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Distributed Parallel Semantic Coding Algorithm for RDF Data

ZHENG Cui-chun WANG Jing-bin

(Coliege of Mathematics and Computer Science, Fuzhou University, Fuzhou 350108, China)
Abstract The existing distributed parallel compression coding algorithms for RDF data do not consider combining with
the ontology file, resulting in encoded RDF data without any semantic information, which is not conducive to the distribu-
ted query or reasoning. To solve these problems, a method named SCOM (Semantic Code with Ontology on MapRe-
duce) was proposed to complete the semantic parallel coding for RDF data, Firstly, the algorithm combines the ontology
of RDF data to build the class and attribute relationship model. The triple items are encoded and a dictionary table is
generated after classifying and filtering triples. Finally, the coding for RDF data with semantic information and regulari-

ties is completed. In addition, SCOM algorithm can easily revert the encoded RDF data file to their original file. Experi-
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mental results show that SCOM algorithm can achieve the parallel coding of large-scale data efficiently.
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RDF(Resource Description Framework) 2 H WWW &£ 14
BY%F T7 4R (World Wide Web) + K15 B #E1T #iR B —ME
2l | BEEE L Web AR BB E Y B, RDF $48 4 25 A
BUME R £ 09 4T, 4 — A 5038 (DBpedia'® ) | 4 #7115 B %
(UniProt™)) #i#ts {5 B & 4t (Linkedgeodata™) , £ & 2014
F9H BB ERD A 650 & =4 . RDF BHEHAM
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LW B ERARFNT AT EHD, HERE S FH
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FES NIRRT BB RN, KSR ERY
B =n AT R, AR T AR ER N R B ERE
FI = fF LR T 8, WA R IR = e $dE . i
BHRESEREN BN EIER.

CHR[5-81% B A RDF $48 5070 R HAT R4 W R H B 5T
R, W RBAR 3 FEMA ROF BIEH1TEBE &, Gk
LI E ROF $UEHITER RS, EX B ERBE R EEE
AR, B HEE N EnE R BREME N EER,
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A FRHHT AT RERSGE SR, A THRERESR
RSB AFENEE, 23R B T SCOM & % (Semantic
Coding with Ontology on MapReduce) , 454 A%} RDF 2
TG, #18 RDF —nd MmN T A E LE R BEANE
R FAARNEiRSiE RN RR. ZEERE ERRA
RSB X RFBEXREA, SRS RDF 33
%3¢ ZTRETHAT AR 53 18, B E N AT HITRE,
FIET A B R 455 F R B REXT Ri5/5 K RDF
AT HE R ¥ A IR R RDF g . &E#EA
XL IIET SCOM HETE RBUE BB T R4 RS
H5RENBERRR.

A3 2 548 RDF $dEHER!  MapReduce BRI 5455
ESGE 3 THIHMIEAR SCOM B8 4 A RELWERH
HHESBRAHNSARXNEREILIITI LA BRE A% L
X.

2 EXES
2.1 RDFHiigiEsn

RDF #3848 Bl o 4 — % IR A5 IR AF (Uniform Re-
source Identifier, URD 4RiR Web LR ¥R, FET 2B
(property) i e JBHEME (value) iR %R . RDF #RIT] IR
HARRRIEEE AR #E®. KAEHRTEHER XML X2 HE
RDF, K4 S £ . 5 TEEMHEHS,

ZInA R ROF AW B S —ME LR TR, 81
=X HAEFE D FIE (subject) . — 418 i (predicate) fll— 4~
B35 (object), BiR B FiE (subject) B & 15 10 H B % IR
(resource) f] URI; ig1E (predicate) & 7 /R 5 — 8 4 (proper-
ty) #J URL; i 2215 (object) BE AT LURHE B 3 — M FE IR AY URI,
o, 8] ) B gl 3y A — 30 (literal) 4E 24 @ ¥: {1 (property va-
lue) SR Z 5, EIEFMEEMA LLERS URI FRMIE R
I8, IFFRZS B ¥ 4 (blank node)!??, AR =TAHAER
R RDF B4,

BT AL BRI R 2 4b, RDF 3£ 0] DL A 6 A e e X8
i#. —/ RDF EMZARECEEMNITE = ndm EiEM
BB, a7 [ S 2EmEiE", % RDF BRI %M
S5 EETEPARRT # ROF iR RENELS . B
A fy RDF ERRARERME 1R,

B1 ag—A=n4m RDFE

2.2 MapReduce BiE

MapReduce & —f 34T RN EER, §ELE
FERAAEFRB B : Map B BEFT Reduce firBt, Map BrBt& R
TR TR B BENT (key/ value) X A S #FT R4 Re-
duce T ELHGHRIE key HITEFE=ERMBER. AF L,
Map B2 F1 Reduce Br B 7 LA 3471k, {E‘E—‘Af’ﬁ_[k”f]_fu
SEFT Map Br B2 07T Reduce BrEeit,

WAT— MapReduce BFFE 5 MR A XHE B
XN EA LA worker FHATHIIAT . 5 H ] 3. £~ Re-
duce workers [FIHEAT JiI th BALE R, W 2 BIR,
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User
Progran \

(1)r6rk (l)fork (r)@rk
\
/ - { Master } ~ __
l (2’)’map phase (2)reduce phade |
Split 0 ocal write (6)write
worker worker Output file 0|
Split 1
S
Split 2 (Bre worker (21:::1 ©) rempte
Split3 ocal write
worker Output file 1
Split 4 worker
& 2 MapReduce # %Y
2.3 MHXEX
EX 1 =JLAT(Tripleltem) 3 =0 8 1B &8
BHERE.

Y (S, P; 01K, j ,o<m)
ﬁﬁP n %‘%ﬂ—izﬁgﬂ%ﬁ\ﬁo ;E‘V veE {Si qu vOlz } »EI'J

v& Tripleltem

BN 2 HKBHARERC(Flag), HTRIREMBEE. B
B HFIEEE N v W

0, vEH

Fl“g_{l, € R

BN 3 W S AR B (TreenodeDigit) , B HR TD, #
B S¥Ch M,
1, 0<<M<{10
TD( floor(M/10))+1, MZ=10

ENX 4 FHBI (TreeClasscode, TC), EEEX 2 FIE
X 3, TC f Flag. B % 3 2~ #4512 (ImmediateParentnum-~
Flag, IPF) 5235 F5 2 0L Fe SR B8 A0 1 SUBUF R . H,
B B M, S0 R 4w A5 L 305 W AU SRS
NEEA TDIMD, TCCh, DO RRE L BHE I ATRAK
R EHRE; SR DFRRE R BRE { MR A B ST
%15, REPT(0, ) FrRi= i n A 051 anc(W) FinEE h BRI
WRIUFHIG, f(h—1,m) BARATRAKMXE T EB TR
U G, U

TDM) = {

max{anc(h—1)}+i, h=1
0, h=0,i=1
TCCh,i) =Flag& IPF&REPT(0, TD(M) — TD( f(h—
1, N & f(h—1,m) &REPT(0, TD(M) — TD( f(h,))) &
Fh,D
Y JIPF>1 B, XRT ST REAIFEERLENT
BIRFmBREE .
EX S5 JBH:S (TreePropertycode , TP), #&E X 2—
FE X 4, TP i Flag 24w, SR YT SIS 909 F095 sURF
WM. HP, B ASCN M, B LR R ENL
BEY ARG HMEEN TDM, TPhOERER
BHE M EC WBHEY ARG, CHBMER IR, KA
FERERRN TC(p, s f(L,DBERELERE M A
C B9 BN F 4R, REPTO,m) TR n 4 05 anc(h)
R h BB SRR RE, f(h—1,m) R AT R CHIL
B A D &Y SRR 4R,
max{anc(h—1)}+i, h=1

Chyi)=
Fiht 0, h=0,i=1



TP(h,i) = Flag&TC(p,r) &REPT(0, TD(M) —TD
(FCh—1,m)») & f(h—1,m) &REPT(0, TD(M) — TD{ f(h,
DN & f(h,i)

3 SCOM &%

SCOM & 2R 4% MapReduce Y4581, 258 A (R A X
BMBEMEXRRER, RIEH RN RDF SR #HT 4 H MG, M
i B SC B RDF BB A i AT E B HB. SCOM ik
43R ER RIS B AR B, EEATEUT ISR

Stepl AKX MBEXRHMBHEXRER, £
BB B RIS A B SO .

Step2 K T #iff# RDF = 04 485 i — Bk, 18 F —
A~ Tripleltem R£:43 BB R [F B9 4R 1 , 75 E X% Tripleltem i
fritug. A RDF ¥ 30, % =04 52 B Tripleltem H.
#% Tripleltem #2840 53, 3 MIBR E & 89 Tripleltem, [F] 8 4 1,
g I

Step3

Step4

Step5

Tripleltem ##53, = L FHFE .,
=JCH MRS, 4 AR TE S 8 = .
¥ Stepd WIZER CHEN A TR H A, BRI

Step3 d g F ALK, 7T LR S A LR ER RDF #8304
SCOM B :p SRHEZRINE 3 FR.,

BxR S | |2 X
Tripleltem e

4 R Tripleltem|
.

i
&%
LRl Thr

X4 ke
! |
?SCOM#& | ! &
-8.1.34 y SCOMM I & 8

| : BB

B3 SCOM A BAEHER

3.1 SCOM 4%M#E %

B 5% {# B Jena (Jena Semantic Web Framework) {E i
RDF Bt T E % RDF XML # R HR =n A XM
XA Fr, RIEXF Fn P RIETE B =04 ) Tripleltem 2268
SE XA, A BB I R H A9 Tripleltem #
T4, £ i Tripleltem 5 4353 1 BT F 80 3% B S, IRIEF
HF AR = CHBE SR = e A RS .

31,1 MuELLAfBHLiER

ATH ROFHENRBEFTENGE, FEEBLH
1. BT RDF $iEHmiEEEA S hEA € BRE
/b T ROF B4 09 BESEE , B ARG B 247
HEE,. FETRBENSRT. 5K ROF HiEERMEE
AT Jena BT, BB X RERXRM(FRELE,
ML RAER], WRRM I —RE W, B EHEe

B ¥ (Breadth-First-Search) " 454 X 4, 5 KRG,

X LUBM(Lehigh University Benchmark) (#8420 1
2 H B RS AR X 3BTRS MISRIB AT B 2, Wi g
R A REEME 4 Bim. EPHRBHE - RALIRC,
B FRERLEAEHRC, 5B = A A EE WAL F 4 A4 AR
THRIEWERRET AT HE, BEWAME T Ha72K
B SR 498G, B, Things XN FTE KR K, EWE
RIXEANEHARICH OBl IPF=0),

xmins:Work

010001 010005

010003

010002

xmins:Course
010107

xmlns:Research
010106
xmlns:UndergraduateStudent

xmins:GraduateCourse 010812

Ins:GraduateStudent
010710 X esr evmden

B4 LUBM HHFRAHRERZBER

ZEB)— MR LLTREAD Ik —4 B 1% Part-time-
GraduateStudent Z2(EBBI R AR B R UK AE 4 KX E
A B H GraduateStudent 28 (BF 37 42 ) il TeachingAssistant
2 (B3 , M) Part-timeGraduateStudent 25 AL 2 SURF %
4% GraduateStudent 26 F TeachingAssistant 2& ) JIii ¢ 4% 15
HIZHE (B 0911), B}, Part-timeGraduateStudent 2 F) 95 55
> 02091113, H i, IPF= 2 F /i~ Part-timeGraduateStudent
EERITERXE,

@Ak B AL ME L BHRXRR BT
W, SREEHARLE TBERETERNERBER,. &
BEAREEREXEER.

Pl LUBM $#R 5 T MR R BRI RIERIEE X 3 A
BE M RIDAECH 2,568 4 T RRHD, WEBH X REE
e 5 s, HPREMNE MRS RBERD. B _MNEE
LA AN MR R M2 RS VB A E U8, B
G I 2008ty 4R A B B R SR P4 P 45,
AW BB ST RS, WA EBRERT R
PR SO 5 EECH .

Property
10000000000

xmlns:degreeFrom

10100040001 mins:publicationAuthor

10100050006

tqlns:takesCourse  rdfitype mins:teachingAssistantOf
00000002  1000000000: 10104090005
xmlns:telephone
10100040004

xmins:master xmins:worksFor
DegreeFrom 10100040109
10100040108

xmins:undergrad
uateDegreeFrom
10100040107

B 5 LUBM friyEfsr/mike AR

F XA RIS T BB 0 T U RDF 5048 i 4w B 7 3
BB, X Tripleltem Jp B K BiEH, BB RE K%
BHAWETRAIE B 5 4 Tripleltem JyifiR T , SRR L1
BB RTREHEE.

+ 199



3.L.2 =zaaagsdhitiR

SCOM B P BB Tripleltem KR4y, BT =TH
HIEE AR RS RE, EMERERRAEEPELERT
RS, Bk AR = AR BIEM R RIS, B
F RDF %4 b = JCLH 0 ] §EARME— , BRUBEHEXT Tripleltem #2
PR 5> 9t X Tripleltem #4734 38, A T MIBR B A 89 Tri-
pleltem, B % Tripleltem BME—4E , {£IEH R B9 Tripleltem A&
SORMBIARFMN RIS, b, B FARRF M Tripleltem 7] fE3t
EMR & URL B T RGBS RAE SOE U, EE A8
URI 4515 AR B3 B335 ROF 3 SC4F B H AR 18] B B
BBz E . W AEYBEREES MapReduce #) Multi-
pleOutputFormat, {24 K U BEB A LR . =T
HMA RS AN RAESRNT.

Wik 1 =xdmaR S EEE
#A :RDF =it R 34
#H : Tripleltem #2830 43 IS SCHF s BT RRTB R A S
L //EBAHRBEPREE CRSEB S ERRESEX

XA pDomainMap Fi /B 5 {8355 R & pRangeMap
2. DistributedCache. getl.ocalCacheFiles(c. getConfiguration());
3. map(key, value)
4. //key:linenumber (irrelevant) ; value: triple; filename: triple 344
B

5. for each triple do
6 / /3B MR triple B Tripleltem
7. if triple. predicate=rdf: type then
8
9

emit (triple, subject, triple. object)

else
10. if (class,=pRangeMap. get(triple. predicate)) { =null then
11. emit (triple. object, class,)
12. else if (class, = pDomainMap. get (triple. predicate) )!=
null then
13. emit (triple. object,class,)
14, else if triple, object is literal then
15. emit (triple. object, “Literal”)
16. else
17. emit(triple. object, “NoneClass”) ; //NoneClass H i3
18.  for each Tripleltem do
19. if Tripleltem not literal then
20. //##% Tripleltem # URI 3B BT prefix
21, emit (prefix, “prefix”);
22.

23. reduce (key,iterator values)
24, for val in values do
25. //1R4E values HIBTE TR B key B4R ; Tripleltem BERTH
26. if 487 key MBTZ then
27. //RHEEE K Hash PO RTZHAT Hash 4755, # pre-
fixID
28. emit (newKey, key+prefixID) break;
29, else //Tripleltem
30. emit (val,key) break;
3.1.3 HREALALHE,MEFRA
REUHEE 1 GRS, F AR = S0 TR 1S I
A, 78 Map ¥y Bt 3f Tripleltem B3804 347 4b 22, 7E
* 200 -

Reduce #r Bt Tripleltem #4744 H% , [F16T 4 g Tripleltem &

FCURHE B SRR AT RO, W F SRS RO BIR B

HDFS £, %4 Tripleltem 4 i5# X % . T MARB + R4

i+ RBEHG. Tripleltem HIDEEMREELRINT,
% 2 Tripleltem SRADE

A : Tripleltem #2830 43 #9285 301 s BUB RIS X R M4

o T RBR AT R O

1. //3BAFEP R R RRT Bk R

2. map (key, value)

3. //key:linenumber (irrelevant);value; Tripleltem

4. //#R3E Tripleltem 530 KBL Y BT HI MY dictClass

5. for each Tripleltem do

6

7

8

9

emit (dictClass, Tripleltem)

. reduce (key,iterator values)

localcount=0; //Tripleltem & B ¥ S

10, for val in values do

11.  if val is not dictionary key then //dictPrefix Ri B RIS

12, emit (null,val+*,”+key+ dictPrefix+localCount)

Tripleltem ZRIBE B4 B, T Tripleltem 5 H 4750 59 F 32
BRESR X R REGS R IEARE Tripleltem Bt B A4S, 186 =
JLAA SRR,

U LUBM¥BEEPH=THFBRE D WH, #Hik
Tripleltem SRS HE B T2 .

£1 HAH RDF =nHBIER B

1. http: //www. Department0. University0. edu/UndergraduateStudent99,

http: //swat. cse, lehigh. edu/onto/univ-bench, owl# takesCourse,

http: //www. Department0. University0. edu/Coursel

2. http: //www. Department0, University0. edu/UndergraduateStudent99,
http://swat, cse. lehigh. edu/onto/univ-bench, owl # takesCourse,

http: //www. Department0. University0. edu/Course43

3. http: //www. Department0. University0. edu/GraduateStudent93,

http: //swat. cse, lehigh. edu/onto/univ-bench. owl # teachingAssistantOf,
http: //www. Department0, University0. edu/Coursel

4, http: //www. Department0. University0. edu/GraduateCoursel7,

http: //www. w3. org/1999/02/22-rdf-syntax-ns # type,

http: //swat. cse. lehigh. edu/onto/univ-bench, owl # GraduateCourse

5. http: //www. Department0. UniversityQ. edu/AssociateProfessor2/Publica-
tion0,

http://swat. cse. lehigh, edu/onto/univ-bench. owl# publicationAuthor,
http: //www. Department0, University0, edu/GraduateStudent93

6. http: //www. Department2, University0. edu/UndergraduateStudent0,
http: //swat. cse. lehigh. edu/onto/univ-bench. owl # telephone, xxx-xxx-xxxx

R T TR R TS, RIER 1 £ 5 Tripleltem {5
MBFEHREIEMBS RAR, mF 2 iy, Kb, R149E 34
ZREAMEIFESE 5 M= AN RIBME, Btk R —4
Tripleltem,

WR1IFFIN=TTHR BERHEE 1 WA BE Tri-
pleltem S SRTRRIB X R MF. BERBOWER
WRRECMHIE 3 B,

BHEE 1 WERICHEVE R Tripleltem R HEE(EE 2)
BRSSP 3 L 1 Ak (B X R BRI AT K
B Tripleltem #9475, 8% B{E o« TR Tripleltem &GP
BEMNEF =3 MER 1WA E.S55R2MES
B8 3|# Tripleltem 4RAL(5 S 103 4 Fr5).




% 2 Tripleltem %S MR IHEHERBLE XL R

Tripleltem Tripleltem % &
http://www. Department0, University0. edu/Underg- TItl
raduateStudent99
http: //swat. cse. lehigh. edu/onto/univ-bench. owl #
TIt2
takesCourse
http: //www. Department0, University0. edu/Coursel TIt3
http; //www. Department0. University0. edu/Course43 TIt4
http: //www. Department0. University0. edu/Graduat-
TIt5
eStudent93
http://swat. cse. lehigh. edu/onto/univ-bench. owl #
. . TIt6
teachingAssistantOf
http: //www, Department0. University0. edu/Graduate-
Th?
Coursel7
http://www. w3, org/1999/02/22-rdf-syntax-ns # type T8
http; //swat. cse, lehigh, edu/onto/univ-bench, owl # THo
GraduateCourse
http: //www. Department0. University0. edu/Associ- Tltlo
ateProfessor2/Publication0
http: //swat, cse. lehigh. edu/onto/univ-bench. owl #
L Tiil
publicationAuthor
http://www. Department2. University0. edu/Underg-
THt12
raduateStudent0
http://swat. cse. lehigh. edu/onto/univ-bench, owl #
TIt13
telephone
XXK-XXX-XXXX TItl4

#3 F1FI=m4 s BRMTIBRRBER

LE 3 RE:E L
(xmlns;) http;//swat, cse. lehigh. edu/onto/univ-bench, owl # 01
(rdf:) http://www. w3. org/1999/02/22-rdf-syntax-ns # 02
http: //www. Department0. University0. edu/ 03
http: //www. Department2. University0, edu/ 04
F & (4w Literal % ® #48) 00

# 4 Tripleltem HRBEE

Tripleltem  Tripleltem %% W& %% L ES B £
TItl 01081203001 03 010812
TIt2 10000000002 - 000000 )13
TIt3 01010703001 03 010107
TIt4 01010703002 03 010107
TIt5 01081103001 03 010811
T 10104090005 — 010409 B
TIt7 01071003001 03 010710
T8 10000000003 - 000000 Bé
TIt9 010710 - - *
TIt10 01000503001 03 010005
TIt1l 10100050006 - 010005 )3
TIt12 01081204002 04 010812
TIt13 10100040004 — 010004 B
TItl4 01000300001 00 010003

3.1.4 =%k

WRIBE A 2 PR TSR XA B RDF =704
BAXM PRGN ZTHHTRE . & Tripleltem 5F
BaRETERE, ANTTA R ARG, —THRBESL
B R TRINT .

i3 =THRGEE
#iA :RDF ZJo #2301 - H Bt R 30+
Bl SRS LY RDF Ui
L //MBFREDAF
2. map(key, value)

3. //key:linenumber (irrelevant) ; value: triple; filename: triple 3¢ {4

&K

4. for each triple do

5 //3RBLUSHT triple ) Tripleltem

6. for each Tripleltem do

7 //RIEF BRI Tripleltem FI4HTY

8 triple. subject—sID; triple, predicate—>pID; triple. object—>o0lD
9 triplelD=sID+pID+oID; / /% MBS W =TT H
10. emit (filename, tripleID)

11.

12, reduce(key, iterator values)

13. for val in values do

14, emit (key,val)

3.2 SCOM m#H %

SCOM BB R~ R ER/B L., SCOM h i R#HH
BB PR M | SE 2 MK E AR IS SS i RDF 8088 S04 R IR B 3K
8. BT SCOMBEEI T Tripleltem RIEHmGHFHE,
HEFHUR, TTLRE 5 i A% AL RDF U 8% iR
¥a# RDF 304, 9 7 E o8I 5 SCOM R E &, Uh B
BB 20K AR 0T

#% 4 SCOM RFHE
A SRES A RREY RDF Ui
W R84 RDF =048 3014
L //mBFRRNF
2. map(key, value)

3, //key:linenumber (irrelevant);

4, //value: 45 H=IL4 dictTriple; filename: {4 & K
5. for each dictTriple do

6 / /3B 4R dictTriple & Tripleltem

7 for each Tripleltem do

8 //% Tripleltem 5F #3175 #

9

dictTriple. subject—s

10. dictTriple. predicate—p

11. dictTriple. predicate—o

12, triple=s+p+o; //EW =LA
13. emit (filename, triple)

14,

15. reduce (key.iterator values)
186, for val in values do

17. emit (key,val)
4 LIS

SCI6 B R B9 B8 {43738 5 Intel (R) Core(TM) i5-3570,
3. 40GHz W% WLk CPU, 2GB K #E, 500GB R £, 7200rpm
B, WEFAIER Linux Ubuntu BIER S, R Java fE R
WIRES , FF RN Eclipse, KA 5 IIFIEB TN
Bi BVE N4 RS Hadoop EBFHIELE 3T 4 &, HF 1 A1E
4 HDFS # 2 $R 75 53 3% MapReduce B £ 5.3 G R
HDFS #4595 S3% MapReduce BT 5,

RS EBRTEHNKELRE

CPU Intel(R) Core(TM) i5-3570M
HEF 2G
EE:s 500 GB SATA
Java JDK1. 6
Hadoop Hadoop 1. 0. 4

Z3C % A LUBM (Lehigh University Benchmark) %% &
£ DBpedia (842 %t SCOM B TR, HEEN
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EASHORIIIR 6 BT,
#6 BEEHNERSHHN

HiEs ZRAHK ZRAX BiE% k%
£ % (FA #HAMGE M “M
LUBMS50 686 1.20 51 43
LUBM100 1382 2.40 51 43
DB3. 7 1433 1.90 1662 336
DB3. 8 1696 2.30 1794 376
DB3. 9 2188 3.00 2352 570

SCHRLS-8 1% B AT RDF #4840 1 SN 47 IR 48 e BB B 52
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#£5 Adult HIRMETRER

LY WRERNE Hit
ES - = = ] K-prototypes
8t (s) 2.508 2.794 2.814 2. 827 12. 813
ARI 0.412 0.412 0. 435 0. 407 0. 410
CUM 0.211 0. 206 0. 223 0. 208 0. 190
%6 Covertype BERL LR
% HRERN G Hit i
FR - = = ] K-prototypes
et (s) 936. 6 947.1 989. 2 1013 2766
ARI 0. 168 0.182 0.179 0. 189 0.172
CUM 2. 298 2. 373 2. 394 2. 407 2. 360

# 7 Poker Hand BB LREER

L83 HEERNE Bt by
¥R — = = i K-prototypes
HE(s) 1117 1283 1475 1733 6034
ARI 0.120 0.126 0.119 0.128 0.114
CUM 1. 363 1. 395 1. 351 1. 369 1. 357

KRV, SYHEH K-prototypes B HAM L, TEH R 18
PREAAE R BB T , Bk BR8] KR , UE B Bk <
KRR SEIERERFYN.

ZEHRIE A4 K-prototypes Bk BB K-pro-
totypes IR FEXT KM IR & BB H1T B AR BT RN ERE
M, B T —FE THEN KSR AEEERRRE
e, 3F7E UC B4 i B 3 MR FHUR B BIEE L4 31
HATTER, TRERH, ZEEENRRENMRABEELS
AR BESEHAA BRI IR ZBERARA.
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