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A Ranking Algorithm for Semantic Web Resources:
A (lass-oriented Approach

Sangkyu Rho, Hyunjung Park, Jinsoo Park

We frequently use search engines to find relevant information in the Web but still end up with too much
information. In order to solve this problem of information overload, ranking algorithms have been applied
to various domains.  As more information will be avaiable in the future, effectively and efficiently ranking
search results will become more critical. In this paper, we propose a ranking algorithm for the Semantic
Web resources, specifically RDF resources.

Traditionally, the importance of a particular Web page is estimated based on the number of key words
found in the page, which is subject to manipulation. In confrast, Iink analysis methods such as Google's
PageRank capifalize on the information which is inherent in the link structure of the Web graph. PageRank
considers a certain page highly important if it is referred to by many other pages. The degree of the
importance also increases if the imporfance of the referring pages is high.

Kleinberg's algorithm is another fink-structure bosed ranking algorithm for Web pages. Unlike PageRank,
Kleinberg's algorithm utiizes two kinds of scores: the authority score and the hub score. If a page has
a high authority score, it is an authority on a given topic and many pages refer o it. A page with a
high hub score links to many authoritative pages.

As mentioned above, the link-structure based ranking method has been playing on essential role in World
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Wide Web (WWW), and nowadays, many people recognize the effectiveness and efficiency of it. On the
other hand, as Resource Description Framework (RDF) data model forms the foundation of the Semantic
Web, any information in the Semantic Web can be expressed with RDF graph, making the ranking algorithm
for RDF knowledge bases greatly important. The RDF graph consists of nodes and directional links similar
to the Web graph. As a result, the link-structure based ranking method seems to be highly applicable
to ranking the Semantic Web resources. However, the information space of the Semantic Web is more
complex than that of WWW. For instance, WWW can be considered as one huge class, i.e., a collection
of Web pages. which has only a recursive property, i.e., a ‘refers fo' property comesponding to the hyperiinks.
However, the Semantfic Web encompasses various kinds of classes and properties, and consequentty, ranking
methods used in WWW should be modified to reflect the complexity of the information space in the Semantic
Web.

Previous research addressed the ranking problem of query results refrieved from RDF knowledge bases.
Mukheriea and Bomba modified Kleinberg's algorithm in order to apply their algorithm to rank the Semantic
Web resources. They defined the objectivity score and the subjectivity score of a resource, which correspond
to the authority score and the hub score of Kleinberg's, respectively. They concentrated on the diversity
of properties and infroduced property weights to control the influence of a resource on another resource
depending on the characteristic of the property linking the two resources. A node with a high objectivity
score becomes the object of many RDF triples, and a node with a high subjectivity score becomes the
subject of many RDF triples. They developed several kinds of Semantic Web systems in order to validate
their fechnique and showed some experimental results verifying the applicability of their method to the
Semantic Web. Despite their efforts, however, there remained some limitations which they reported in their
paper. First, their algorithm is useful only when a Semantic Web system represents most of the knowledge
pertaining to a certain domain. In other words, the ratio of links fo nodes should be high, or overall resources
should be described in detail, to a certain degree for their algorithm fo properly work. Second, a Tightly-Knit
Community (TKC) effect, the phenomenon that pages which are less imporfant but yet densely connected
have higher scores than the ones that are more important but sparsely connected, remains as problematic.
Third, a resource may have a high score, not because it is actually important, but simply because it is
very common and as a consequence it has many links pointing to it.

In this paper, we examine such ranking problems from a novel perspective and propose a new algorithm
which can solve the problems under the previous studies. Our proposed method is based on a class-oriented
approach. In confrast fo the predicate-oriented approach entertained by the previous research, a user,
under our approach, determines the weights of a property by comparing ifs relative significance to the
other properties when evaluating the importance of resources in a specific class. This approach stems
from the idea that most queries are supposed to find resources belonging 1o the same class in the Semantic
Web, which consists of many heterogeneous classes in RDF Schema. This approach closely reflects the
way that people, in the real world, evaluate something, and will turn out to be superior to the predi-
cate-oriented approach for the Semantic Web. Our proposed algorithm can resolve the TKC (Tightly Knit
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Community) effect, and further can shed lights on other limitations posed by the previous research. In
addifion, we propose two ways to incorporate data-type properties which have not been employed even
in the case when they have some significance on the resource importance. We designed an experiment
to show the effectiveness of our proposed algorithm and the validity of ranking resulfs, which was not
fried ever in previous research. We diso conducted a comprehensive mathematical analysis, which was
overlooked in previous research. The mathematical analysis enabled us fo simplify the calculation procedure.
Finally, we summarize our experimental results and discuss further research issues.
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4 9loh. Wt RDF £7]vl(schema)oll= t %
& FF9 $47 o] A< (heterogeneous) &l
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1) ol o g A= AU F3 44 &
?lo] 7h53ttHAcademic Ranking of World Unive
rsitie: http://ed.sjtu.edu.cn/rank/2006/ ARWU2006
Methodology.ht, U.S. News and World Reportran
kin:http:/ / colleges.usnews.rankingsandreviews.com
/usnews/edu,/ college/ rankings/about/ weight_brie
f.php,National Research Council ranking of US.
doctoral programchttp://www7.nationalacademies.
org/resdoc/ranking_and_ratings.htm, FIFA's Ran
king Criterihttp:/ /forums.soccerfansnetwork.com/
showthread. php?t =42680, 200881d= Al &8} 41S]
A 45k http:/ /admission.snu.ackr/info/go
ng/1206737_3221.htm, 20088Pd% A&7 853
a2 48 AF 87 htip://www.sshs.hs.kr/doum/
indexjs, 2008 SPd% tjeelstol s stul AP A
¥ 87 http:/ /daewon.seoul kr/dfths/daefh_m20/
daeth_ms21.as).

H17H H4s

AYHEBeHT 39



AlHE] ¥ Rjelo| @2g 9Ft gnaElF

A YrHE nFdE Wao] ool A
ZtE o,

OAA, HITS ¢ FlAe  BMEY 4
A AU B HFE gEGE vz PdAT A
MWE o)X= RDF Schema?l TF¥A 02 93]
FATE ¥Y AT A2 AHEY FAEE
Hl 8t Zo] ¢ A o|th. Mukherjea$t Bamba
o AFAAE o] Aol thaf AFAAY F A+
€ 994 Hl&E t]3tA L {Bamba and Mukherjea,
2004], 7 A€ B2 v 23 th[Mukherjea et
al, 2005]. €2 FALE NFEANE HAE
SAEY FUEA HFo wE EHRY Fo
B 7lEA 4351 29808 & J5E @
st71% 8t @A og A F A5y 4t
Hlgo] AFHoE wYgd

Y2 FHOE JMEANE A Ad o
g e 4149 <a¥ 1229 <a¥ 13> ¢ [#
]9 <E 1> <& 2>§ #F=37] ned.

3.1.2 HO[HEIRISA| WA

71& AFAAE HlolEEFY 44 (owl : Datatype
Property)[Schneider et al., 2004]¢] 2=+ 3
A% RDF ZHZ A AAS T A4 (owl:
ObjectProperty) Tt .2 F2EE A4S o
AL HolHB Y& FAR o+ ol &
Yol opd T ElojE 0] 1L, o] gkl AAHE O
€ 337 §7) dEY Aot 29 od o]
HEl &AL a9 Sd2d &3t A F
S50 B2 9FEE vA £ vk <ag 7>
Ae o] Ao FREoE Huj sl FHAL
o FaxdE o] E uFE AAE & ¢l

© g} 2t

olgg HolHEY&EAE 1T + 3
Hols 3A F 7HAZ & Aok ARAc Az
&4 nydty A Ade F8E5E 3
F33 A Fond dHolHeY&EA e
Aasted d& HFE A7 oA A ]
&9 o faFe Pgolth <I¥ 7>9 o
Hoj i3t B L L 09 14019 & Z
EE Y3E 4 93, 33 4 PHoE 73
A AY FAEE 094 140]9 ZoZ Hyst
o A FYP29 &4 JMFAYE F4F + A
S ZAo|t}, o] W& Yo Bio] B ¥ AR
HoZ dolHEYUYEA HA4E UAELEHN O
olH eI &0l o9t AFAHCE dAd AUy
Fasou 4ge Fu, A9 A4y 929 o
2 AYEFHY g LdAE AgETe GF
o] gltt.

A dolHBYEA #dd dAFste oy
(dummy) AUE& THEO] HI 4 AL A&
BE XA 7= o) o] AL Ho|EHEIYEA
#E 09l A 1A0]9] Fo 2 AHFsiste] o] ghol
HlEEE g FAY /tERE BAEH 7t
S A& &9, <aY 7>A Hao| B
Bo g £47 10002 3o o) Age
2 43313, 1000012 #& A Y2 e
g A9 ais g vndte 4L At
Hao] vHES Hao AZHE IR P2
o] FolR JIFAE HAY 4 UL Aol

rr
of

2

3.2 X3 SR AN e2|E0} HE it

of olAs FolA A 7]& ooyl

<38 7> X se&o grdsojof & ClolE{ElY &4 of
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A # Xle| S fE ¥azlE

< HY3E AY 2% AN dugSE AA U0 2 instance_data GraphE T 7+5A
3t} RDF 27]vtel] ofsf A Al0E g9 * AR g 4 )9 2} dpWi, = Co 4
BERE 292 C, 4 P, FY2d &3e A dolHEY £4 g A FoF 7tFA
Ax"x AAE IR, 123 Aol obd AL oty mE g o] ) dpWr, =001 2 (& 4]
dlolElE SDZ o] &7 (C, P, IR, SD) 2 A ¢ 1) Zopdtk
EAE A7|oflA F A A2EA AYEZE
ZH%}: ; #l L‘;T*}UI%];L‘ AEHT %‘—o;“ﬂ w2 LOWine T L Wiy, + 2 dpt, =1

o} B R 25 [RY &3l AU EC] 2 %)
S AT LIANZ I ZQ instance_Graph @ HHEAHQ Fa% A4 &
ol1, & 3t instance_Graphol Foj%dl& B HAME instance_Graphol HF dngZ

IR &3+ 7o) 21 H& R SDo &
st dolH7E 25 &4 YanA LA in-
stance_data_Graph©| k. &, instance_ Graphol A =
IRV &ste AYEC] vt Ha, o] AYE
Arolol FAEHE #AEC HAE 2EA E,
instance_data_Graph= <V $t dlolE e Y& A
o 92€ dolHE tvl(dummy) ==& Ho}
o] o]EE F3}& HIAEE EFHEE in-
stance_Graphs 743 ZAo|t}.

3.2.1 OI2XQl X1 SR A g12E

1) 824 &4 7tEAg HF

HA instance_Graph® AT 7hEx AA4
2 4 (1)3} 2t} RDF Schema 4ol 4 2
HE o] FYag dAE SH4EY AJUd v
TE 13 HHRG FoAR NFAE
ok A ()& 22 CY JHEA A %
Ueh o, Obth(D,C)'E' E“ﬂ?l(domain)ol
2 Dola #A(range)7t FA A CYU &4
HHR JtEX 05, subjWiep e 0l
B Colal #AAI DY A2 Foli vl&
Aolth, Hell & AxH 29} FEFY] 3]
e dEAZ 7134

[> rlo

ot
il
flo ox &

my A
o =

iy

Zobth(D’C) + ZSMbWt(C’D) =1 (1)
D D

AF2 A Aoy instance_data_Graphol Thst
AdagEL o FASIER A I instance_
Graph G=(V,E)olx V& N9 Aoz
oo A A V={L2,--,Niojz, E&
Vool EAshs dojo Al rsr<N)g
k(1<k<N) 2 d7ste gy e F39
Agolet skat.

270} Aol A E $HEY 7HEA
}a HAY Eo £3H
2 A g FYEF hEAE A
FPd AMNGAGAME o]2H0R
dugdEg et 28 Ad rd<r
el o & A r o FAHL HFol 5"
ro FolE Hpolw, o) FA gl o sE
27t BE Ade BAR9L Fol 2325

Y& (NxD)ugold,

713}
81 ¢ o] M (iteration) : & & & 5
e o9 st FHEE YA o
gt ee WA olHFoAE U
=

m=
4455

o =si=1,(1<r<N)

B

o

@
@ +

e
o
=1
(o]

= o >
Rufe=)

£ A9 rol Bal B 4 32 A
o 0bWig, e A kolH A r2
et 92 (ko) US4 BHx

F A olH.

®

o

N
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g 93t gme)

Of%

o = Y st xobjWt,,,

(k,)eE

®)

b. B2 A ro A& o 4 9E A

SubjWi, e A4 reld A4 k
_2[_

s = Zo[" x subjwt,, ., @

(r,k)eE

~—

c 0% 5TE A%, 09} 5§ A=
o A8 24e e 2,

20 =1, 3 (s))* =1

Q elA 73 &
% s & Hstd

HRoh FojR A5 WH o

HF 474 AYE T

A9 AL ¢18)E-2 Kleinberg[1998] ¥ Mu-
kherjea et al[2005]7} AH&-3 WHEAHQ] dTEE
e SH2FHOE 449 Y3 JIEAY W
Hbgdste] 4% Zojtt. Kleinberg[1998]9 7
de 7tEA Aol ote glonz 2 (3)3 4
4)ol A 745 A 7F BF 191 Alo) 31, Mukherjea et
al.2005]¢] AFAME FHEY Fo|F 715X
T HolE shie 1013, E & £ 1914 1
Hop 28 ¢47t 9o 283 B A7 A g
A2 FA H2 PHE ALY 4 1) AlF
z7 st F 7kEA 2F 0oA 144019 e
AFEA ZA Ak

=
=
=
[e]
<

—_—

3.2.2 Z2F A& g12|FQ $H(con-
vergence)d &4

& Ao A vio} 2 utE A A7z

& 7 dACA FHAE e Eol YA

FoB £HFE Ao 7zxsz Ut HE Y

ko] AW 7k Ay HFE UegdE o

H AEEY ¢/ o o] viAA gorng F
Z AEH7 AdY PF EEE ALE F Ue
Aol

FY9% AY 1Ff3k(dominant eigenvalue)©]
EAst1 2t 715 FH(diagonalizable) 3 E-&
Mol 33, M9 AY A4 E (dominant ei-
genvector)9} 472 (orthogonal)©] o} 2] <] ¥H
Ezab @ W, Mze A5 i7F FUHl g
M8 AY e BFoE FHse JHo]
A Th[Burden and Faires, 2001; Ehrlich, 1969]. £
swdAe AHe HYE s olzd 4de
‘PAFHEd 1ol FHFEE AL

J83 Y% AY /ol EAST tzs)
TVedtA & P8-S Mol 3y, M9 AY
afrgke oid adEHY dnistE 1 f9E
(generalized eigenvector)E9] ¥ 3}H(subspace)
ol 2 (orthogonal)©] obd 999 MEE z}
o, M'ze A5 i7} F7HEe vt M9 AY
THHE BEo g sHste Aol 3t Ehrlich,
1969]. & =& A+ o]dd 42 Pd-ES
22ty g4y E A},

%, Hl5(nonnegative)©| I &M E] B (primitive)
& ABE 42 A 4o 3 YT H(positive)
o] AY IFFke] EA G Perron-Frobenius
427} 9 tHPerron and Frobenius, 2007].

& Ao duFoA NAY Ado] g 4
B)F A @Y ANLE FEg AEstY Jerd
T Atk WA a9 R JMFXE el E
FHL BE, FAR /tFAE el JEL
CE 73k Z+7} t&3} Zo] Bodrh

B, =objWi,,,, C, =subWt,

olAl 4 B)#H A 4F FHH 22 YEhE,
o] =Bs,,,s; =Co/ o[t} i =1 wel= o] = Bs,,
s; = Coj = CBs,0) 3, 718 Ao FaA &
5 nolg 8d 5, =mCBsy oty A i=2Y
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o= o; = Bs, =n BCBs,, s; =Co; =n,CBCBs,
=n,(CB)s, 011, 3713} HYolH Fajle 442
n, 23 s, = mn, (CB)s,010h, o] 0.2 g
FE AR olE#HoHE e A
A% W4 WY 0% (BO) ' Bsbg, Fol%

A5 W sE (CB) sy oY weME 7}

JFU

At BY Ce vlg #FHol22 BCY CBE
H S ddoln o] FHAESL R gz &

EEZAAMAE e ¥ H (primitive)dtcr i 7}
A 4 Ao 29 Perron-Frobenius A &) ol
3] BCSt CBe F9F 49 AY 1hHe 7
th IHEE %9 (BCO)™ Bsy$} (CB)'s,ol 94
THA 1% 28 H&3H 278 S & 247t 2
Aol == 4448 o AR F+ ¥HE BC
of Ad @9 THEE |, FolF M4 HEE= B
o AY @9 1fHE AFTES & 4 ok

3.2.3 22 3 54 JIEA #H of

FE Ao g ol TEF d =2 FYx ¢
A3 &4 NAEAT <39 3 2 THQlo
AL, 4 2o &ate AxE A7) YT
=5l 71_;43};@ /\ (3)31 =R S P A AL
<a¥ 99 Zol, A (1)
<Y 10>3 Zo] ol FojAk o ¢} 57 A7
Asaty) Ao AR e dEg o A
 HEoltt. Ayfsle He WEHY A7]7} 19]
HTE V% 2A%E Aolmg wE i

i

[«

<3 8> ZElx B4 JiER 4E o

3.3 XY SRk A4 g1e|Ee| 78

B =RoME 321804 AN fHEH
de] & AEEA o1 3228 BA AR s
B o g a3 2 AY F85 AN ¢ag

F& THAH.
3.3.1 duF el 78 nalE

2710k gl N FHABE &4
A A SAE ASASL Fol AEAE

@ 7 229 REA2HARAY)E w2
3= RDF 23 =] tis] ZAHE 715X
P Bsk Fol¥ 54 ¥ Cg e,

@ 3¥ BCY AY AFHEE ALY &
A5 g% e 7800, 92 CBY AY
DHHEE AT Foln 5 dEE
s; =Co;

5" 0 03 0 02]o"
5 0 0 01 03|07
s loa 0 0 0 or
s 0 0 07 0o

<@ 10> FOIF H=

o #E A
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Fath
@ 5% 45 WE S TR A4 WEE

st HF #3 HEHE 73

A9 A AR dAE A (D)ol 4 (29 =4
gtol o] FolA L &4 FtENE FolF AY
2EY G o whet gebd 4 Qi
d, THA 71EE A&k e ARA ] T8
A He AeE g2 38 S48 o o
g 7HER Y AR A S AR A gRojop &
Zo]tt. National Research Council[2003]¢]

S8t =W AEvtE 92 Q2™
of et Al It HFE F4HUFE, 29
A (factor analysis)e 53] &% &4 7153

FEEE SYUTE e JARYY AF
(regression coefficients)e 7}F A2 A83=
He A B QAW oo td yge

A7 HHE WolvtEg Agsty, dd )
Ao AFd wat HAse AR J)

(2 orj o ot N Az [ o

3.3.2 HOIEEISMo| Brst U JISR| pigt

FHx 2o AAH dolHEY &4 g9
e A58 PWi, e 814, dpWi, = RDF 1
AZ oA 4 FolR s1Ee sgd).
dpWt, >0l HlolEE}Y &4 g o that 23 79
A8 A5 8,028, <1)& e A (5)9 o)
Ay, val, o vlolEerql £4 qof g3t A
ro) &A4zkol3, Minc &= dolEEr] &4 99
e Ulx Co Ha £4gto]n, max. &= o]
HEY 44 99 g 282 Co H 4
olt}.

val, —min,

8o = ————— ©)
max . —min.

202 A4 rg Fi22, rel HolHEY

ol 2 b
o o 3 oox

=

di_sbWt , = ZRAFx g, <dpWt, (6)
3.4 78

RDF A Ao] 29 353 7 44 2 37
Hepol o3 FAg AFH9 Ao o2& ZEA
2E <Y 11>% 2

2 =RdAMe 584U EYE AR 74
< 938 3|2 RDF A 4ulo]~ 5o B RDF
EYEEC] 25 dvx 7, MS IA4
200302 EFEEE AY 5 LA 7439
LSS 7R BE S MS B FE woldo
2 Z2ag9sy wEdd. 281 "EYH
(MatLab) 7.04% 7}53 JEFH dibs 3
3, fEH 9 A7E(output)S d4 U2 &
o §F WA HTE AL

V. ¢dxzE 3¢

o] ZoAe A AXNG duEEE 2719
Auvzied] Aoz dugFe] a4 ¢
HE 7tsAE BF a4 g AvE] L 194
T AA &4 0E Mgt AU e 204 E A
A& dolHEYEA S 25 gt Ay
g 19X4E £4FH0E VMEXNE HA%E
71& W (PreRl : Predicate-oriented Resource
Importance)} T2 FA 02 7HEA & A=
% (ClaRI : Class-oriented Resource Importance)
< HE 24 ol 183 AYE L 294
E ClaRl $4 02 Y3 728 43l d&
Ao volHaYgEA e Afsste g
BAE 7AW E dsts B (A)H, diolE
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RDF XIAIHIOIA 2H
(Protégé 3.2.1)

g ! Ny
2|00 A

SdiAE RDF ECIZ FZ

SPARQL Hct A4
(Protégé 3.2.1)

v

SPARQL #cl 2t

X
[S:

(Protégé-OWL API)

(MS Visual Basic)

<E 1> A A2

Aol g A 44 E
PreRL: 434 7H5x 44 <E 2> (EA )
AuEe 1 <E > (FR W) | <ag 1> | AL
ClaRl: 8234 7153 44 [ &]9 <& 1>
CEERD)
A HolHERISA g8 ma 13
VER n 24
AL 2 > [ j]'q EZ g1 7—“]_1% . 3
B UelEEISA e 92 nigxg]  (FHSH e e S
Agste] g3 B4 23

H17H M4z
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Alae]

et
>
o
1o

US4 g¢ Axdzd 93 AEAZ B
of P B4 HEVEH ETYAA AL
3 BE UALIZ AT AAAY A
£ <® 1o 2950 ok,

4.1 ALz 1

4.1.1 HoI H&

ME]_?. TolA A82 FHAE9

S tid ARE Jesie E

ClaRIY| & A% 2% =

#IY # 9t Yoz 97

4 3 HaE
AL 12 <a¥ 1228 22 27|0E 7} ¥ 2928 AA8d0. AL 19 F 74
A EMYE e g glon 2824 ¢ e BF 2 EYE JEE AEEAL, o
4ol 1o} RDF 27]u} o] 4ol A AFH= & ol 2HE A7 Y2H2EY S Fe
2t AT 2T degstd & AT e Ael BY gi= <& 559 24 EE EE A
o2 A4HY 459 dF AFAE Mf HE AT o} AxExg £49 olgL
o Aol HYSHA <E 29 <F 3>3 gol 4 7AHE Y3 URLH ‘wol gl wH Adz
Ao, AY2EY we g8 75X E A (fragment identifier) IS AMSI AT, A2H
wEey (00
Tgshch = 2. @Ea}
.05 . 0.7
915k 55t 2 Eee)x
0 0.085) -
Z o] %] stk
0.005
— =3
) 0
OERC] o 1,
017 > >
0
0
ggag (22
bl S
L
Agse |0
d.0905 l
— zqan > 9
- 0 dos Eaisiass
FoolA
3 elA]

Y=

&30

<3 12> Ade|2 19| gala 74

46 HYFHEHT
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<E 3> AlLEl21 -ClaRl £4 JIEXI(&M F/)

| domwin | predicate | range | subwt | objwt | domain
1| ax | 23 gt | 03 | 1 1| =%
2 ki S8t 53 1 02 2 i FE3 53 0.15 05
3 A W s} =5 1 03 3 qE ury sjo} =5 05 0.1
4 g A& st %) 1 03 4 ik A2 aict kY 0.15 02
5 S st | dgw 1 0.8 5 Enic 98t | dWw 0.0% 02
6 i Ejo]x] £ 08 1 6 e Fuo|A] £9 0 02
7 = A} Ad 1 1 7 = Az} g 05 08
8 =g ZzHo} =% 1 0.4 8 =¥ Azt =2 03 0.05
9 = 7)Y = Y= 0.6 1 9 =% PR = 714 = 0.05 0.6
10 | Wt | m§s i 1 0.8 10 ) 8ta g8k 2F 0.6 0.1
1| Wt | Y& vhet 04 1 1 ek A=A stk et 0.05 01
12 ) W | Edelx £ 08 1 12 =lkipmd o R &9 0 02
13 553 | FFolx £ 08 1 13 533 Rk | FE 03 03
14 | T33 | uRIt | 55g 1 1 14 553 EolA £9 0.2 02
15 479 | AdEg | 553 08 1 15 79 st | 53 0 05
16 | 9+4 EX ek 03 1 16 Sl EX vt 0.005 03
17 | 9+4 | F539 =3 1 02 17 Sl SE3 E3 02 05
18 | 97 | dEsd =& 1 03 18 il w5k = 0.6 0.1
19 | 9749 | As3d 3 1 03 19 a79 A%}t g 0.1 02
20 | 7Y | 98 | distw 1 0.8 20 a4 Zgs8ig | HEw | 0095 | 015
21 | d74 | E¥elx &5 08 1 21 a4 F#e]A i 0 02
2 A oot Bof 04 1 2 Ad g 2o} 0.2 03
23 2 3 Fof 05 1 23 4 FA ol 0.2 02
24 | WA | £ & 1 0.7 24 WA} Znsich k! 08 0.6
5| WA | EFIN o 08 1 25 | EWt | EHOA &9 0.2 02
2 | Y= | BREG Ho} 04 1 2 A= FREG o} 0.2 05
27 53 &30t vt 02 1 27 53 3jct vhet 03 03
28 53 719 = 719= 0.6 1 28 53] 719= 719 = 0.2 02
29 £ e =7 1 0.8 29 24 g3} =5 0.15 0
30 29 ek g 1 0.8 30 9 = Ad 0.15 0
31 £ RELe: £ 1 08 31 9 e %9 0.1 0.4
2 o|2e ‘FYrolE ZP w0 EH A dE <t 5> M dHE 5 Sle v o] A
3 Yo Rosgn AxEA WEI) 2 T 11U =28 109 LR o ‘drd
FE[RE]Y) <E 1> /)% 3 U B B 125E BEF =E0] JUE QT AT A
T RS £4%2 A5t d4dus g7y G4 A8 A7 2125 BRI, AT
e A7 4o EAE A9E Zoth dgad 9 1725 F90 A4 5339 £,
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AlHE] & Xiplo| g HF L12|F

<E 4> ALI2|2 19| QlAEAQ EBE B 9 £y, 99 g & Y PE HIE
o] 2tk ‘ATY 125 A7 Y £45 ¥
1 % bol WA = FE ol 5/ 7HE o
2. 100 9},
j 1: o] 9ol FH2FA 71EA) BA W] The 29
s - 2o QM E Foi7 EFE AR BHeE o
3 3 A «98 BFE Ad, BT § A4 F8
7. 3 So dFL FE Y3 HRE FAAY AR
8. 3 S o AAZ T AL B Ao FFol 9l
2 = A4 59 12 B FFHY
11. 9
13. 30
AxElx 28 AYE 2 19 PreRIo & A+Y E29
E 1160 W7 AdE < 63 20 Z3F A4 (objectivity)
<E 5> AlL2|2 1 -7 Faa olAHAY &M gt

d7+4 11 109 (1~10) 43801~4) | 37H(1~3) Wi 61 et 71 0 no
a7 12 8H(11~18) 34(G~7) | 270(4~5) et 61 vet 71 0 no
74 13 79(19~25) 14(8) 0 ek 61 v} 71 0 no
A7 14 6H(26~31) 0 3t 61 el 71 0 no
dT4d 1.5 5%(32~36) 0 gtz 61 v} 741 0 no
74 1-6 5% (37~41) 0 3 61 v} 7-1 0 no
A7 1.7 5% (42~46) 0 et 61 vt 71 0 no
A4 18 5% (47~51) 0 e 61 v 71 0 no
A4 1-9 5%(52~56) 0 W 61 el 71 0 no
279 110 49(57~60) 0 35 61 e} 72 0 no
a7 111 49 (61~64) 0 Hetal 62 v} 72 0 no
74 112 47(65~68) 0 e 62 e} 72 0 no
79 113 43(69~72) 0 ea 62 v} 72 0 no
79 1-14 49(73~76) 0 HEE 62 vl 72 0 no
474 115 4% (77~80) 0 et 62 e} 72 0 no
A4 1-16 3%(81~83 0 st 6-2 vt 72 0 no
474 117 0 HetE 62 et 72 0 yes(10)
A7 1-18 0 thatal 62 vl 73 0 yes(9)
a74 119 0 & 63 v} 7.3 0 yes(8)
A7 120 0 i3t 63 vl 73 yes(7)
a7 121 0 Wt 63 vl 7.3 yes(6)
A7 12 0 e 63 v} 7-3 yes(5)
a749 1-23 0 & 63 v} 73 yes(4)
A79Y 1-4 0 st 63 vl 73 yes(3)
4749 125 0 et 63 e} 73 yes(1,2)
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Aloe] # Kjgle] 2 93t YnR|F
7FEFO0Y AL <Y 1229 2dlvtelA & ¢ AFY 145 =S T AR 24 5
e b} L01 A7d Fd oo &ate dad A7 1257 EA A 23 HAEE A
e EEY BEARIL 9 £ 93 Fo{Re & 4 o 283 FEIY 29 449 ¢
& F 7 diolt. A7 Fead dAHE 2 d7UEY FREE ol WAH{ YEE B F
B 72E o1FA HALdE AL & AT itk
A FARU FolR HALE mEwE wndd de] <& 7>ME dEWE eA7 32
A [Mukherjea ef al., 2005], oFHd ol & 445 0ok A dAFE AT 4 Ut 7] oA
HEUE F 7HA Ag T3t 37 AL = <E 63 28 olfE FAR dge EF 0
7][Bamba and Mukherjea, 2004] W&o £ =& ojty, BEH IR Hpe FolF At b &Y Fe
oA ALt Qe ClaRIgHe] BHIZE £0 AR e FHlz 2 < 8ol 535 P29 P
Hog 37 HsjAolth £4 F4202 7} ARE AASYT
FAE AAYLE gl =8 79 HESHL XY FHx FALE JFAE 2HsH
18 AT AT 130, =B 68 BE opFE A AFE Holv RESC AR F
<E 6> AlLl2|2 1-PreRl: H7¥ oA ¥ Ao
objectivity _subjectivity | mnking score

1 0.0000000000000000 0.0280030507813939 (0.0280030507813939

2 ﬁ—?‘é 1-2 0.0000000000000000 0.0213430021103920 0.0213430021103920

3 A+4 125 0.0000000000000000 0.018002264630739% 0.0180022646307396

4 A14d 1418 0.0000000000000000 0.0127843375684079 0.0127843375684079

5 A74 117 0.0600000000000000 0.0127130956030976 0.0127130956030976

6 |74 120 0.0000000000000000 0.0120720263735658 0.0120720263735658

7 A7 1-19 0.0000000000000000 0.0117446526759738 0.0117446526759738

8 a7 124 0.0000000000000000 0.0096891442421732 0.0096891442421732

9 a9 121 0.0000000000000000 0.0095702531798360 0.0095702531798360

10 d7¢ 122 0.0000000000000000 0.0095702531798360 0.0095702531798360

11 a4 123 0.0000000000000000 0.0095574853938614 0.0095574853938614

12 a7g 115 0.0000000000000000 0.0050150163038354 0.0050150163038354

13 d74¢ 116 0.00000000G0000000 0.0038441292780735 0.0038441292780735

14 a4 114 0.0000000000000000 0.0026835036809852 0.0026835036809852

15 A4 1-3 0.0000000060000000 0.0006218765376622 0.0006218765376622

16 A4 14 0.0000000000000000 0.0005802088373936 0.0005802088373936

17 A+ 15 0.0000000000000000 0.0005623722545404 0.0005623722545404

18 AT 16 0.0000000000000000 0.0006620909781709 0.0005620909781709

19 A 17 0.0000000000000000 0.0005594629999432 0.0005594629999432

20 AT 18 0.0600000000000000 0.0005506387457501 0.0005506387457501

21 a44d 19 0.0000000000000000 0.0005506387457501 0.0005506387457501

2 A4 1-10 0.0000000000000000 0.0004709909670102 0.0004709909670102

23 a74 11 0.0000000000000000 0.0003827768125259 0.0003827768125259

24 A+Y 1-12 0.0600000000000000 0.0003827768125259 0.0003827768125259

25 A+4 113 0.0000000000000000 0.0003599564785046 0.0003599564785046 ‘

H173 ®M4z

AABEFAT 49



1 74 11 0.0000000000000000 0.0155959095081723 0.0155959095081723
2 d74 12 0.0000000000000000 0.0051286892012097 0.0051286892012097
3 A74 13 0.0000000000000000 0.0033880976031599 0.0033880976031599
4 a74 14 0.0000000000000000 0.0028516085955419 0.0028516085955419
5 a74 15 0.0000000000000000 0.0022749359582430 0.0022749359582430
6 A7 1-6 0.0000000000000000 0.0022641151361006 0.0022641151361006
7 dr4 17 0.0000000000000000 0.0018189884972129 0.0018189884972129
8 d74 18 0.0000000000000000 0.0001034070826220 0.0001034070826220
9 d74 19 0.0000000000000000 0.0001034070826220 0.0001034070826220
10 d74 110 0.0000000000000000 0.0000528428733103 0.0000528428733103
11 d+4 111 0.0000000000000000 0.0000094887230912 0.0000094887230912
12 a74 112 0.0000000000000000 0.0000094887230912 0.0000094887230912
13 a7 113 0.0000000000000000 0.0000088860386709 0.0000088860386709
14 d74 115 0.0000000000000000 0.0000088331428200 0.0000088331428200
15 d74 1-14 0.0000000000000000 0.0000088331428200 0.0000088331428200
16 d74 117 0.0000000000000000 0.0000087888709563 0.0000087888709563
17 d74Y 116 0.0000000000000000 0.0000087888709562 0.0000087888709562
18 74 118 0.0000000000000000 0.0000083393722875 0.0000083393722875
19 d+4 120 0.0000000000000000 0.0000052870768580 0.0000052870768580
20 a7d 119 0.0000000000000000 0.0000052870768580 0.0000052870768580
21 A74 1-21 0.0000000000000000 0.0000052870768580 0.0000052870768580
2 a7 122 0.0000000000000000 0.0000052870768580 0.0000052870768580
23 A7 1-24 0.0000000000000000 0.0000052608409277 0.0000052608409277
24 a4 1-23 0.0000000000000000 0.0000052608409277 0.0000052608409277
25 a4 1-25 0.0000000000000000 0.0000052348640916 0.0000052348640916
<E 8 AUzl 1-ClaRl: §s{Z2a2 W Zat

53 101 0.0014695855651039 0.1185432831844480 0.1200128687495520
53 10-2 0.0014695855651039 0.1185432831844480 0.1200128687495520
&3 10-3 0.0014695855651039 0.1185432831844480 0.1200128687495520
53 104 0.0006897810251708 0.0030453994039200 0.0037351804290908
53 105 0.0004257485115526 0.0001127339341673 0.0005384824457199
53 106 0.0002640325136182 0.0000407860780610 0.0003048185916792
53 107 0.0001485768065311 0.0000402531124557 0.0001888299189869
53 10-8 0.0001450083726445 0.0000125036375940 0.0001575120102385
53 109 0.0001408984514883 0.0000125036375940 0.0001534020890824
53 1010 0.0001349454940768 0.0000123827349429 0.0001473282290198

50 AYHRSAT

H178 H4s




S50 FE MAA g FIAEL AN 4.2 AUz 2
A7 og & 4.2.1 HlOlE{ Eg

= Adgde 28 AL 144 'F23'9 &

U 1 2278} ol 4
L5 %‘%% ulx]-‘;: Aed daMe o 9 Fdart AgAL dolHedEH0l F7Hd
g JE7E glojof 8P A Aes 4 & <a¥ 13>F% 2 2ude PR . 37}
ATE AL FAF AH Aolth. ofd Aol g dolHE&A S oJEYA R BHI}AT.
237) Mol & Ass ve gdE A5 4% Al 2 201K [F 19 <E >0 H o]
A% 2y #3374 dge 2ol g ety &4 9 Hlgo] o00A S8 da
AUE L 19 ClaRIE 4E ZH2Ed g3 dao 7 A7 @2 A 22 HA s
MNE EZE 93 728 18T o d4d 2 Ast B W9 A& ZAAE AHEYG. HolH
e RAFUL EF A4 F2 £ td BASA R dE d2EsE &4
Fa g4& FrhAY A4ARE Bl o #e HAY AFAE HAFE <F 1009 <E 11>
FE v 2ol A A7 AV 24 of 3A AAFA Ut} <E 9>E AV L 2¢)
stk ol @ A whE AAEA gerh. A A8 FH2EY U2”R 9 o8 <

5 0.2 0.5 .
At Jee g
009
d =43
= o]0l ()¢
— 9.01 7l& 7t A E 717 0.6 ¢7/ee 02
e : ol 0.2
F#+ 0.1

M7 H4z AAFEHSAT 51



1.

2.

3. 719 = 17

4. ¥o} 5

5. Ad 5(5x1)

6. thst 3(3%2)

7. vt 3(3x2)

8. /At 3(3x3)

9. & 10(10x1

10. & 10(10x1

11. W 12

12. 5%3 0

13. &3 0

AAEX & 5 253
EJEF 5 873
2E2E0Y #A 2 dolHEYEA #&e Yl
<% EFEY F & R B3 Q) de
T2 HolHEYEAd tid gr] AdY
£ Yerdo
4.2.2 By} A

10>& <29 13> A ClaRIo] &) A
é?—é“&% Hrg3le] 73 H AAHAES Y3
24 A34& Avsd A9 dolgHegd &4
‘Huj R4 e A A4E AAE 7MEA
W2 ke U&s HoAE,

<E 11>& 3 A2H 259 Bojis £AF
& Aslstd 2”2 HAVFAE HEG
T ClaR1ol 9% F3 £ A 3HE ZgAA
Al A%E BAETh <F 11>9) 37 HFE
<% 10>9] FAEH A5 und o Hgge
1= = B 4 S £ %-%% F A oA
ol 5 fr Y 2ozt wigH AHE Holn,
o 2 = gdwast ‘;%%—*r =A **%ﬂ
o] Eg%‘ cHd= HEol gle AL B £ ok

4.3 79l AAKY
A2 AL 194 F272S Y
st Aol BeAE YYZAN FHx

Aoz NFAE AAINH SHAFTHLE 7HE
448 o Jelue 4¢ 28 29 @A

& EAHE dFdEs BT F UUH. 1
B =R Atste gugFel HolH
gl B33 @7 AHE HAFT YFE B
Attt AU L 20 E FAE AN A
JHAY HolHEY £AE BA Hgd W%
g3 Ues A9E 7 U

ol Ay AAZRH v e AAA
EL A4 £ o JAT AR, E =294 A
otete dnE|Ee 2 HAH S AX ANE 4
o Aol tidt 7] EAQ AE WAUFLE 2
8 & & AeF B AWY ¢ RDF
tolg] FdE 7%= §t1 gonz giEe
Sl hd ARy 1YP=E FEE F 9o
o P72 BY S e 4 Y2
&3t AYEY FLEE 4A AT & Ao
AA AANA AF 7128 H T QlE e B
ol &£ E &9, B 1% 7 T B 2ok
o 82 F Y& 71t

2

AL
A, L& T8 Ei Hupoen ALt
HO
=

A
=

v @37z B4 PEe o xde 229 A
e Ry oyl x=E9 HAAAHA Fa
EX 3 HolHE &7t AHe
2 o3 g% ¢Ad dngFolga & 5 9
ot HolAPart o JHZERE FFHY A
7 QuYEET v ARAY FLE HTE
AP AXYG A ol EFGE AE F8
o3 AMEE a7z 7 WL oA
Mg E6 AGA &0

AR, AFEL 20t old &3 A
o 3l M2 gE #d 7|1ES FLscd 29
& FA0R JMEAE AA%E e ARE
o FAFEH HG HAUESE 2ZE 0

-

o

52 ZYHRSAT

H173 M4z



AlgHEl @ Xiplol W2 A dnalE
<E 10> AlLRI2 2-A0 B B2 W ZI@OES 4 JHEH =05)
; | a4 s | 93 478 A4 |whns] 9 Awss | 15
& 91 0.0211158322171767 1.000000000000000 8000 1.000000000000000 1000000000000000 |
2 9.2 0.0209980612747133 0.994416209938332 7000 0.833333333333333 0.913874771635833
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A 94 0.0021112883643479 0.098951058110468 5000 0.500000000000000 0.299475529055234
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