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Abstract

Semantic Web programming is such an immature area that it is yet based on AP calls, and does not provide high
productivity in compiler time and sufficient efficiency in runtime. To get over this limitation, some efforts have been
devoted on dedicated programming languages for Semantic Web. In this paper, we introduce a sophisticated cashing
technique to enhance the runtime efficiency of RDF (Resource Description Framework) processing programs with SPARQL
queries. We use static program analysis on those programs to determine what to be cashed, so as to decrease the cash
miss ratio. Our method is implemented on programs in ‘Jey’ language, which is one of the programming languages devised
for RDF data processing.

Keywords : RDF, Semantic Web, Script Languages, Path Expression, Query optimization
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Table 1.

String persorURI = “htip://somewhere/MakminChol”;
String schemaURI = “htip://www.w3.org/2081/vcard-rdf/3.6";

HModel data = FileManager.get().loadModel{personURI);
Model schema = FileManager.get (). loadModel (schemaURI);
Model model = ModelFactory.createRDFSModel (schema, data);

ResIterator iter = model.listResourcesWithProperty(VCARD.FN);

while (iter.hasNext(}) {
System.out .primtln{iter.nextResourcel}
.getRequiredProperty (VCARD .FN)
-getString());
H
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Table 2.  An example of Jey code.

def personURI = “http://somewhere/NakminCholi®;
def schemadRI = "http://www u3.0rg/ 2081 /vcard-rof/3.8%;

def model = hew RDFmodel{personURI)
def schema = new RUFmodel{schemeURL)

def uri = schema.create( <personURI, "VCARD.FN™> }
model . schema (schems)

def search = model.objects(.uri.findAll{printin it}
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Table 3. A example of the simple Jey code.

1: def ns = "http://example.org/"
2: def p_ns = ns + "property/”

3: def r ns = ns + "resource/”

/* create a model */
4: def model = new RDFModel ()

5: def p name = model.create(<p_ns, "#name">)

/* create resources */
6: def r_personl =
model.create(<r_ns, "#personl”,

p_name: ["Hong Gil-Dong"}>)
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Table 4. An example of query optimization.

10: def query stringl =
"SELECT ?x ?name ?email” +
"WHERE { ?x <" + p_name + "> ?name ." +
"?2x <" + p_email + "> ?email .}"
11: def gResult = model.querying(query_stringl)

25: def query_string2 =

"SELECT ?X ?name” +

"WHERE { ?x <" + p_name + "> ?name .}"
26: def qResult = model.querying(query string2)
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initialize IN(X) to NULL for all basic blocks X
change = 1
while(change) do
change = 0;
for each basic block, X, do
old_IN = IN(X)
OUT(X) = U {IN(Y)| Y € successor(X)) } (2)
IN(X) = USE(X) + OUT(X) — DEF(X)
if (old_IN != IN(X)) then
change = 1
endif

endfor
endwhile
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Table 5. An example of SPARQL code.

def p_person = "http://example.org/PInfo"
def p_company = "http://example.org/CInfo”
def model = new RDFModel ()

def selectSQL = null

switch (QUERY TYPE) {
case:GET_INFO_ALL
selectSQL =
"SELECT ?name ?email ?office ?addr " + "where { "+
"?person <"+ p_person +"#fullName> ?name. "+
"?person <"+ p_person +"#mailbox> ?email. "+
"?company <"+ p_company +"#name> ?office. "+
"?company <"+ p_company +"#addr> ?addr. }"
def resl = model.querying(selectSQL);
break;

case:GET_INFO_ PERSON

selectSQL =
"SELECT ?name ?email” + "where { "+
"?person <"+ p person +"#fullName> ?name. "+
"?person <"+ p_person +"#mailbox> ?email. }"
def res2 = model.querying(selectSQL);
break;

}

selectSQL =
"SELECT ?name ?office " + "where { "+
"?person <"+ p person +"#fullName> ?name. "+
"?company <"+ p_company +"#name> 2office. " }"
def res3 = model.querying(selectSQL);

BasicBlock

Basicsieék
#1 w2

BasicBlock

BasicBlock
#3

I 59 Hojgg def=
Control Flow Graph of the table 5.
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Table 6. Extracted information.
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Table 7. An example of hashtable.

Model 1

name; http://example.org/PInfo#fullName

email; http://example.org/Pinfo#mailbox | Medel 2
Model 3

Model 4

office; http://example.org/PInfo#name

addr; http://example.org/PInfo#addr

B8 FHel Mo cis ol giRE
Table 8. Basic Algorithm of query optimization.

1: switch(queryType)} {

2: case SELECT:

3: case DESCRIBE:

4: case CONSTRUCT:

5: 1f{isCachelUsable == true)
6 queryToCache();

7 else {

8 queryl);

9 if (isQueryUsingNextTime == true)
10: saveToCache () ;

11: 1}

12:  break;

13: case ASK:

14: executeASK{}:

15: break;

16: }

DESCRIBE =+ CONSTRUCT #44Y A% dA +
g A7t ANE 18T F Y=AE FIHAGH
A ), 7ted B¢ ANE 49 =g A 234
@ Aol ANAY g £ F A3 ghol
Zzage] FukReA oA Agd 7S HDEF 3
e o) MM AFREE ¥o. ASK FolE2
true $+= false & WHHER w2 A A}
ge

V. 45 8%

- B 2L 64H1E Windows &9 4G HQ vizg

o} 919 FHr 3] 24GHz CPUE BAIE HFE A &
Pt o, 64bit zHel 7R A4l HollA] JeyR F-EEH
Ak 2E2A dolHE AF3e A Sun0S 5971
A€ Sun Fire v830 7oA #&8gen, VEYA
£ 593 subnete] 100MbpsE QZA= o) g
ALGE HolEE ©ld A ARE /Y TFHLR
)£ 9% Uniprot knowledge baseE thato.z 8¢
3, EEE AFe £ o 307 A2 Ao

a3 25 IRBAV %AES Fele] ZE 1070
£ AR ¥ Z2aY oA 299 £A4E uHtel7,
A 7HE A4 A4 H434A ¥ 59 29
g vasta Yok J7IAE F9 A7 bE 2203
< Seql~Seql0clZ B3t Ut

e 4% goe AN FEHA & Aold,
W 28% Yoe 2209 48 B8 AMske 7
Ho| Hgd otk 7k Te Y BY A
2 Q] FIFO W22 AjAsE R tie 298 B
AFm itk ANE AHEE Afe AANE AHEA
e ARt R 45l 58 AR YEun.
g B9 Seqd9] A4, AGH 71EE A&t A
g AHE3 A 18sec7t A 8.5 0] AAE AHEEIA &
& 7% 99sec £83%% A H 554 v Wiy dhA
Seq79] 74 WA F¥€ Art Ao FYPd FAgE
T33te ¥ A3 A=E WEHNY] Eel A
& A% o= A& Fso] L8] olAe EH}
= E"%-r%l‘:} E3 Ao Aelg A8 288 1222
ZF 2~3z71%0l AANE 837 A8 Y NS
¢ T o

120

100

Time
x

20

Mnon-cached 0
mfifo seql Seq2
Qe

Seq3 Seqd4  Segs
mcached Ty sequence

Time
(=) 8

20
mnon-cached O

ufifo Seq6  Seq7
Bcached Que
38 20 Al ALE ojBol W2 Ms Hju

Fig. 2. Performance comparison between cached with
non-cached.

Seq8 Seq9 SeqlO
ry sequence




20108 78 MABHE =X M 47T HCIE A4 2

=7 N

Table 9.

AsHL =

Performance comparison table.

FIFO Fej2 A&
Agsles Yoz ANE
o 3t

Adsts 71WdA A e Ao wde B
o X3 YT Seq3, Seqd, Seqld FolAE 45F
ol A veigter 13A &2 F5 (SeqnoA e
Aol H&dA Uekth matd & =AM A3t
718l we Ao FEE S AE ¢ Y Y
2 B Ye gt FAAE vl NaLls
3tA Atk olf @ dAvE ™ AT dFE oY
RDF A3 7|HES GAE 8o BA 715 A=
2oy £ A7 FF A7 FA7E gt

AR oe Qs o] 43 AFAM & F g%l
s e TFAATL Bol TALFF A A%
g e Fol WolAn, wehd de Aol T
AL ¢ S Ytk B3 2oy 24 5 ANE
gd] sle A% 2¥A &L FIFO 4 vis) A%
o AR @A 71dA doe AL ¢ 5 U

B FS wol =
F7F AR

X

S

(o]
A&

oxl i

V.4 B

M 7|€ RDF dolH A& AT =2
JAojolAe) el whg Fgstn do 45S
gt o g TR oY AY BAE Fi AA}
53 de] AAE Al Agste AR W
Atgct WA Jey Ao)¥9 SPARQLFS Apg-st
=23%e) i8] USE/DEF J&3# INOUT g
P& st AYgEE 71 ARAAE FHebs)
w8 2o GREA 2% FHe Z

3
i

Gl

[)

H

ol

X

-

N

J

]_

ol of o o HY
o

(405)

61

o] 42 F2 AHAZ HelM FAYE Ao T3
A%, @A FdsEE 2o 2AE A AZSES
gtk Fo FAHE e AA 949 AL Ha2
st dal ANZEH ZFAE Bol2 5 JA HE=

H5e $4NT S+ 9tk

AAE 94 dFELRl, Bk AweA BHe ¥
& WAL 49T 5 A= FHES FEH] A% <
FER Aok EF 7129 TR 34 24 UE 2
g3le] AR} e ASG WBEO] Y AAE &
gHoz 299 & Y= Y BN T2 dEA=
A7 Aol

Hngs

[1] H. Chen, T. Finin and A. Joshi, “Semantic Web

in a Pervasive Context-Aware Architecture”,

Artificial Intelligence in Mobile System, pp33-40,

Seattle, USA, Oct. 2003.

Gomez-Perez, A. and Corcho, O, “Ontology

languages for the Semantic Web”, IEEE

Intelligent Systems, Vol. 17, No. 1, pp.54-60,

Jan/Feb. 2002

Jena, http://jena.sourceforge.net/

E. Oren et. al “ActiveRDF: ObjectOriented

Semantic Web Programming”, WWW, pp8l17-

824, Alberta, Canada, May. 2007.

Semantic Scripting,

http://www.semanticscripting.org/

Ik-Hyun Jhin, Nak-Min Choi, Eun-Sun Cho,

“Integration of RDF Processing into a

Programming Language” NCM, pp.196-199,

Seoul, Korea, Aug. 2009.

Ben Wiedermann, Ali Ibrahim, William R. Cook,

“Interprocedural query extraction for transparent

persistence”, OOPSLA, pp.19-36, Nashville, USA,

Oct. 2008.

SPARQL Query Language for RDF, W3C,

http://www.w3.org/TR/rdf-spargl-query/

Edward Hung, Yu Deng, V.S. Subrahmanian,

“RDF Aggregate Queries and Views”, ICDE 05,

pp.717-728, Washington, DC, USA, Apr. 2005.

[10] Yao-Wen Huang, Fang Yu, Christian Hang,
Chung-Hung Tsai, Der-Tsai Lee, Sy-Yen Kuo,
“Securing web application code by static
analysis and runtime protection’, WWW, NY,
USA, May. 2004.

[11] Divesh Srivastava, Shaul Dar, H. V. Jagadish,
Alon Y. Levy, “Answering SQL Queries Using

[2]

(3]
(4]

5]
[6]

[7

(8]
(9]



62

Materialized Views”, VLDB, Seoul, Korea, Sep.
2006.

[12] Alon Y. Halevy, Theory of answering queries

© using views, ACM SIGMOD Record, vol29, no4,
Dec. 2000.

[13] Lilian Hobbs, “Oracle9i Materialized Views: An
Oracle White Paper”,
http://www.oracle.com/technology/products/oracle
9i/pdf/0%_mv.pdf, May 2001.

[14] Eugene Inseck Chong, Souripriva Das, George
Eadon, Jagannathan Srinivasan, “An Efficient
SQL-based RDF Querying Scheme”, VLDB,
pp.1216-1227, Trondheim, Norway, Sep. 2005.

[15] Daniel J. Abadi, Adam Marcus, Samuel R.
Madden, Kate Hollenbach “Scalable semantic
web data  management using  vertical
partitioning”, VLDB, Vienna, Austria, Sep. 2007.

[16] Olaf hartig, Christian Bizer, Johann-Christoph
Freytag, “Executing SPARQL Queries over the
Web of Linked Data”, ISWC, pp.293-309, VA,
USA, Oct. 2008.

[17] Abraham B., Christoph K, Marjus S., “OptARQ:
A SPARQL Optimization Approach based on
Triple Pattern Selectivity Estimation”, Technical
Report No, ifi-2007.03, Mar. 2007.

[18] Jan Zemanek, Simon Schenk, Vojtech Svatek,
“Optimizing SPARQL Queries over Disparate
RDF Data Sources through Distributed
Semi-Joins”, ISWC, Karlsruhe, Germany, Oct.
2008,

E o ot E )

009 Sdidtn HFH T
stAF E4.

009d~3dA Sddsta HFH
T8I AR,

<FEAEr : F%dy "R,

Ale {, FEl A2 FFE>

Z2IY 2ME S RDF 9 HH3t 7Y

I

(406)

[19] Gupta A, Harinarayan V, Quass D, “Aggregate-
query processing in data  warehousing
environment”, VLDB, pp.358-369, Zurich,
Switzerland, Sep. 1995.

[200MS Lam etal, Context-sensitive program
analysis as database queries, PODS0b

{21] Stephen Thomas, Laurie Williams, Tao Xie, “On
automated prepared statement generation to
remove SQL injection vulnerabilities”,
Information and Software Technology, volume
51, number 3, pp.589-598, Mar. 2000.

[22] Hibernate Query Language,
http://docs.jboss.org/hibernate/core/3.3/reference/e
n/html/queryhgl html/

[23] Groovy, http://groovy.codehaus.org/GPath/

[24] K. Barclay and J. Savage,

“Groovy Programming and introduction for Java
developers”, Morgan Kaufmann Pub., 2007.

[25] Grails - The search is over, http//www.grails.org/

[26] ARQ, http://jena.sourceforge.net/ARQ/

[27] Alfred V. Aho, Monica S. Lam, Ravi Sethi,
Jeffrey D. Ullman, “Compilers: Principles,
Techniques, and Tools, 2/E”, Addison-Wesley,
pp.597-617, Dec. 2007.

o
=z &

19914

M(A L) - ZAA A

Agden ALEA S

Al E4.

Agsta ALksA g

AAASAF HAL 4.

Agdstn AL A
. A eAF wA £4.

19993 ~2000d =38 ried ATF¢Y.

2001'd v = Carnegie Mellon University SEEK
(Software Engineering Evangelist of
Korea) °|§ (AEFA14).

20023 ~2006d FEUEH WA FEH
FEF u

20063 ~ A FEulsty HFE T wg

<FHAAEE : T2 o, AHLY, F4

HAEZ HFH, AWg >

m o,

19934

E 10084




