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Abstract

In this paper, we propose an approach to generate machine readable context annotations for
SPARQL Results. According to W3C Recommendations, the retrieved data from RDF or OWL data

sources are represented in tabular form, in which each cell's data is described by only type and

value. The simple query result form is generally useful,

but it is not sufficient to explain the

semantics of the data in query results. To explain the meaning of the data, appropriate annotations

must be added to the query results. In this paper, we generate the annotations from the basic graph

patterns in user’s queries. We could also manipulate the original queries to complete the annotations.

The generated annotations are represented using the RDFa syntax

in our study. The RDFa

expressions in HTML are machine—understandable. We believe that our work will improve the

trustworthiness of query results and contribute to distribute the data to meet the vision of the

Semantic Web.
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1. Provenance on the Semantic Web Data
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2. HTML+RDFa Authoring
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[1l. The Proposed Approach

1. Turning a Query to an Algebra Expression
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03| SELECT ?a ?c ?e 7i

04| WHERE
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09 }

10 UNION

11 {?a exd ?c}
12 ?a exh 7?i

13|}

01| (project (?a ?c ?e ?i)
02| (sequence

03 (union

04 (conditional

05 (bgp

06 (triple ?a <http://ex.com/b> ?c)

07 (triple ?a <http://ex.com/d> ?e)

08 )

09 (bgp (triple ?c <http://ex.com/f> ?g)))
10 (bgp (triple ?a <http://ex.com/d> ?c)))
11 (bgp (triple ?a <http://ex.com/h> ?i))))

Fig. 1. A SPARQL and its SPARQL algebra expression
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2. Modification of SPARQL Algebra Expression
2.1 Building Tree from SPARQL Algebra Expression
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Fig. 2. The tree built from the SPARQL algebra expression
in Fig. 1.

triple 7a exh 7i

01| Node buildAlgebraTree(char[] A)

02| input: a SPARQL algebra expression A

03| output: the root node root of the tree derived from A
04
05| Node root < null, current < null, new < null
06| char /ength < A’s length

07| char index < 0

08| while (/ndex < length) {

09| it (Alindex] == ‘(") {

10 new < newly created node

11 if (root == null)

12 Assign new to root and current.
13 else {

14 Add new to current as a child node.
15 current < new

16 }

17|} else if (Alindex] == )’) {

18 current < current's parent node.
19| } else

20 Append Alindex] to current's label.
21| }

22| return root

Fig. 3. Algorithm to build tree from SPARQL algebra
expression
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}
a name_1 name_2
uery PR
Result Alice
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Fig. 5. Query without ambiguity

AoE WY 4L AR A UNION @47 1)
oV T Afeld MYl Ee 1Y 59 o

>
N

o] UNION <14k
2y A9, skuke] UNION 3

bel UNION kAl 1%

QA Wi-e] Mg e ¥

=y

25 postfix® BUEE 4 %M 1 postfixs THE UNION
yeArbzbol A AREE postfixt A otk wmpgom
SELECT He¢] ¥y A4y Wen g2~EZ X3 Fr) o
2g A4S AN 9 Ao o Ade O 49 &
gl B A9 D, @}& AHgste] “Alice™& AW 4 o
H EgE A {Q), @& AHEste] “Bob”S AW 4 qith
2.3 Transformation of Query with UNION Operators

1% 62 SPARQL W<=4 Egle) union ==7} &4 7
o]Z AAF BLr)e] SPARQL U4 EEE 97) 9%
ag]Folt) union ==7F AAE 5302 B treelist
Wy gAEo A&t 19 7L 19 29 SPARQL W
2 EY)E 19 69] gagFd A& A3 geelistl A%
5 70¢] SPARQL W42 Egfot}.

e 4 onl o

01| List seperatelntoTreesWithoutUNION(Node rooi)
02| input: the root node root of a SPARQL algebra tree
03| output: freelist, list of trees without UNION
04| List freelist // initialized to empty

05| Queue temp@ // initialized to empty

06| tempQ.enqueue(rool)

07| while (tempQ@ is not empty) {

08| Node root’ < tempQ.dequeue()

09| removeUNION(root’, treelist, tempQ)

10| }

11| return treelist

Fig. 6. Algorithm to build trees without “union” node
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I
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Fig. 7. The two tress derived from Fig. 2 by the algorithm
in Fig. 6.
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01| void removeUNION(Node root, List treelist,

02 Queue tempQ)
03| Queue @ // initialized to empty.

04| Q.enqueue(rood)

05| while (1Q.isEmpty()) {

06| Node current < Q.dequeue()

07| Nodell children < current.getChildren()

08| for (/= 0; /< the number of children; A+) {

09| if (label of childrenl/] == “union”) {

10 /] for left operand of UNION: 11~13 lines

11 Node /Operand < the left child node of childrenl ]
12 childrenl /] < IOperand

13 tempQ.enqueue(clone(rool))

14 // for right operand of UNION: 15~17 lines

15 Node rOperand < the right child node of childrenl /]
16 childrenl/] < rOperand

17 tempQ.enqueue(clone(roof))
18 return
19| 1} else

20 Q.enqueue(children /1)
21| '} // end for

22| } // end while

23| treelist.add(rool)

Fig. 8. Algorithm to remove a “union” node
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¢} %53 SPARQL T-%-olt},

Fig. 10. Example tree with multiple “union” node
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3. Extraction of Basic Graph Patterns

B A= treelistl 95 2449 U2 EdZHE
BGPES =319 BGP EdlE AA3ITE =, freelistoll n7l
o] oA Egrt A9 A9 nle BGP Ealﬂ A,
BGP Eg]‘: o Utﬂl AR /\gﬂo O]‘O‘]— Bl Z g Oi/ﬂ /\]—%EL]\:}.

I3 119 125 55709 BGP EgE AAE 4 ol g
glFolth, 19 119 ¥HER 13] A3 7 17]1¢] BGP Eg7}
A a9 119 gagFadA s 7#7#4 BGP E&9] FE
S(BGPRood) W& Attt a3 12% shiel di42] Eg
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7Fe]7]%= BGPNode®ll A7g#t}. sluhe] BGPNodeol &= 5470

o BEdEs AT 7 3le BB EA4RT

e b

01| List extractBGP(List treeList)

02| input: treelist, list of trees without UNION

03| output: BGPTreelist, list of trees of BGPs

04| List BGPTreelList // initialized to empty.

05| for (/= 0; /< the element count of treeList, i++) {
06| BGPNode BGPRoot < newly created node

07| current < BGPRoot

08| DFS(root node of treeList[/])

09| BGPTreelist.add(BGPRool)

10| }
11| return BGPTreelist
Fig. 11. Algorithm to extract BGP from treelList

01| void DFS(Node )

02| input: a node v in a tree in the freelist
03| // visiting v

04| if (Does the label of v start with “triple”) {
05| Triple aTriple < extract a triple from v
06| Append aTriple to the triple list in current.
07| }

08| // before visiting children of v

09| for (each child v of V) {

10| if (label of v == “conditional” &&

11 Is v the left child of V) {
12 BGPNode new < newly created node
13 Add new to current as a child node.

14 current < new

15| }
16| DFS(w) // visiting v
17| }

18| // after visiting all children of v
19| if (label of v == “conditional”)
20| current < current's parent node

Fig. 12. Depth fisrt search algorithm to build a BGP tree
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sk,

SELECT ? ? 7?7
WHERE
{ { A OPTIONAL { B OPTIONAL { C } } }
OPTIONAL
{D}
OPTIONAL
{ E OPTIONAL { F } }
{ G OPTIONAL { H OPTIONAL { I } } }
}

project

Fig. 13. A query with OPTIONAL, its SPARQL algebra
expression tree and its BGP tree

a3 132 28 113 12 ¢agFe] ol3)E 7] 913 oo

t}. 29 139 SPARQL deJ#-2 OPTIONAL A& 4#
Egeba glvk Aol A~ BGPERA EfE 55 ©
=37 Aotk ad 139 F WAl Hhxel gl Efle

SPARQL ti<=2] Eglo|t}. 42 EZ]9 conditional ==+
SPARQL & J&-9] OPTIONAL 1AkApel] &gk}, 12 139
Aﬂ uan HL)\oﬂ 9= Eg]l: BGP Eg]i/ﬂ :Lal 11_‘1} 12g o}

aejgel ofsiA 18 139 F WA vkl =t Ed
Z2HEH fFx% Aolt}

BGP EZ|9] FE »Ex Aowe] BE A3 Fasol#td
HEEA] WESAI7) AL Q= B ddEo] Jle otk FE =
=9 A%k G7F @71 A& ol SPARQLY| 71341 BGP A
3 =27} conjunction®]”] Wielth. BGP Egl¢ £E w&=
7b obd == A4 adlE FME BGPelth =, do] At
TEEe o 54 BGPEA mE = Sl 284 42 5
= vk wEbA Ae] At dje] fole] FEo] WA = 3
= H]

BGP A #-< BGP Eg]9] gJoj9 wr fa#ﬂ TE =27
o] AR 83l BGPE 847 3= z

o
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Fed BE 23 A7 g st

4. Explanation of Query Result with RDFa

Ao Asjol tgt wul Awi= Aol Axl o] Zzhe) B2
of tiaiA Gt 4o A FEol dig £ JRE A4
7] flsid e tee "ake nEd. 4 BGP Ef] 2E
A Ao AnE AWE 4 gl= BGP EglE A4t BGP
Ef g EgdA FEEHNA U Ege 1o MY
o gt postfixE 7ML 97
BGP EZE X173}

4.1 Collecting Triples to Explain a Result Tuple
a9 149 dagFe BGP EdY] FE m=E ) ¥
& 3lo] a9 a9 149 dugEe Zo
% BGP ElE g4ty Ao A3 FE& A =
252 s o] W, Eeje] "4l back trackings A&
s17) 98k 29 159 promising

=
=
promising &<9] 92 A HHEE =X o] = Eg3

ol $
.

=
T Bas vt falsed WHEEPH WEd == v}

a2 A REES EE 334 AlQE
[e}

SPARQL #e Ao e Z7te FEe BT Hid
BGP Eg]¢] FE -tol| 9= BGPES WEHA7]7] wiel &
As= Zolth, wba BGP Egle] £E wrd gl EfZ
< T2 BEdE Jger FEdth ol 0, FE =B E
g Zol xslEo] Qe WHEo] EF SPARQL HoEe]
SELECT el bdso] 9A &5 4 Atk olefs e 2

ol A= a7 149 128049k o] FAE gho)

149] 1084049} o] ‘rdf:object’ ZZHE]Z X|3ghc}
BGP Ezle] FE wEohs 9] $E wBrh opd mEe]
BGP: #/1 BGPolth &4 BGPol %3tEo] 9 W4gte]
EA = Ao A {FEol 1 wggho] EAlsort & 4
Atk mek T Wggke] EAl RS s 42 glojopnt H o
Az} FZol 1 WFE X3 EYE Rl njXsh=A] o
g A F odrk gk o] fr & 17 159] 8~93 A 5A
BGPoll 238 W v/l FE kSl S35MA s A
ojm 1 gto] Aol AR F&el EABHA & A5 1L WrE
233 EglE dEl e Ho Ay} FIo] UEAEA ARE

el 4= gloma fdebA] grhal HUsie s sioit) o &
Eof, 2% 139 BGP EgolA @A W3 =7} Bef ska
B7} frdabA] gdthd = Bl e EYZES FEHA @
om thg HHE =EE D7F dth =5 CE s &7] 9
ol =& Coll = EFZEL FEHA gk W = B
7b e S Aol A Fe A FEol & Co &
BGPE EF A7 siejets 1Al do] Ad) FEo] =
= Bell 9= BGPE BT WEAZIth: A AR o7t gl
th st w=E CY BGPE x=E B9 BGPY ik &4

01| void buildTripleSet(BGPNode V)

02| input: a node vin a BGP tree

03| if (promising(1) {

04| for (each triple tin v) {

05| t <« tclone() // t'is a copy of .
06| for (each variable varin t) {

07 if (the value of varis in the result tuple)
08 Replace var with the value.

09 else if (varis used as a predicate)

10 Replace var with ‘rdf:object’.

11 else

12 Replace var with a blank node.

13| } // end for

14| Add ¢ to the triple set.

15/ } // end for

16| for (each child node v of V)
17| buildTripleSet(w)

18| } // end if

Fig. 14. Algorithm to collect triples from a BGP tree

01| boolean promising(BGPNode V)
02| input: a node vin a BGP tree
03| output: true or false

04| if (v is the root node) return true
05| else {

06| for (each triple ¢in v)

07| for (each variable varin §)

08 if (var dose not occur in the root node &&
09 the value of varis not in the result tuple)
10 return false

11] }
12| return true

Fig. 15. Promising function for a BGP tree

4.2 Generating RDFa Expression

EelE Y@l 9 247ke] EelZo) g RDFa EAS A
Shule Aol Aol oig £ gug Ae] A e
I7ge] gkadr). RDF E2]&S HTML 40 %d3}7] 913
M= 9lee] HTML ®jzol RDFa £4< F7lsfok 3,

o

€

RDFai= 3lve] E]Zdl| tigh b4t RDFa RdH& Ale-gt
. 2 dAjdiae EfZEY Fojv @about, Eol&

@property, ZA o] @resource & @content A4S Al
438 Aot} @resource $42 54917} [RI £ bnoded

B5E $13 Aloln @content 732 A o)7L 2lHE Y 7§
=
=
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a9 162 19 59 Ao] A3E AWk RDFa xdolth
Zyzko] Aol Ad FEZL div> HaE TR A A
<div> Qe T MY <meta> Bl 247 17 5ol A <]
EfE @ur @% RDFaZ &3 Zloln T WA <div> 99
of A& F N9 <meta> Bl 77 1Y 5949 EYE Q)
I} @E RDFaZ {3t Zolt}y, 19 169 bnoded! ‘_ix1'¥}
Cx2E AREAR] YE Ao AlgH WHEE X9} F9
A3 FZo PAE 1 5L 22 4T3 Ao},

<dive
<meta about="_:x1" property="rdf:type” resource="foaf :Person”>
<meta about="_:x1" property="foaf -name” content="Alice">
</dive
<dive

<meta about="_:x2" property="rdf:tvpe” resource="foaf :Person”>
<meta about="_:x2" property="foaf:name” xml:lang="en" content="Bob">
</div>

CONSTRUCT A2J#-¢1 12 AES A9kt

I% 188 HrkE Y3 4o Ao it Axte £4
S eoksit) I3 189 13 AoFE MFo|n 23L& AoF
Aol FZ Jhgoln 33 Ae| Aol A7)tk BSBM
Aok

E Ao R& gparameter® & 2 Ao wjH4E £33
st lom o] wiAMGFES FAARL gz g & AL
alloF Sp. ARQL A 717} o]8j& 4= gl SPARQL XqTo] 2]

th, & Aol M= w7l %parameter%S SPARQLS] ¥

2l parametergr 7o gao =z 5A4519 ) 1 o] -}H{]ﬂ
Sl

=

(¢3

urh ¥R A8 Ro] o Be A9 A% FES &
% q] wholnt

N-.Ol-'tﬂ

Q1 Q2 Q3 Q4 Qs Qe Q7 Qs Qio an

10 2375 0 10 5 74 2025 20 0 80351

Fig. 16. RDFa expression for the query result of Fig. 5

a3 178 1% 169 RDFa ¥8S RDFa Play[22]04 7}
A8k Axfo|tt, HTMLel 35 o] 9= RDFa TdES 71
g 173} o] 717l 98] RDF == =)

) type: Person
ltem 4O
O name: Alice
Web Page O
O type: Person
em2-C
) name’ Bob

Fig. 17. Visualization of Fig. 16

V. Evaluation

Aedt UeS 749 & A
Apache Jena ARQE 7]dto g 3t} B FoMes 2 oq:rq
Al 2ES BSBM(Berlin SPARQL Benchmark)[23]0] A -&3}
of 7k U-&-& 7]<etth. BSBMS SPARQL 9] <lzle] A
T W A% AFoEA o]F 9% thekd EFC] HlolE
A} ket SPARQL T+E¢] 485 SPARQL ZejFoz
delo] girh W7HE 918 diold Ale] A7]%= 9.07 MBe|H
BSBMel|A] Al &ste wlolE] AAd7]e] HEE AA o2 A3}
otk AAE dolH AlS Jena 7|¥ko® wRelo] Azg A
B2 Au|2E s S5ith Hrke 913 Aol BSBMeA
o3k 127)9] Ao Foll A 9HI} 12HS A|9)3k YA 10
NS AAsAT) B ¢ SELECT 28-S A o=
&7]  wlEol DESCRIBE #o&9l 9:  AoFEx

2 5927 1 3 2 Ll 997 56 1 180,806

Fig. 18. Characteristics of query results for evaluation

a1 a2 a3 a4 as Qs a7 Qs Q1o a11

Fig. 19. Processing time before query execution

msec

8462

2000

20 37 31 31 15 8 2

az a7 a8 as as a1 as a3 aio

. HTML generating time

AREALe] gl defEs Qgitol UNION 4t
528 AAReE el me dea] AR Aol
GP E2]9] AA7HAE 913 A2 ARtel). A
of thetel 2034 F9] M2 APt
a8 19% oAE AYG BrorA Ao TR Fa
S w4 ez el ARghe Bojerh 7t Aol 7 1
3] %= 100~200 Atol9] Bz A3t gllont o2 3t
date] Aglatglet. 2+ Aeliel tiate] tehhks At el
et AL frofehA] edrhal ety

% 202 JSON EFgiel dej 23t

i
1o
rot
bl

il

P F 49 2
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3} vje] E2)ES RDFa Fdo.2 Welslel HTML g 4
a7 7A 8] Agkole). 29 209] x%e] AelE WE Ao
A3} 2700 e} Ao Asgn. 47el dolge
o HIML 44 A1zke o] ZAste] A7)0 ulelghe melth

V. Conclusions

¥ = S8 SPARQL 2 o] Aol thd RDFa g4]9] &

& Aske Wie BAls avlsksld 2] At

o digh 9 o] <= SPARQL Aefito] X3HH o] gl

BGPo]7] mjitell BGP & ol A2 &9 Jre] 2354
AAskL BEAde Awstr] fsto] SPARQL 4 &
1

° o~
o Ao 24 AL SR, o) g AAGIA W

N

v
to r

L

== A

B mfo e A8e BSBM AFYS o]gato] =331t
BSBM¢] ZeJE-Eo|= ORDER BY, LIMIT, OPTIONAL,
UNION, OFFSET, FILTER, REGEX, DISTINCT %9
SPARQL 7|19 =E29] ARg-o] 43| wlwwlo] gick A3 Ay
olg]gt o] EgHE HoJTAME 5 §lo] TS I
stk v 2 =Ee] WHE SPARQL HAL AR
SPARQL 1.1 [24]e14 A& F71e FREE = th38x] 23}

A7 ALk whebA] &&F A=A SPARQL 1.1 H Q&

=
R R R  LLER
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