rela t ionul da t. a bn,;!' . From 
the relational dat.abase rf'p res nt a t ioll , a HDF -T ri[>lel; d ab:l 
file call be generat ed. O ne s llch ~.olution fur thi. re b t iUlla! 
d ata base to t.riple store mapping is t he D2R m a pper [2}. 
I [owever, Ilot e t hat Ilot a ll data in t hl; rel <'l.tiu na ! d a t a base! 
is exported to this int ermediate for m a t. Instpad , only t hose 
properties that promote t.riple ~. t ore "ca labi lity a m i u ::.agc 
resca.rch were included . T hus, article titles, journal is,;w 's 

6N-T riple ava.ila ble a t.: 
h t tp:/ / www.w:S.org/2001/sw / HDFCore / ntr iplco.;/ 



<111(1 V() I IIUll'!' . II HUH:':-' til' ali i /tors, to IUl rHl' a fvw, (In' nut ('x­
pli<'lll\' rt'prpslmkd w it h in t. he trip lf' :-tOfl ' a nd t illiS, are unt 
IlIuddt:d h.\ l\tr' ollt( lln gy, If a particula.r ar t ifact propert y 
thai i~ not III lI lt' ' )11 1010 "\' i, rf'q uLrl'd fur iI .:omplltat iorl . 
t ].H C()lIIPII I iug al,~l)rit lI111 rf'ft'rle [wes I ltf' n.>lat.iollaJ (lal al Ia..-,e 
li 'll 1i11~ Ilu: (·t\ lllpki r: 1'1 ' r":O;(~lI t ,1 1 j01 1 llip t ('q1l i cd d at e . For 
I'XdUIPl(· , Iri-din '( t iWlII11'('c;n llltilJO of til( ' arl ifact wil li tJ(I('_id 
2 i-; Ill"pic't('( l in fih'lIJ( ' -! where t Ito.-: n~sol ,ring id " 111 ifkr b 
spr 'r'inl 10 t1l1' art ifact ( rill' thp ,~ flkt~ of diagram rnulflhi li lv. 

i"1..."Stll ll( ' I hal 2 is hSda.1J7:'S-2Ub5-4 1 fO-a8:Jf-b47b4d TH from 
1ah ll' I alld 2) . This Illoud is ('uun t t' l' to wh(lt i,., SPt'1l i ll 

n fhpr sdll ',lariv l>JJlolo)!.ics s uch as lhl! [uge lli a o nlology [l 9] . 
T his d!'!'ign (' boill' \\' <1S a ma.jor fact()\' lhnt prompc<,d I he 
t'llgilll'('ring ,I' II IlI'W lJlltolo!0' for IJihlil)§,'TiWllic and \l~Ilg-" 

moth-lillg. 

-- --­Relational Dalabase Triple Store 

0) 0) 

o 'ff-p 
l 8 t 0 ___ I _____ 

_ .......... __ ____ __ ... J 

Figure 4: The relationsh ip between the relational 
database and the triple store 

6. THEMESURONTOLOGY 
TI le 1\IESl'TI IJll l o l llp.y i~ ('llrr{'l ltly al \'Cr~i l lll 200T-I )J (I I 

http ://www ,rn--=sur, or';:J / schemas 12007 - J I / mesur (al >­
brf' dated mes'_H ) FlIll HT~l <lO(,UIll n latiu ll (I f tllp ()tlt ()l­
o~y nlrl he fUlWd a l the n r1I1lI ' S[)(KC UHL Thr ful\uwing ~('I '­

t joll:> will dC:-inibc hnw I' ibliogra.p h i< ilnd lbag e datcl i.., 1II!l(l­
{'Ipel I I' Ul<'pt t.llf' n.>qui remcn l!'l of lInt!prstHlld ing l a r~('-~ntlc 

lJf'a~(' bC'h:wiur. wh ih· at t h" :>IUllC 1 imp prnillot iag sc).lah il­
i t ) 

6.1 The Primary Classes 
Til" llll)::it ~f'!lentl cla:;:-t ill O\VL i~ owl : Thing, T he 

1IESl;l:i lllltO[Of!;Y prnvid , '~ 1 I1n'(' :, Ilb (' \;.l....,s('~ of owl : Th i ng . 
Th('~, ;.rF,SUR cias;o,p:> a.rc mesur ; Agent, mesur: Document , 

and mesu r : Context 7. T hb i..-; n 'pn ':.t'lltcu i ll Figure ;j 

wiwrp all pugf' d t'tlOt(',.; It rdfs : subClas sO f rt-'btiolls lli p , 

owl;Thlng 

f 
Agent 

Document 

Context 

Figure 5: The primary classes of the lVIESUR ontol­
ogy 

T he r:Qnc~xt (i a,-;!-p" !-I'rve r lS t bp "p;l llf" hy wh ich Agent s 
nile! DOCument:> in t t'l'iwl. A Context i!' analogo us t.u rdf: Eag 
ill Ihal it io; al l N-ary o [Jf'wlnr ll llit\, i llg th l ~ li t.c ral:-. ( 11.<1 
o h j(Wf!' pointed t() h.J' its re~ p f·ct i \'e p ru[)f'r t ics . All rda-
I ill ns h ip, bdwPf'll ";'gent-; and Document.:-. occur:; t hr() llg h 

7 Fill' tI ll' rt' [l l i.dnckr ul' t it i:-. a r ticle , al l c1as:- f'~ t hat <11'(' not 
r'x p licit l\ mllllE'Spac('r1 are frotH Ill(' me~ur ll<U IlP:-;pan' , 

a jla r t icuJm Conte;...t . 11 O \\,('\T I , H:> will Ill' d c nlDI1:-traft:d . 

d in~ct [ rial iow;il ip!- (,RII bp. in h -rnxl. A ll illt'fTrrd proPt' l-t it'.., 
arc dpllol<'d by 111(' "( if Tl I)tat io lt ill I hI - flJll,)willl; lI \rr. class 
d iugnJ.Ol:'. A ll iil!i'rn-r! proper! il 'l'i art) Slt(>" 1 f1 11( I U~ [I,lat itd l­

~hip:'i .. illce tllPrf' I!' llil l'l!-o" I lf illfortllHt iUl1 hy P XI J lJC\illg i.lwir 
il1!' l n li l int,ioll ( I ll!' i n[mllll1l i ')( 1 i ... ('ont ailln(\ i ll III her rc!lIl it 111 -

:oilip!' ). TIll' a l ~!)ri ' hlU:; [' lr i lI fl'rr i llg t h "lI l \~ i ll Iii' d is(' Ilt>:-t (',1 
i l l tllt~ir m:O lw('(iv(' Context ~Ilb~( , ( ·t ion 

C' llfn:\ll ly. all tilt' L\J£SLJR dillse!' an , pt'liti(',lj ioll'" , I t 

/!;( ' tl ra1izalioll~ of ot her l h\.~\: :-; . '0 holol1,\lm / lIlf'rtJfl\IIlV 
(compusit e ) cIas!'> df'nllit io ll:-t!U'e ll:-t('d at tltL ... " Ii I).!, I , o r t be Oll­

(olo/!,:/s d ('vp tllPUU'lll. F ig-un· Ii prr'j(' nts the C()ltlp/Pt c la .. 'CIlI I­
Ottl)' of tlte ~IEStrR (minIng.\'. Thi: di<Ll1;n Tll primarily :;('rV I ~!-o 

; s a n ·fC'Tc!I(, (; , Eadl f J a~l'> wi ll lit' dis, 'u" ... ,," ill ! hl' fo llm\ il lp' 

"f~C'ti() ll , 

(~) 

Figure 6: MESUR taxonomy 

6.2 The Agent Classes 
T lac Aqent lclx n nmllY j:-. dil1.grH 111 11 If'(l ill rip-lin' 7. Au 

Ag~nt eml cit lwf h e Cl. Human or all Organi::at':":::n . A 
Human h, a ll [ ctllil.l ilH lh' jdlli·d \\ ht"'th r t Iial i lldividllal nU l 

I) , ll lliqllC1\' ide ll t i fied (e.g. a ll JUCUIl lf'lIt HLltiLor) 0 1' lOt 

(e .g; . a do cumen t ll ~I T) . I' h<' authored Pfll lwrty is UTI in­
ferred relat ionship cWu denotp~ t hat RU Agent <I lit bored it 

par t icu lar Document and the published prop .. ~ rt·l de llo les 
( it ,l l all Agent 1m . .., pulJli,:; Lu-o H Document. Ttl(' dutLor",d 

<t lld pubLished propl'rt y ('illl 1)(, i IIJ('rrt'tl hy illfof llta.ti ll!l 
\\ il h ill t 1H ' Publishes ('oni l'xt dlt>I' lhRP< 1 I~ t pr, Similarly, 
I h, ' u:-;ed pruperty d "fllIl !)" [h;\1 an Agent 111'1. ll~( ·d a pilr­
tic lIla.r Document . T il" used propl'r ty (', II } )(' inkrrr 'd frr llll 

t lIP Uses c()ntext . 

A ll OLyanization is a c1asl'> t hat ic. \l!'l"d fur hutlt hil t­
liogmp\tk cUl t! " ,>agl ' p roVI nalle ' pllrposcs , GiV(-1! 1 hat l)iiJ­
liograplJ i( a nd usagr' dal ,1, al t hI' JIU').!,('-,.,call" Hlll,,1 lw Itar­
vC0ted frotH Innl t ip lt" ins l il il t io n!'. iT is llece:;:-. nry 10 make 
n d isti nctioll betwf'en th(' var iOll:-t data p r ov itiC'TS. In man.\' 

cases, HI) OrganizatJ..on an be IH)tl l a hihtiugraphi( ((-.g . H 

publi ... !JC't) a nd a n:-age (P.f{. (\ n :p usitnry ) jJrt>vitif't" . Flirt ilpr­
TllO l'P . a ll Organizat ion Ci\n abn Iw a ll alll lu )[' \. 8('~d l'll1 i( ' 

i n::; l it ution (I~.g . a un iwr-.it.y ) , 
F imtlly, cdl Agent ;,- (,RIl It fW(' Hll\' Il llrnlll'r o f ;Iffi lialillll" 

For ,Ul Organi::atlon, lh i" i~ CI ("(,I'l Il's iv(' ddin.itiul I \\!t i<· ll 
n l low~ a ll Ol'g;.wi'lflt i l)!1 to h av(' ll li-LIlV affi liate Orqaniza ion" 
whik at lite ,.,a m v ti I'lle ulJowiug fur t Ile HUllId .l ka l· fI I H1, ·" o f 

<i rt Organization to h t' r q >r pl';(lnkd hy tbl :>aw! ' n lIl:-trlltt . 



T hr m les governillg the inference of the h a s f f i li ation 
and ha sAff..i.liate pmpf' r t. ie:s are discussed in the sect.ioll 
describ ing the Af fili a ti on context. 

Agent 
hasAffiliation: Organization [0 :J (i) 
authored: Document [O.:J (i) 
used: Document (0 .. 'J (i) 
published Group [0 .. 'J (i) 

.~ ~ 
Human I I Organlzatton 

'-------'-'-~'--------' I hasAHiliate: Agent [0.:] (i) 

Figure 7: Classes of Agen and their properties 

6.3 The Document Classes 
A Document is a n abstract concept of a particular schol­

arly product snch as those dep i 'Led in Figure 8. 

Figure 8 : Classes o f Docume nt and the ir prope rti s 

Til g ' l\('ra l, Document objects are those artifacts that are 
wr itLc!l, lI ,',cd , and p ublished by Ag e n t s. Tlm::i , a Do c umen t 
call be a sp ecific arLicle , a book, or some grouping sllc h its 

(\ Journal, cOllfe rence P rocee d i n g s , or all Edi ted Book . 
T lp r , an ' tW() Do c ument subclasses to denotE" whet he:r t he 
Document i:~ a coll('t' t ioll (G r oup) or an illdividua lly writ­
f"ll work (Un i t ), A Journa l alld P r oceed i ngs is an ab­
s tract ('Ollcept of a cll ll ct ion of volume~/i~sues. An ed i­
t,iOll to a proceedings or jourmd is associated wiih its a b­
strad Grou p hy the p rtO f proper ty. T he aU LhoredBy, 
,::;o n ldinedI , publis h edBy, ami. con r::a i n s propertic:-; 
c a ll he in fe rred from t he Pu b l i s he s context. Also, the 
u s e dBy prop pr tv ca ll b e iIlferred from the: Us es cUIltext. 

6.4 The Context Classes 
A1 pn-'viollsly statpd , a ll properties from the ./'I.g en t and 

Document classes t hn.! (1[C marked by t h "(i)" llotation are 
ill fe rreJ pwperti ~ , Thc::;c properties can be automatically 
gt'llcratcd by inference algorithms and thlls , are not req1lired 
for insl'r tioll into the t rip le slorf'. W hat thb means is t.ha~ 

inhere ll t ill ti ll ' triple store is ' hc data nece~sary to infer 
such rrlatio l1t,hips. Depellding on the time (P. g. query com­
plex it.y) cwei space (e.g. d isk space allocation) cOllstraint~, 

the illclusion of thc,~c inhorrcd propcr t ie:-; i . dd erm itlcd. At 
any t.ime , t.hese proper ties can be i[lo,crtcd ur rcmoved frolll 
the triple sture. T he various inferred pro j)prtie:s a['( ~ de­
termined from their H'specj lve Conte.xt obj('d~ . T here­
fore , t he l\l ES UR md: ObjectProperty t axonomy pro­
vides two ty p s t) f ubj l'ct. properties: Contex t Pr oper:ty 
alld Infer redP rop e r .y (bee F igme 9). 

Figure 9: The abstract MESUR property classes 

A Con t ex t class is a n N-ary opE'nt t.or rnllCh like a n r d f: Bag. 
Cllrffmt tr iple stnrp t~ f'chJlology expresses t crt il1. ry rl'lat iUIl­
ships . T hat llleFl IlS t.Imt only three f('sO ttrcc,,, arc rdal cu 
by a semantic Iletwurk edge (i.e, a ::iubjcrt uru, p redic at.e 
URI, and objPcL URI ). However, ma n ! r('al- wo rld ['e la t io ll­
sh ips arc t he p roduct of mul tiple illtcrfl cti llg obj ec ts . It is 
the role o f the various Con t e x t classes to provide relation­
ships for more t.ha n th ree U 1s, T he Co ntext c lasses are 
represc nted in Fig ure 10. 

Figure 10: Clas. es o f Context and their properties 

T he Co n text cl;.-~ss has two sub c:la, !-p:< Event Hlld State . 
A n E v en t is some meilsur empnt dOlle by some prov ider at 
a part.icular point in Li fllE'. For cxa mplt' , the Publ i she s 
and Uses event.s cue recorded by pllblishcr ~lIld reposi t.nrie:s 
at some point in t, im e. As a side Hote , the hasPro v ider 
property of the Ev e nt d d"S b an d fi cie llL lI10del fu r dw 
represe nt a t.ion of provena.nce const ru ' t:-; . lll"trad uf reify illg 
every st.at.emeut with proVf~ lance' dat.a (e .g . t rip l(~ ,r W' \S :s up­
plied by provider y [l Qj) , a single tr iple is p rov iJ ed for cach 
Eve nt (e.g. event J ' was s upp lied by prov ider y). 

On the ot.her side of the Con tex t t. axoIlolllY ar. ' tlw Sta t:e 
contexts. A State is some Illf'ClSUreme ll t t.hat ('fUl , in some: 
cases, occur over a ::iIJCLn of ciaw alld a re lISt·,d 10 rcprt-'."c llt 



complex rC'l af' io!lships between artifacts or as a way of at.­
t.ach ing b igh-lcvl'1 prup lert.ies (i.e met.adH.t.<I ) to all artif""ct. 
. ' he twx ( sections will provide n. dctn.iled d escription of le.1ch 
("'n ntex _ c1as::; a long w ith SPAQRL q ueries for inferring all 
t he afornncll ti ()ned Infe rr e d P rope rt y properties. 

6.4.1 The Publishes COl/ text 
A Puhl i she s event sta tes, in words, that a part.iculu( 

lJi ll liogn lp h i(' dat a provider has acknowledged that iJ. set 
of a u thors ha ve' Cl. lthored a unit. that was publi:"hecl ill a 
gl.'OllP by some pubk,]ter al a particular puint in time. A 
Publi shes ub jcct. relates a sillg le bibliographic data provider, 
Agent . lil t hOI's . fI Unit , all Agent publislwr, a Gr oup, and 
a pllb lirat ioll TSO-RfiOl d a t.e Lirrl0, literalS Figure 11 fCp­

rlesf 'Hl :.; I'l Pub l i shes context. and the inferablf" properties 
(dcu·Jll'd e d ges) of the various associ , ted artifac h . All in­
fern 'cI propF~ r t i es have a respect ive inverse relationship. Note 
that both Pre pri:1tArti cle and Bo o k publishing Hre rcp­
rcsrntcri. wif. h OW L rec,t r ictiolls (i.e. they ,ue not published 
in a Group ). T he d eLail o f the~c re'itric liol1S call be fOLlnd 
ill l he m·t ual oll t ology definition. 

G;:) 
Q 

hasProvider 

9 G0 
am'''" 0 ' ""Gcoo, M"eO'''~ 

;----O ! 'd' hasUn,t t haSAubtnor \-d 
: : : 2006· t t ·30T1? 06 00-07 00 : : 

: : : : : 
, I I 0 1 ... -- ____ __ aulhored ---- - - - - - 1· I I 

-' ::':':~'on~__ ___ "'""'""'''->:s! ! 

i l~ _______ published -------~; , 

~-- - - - -- - -- - -- --- -- - published By . - -- - - - - -- - - - -- - -- --.' 

Figure 11: Example Publishes Cont ext 

T he dah('d ed ges ill Figure 11 d enote proper t ies I,bat. are 
a rdEs : ubC lassO£ t.he In £erred P rope rty . For iJ\­
!'it.allec, t.h e a bstract tr iple (A u thor , a ut ho r -" , Do cume n t ) 
is iIlf(:f'H'd give ll t he resu lt.s of t he following SPA IlQL q uery, 
WliNC for the ~ (l.ke of brev ity . the P REF IX declarat ion,; af" > 

[(,moved and t he INSERT st at ement reprpsents t he insert of 
ito; tripl! ' argument into the triple stolee! . 

SELECT I,,"lb 
Y\'HEnE 

HrSO -8( jOl a.vailable at : ht tp ://wwvv.w:1 .org/T R/ NOTE­
dcttcti nwj 
\lPkH,-'; C note tha t a ll the preseuted SPARQL queries are not 
opt.imized for spl,pd . but. ill:-iLcad, a rle opt imizrd for rea da.bil­
ity. 

'Ix rdf: t y p<-' llleSllr P ubli .';! l e, 
"7 x 11!J ' li llr:ha ~ U llit '" ) 
Ix )I Jl-'S I1[ ltC\ ~A uth[)r " 1> 

INSERT < "a Illf'Sllr:allthcH"dGy "Ill > 
I NS HT < !b ll1'J s ur: illlthOl t' d "la > 

To iIlfpl" the Gr oup proplerty contain s alld Unit prop­
erty c ant i ned ln. the following SP R ~~L qUl~ly a nd IN SERT 
c;f.a t,c lllellts sllffice. 

SELECT ?a"(b 
VVHERE 

"Ix rdf:t yp" 1ll I' :i ur :Publisl! , ', 
? x n it'S II r : it a s t' n i t ? d ) 

"Ix me""r: h;lsG rOlll' '1 b ) 

IN ~ERT < '!a £llf'sur:contaiuf'dln "il) > 
I N~EH.T < "II> mf' Sl Il": coulilins '! " > 

Finally, the pu b l i s h ed a nd p ublishedBy propcr tiC';-i 
are inferred by: 

SELECT ?a II> 
vVHEI{E 

"Ix 

Ix 
'Ix 

rdf: type rnesl.lr: PlIblishes 
nl <-' S II l": hil s PllIJlish<.'[ ?il ) 
mcs ur:h ~H G[OUP ?b ) 

Ir'>:SE Fl T < ?a publi s h ed Ib > 
I SEI1.T < "lb : publishedBy I " > . 

6.4.2 The Uses Context 
The Use s co ntext deno tes a sin gle lIsage ('vent wh(; rt, 

a n Age nt uscs a Document a t ct p articula r point in time. 
T he 0ses context is d iag ra mmed in F i~ure 12. Lib " the 
P u b l i shes context., t he Us e s cont ext i~ an :"I -ary C0I1-

struct.. D epending on t.I)(~ Ih agc provider , it ~~ssi()n idpllf iher 
and access ('y p e is record ed. A session ide llt. ifier denotr" t he 
u::;er'::; login session. .. n a cces::; type denote , for l'XaIlIpk , 
whether t. 11P HOled Document had it." ub c, \' ract viewed or wa:-i 
fully downloaded . 

~ 
G? ~'""". """","0 0 ' 

rdUype hasprov~ ~ ----"'1 4- A-O-2-FD-4-S7-E-' 

cr" ! hasTime h2sAcce:.s 

hasOocumenl has User 0 .. 1 

o~~"":"o::~,~~:oo,tJ" "OWO,"'" 

rdl:lype rdl.iype 

8 G 
F igure 12: Example Uses Context 

T he fo lluwing SPARQ L query and INSERT s t.A tements 
represent tlw inferPllce of t.he u s edBy all d used i!l v(~r . f' 

properties of an Art i c l e d ucument an I Agent, respec­
ti vely. Also, nole the la,s t two I NSE RT ,,( a t t·llll' nh . Thebe 
statlements demonst.rate bow Gr oup lsage illfor m al ioll call 
also be inferred. 



SI ';[' EL~T !a ib ?c 
\ VHFl1E 

I ~ ', RT <. 
INS E R l < 
INSERT 
I:,\IS ERT "-

x cd f' type mcsur: U sp ~ ) 
;...:. 11lc :-- ur: h tL:i [)ocurnerJt" 'ra ) 
;) rdf:ty p r m ,,'sll r:Arti,le 

tn"s uc: h a s t'O' L'r ?b ) 
'!y rdf: t yp f' lll e sur: P u hlishc>s 
7 y 111(' S llr: h ",:; I ' lliL?a) 
?v Tncsur: h ,').~ ( : rollp ?c 

'I i ' 01 ('s l it : u ~ t, dl3y 7h > 
1[, TUl I S II r u.'"i c d '1 21 > 

.-! C Ult,:,.:--.ll l : ll~l'dBy 'I I] > 
'1b U1 C' S ll r: llsf'd ?c > 

6.4, 3 The We ighted Relationship Cuntext 
rll 1m-lilY ill :-:tanCf'S, Olle art.iClct is related to flll oth8r by 

a particl daI' s( ~ Tll Cl n t i(', However, in some in;-;t.a.nce, one arti­
fact ic, re lated to n.notlwr by a semantic label and a Aoating 
poillt we ig ht va lue. Fmt.hpl lllore, t.hat weight.ed rela t ion­
"h ip lIl ay h a.v(' Leell r ~'('urcled over : orne period of time, T he 
Weighted Rela t i o n s hip st ate cuntext is used t.o represent 
such relat ionships , 

T he Ci taticn sta.tc context. denot.es a w8ight.ed citation 
and ~ Rrdf s : s ubClassOf theWe igh LedRe1ationshi p, 

For On it to U it ci t a t ion , the weight value is 1.0 (or no 
weight proper ty t.o ]'eow;e the tr iple store footprint) and 
t-he re a.r t' Tl O :'it.art aad c ud time poinh, However, for Group 
t o GroLl p !'i tat- iolts , t he ~'e ight of t he Ci t a t i o n repre~ enb 
huw w allV tirnc:-i a particular Gr o up cit.es allot.her over Sl)[)W 

period of ti me. lIe llce' , it is Il('Ce;-,sary to dCllot.f' the st,u t and 
end point" of bot.h the bOur '(' itnd t.h(> sillk nocles. Figure 
1:5 diagTi-lrll" (l Citat:.ian cont pxt . Furthermore, the ::;ink 
ane[ b ( )un'c typec. call b(-: ei t.h('1 all Age n t or a UOCUlle n t , 
tlm :" Orqan i z at i on to Organi za t: i. o :l citat.ions can be 
rcprl'sc lItcd, 

C? 
rdl:type 

I'.genl 

Document 

Figure 13: E xample Citation C ont ext 

U ivc ll Un i t 1. 0 ni L citatiolls, the Citat i o n weight. b8-
tWef' ll itny t.wo Gr oup:-i can h e inferred. T he followillg ex­
ample SPAHQL qttery genf'r a tps the Clt ation object for 
cita.1 iOll s rml£l 2D07 ar t icles in t he Journal of lnformctrics 
(ISSN : 17,'i 1-Hi(7 ) t il 200~-20()6 article;; in Scientometric" 
(lSSN : OU8-C)] ;30), Ah~urne that the URI of the journals 
em ·' their T 'SN Il1lIllbers , the date time is represent ed as a 
year iUhtead o f t.he lengt hy 1. '0 -8601 rep resent.itt-ion, anJ the 
COU NT command is a nalogous to the SqL COUNT comrnalld 
(i,e, returTl s t he lll md.wI' of elemeIlI;; retlIrTleJ by the variable 
binding) . 

SL~LECT ?x 
WHEru-.; 

'Ix 

'Ix 
'lx 
'Ia 
III 
'ly 
t z 
'?y 

?z 
ly 
'lz 
'ly 
? 7 
'Ie 

Icl 

I SERT < _1'2 :3 
INSE HI. < _12 ;, 

I NSEIlT < _123 
INSERT < _123 
IN,' Ef{T < _123 
I SERT < _1'2 :1 
IN 'ERT < _1'23 
INSERT < _12.J 

l·d f: t v!, ,, IYLP,ur: C il' Rtiull 
ITl r' sur: I l{l :,~ our('!' ?r, ) 
Ifl Csur 1"" Sitik '!h ) 
relf: l\ p e fl ' (' SUI" Art.icl" I 

rdf:tY I)(' [ ll t ' S tlr: ArLic'le ) 
rdf: type ttl "" ,r: P uhIi s iu.' , 
r d f: typ<' tn(',,,r: P lLbIislu·'s 
n lf' .::;u r : l J;1.~·ri rrlf' ' .~ r.) 

,'\.,,\'1) (? t. > :2 0 0 ..; i N1J ? t. < '2 (J I) 7) 
lld ~ T irll" 'I,,) AND ?1t 2(J07 

llH':-., ut;" :h a , ... Un i :- 'I " I 
, h «" L Ilit '110 ! 

II ,,- " C (""I' 7, ) 

h rl" Croup 'lei ) 
lllC' s n r:p :1 rtO f urn:i ss fl:1 7 ,-, 1- 1 ~, 77 

l!l<' sllr:pnrrOf urll: i_" , n:() J.~H -q l :l O 

rdf: type m e , ll r : Cl i' a tiull > 
lil e s u r: h a sS u u r(".( u rn : i -';S Il : 17 .-)1 -lS77 > 

: h a. ' S ink u r n : i ~stt:O l :I H - U L) O > 
m c;; nr'h c,s IN c ig ltt COUN1( 'I X ) > 
m e.'. lll ,h >l. S·S Olll c t" St a r T i -n,' ~ ()()7 > 
m rS l.l r: hn."So llr c e E nJ 'l' im c 2 0 t), 
m c >ur, h a ,, ~ in k Std.rL T irn(' 2 UO -1 > 

hc",Sink f IldTirn' 200G > 

Figure 14 d iagram;; t.he Co a u t. h or weig h! ec\ re la ti llIlc.hi p 
context, T h0' we ight. valup of this rela t iollship d E' l lott'~ the 
number of t im es twu Huthurs have coau t. horl'd t.ogcLher over 
a some period of time, 

8 
~ 

0? ;1:;?source 
~lhaSSlart Time 

rdf:(ype 

/0,1 

[~~4'11.30T17:06·00.07:00 

Figure 14: Example Coauthor Context 

T he following SPAR~L query cl c I1l()n ~ t. ratec. hU1.\ ' to inf(-'l' 
the weighted Coaucho r rclatioll.:-; hip behvf' (' [l t lH' alit h ur~ 
Marko ( lanl:rna rko) a nd H ~rber( (lan':" ;herb er t v ) over 
a ll t ime, A t ime period for c:oau thor;; h ip wllli ti ng cun be 
illsert0'd in a facih ion similar to the Ci t a t ion example prc­
ViOllS. 

SSLE T 7 x 
vVHEHr: 

10:SERT < 
INSERT < 
I NS ER T < 
INS ERT < 
INSEHT < 
IN::;EH.1 < 
INSERT < 
INSERT < 

"Ix 
?x 
?x 

_12 :3 
_12 : ~ 

_12 :3 
_123 
_456 
A5G 
_l;"j () 

_4,c, 6 

rdf: tYlJe rnE' S!lr : Publish ," ) 
mesl.lr:h;I , A uthor l C1n l: rnar k u ) 
rnl 's ur: h" "A uthor I anI: hcrbt.'r l\' 

rdf: ty p e' rIl" s ur: C OCluLl lOr > 
II u.:I sur:h a. :-;S ourc(' l Clll l:lIl2Llko > 
1lI('" ur: h .. "S illk l atd: heriH'rt v > 
rnc~ur: h a~v'v" c i g ht O JUNT ('I x ) > 
rdf:typ <" 11 1C " ur:Coa lltllol > 

b o,,,S u\lrcf' 1'~ 1l1 h p ,-!) I'r(v > 
m " '; ' l r'h ~t . ' S ink 1<l nI:rn n r k ll > 
mE'Sllr: h;lSWci g h t <XA . :1' ( ? ·{) > 

6.4.4 Th e Affiliation Conlext 
An Af f 2 1 i a t ion context. dellul cs thRt a p a r ti r'l ilar Hun-an 

is a,ffijiated with an Or gani zatio n ur t ha t fU I Organi z at ion 



i~ [ttTil in lcd wit h il llotlw l Or g .;mi:::: atj or . An At f i 2- iatio n 
CCt Il IJP repr e~.cntr'd as o('curri llg over CL pa l' ticlljm period of 
tillle. A ll exa m p le of n il Af f i liation state cOlltext is di­
agrammed in f. igure 1;) . 

rd l1ylJ<' ~ 

~~Y rd! tyre rdf type 

/~a:;A l hlf alor haSAff l f ,ate~ o ,,"~,,", ,~ "~'oo"'". U 
Figure 15: E xample Affiliation Context 

T he h Fl s,ll.f f il1. a te alld ha~ .l.\. f fi l j. 3 t i on propert irs 01 
t hI' Agen:. c ln'-S t'::; can be' inferred by t.he following S PARQ L 
que ry. 

S LECT ! a "L 
WHERE 

'7 x rdf:tvpe me,ur: Affiliation 
) x II I t'S li t II i;l ~ A f f iii at 0 r ? ;t 

'7 x mC· " I C : h " s A ffili:ttl'c ! L 

I 'lSERT < ':" h it ~ A ff iIi A. I I' '7[) > 
INSEflT , '!b lI 1<' s ur:hiLs A ffilia,tionla > 

6.4,5 The Metric Context 
T he prima ry objecti ve of (,he MESUn lJrojr.ct i~ to study 

t hr. ]'P I nt in(lshi p Iw LwetHl l1;,ag(~-based value lTlrl.l' ics (e.g, U s­

age I m pact Fact.ur [Gl) alld citation-ba,;ed va lue metrics (e.g lSI 
1mpact Factor [lOJ a m i the Y- Fa('tor [:ll) . The t--le tric con­
t ext a llow" for the. pxplicit. represent a tion of such uwt.rics. 
Thp Metr i c co n text ha s both the. Nu me r i cMe tric aIld 
Norlli l ~ a lMe t r i c sllbcla>:iscs , F ig ure 16 diag rams the 2007 
ImpactFa::t o r fl umcric mctric: context for a Gr o u p . Note 
t h a t l he Conte xr. hie rarchy in Figure 10 d o(:s not represent, 
t ht' set (I f Metri c s pXlJlorc cl by the J\ IESU n. projecr. T his 
taxollomy will he p r senred ill a future publication. 

8 
Impact 
Factor 

• rdl :type 

t nasSpec 
rdftype _I 1 

Cj
hasob1ect hasEndTime 0 1 lSI provldea 

hasSlariTime 

ha~N urn encValue \ 0 1 

~ 
2007·12 30TOO 00 00·0000 

1 0 1 

1 78 12007-01 OlTOO 00 00-00 00 

Figure 16 : Example Impact F actor- C o nte xt 

The exa Illpl(· SPA RQL q U t: l.V and rcspective I NSER T stn tt'-­
ment " d ClllollsLn lt.e how t.o ca lcula t c' the 2007 Im p a ct Fal'lm 
for t hf' PI'IJcccd illgs o f t. il(' J oiut C onfercucp on DigitAl Li-
1>1'[1,ri('-; (.J C'DL lS~ i\ . l CJ H2-9873). T he 2007 Im pact Factor 

for the .JCDL is ddinccl ,I;' the n[l[uher or (' i t Hti ()!l~ from anv 

[I n it published ill ~()07 Co a n ,ieks ill t.he JCOL p roCl!l 'dillgs 
ptrblished in cit her 2005 or 2flllG ll() [,lll al izeri by tll P total 
nllmber of articles p\lhli. h,,'d hy J C OI. ill 2l)() ~) and 200() 

[10l· 
SET.ECT 
vI!HERE 

SEL ECT 
WHFnE 

INSE RT 
INSE RT 
T:'-IS E:RT 
I:-.iSEftT 
11 SEnT 

< 
.:: 
< 
< 
< 

?x r tl f:tY[H' 1ll('~u r : I ' III} l ishf" 
? x til ~ . ~; u r : h ('l :'\ l r nit. '!: l ) 

: x n J f~:" ltr: h;L sC r u up ?b ) 
'Ih m " sur: p a llO f IIrn: iss n '10 H2 - fi R7 :1 
'Ix Ill <' " ur: h" , Ti me '! I ) A'll) 

(it > 2004 AND! t c l1(7) 
?y rdf: t v p c [t1('sn ," C i tatioll ) 
'?y n,l ~ :-o:, lI r : h,l sS OU[cC ?c ) 

?':r IU f' ~ ur: h a. ~ S ink '?a ) 

7'4 r d f:t.yp'> In r 'llr:ruiJli ,L f':, 
'1 '1, lll « ' ~ llr: h a s !l it ?c ) 
?z Ill !' s ur: h ns T itnE' 'i,,) AND lu 200T 

'?y rdf t.ype me s nr: Publi., h .. , ) 
? y rnesur: II , l sC r ollp ?a ) 
7" mC Sllr: p itc H)f urn: i s " II: Ill H2 - Sl i'l ,:, 
?y IrIl'sur: h ,LS Ttlll e ?t ) A' lll 

_123 
_12.3 
_12 :! 
_12 :J 
_123 

(? t > 2004 ,,, Nn '1 t < 211 0 7) 

rdf:typ c nH." >' ur:lm p ilc f. F a C' t( ' 1 > 
lllPSU!': h Cl"O bj " ct. u rn : i s" ll l O 2- 1) ~ 7 :3 > 
m e s ur: IHl.SS t ii rtTim e 2 0 0 7 
m e,Sll1 h "" E lld T i IlH' 2 0 07 > 
illP S lIr: lt n.sN ul n bt' ric:V(t.lut' 

( CX) TJI'.'T( ? x) / CX)(J]\T( ')y)) > 

The 2007 Usage I m pact Fa ctor For t he J C D LPro ceeci ings 
Call oc calcul a ted by u!:>i ng t he follow ing SPAHQL qtlc ries 
and INSE RT commands . he 2007 lisage Impact. Factor for 
the JCDL is d d i.ned as the 1111 mber of usage t'Vl.!ll ts ill 2007 
that pert cLiu to a rt. id es p uhlished ill thl' Je' DL proccerlings 
in e ither 2005 or 20UG normalized 0" the tot a l llumoe r of 
arLicles published by Llw J C D L in 200f) and 2QU fi [r> ]. 
SELECT 'Ix 

WHEllli 

::> ELGC'T I y 
WHERe 

?x rd f: type me',ur, Ih,~~ ) 
?x llH;:: ;-:;ur ha .... D o('Ul1l P u f ? a ) 

'Ix m(' s ur:h a sT irn c 'l: ) ND ?t'. = 2007 
?y rdf:type !I 1 "~' r:I ' lILli, h ,~ , ) 
?y rrU~~llr: h<tsC ni L ?' I ) 
0 y rnl',ur: h a -C r oup '/ e ) 
"c m c snr: p a r LOf 1I 11l: i ss u :l ll ~ :; - \) ll7:\ 
7 y n1 L'.Sur: hn" T ime !II ) \ .'<1] 

( ? lJ > 200 1 AND '! II < 21) 0 7) 

'?y rdf: t yp e lll e ,; lI r: P ll bli,hL" ) 
?y nH' f·ll r : h ;:l::·; C rc l l.lp ?a. ) 

'in 1II1'-lIr: p ar tO r urn: iss n :]O~2 - D ,, 7 ::1 

1.1' m~· ,w r: h a.s T irn, ' ! L ) AND 
( ? I ;.:. 20 (j I un '? t < " II I) 7) 

INSERT < _1 2 .1 rdf: ty p e: tIl r' "llr: l: s a~"" l mpa ( t r,j, c:t<Jt 
INSE RT < _1 2 3 1ll. ' ,UI: h d SO bj .- t' t u r n: i ~'iI , 1 0 ,,\ 2 -9 H7 ;\ > 
r Sb RT < _123 me'snr: h:1.s'l utnc r i e V,d ll P 

(COlJ:\"J'( ? x) / COU~T( i y)) > 

As demonstrdted , lite P WsCll t eel metr i \ ' ~ ca n be eas ily cal­
cubLed using simple SrAIlQL queriec>. Howcv<'r , more co m­
plex metrics, such Cl:O thuse that a re recurs iv(" in ,\t'huition, 
can oe computed llsing ot her. cm ant i( ll{'twork a lgorit.hll l". 
f or r.xample, the e ige nvec t.or-based Y- f a('for p can be ( 'U[!l­

puted in ;;l-,malltic !let. works llsi n g th ( ~ gnuDl Ila r-b ,cl'iecl ra n­
dom walkpr framcwurk lJ resc'ntl'd i ll [21 1 T he uoj<=cL iv(' of 
the [vIE Sl H. projec t. j ;; to ll lldC'rst.,u ld the span' of su(' h 1l 1t't­

r i('s and their app licatioll t.o vail liug art ifa(' t ~ in tl lC' ~('holar l y 



l'I Hlllll llll i t y. Fllr lHe work ill this "H e R will report the fi[]ding 
that nrc derived from such a lgorithms. 

7. CONCLUSION 
This mU ('1c prese nt NI the 1v1E 'UR ontology which bils 

been cI IOin8n ed to providc an int,egr ated model of biblio­
graph ic. citatioll , and usage (t,-;pec t s uf the schola,rly com­
munity, 'he ontology focu ses only Oil t.hat information fur 
w llich large-sn d e real worlci d a t a exis ts , supports U::iage re­
seMch. a nd whose ill ::i! a nt ia t ioll is scalable to an ('s Li m a r,ed 
~ O rni llinll mt idf's and 1 billion usage r;vents. A Ilovel ap­
pr(JClch t u data re p resentation wa" defined that leverage's 
bo t h l'elntiull cd cLatCtbll.'-ie and triple ::itore technology. The 
M E- 'UR project W fl.-b started in Oc tober ()f 2006 and thus, 
b s ti ll in it ::i ('a rl sr,ages o f d .ve lop rnent. 'W hile a trim Oll­

tology ItH S bee ll pn'sl;nted , the effects of t.his ontulogy on 
load a nd qll('ry t imes i::i ::it-ill inconclusivf' . Putuno v.fork will 
prcs(·nt. hend llll ark results of t,he lVI ES U R triple store. 
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