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Abstract 

Resource Descrlption Framework (ROF) is a W3C proposa! to express metadata about resourc s in 
lhe Web. The RDF data model has been fo rmalizecl u, ing severa! graph-based r presenta Uons; each one 
offers different expressive power amI support for the tasks of q uery answering nd semantic reasoning. In 
th is paper, we propose a d irected hyper-graph formal model to represent and manage RD F documenls ef­
ficiently . W h ave developed algori thms that exploit the propertie of t he proposed represen tation. and 
conducted an experimental study lo analyze the space and lime savings of ur solu tion Wi U1 respect to the 
labeled directed graph representation. Our study has been performed over synthetic a mi rea l-world RDF 
do 'ume n ls. and we could observe that our approach reduces the space requ ired to s tore a n RD F docu­
menl a nd s p eds up the task ofquery answering. overcoming the labeled dir cted graph represent tion . 

Key words: Dala model. directed hyper-graphs. Rcsource Description Framework (RDF). 

Hipergrafos dirigidos para documentos RDF 

Resumen 

Resource Description Framework (ROF) es una propuesta del W3C para expresar metada tos ace rca 
d recursos en el Web. El modelo de da tos de ROF ha sido forma lizado utilizando d ive rsas r presentacio­
nes basadas en grafos . cada u na de las cuales ofrece diferente poder expresivo y soporte para las tareas de 
re ponder cons ultas y razonamiento semántico. En este trabajo se propone el desarrollo de un m odelo for­
ma l. basado en h ipergrafos d irigidos . para el a lmacenamiento y ad minis t.ración eficien te de documen tos 
ROl". A t 1 fin. se ha n desarrollado algoritmos que explotan las propiedades de la representación propu s ­
tay se ha realizado un es tudio experimental para a nalizar las mejoras en espacio y tiempo de s ta solución 
con respec to a la represent.ación basada en erraros d irigidos e tique tados . El esludio fu realizado sobre do­
cum n tos ROF s intetizados y reales . los resultados ob tenidos confirman que el enfoque propuesto reduce 

l espacio requerido pa ra almacenar un documento RD F y acelera la ta re de respond r consultas. mejo­
rando los resultados obten idos por la representación ba 'ada cn grafos d irigidos etiquetados. 

Palabras clave: Hipcrgrafos dirigidos. modelo de datos. Resource DescripUon Framework (RDF). 

Introduction pre table way s uch lhat these descriptions can be 
processed by a pplicatlons. AA ROF management 

Resou rce De eription Framework (ROl") [l. syslem requires support for two maln ta ks: (1) 
2. 3. 41 ls a language proposed by lh(> World Wide a nswering quelies posed by users and software 
Web Consortium (W3Cl to express meladata agents and (2) semantic reasonlng to discover re­
about resources in the Web. Th main goal of 1 tionships between resources. In the Ii teratur . 
ROl" is to describe resources in a machine-in ter- the RDF dala model has been formalized using 
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60 Martínez-Morales and Vidal 

different graph -based representations: labeled 
dirccted graphs [3 . 5], und ir ected hyper-graphs 
[61. a nd blpartite gra phs [6. 71 . Each one of these 
representations has its own limitations wi th re­
spect to lhe expressive power of the RDF data 
model a nd suppor t for the tasks of query answer­
ing and semantic reasoning. 

In this paper we propose a di rccted hy­
per-graph formal model for RDF to represen lo 
store. a nd process RDF docum enls efficientIy. 
overcoming the lim italions of the existing repre­
sentatlons. Bas ically . a directed hyper-gra ph is 
defined by a sel of nodes and a set of hyper -ares; 
each hyper -arc conneels a set of souree nodes to 
a se t ofla rget nodes. Direeted hyper-graphs have 
been s uccessfu lly us d as a modeling tooI to rep­
resent concepts and structu res In many appliea­
tio n areas (e.g .. formal languages . re!ational da­
tabases. production nd manu facturing sys­
tems. public lransporla tion sys tems. and lopic 
maps [8. 9. 10]). 

In an RD F d irected hyper -graph. the infor­
mation is only stored in lhe nodes. and the hy­
per -a rcs only preserve lh . role of each node and 
the concept of d ireetion of RDF graphs. Thus. 
each resource (subjec t . p roperry. or value) is 
s lored onl r once . ancl th space eom plcxity of an 
RDF document is reeluced if a resource a ppears 
severa! times in the el cu ment. Besldes . RDF dl ­
rected hyper-graphs define implicit posi­
tion-based indexes [ 111 for an RDF docu mento 
whl h can support efficient eva luation of queries 
over the document. 

We have developed a lgorith ms that exploit 
the properties of the p roposed approach. and 
condueted an empir lcal study to analyze the 
space an d time savings of our solutlon wl lh re­
'pcc t to lhe labeleel d irected graph (LOG) repre­
senlatlon. Our s ludy has been períormed over a 
va rl .ty of synthetic and reaI-world RDF doeu ­
ments. a nd we could observe that ou r approaeh 
seales better th an the LOG repr sen tation in 
terms of s paee and time com plexily . Thes e re­
su lls e ncourage us to develop algorilhms to s olve 
the tas ks of query answering and seman tie rea­
son ing. a nd to extend the proposed pproach to 
rep r senl RDF Schema (RDF ) [1 2 . 131 elata 
models. 

The main eont ributions of this paper are: 
(1) an effieicnt representation of RDF documents 

based on the d irected hyper-gra ph formal modelo 
(2) an analysis of the expressive power of the di­
rec led hyper-gra ph mode!. (3) a formal s pace 
complexity s tudy of the propos d represen tation 
to s tore RDF docurnenls. (4) query answering a l­
gorithms that exploi t the properties of the di­
re led hyper -graphs. anel (5) an empirica! study 
ofthe impact of our approach on the task of query 
answering. Thi paper extends a nd updates the 
work reported in [141. 

The res t of this paper is structured as fol­
lows . Section 2 describes the existing < pproaehes 
to represent the RDF data mode!. IncJ uding their 
limitallons. In Section 3. we present our RDF 
model based on directed hyper-graphs. Sec 'on 4 
reports ou r prelim ina ry experimental resul . FI­
nally. in Seelion 5. the eoncl ud ing remarks an d 
future work are polnted ou t. 

Related Work 

An RDF documen t can be represented a s a 
graph, where each node is a resource and ach 
are represents a property. For mally. an RDF 
graph is deflned as follows [5 . 151: Suppose U1ere 
is a n infinile se t U(URI references). an inflni te set 
B = { bf) _ O) (blank nodes). and a n infin lte set L 

(RDF lItera ls). A triple (s. p. o) E [U u B ) x Ux (U u 

B u L ) iS ca lled an RDF triple. where s represen ts 
a s u bJeet. p a predlc te . and o an objeet. 

Definition 1 

AA RDF graph T is a set of RDF trip les . 

T = {(s, p. o): (s. p. o) E (UuB) X U x (VJ&JL)} 

The u niverse of T, univ(11. Is the sel of e le­
ments of U u Bu L that occur in th triples of T. 
The vocabu la ry of T is the set vocab(11 =univ(11 ­

B. sub(11 (resp . p red(11 . ob)(11 ) !s the sel of a11 ele­
menls in univ(11 lhat occur as a su bject (resp . 
pred ica te. obj et) in an RDF graph T. The s ize of T. 
ITI . is the n u mber of RDF lriples in T. An RDF 
gra ph is s imple If it does not use voeabula ry with 
a predefined seman Ucs in RDF Schema (RDFS). 
Let Var be a set of variab les dlsjOint from U. B , 

and L. A tr iple (Vj . v2. V3) E (U u Var) x (U u Var) x 
(U u L v Var) is a triple pattern. Agraph pallern is 
a sel of triple patterns. Given a graph patte rn P. 
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we denote by varip) the set ofvartables mentioned 
in P. An elemental query Q is an expression of the 
form Q: H t- B. where H = (H l •...• Hn) is a list of 
variabl s such th at (i t 1 ~ i ~ o: H¡ E variB)) 

(safety condlUonl, and B is a graph pattern . We 
denote H by Head(Q) a nd B by Body(Q). If lB I = 1 
lhen Q is a basic query. if lB I > 1 th n Q lS a con­
junctive query. 

Gi en an RDF graph T. he required space 
complexity to store the RDF document repre­
sented by T is O( I TI) , If there are no blank nodes 
in T. then th e requir d time comple.xity to answer 
an elementa l query Q again::;t the RDF document 
represen led by Tis O( ITI k). where le ~ 1 is a n inte­
ger that r presents the number of triple patterns 
in Body(Q). RDF graphs a llow several representa­
tions: labeled directed graphs [3. 5]. undirected 
hyper-graphs [6]. and biparUle graphs [6, 7]. 

Each one of lhese representation::; has its own 
limitations with re::;pecl to the RDF da ta mode!. 
in terms of expressive power. pace complex.i ty. 
and support for the tasks of query answering and 
semantic reasorúng. 

In the la beled dir cted gra ph mode!. given 
a n RD F gra ph T. the set of nodes W is comprised 
ol elemen ts in sub(7) v obj(7) . a nd the set of arcs 
E ís composed of elemenls in prc d(7) [3 . 51.Thus . 
each RDF triple (s . p . o) E Tis represented by a la­
beled a re , s - ¡J--)o o. he nu mber of nodes a nd 
ares for directed labeled gra phs representing 

RDF graphs is I WI _ 2 ITI and IEl = ITI [61 . 
Thus. given a n RDF graph T. the required space 
complexlty to store the ROF docllmen t repre­
sented by T using this mudel is O( I TI). 

This approach has two main d rawbacks [6 1. 
First. a resource may s imu ltaneOll Iy appear as a 
predicate, a sllbject a nd/ or an object in th e same 
RDF graph. For example. in the RDF graph TI = 

((Picasso. painls. Guernical, (Guernica. type. 
Paint). (Zapata, typ . Paint). (pain ts . range. 
Paint), (paints . doma in. Pain ler)}. lhe resource 
paints occurs as él predleale a nd a sllbj e t. This 
s ituation can be modeled by allowing mulliple oc­
currences of lhe same resource in thc resulting 
lab led d irected graph . a s a res or nodes labels 
(Figure 1) . However. lhis eompromises one ofthe 
more important properUes ol' graph theory: the 
intersection between the nodes and arcs lab ]s 

mllst be empty. Second , a predicate may rela te 
other predieates in an RDF gra ph . For example. 

in the RO F graph T2 = {(Painter. paints. Palnt). 

(Artis t. creates. Artifactl. [painLS. s ubPropertyOf, 
creates)} . tll e predicate subPropertyOj'rela tes the 
predíca tes pa/nts a nd creates. Thi s ltuation can 
be modeled by exlendíng the notíon of are by a]­
lowing lhe connection between arcs (Figure 2). 

However. th resulting structure is not a graph in 
the strict mathematical s nse. because the set of 
ares must be a s ubset of the Cartesian p rodue l of 
the set of nodes. S ínce these two simple situa­
tions viola te some graph constraints . it is not 
possible to use concepts and s arch algorithms 
of graph theory to manipll late RDF graphs. Thus . 
while labeled direc ted gra ph model is the mosl 
widely uscd rcpr sentalion , it can not be consid­
ered a formal mode] fo r RDF [16J. 

In lhe undirected hyper-gra ph mode lo given 
an ROF graph T. each RDF lriple t= (s . p . o) E Tis 
a hyper -edge and each element of t (subject s. 
predica te p. and object o) is a node (Figure 3) [6J . 
The number of nodes and hyper -edges for undi­
rected hyper-graphs representing RD F graphs is 
IWI = Iuniv(7) I and IEl = ITI [6]. ThllS . given an 
RDF grapb T. the required space compleXity to 
stor the ROF document represented by T using 
this model is O(max( Iun/v(7) 1, I TI))· However. 
this representa tion loses the concept of d lrection 
in ROF graphs. whieh impacts the t.ask of sema n­
tic reasoning. Additionally. ii may not be easy to 
graphically represent large RDF graphs . like the 
musellm example [17]. 

In (he bipar tít graph mode!, given an ROF 
graph T. there are two types of nodes in W: s late­
ment nodes St (one for each RDF triple (s, p , o) E 

7) a nd value nodes Val (one for each element LV E 

univ(7)). Ares in E relate statem nt and value 
nod s as follows : caeh L E S t has tbree out-com ­
ing ares that poin t to the eorresponding node for 
the sllbject. predic te . or object of the RO F trtple 
represenled by the sla tement node t (Figure 4). 
The n umber of nodes and ares ofbipartitc graphs 
repr senting RDF graphs is I Stl = ITI. IVal I = 
Iuniv(7) l . and IEl = 3 I TI [6 . 7]. Thus . giv n a n 
RDF gra ph T. lhe requi red space complexity to 
store the RDF documenl represented by T using 
this model is O(max( Iun/v(7) 1, I T I)J. While bipar­
ti te graphs satisIY (he requirement of a formal 
graph representatlon for ROF. issues such as rei­
fi caUon . entailmen t, and semanUc reasoning 
hay not been addressed yet [16J. 
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j 
Figure l . RDF graph allowing multiplc occurrences of the same resource . 

Artlfac.I '\ ___J 

subPropertyOf 

Painl 

Flgur 2 . RDF graph extending the notion 
of arc. 

Figu re 3. Undirec led hyp r-graph for (s, p, o). 

Figure 4 . Bipa rlite graph for (s . p, o). 

Proposed SolutioD 

In this work we propose a directed hy­
per -gra ph formal model for ROF. Basically. a di­
r cted hyp r -graph is defined by a se l of nodes 
and a set of hyper-a rcs, each one of them con­
nectlng a set of source nodes to a set of target 
nodes. Dir clecl hyper-graphs have been suc­
cessfu lIy used as a modeling tool to represent 
concepts and stnrctures in many appllca tion ar­
eas (e.g .. forma llanguages . rclation 1 databases, 
produc lion and manufa turing sy tems , public 
trans portallon systems , a nd topic rnaps [8. 9. 
10]) . An RDF d irec ted hyper -graph is formally el ­

fined as follow5: 

DefinitioD 2 

Let T be an RDF graph . The RDF dir cted 
hyper-graph representing T is a tuple H(7) = (W, 

E, p) s uch tha t: 
- W = ( w : W E tLniv(7) } i5 the set of nodes . 

- E ={ei: l Sis ITI}is lhe setof hyper-arcs. 

- p: Wx E~ {' s', 'p' , 'o '} i5 the role function of 
node W.r. l. hyper -arcs. Let l E Tbe an RDF 
triple , e E E an hyper -a rc. a nd W E orig(e) u 
d es((e) a node. Then, the follü\ving must 
hold: 

• (p(w, el ='s') <=:> (W E orig(e)l 1\ (W E StLb({Lil) 

• (p( w , e) = 'p') <=:> (W E orig(e)) 1\ (W E p red({t))) 

• (p(w. e) ='0') <=:> (W E des t(e)) 1\ (W E obj ({t)J) 

Figures 5 and 6 show RDF directed hy­
per-graphs representing the RDF graphs TI and 
T2 of Section 2, respectively. To u nderstand the 
relationshtp between hyper-arcs and RDF triples 
consider. for example. the right topmost hy­
per-a rc in Figure 6, which corresponds with the 
RDF t ri ple e = (A rtisL. creates, Artya ct). In th ls 
case, p(Artis t, e) ='s' , p(cr a tes, e) ='p'. and p(Artí­
Jact, el = '0'. In our approa h, given an ROF graph 
T, each node corresponds to an element W E 

tLniv(1). Thu5, the information i5 muy stored in 
the nodes , nd the hyper-arcs only preserve the 
rol ' of each node and the concept of d irection of 
RDF graphs, An advantage of lh is representa tion 
is th ' t. each resource (subject, property, or valuel 
is s(ored only once, and lhe space required to 
store an ROF documen t is reduced ir a resource 
appears several times in the documento In this 
way. lhe space complexity of our approach may 
be sma llcr than the complexily of representa­
tlons presenled in Section 2. [n addition , con­
cepts. lechniques . and a lgorithms of hy­
per-graph theory may be used lO manipuJa te 
ROF graphs under th ls representation . 
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63 Direcied hyper-graphs for ROF documenls 

Figure 5. RDF directed hyper-gra ph 
for RDF gra ph T l ' 

The number of nodes a nd hyper-arcs re ­
qul red for d ír ected hyper -graphs representing 
ROF graphs can be obtained from Defi nition 2 . 
and it is s taled In Proposition l. 

Proposition 1 

Let T be an ROF graph and H(11 = (w, E. p) 
the RO l" d irected hyper-gra ph represenUng T. 

Then. we hav that IW I = Iuniu(11 I and IE l = ITI · 

Thus . given an ROF gra ph T. the requ lred 
space complf'xity lo store the ROl" do u ment rep­
resented by T us ing this model is 
O(max( Iuniv(11 I . I TI)l . The transforma tion from 
a n RD F graph lo the corresponding ROl" dir ct.ed 
hyper-gra ph Is shown In Algorlth m 1 a nd Propo­
sillon 2 . Glven an RO l" gr ph T. AIgOlithm 1 

scans aH U1e trip les in T (lin 4). For each tripl L= 

(s. p. o) in T. it adds the elemenls s. p. and o lo the 
set of nodes (line 5). the identifler for th hy­
per-arc corresponding to the triple Lto the set of 
hyper-arcs (Un 6), and Lhe rol ' (subjecl, predi ­
cate. or obj el) of each nod W.r. L the hyper -a rc 
to Lhe rule fu nction (Hnes 7-9). Note ilia t. us in o 

this a pproach . ROF directed hyper-graphs define 
implicit posidon -based indexe [ 111 for an ROl" 
documento which ca n s upporl e ff1clent evalua­
tion of queries over th documento 

Proposition 2 

AIgoriLhm GETHY1'ERGRAPI-l takes an RDF 
graph T a in pu t a nd comput.es lbe ROF dl rected 
hyper -gra ph represenUng T. H(11 . as ou tput. 

111 cosl of ilie tra nsforma tion from an ROr 
graph T to the correspond ing RDF d irecled hy­
per-gra ph Hl11 is defined In terms oHhe size of T 
in Proposition 3. 

Figure 6 . Di rected hyper-graph for T 2 · 

Proposition 3 

AIgorithm GETHY1'ERGRAPI-l compu es H(11 
in O( ITI) lime. 

rnluitively. the most expensive opera tion 
performed at each iteratíon of the for loop in AI­
gorithm 1 is a se t-add for lh e nodes. If W 15 im­
plemented as a hashed set of the elemen ts la ­
beis. this operation e n be performed in 0 (1 ) 

time. Thu s. Lhe lime omplexity ofAlgo rithm 1 is 
O( IT I )· We fo u nd that this resul t is be lter tha n 
the O( IT I 19( ITI)) time compl xity obtained in 
[6. 7J . 

Given a n RDF simple graph without b lan k 
n odes T. a basic query with one unbound a rgu­
ment (a bas le query Q is a n ele menl 1query Q: 

H f- B. where lB I = 1) . a nd a n RDF di recled hy­
per -gra ph r presen ting T. Algoritbm 2 nd 
Proposition 4 present the task of basie qu ry 
a nsweri ng over H(11 . Algorithm 2 de te rmin s 
the role (subj el. pl'ed icate . or obJect) 01' the 
va riab le in the query (Unes l . 7 . a nd ] 2 ). In eaeh 
case. il iden tifles lh releva n l hyper-arcs ac­
cord lng to Lhe ins tantia tion s on the query (lines 
2 -3 . 8 -9. and 13 -14) . The q u ery answ r set ls 
comprised of th hyper -arcs ha l a re releva nt lo 
these ins tantia t ions (tines 4-5. 10- 1 1. a nd 
L5 - 16) . 

Proposition 4 

Let Tbe an RDF s imple graph wi thouL blank 
nodes, Algori lhm BASICQANsONEVAR receives a 
bas íc que ry Q wilh one variable and lhe RDF di­
rected hyper -graph representing T. H(11. and 
computes lhe answer sel of Q w.r. t. 1: 

T ime com plexity ofAIgorithm 2 is defmed in 

terms of the s ize o[ H(11 in ProposiUon 5. 
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GETH YPERGRA PH(7) 

W~0 

2E ~0 

3 i ~ 1 
4 for eacb (s, p, o) E T: 
5 W~ Wu {s , p , o} 
6 E ~ E u {e¡} 

7 pes, e¡) ~ 's' 
8 p(p, e¡) ~ 'p' 
9 p(o, e¡) ~ 'o' 

lOi~i+l 


11 return H( T) = ( W, E p) 


AlgOrithm 	1. Oir eted hyper-gr ph 
eonsrruetion. 

B ASICQA SON EVAR«S, p, o), ( W, E, p» 

I ir vARIA BLE(S) : 


2 Ep ~ {e E E: p(p, e) = 'p'} 

3 Ea ~ {e E E: p(o, e) = 'o'} 

4EQ ~Epn Ea 

5 ans ~ {(x p, o): e E EQ 1\ p(x e) = 's'} 

6 else 

7 if VARIABLE(P): 


8 E.\ ~ {e E E: pes, e) = 's'} 

9 Ea ~ {e E E: p(o, e) = 'o'} 

\O EQ ~ Es n Ea 

II al/s ~ {(s,y, o): e E EQ 1\ p(y, e) = 'p'} 

12 else 

13 Es ~ {e E E: pes, e) = 's' } 

14 Ep ~ {e E E: p(p, e) = 'p'} 

15EQ~ Es nEp 

16 ans ~ {(s , p, z): e E EQ 1\ pez, e) = 'o'} 
17 return ans 

AlgOrithm 2. Basic query a nswering, 
one variable. 

Proposition 5 

Let Tbe an RDF simpl gra ph withou t blank 
nodes, Q a baslc query wi th one v riable, an d 
Hl11 lhe RDF d irected hyper-graph represenUng 
T Algolithm BAsrcQANsONEVAR computes the 
answer set o ( Q in O( ITI) time. 

Intu ltively, to íden tifY the relevant hy­
per-ares for the query an swer is the most expen­
s lve op ration performed in Algorithm 2. Note 
lhat it is a two- fold operation. In the fi rst step, the 

relevant hyper-arcs set for each instan tiaUon of 
the query Q has to be id n i ified, wh ile, in the sec ­
ond step, these sets of inslantiations are inter­
sected. Assuming tha l W is implemen ed a a 
h ash d set of the elements labels, th e first step !s 
done through a hash lookup which returns U1e 
relevanl hyper-arcs set for the ins tantia tions; 
this step ca n be performed in 0 (1) t ime. The time 
complexity of lhe second step dcpen ds on the size 
of the relevant hyper-arcs set for the instant­
iations whieh, in the worst case, is ITI .Th us, the 
time complexity of Algo ri thm 2 is O(maxi 1, ITI )) = 

O( ITI ) t ime. 

AlgOrithm 2 ca n be modífi d in a straight­
forward way for the task ofbaslc query answerlng 
with two unbound arguments. Flnally , we briet1y 
analyze the behavíor of our a pproach In the pres­
ence of upda tes/insertions on an RDF docu­
ment. Ir these opera tions o cur toward th start 
of the documento then they can requ ire the up­
date of the whole stru clu re , because of lhe exist ­
ing order on the elemen ts labels over this repre­
sentaUon . Thus, our approach is adequale on en ­
vironments where upda tes / insertions are not 
frequent operations. 

Experimental Resu1ts 

An initial prototype was developed based on 
defi rútions 1 and 2, and algOrithms 1 and 2. La­
beled dlreeted graph (LOG) and direcled hyper­
gra ph (OH) representations were sludied emplrt ­
ally; w constdered a set of ten synlhetlc RDF 

documents randomiy generated uSlng a uniform 
dis tribuUon. RDF docum nts syntax was ex­
pressed us ing N-Triples forma t [21. Synthetic doc­
u ments eonsidered in this experimental s tudy 
corresponded o s imple RDF graphs (Le .. an RDF 
graph lh a t does not use vocabulary with a p r de­
fined semantics in RDF Schema). Oocument s ires 
were Increas ed. ranging from 100000 RDF lrip les 
to 1000000 RDF triples. Ou r prototype was devel­
oped using PYTHON programmlng language arld all 
lhe experimen ts were performed on a rnachin e 
with a 3 .0 GHz lntel Core2 Ouo processor, 2 GB of 
RAM. and 420 GB of local SATA disk, running Fe­
dora 9 Linux operating system. 

We reported thr ee m tries Lo accomplish 
this preliminary experimental study: (1) lhe time 
required to load each docu ment (in secs.), (2) the 
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space in m mory ne ded to load each document 
(in MB). and (3) lhe time required to answer a ba ­
sic query (in secs .). 

Figur e 7 reporls the time requ ired to load 
each document ; note that OH time shows a linea r 
behavior and it is about a ha lf- rder of magni ­
tude s maller than LOG time . In Figure 8. we can 
observe that U1e space complexlty of both a p­
proaches (LOG and OH) linearly increases as the 
n umber of triples in thc document. ·. However. OH 
space 15 s maller lhan LOG space; due to the faet 
that there a re resources whicb can a ppear s v­
eral times In the same documen to a nd in Ollr ap­
proach each elemen t is stored only once. 

Add ltionally. we eva lua ted our prototype on 
fo ur real-world RDF dalasetl: : th Mindswap re­
search group (www.cs.umd.edu/ -hendl r/2003 
/MindPeople4-30. rdO . a webcrawl of arbitrary 
RDF (acliverclLorg/webcrawl_ lOk.n tl. a OAF 
dataset (rdfweb.org /2003 /02 / 28/ cwm -crawler­
outpu LrdO. and the ontoworld.org Semanllc Wikl 
(ontoworld .org/ RDF/ontoworld.xml) [1 8J. These 
data els have d ifferent characteristlcs (Table 1). 
a nd they were converted to N-Tripl s format us­
ing an RDF / XML parser [19J. The s pace and load 

120 

100 

'o 

OH vs. LDG Load Time 

¡=:oH 1 
l-~ 

100000 'OOOOO.lOOOOO 4COOOO 500000 600000 700000800000 00000o 1 E , 1)6 

Number o, ROF Triples 

Figure 7. Load time (s es). 

tim required for each dalaset. wllh resp el to 
OH nd LoG. is s hown In Table 2 . Agaln. the d1f­
fere nce belween the two approaches is due t.o the 
fact th l (here are res ources which appear sev­
eral times in the same docu ment, and in our a p­
proach each elcment is stored only once. 

Finally. we ran tVfe nty bas ic queries over 
each syn thetic da taset ; ten o[ these quer!es con ­
talnecl one variable . and they were characterizecl 
by the access patterns (? ' . p. o). (s. ?p. o). and (s . 

p . 7 0); the olher ten queMes contain d two vari­
bl s . a nd they were charad.erized by the acces s 

patterns (?s. 7p. ol. (?s. p . 70). and (s. ?p. 70). Fig­
ures 9 and 10 reporto for each da taset . the time 
requl red t answer a basic qu ry with one a n d 
two va riables. respectively. [or OH and LOG. 

Note that. al though the behavior ofboth ap­
proaches is s imilar. OH time Is smaller than LDG 
time. Thus our approach req uires les time than 
the LoG r presentation [or the task of basic 
query answerin g. These res ults depend on the se­
lectlvity of the instantiatlons on each qu ry. 
Large selectivity requires more time than a smal l 
one lo determine the answer set. beca use it im­
plies la rger sets of r leva nt triples. 

OH l/S . LDG Structure Size 
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Figure 8. Structure size (MB). 

Table 1 
Evaluation datase 

Oa taset Classes Resources Triples Slze (KB) 

Mindpeople 14 273 1082 140 .3362 

W bcrawl 2 112 10000 1398.1409 

FOAF 4 3123 9758 1476.4329 

Ontoworld 42 4467 55619 9878 .6468 
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Table 2 

Space and load time required for the evaluatíon dalasels 


Dataset OH LOG 

Size (KB) Load Time (secs.) Size (KB) Load Tim (s cs .) 

Mindpeople 8 1. 167 0 .0190 92.246 0.0570 

Webcrawl 565.453 0 . 1410 805.080 0.5379 

FOAF 1039.294 0 .1440 902 .356 0 .5829 

Ontoworld 6255.260 0.85 9 6304. 939 4 .1 184 

Ouery Answering Time (One Variable) 
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Number of RDF Triples 

Figure 9 . Basic query answering time 
(one variable). 

Conclus ions and Future Work 

We proposed a directed hyper-graph formal 
model to represen t RDF documents. In our !nl tlal 
experimen tal results we could observe that our 
proposed r p resenta tion requires less space to 
represen l RDF docurnents ; In a dd ition, it is able 
to s peed up U1e ta k of baslc query answerlng. 
Accordingly. the d lrected hyper-graph forma l 
model seems to be an aJ ternatlve to represen t 
RDF docu ments efficiently . wh ich may scale up 
better than existing represen tatlons to manage 
large RDF doc uments . These results have en­
couraged liS to define ROF query evaluatlon tech­
niques based on this ROF model. 

In the future . we plan to com pa re our ap­
p roach again s t other ex:istíng models. e .g. , the bi­
pa rtite graph mode!. A1so. we will extend this ini­

tial representation to model RDF Schema (RDFS) 
graph s, and implemen t query evaluation algo­
rithms ror conjunctlve and SPARQ L [20J queries. 
We wlIl formal ly study the lmpact ofthis model on 
issues like b lank nodes. reification, entailmenl, 

O.SO 

0.4,5 

i0 40 
-; 0.35 

~ o Jt)r0 .25 

~ O.lQ 

~ 0,15 
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~ 0. 10 
o 

0.05 

QUBry Answering Time (Two Variables) 
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Number o, ROF Triples 

Figure 10. Basic query answering time 
(two variables). 

and on the tasks of query answering and seman­
tic reasoning. Finally, we wllI conduct a more ex­
tensive empiricaJ study to analyze the s u itabill ty 
of the ROF hyper-graph mode!. 
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