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Vv MTENTHEO X 5 R R b D D)% fdik
T 5.

41 =Sz bk

ARFZETH S =—V = v M, HREKEZT D HDT,
ITEIOHIEZ T 57~ DIl=a—F kY NT—27 %
W5, ==Yy MIHEEEZ 2505, KREDOAEE
HBAHOORE2Ob>TWS, =a—F )by U —
J~DAINE, R E ==V =2 FOHDOAEE O~n D
WETE 2%, HOIZ2 >OHEBOA[EETH Y, Hig
DHRERIC L > THNRDZENTED.

WEHTALIY) ZAZLsT=a—F 1%y hU—
I DFRETHETCENETNRRLIEHLD=a—F
IRy NI =0 fiolron—Ux 0 b o 2 DAKRT 5.
2 00—z hOBEBHT LIV XLO/INT A —H
R THD. PIWIEAET 30 T, FHHEOEN
TW5 B 6 flfkE—= ) — MRFET 5. 550 0 26 fEK
TR 10% CHRRER S, BHO 8% T X LITE
F 5, ZAXTHE, 15K L 2 RN EmAL, &Y
D 15 I — R X Z AT 5. =—Y = FOFEM
X 4R

4.2 BhE

3RILBEHIAH =2 —TF N Fy hT—T~DATTE L
TEEAZAWD., ==Y = FANJRICEET S T
WA EhE & U CRERT D, MES0 B &L, HES0 B
TAOREICTHEFELEZRKR 50 7L—20% 1 5DTFT —
2T 5. KFEOMBILTXTOT —F THOLIZEE S
NTEY, === NOYHINMEILT ¥ 2D

27
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eye LIZRT. ANLTIeT—2% 20100835720,
o, D==a—n it 2 Dil/kb. ClL THII SN EHAH
target B oOmEfgE A X 6 1R

£ 1 ZFEONRTA—X

= HEXFEX 7 L — L2 X F ¥ %L 7 4 IVH
AT 50X 50 X 50

X 4 =—Yxvb C1 45X 45X 45X 8 6X6X6
P1 15X 15X15X 8 3X3%3
C2 12X 12X 12X 16 4X4X4
P2 6X6X6X16 2X2X2
c3 1X1X1%X20 6X6X6
N1 1X1X1X2 1x1x1
H7 1X1X1X2 1Xx1X1
4.4 FEHER

FEREL Iy NT—TIZTF A MF—2 100{HE AN L
TRERER 21T
#£2 TARAMNT—ZIZHTHER

TR 0.102

TR 0.940

FELTORORIMOT —Z X LT 94%DEFRT
BT D Z N TET.

K5 EEOBE1LTL—A F72, 50 7 L— 2 OEEOFT, EOHY DT L—
LDTBNC B L B2 =D ER 5720, kROX DI
FBr L7,

50 7 L— LA OEEOFL 48 7 L— LK 6 7 L— Lk
IZHEIL, 8 oOT By ZIZH5T5h. W HOnhDTay
JEEFRLEFCATEY DS LB Z2 28 E AR Y
N —Z AN LIz O OB ERR TS, 22
THIET—2 %% 3, £4, B5IRT. £ZOMHEIE, &
DOSTHIOBEBIEA AN Lo B oS L
HBOBEZ AN L-E O 0EEIFHET—% 100
B DFE L 5Tz bDTHD. 2 OEOHEREN K X
VI EBR Y DS THIEZ CH D OENED 722 L1127
5.

F3 170y PoRVHODELZEEZDO/HR

A= & A fE{& B
1 -0.00305 0.00242
X 6 BHAHREDOHEL 2 20.00127 0.00282

na. ¥EHAF—2 L LTERTAOT—Y = v MEIC 3 -0.00235 0.000651
900 fEF" >ELNT=T — X B HT 5. #E 1 7 L—54 4 0.0351 -0.00481
O %K 51T, FEIE bR WT — X &l —# 5 0.106 -0.00900
L LT 100 @ >EEMAT 5. 6 0.161 -0.0116

7 0.0797 -0.00704
4.3 BAAA—a21—FIRY FIT—H DEE 8 0.0152 -0.000199

AEBRTHEMAT 2y hU—271%, 8 DDOBTHERS
ns. BriAHxEA Cl, C2, C3F/—V /@4 S1, S2
G a—m D% NL L35 L, <C1, P1, C2,
P2, C3, NL>OJRIZALE END. FEDO/NNT A —F &K

28



A-09

A E S R 7 A 2014

F4 27uv I TOBRYORLEE XDOER

P fEA A ik B
1, 2 -0.00515 0.00705
3, 4 0.0420 -0.00315
5 6 0.362 -0.0175
7, 8 0.124 -0.00663

£5 4709l FoORVORLELEEOFER
>
1

a7 fE A A fEfA B
, 2,3, 4 0.0252 0.00804
5 6, 7, 8 0.798 -0.0229

MaHMEDS i b REWEEZANA T4 N9 5 &, Bz 4
By LT E D 3FHQ5~36 HEHOZ L—A)Thi=b
W BRERMEHL COAHEANSHD. ZOFREND,
HACKERERELZEZ TWDEDIE 50 7L—L0W
25~36 7 L—AfFETH D Z ENDND. TORETIL,
TV MRAEENFICHET TEIEHDOTND
REEAZ .

4 HEhHYIC

AfaTlE, BHiAFH=a—F VY hT—27 EZHNT
FENGRI LA A7 275> 2—V = bOBAIET 5
ZLENTEDEDNERAELT-.

FEER T, 2 O — = N RSV IEE SR TR
TEXHIELEER L. MAT, Bl 7 L— A&
Ko THNZHE 2 ARBOENER L.

L%, EHMRCIRETLEMICK L TEAAL= 2
— TNy N =L BRE— OB AEHTH
DMERRIET 5.

2% R
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FERTE B R ERE A~ L B B9 ik ot

B

=R

(M LERFRFPE ERET LEREL) P (BWMLERFERTERE L < HEHRREK)

1 [IL®IZ

EEATEN R MERR B (Nurse Scheduling Problem,
NSP) %, Wbi/s EOBEF BT 5 17 HHOFHER
R 2R 2 2 HR SO TIER T 2B TH 2 [1].
ORI, BERDOBEMEICER L & O flfSE Fick
JoRECORESTHY, K [2] 12T 5FETIT,
1 5% 1 A 73 DEIBRIERUT AR 11 B8 Fe S
TWA EDORERBPHEINTND.

O LD BRE RN OEBERERD BB T2 =—
AiEE<, THET, EE7 /LY XA (Genetic Algo-
rithm, GA) #5rE(ki%E (Differencial Evolution, DE)
REOEa—VRT 4w 7T NTY XN, BILOHEEE
W7 8 LIearges s S (L, 3, 4, 5, 6], 2
D DORFFERERIZ IS < P OB HEATEE KA S AT A
BHEFEINASFHEITWS [T, 8, 9].

L LB OEAOIER Y AT AT, %o00RE
B TR AR IR 72 R E R e Lo figavig it
Rl RIZED XD RN EHTE/ZELTHE
DA 1 DOIH TN Z LU & o 7= FRES D R
WInTHY, b= OmENREIRDLENT
W3 [7].

Z ZCARWIIETIL, FHERNEGRIER S 2T & v
T AL BRI DY AT Ao 7 RS L IR
JEDT, LECORE S Z MRS 5 H72 78 NSP Tk 2 i
W7 7' m—F O E Rz BRI, EeR%
B ifE . (Evolutionary Multi-criterion Optimization,
EMO) [ZEDWe A AT LTz, 2h3RA 7 RER O
7212 NSP O RBEMEE IR L L7 E DM A 72 PR A
=R BDFHEEIT ST,

RET 70 —F ORPMEORKRRECIE, EFRFZELETH
DY AT LR IHRNIZBW TR Fv—27 & LCHIA
EINTWL3FEDOT A NT—2%FHL, BEff= v
L D ERZAT o 72,

ARORER Z LL TSR ~%. £9, 2 FEIZIBVWT NSP
IZOWTHERR L, 3 BIZHRWT NSP ok L OHE%
FHEOMEZHIT 5. 4 BITEBW THEERZITV R
RFPEOHENMEZOWTHRGEEL, HEZICELOEBRND.

10024039@mmm.muroran-it.ac.jp
$in@csse. muroran-it.ac.jp
50-8585 ALHEHEEMITIATEIT 27 & 1 5 HR TR =
B E )
Ly 2k, 2ER 800 OB A IS & FOTRY 7 b =
TThHD.

(%

30

2 FEENENFHRERREE

— WA T AT %5 2 ERRRE (Nurse Scheduling Prob-
lem, NSP) %, Fig. 1IZA~7 & 97 m AOFEMD 1 A
(ZZTHEHBHE R LT5) OEBERE TELHRHKIE
=T L IR T 2 2 L RAITHY [1,2,3, 4,5, 6],
BHEREERL L TEHOm xn A z2ET HRE L
LTHZ D ZENTE D [6]. BilAlIZEHRTH 5 MR
REIEIR 72T Tide <, Fx U TS LTI/ A—7 &
N5z En%L 2, BBEED 22/ L3RR
HITHEIND Z LML,

NSP 23T DHilfIEMIT 2 b DR H D, FlED
BIZBT 260 (EEBEHIRISEM [10) & BEMOEED
BB 2 b0 CEERTIRISEE [10) © 2 FEICKAIT
D52 ENTE, AIEOEL BNEBERICBIT HHEHm (A
2L OflF) 1T LHKTHY, BFEDOLL RS
M (A% v 7 ZEORIK) IZETHKTHD Z &5
EIEIHET SR BT msR & LTI A D Z &8 T
5. FAOBmIICE, ZORKNERRE LR EE)
BERE L TR LI 0o— Rl & TE AR L
TERLWY (T LBl T HEDR) V7 MO
L2 HB Y, MBREERLTIHEIITETON—F
A= 2 N —DOEEE 72D,

NSP (Z51F 2 REMHK 2 LU IRT
o HWEHMTK (BHEOEITHET LMK, EEHR Lt

[10))
— S HOBEBERITLER A
— TN—T ¥ ik
o HEJTIAIHIN CEHERTIOATEDBEIZET 21K, Fif
HIESESCN)
— BHEEMITEY T DHEBEK
- BESr—r Rl

% HOREBERICLER NBUL, Wiz EET5 -
THRIKRLERFREMETHY, 1 HICLERSEHE
REICEIY COEBE N AR ET H. o, 7 —TAHEK
X1 HH D IZHEBEEREIZMNE 2K 7 —7 NI
THHIGEETH Y, WP T HEE— A DH
EHERFT 27000 TH S, BlzE, [MEREIT 7
A, T Bb1AUE] OEIICHERESND.

BEHHEMITE Y THEBEEIL, SHEME—7Hbd
72 0IZES THND B EBIEEICET St TH Y,
Bl TE#EM DX 1,y AT VIRE X 10 B, HRAEH)
E5E REDIIICRESIND. F, BF A F—
%, THE— IR >R E-TREE)) 0L 91T, T b
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1]2[3]a|s5]6 3031

x| K| %=z |8 NN
BEMA|Z | 2|tk |B|B|F # k|8 |5]|5|13
EH#MB (B || £ |8 | Hh|®K B|#|8|6|6 |11
FMHC |tk | R (% | ®| & (k| |K|B|8 |5 5|13
FEED|®| % |8 K| F| % # ®|8|5]|5|13
BHEEE|B | B |th|tk|B|B R|#ls8 |66 |11
EREATF | | £ | R | & | K| R Bl®E|s|6|6 |11
FHERO | |k | R || R | % B|#k]s8|5|5|13
gume B |88 w2 2] |z|®|s]a]a]s
B 10/11|10|9 |6 |6 1211
R 3(3[3[3[3]3]- 3|3
# 3(3|3[3|3]3 3 (3

Fig. 1 Example of attendance sheet.

vRBDERIAKBETS
VEREENRT S HDRENSVIRS EEBLA
1{553 4|5
BINIK|K|2
~RFS Almikia B[ H
RFSUB|BIB IR | K| &
B AlmitkiBE | ®&| &
7 & B|HIHI® || R
HOA A|RIBIGKER |k
$i A B|ikimith(A | B
(@) 91— T N AR
1121345
Binik|kx|&
PN IEIERE
ARFSVB| Qi@ E | &
o8B Almitkil | & ]|k
t B B|AJHIR|#&|®&
;oA A|[KRIBIK|®]|IK
# A B|#kimit|B|H

(b) B\ 2 — O R EFHTITER

Fig. 2 Example of conflict between constraints.

BBREROZINET DHKRMTH .

BB A 2 BB L T
HEY DR Z— 3881k o X DiT, FRik3 25 RN

INHZELd5.

Z DRI E)
BES, [HE— HE—

Ean—s

X AE

NSP (25T DI KOFIIHIK S DEMES L 20 F
RO ESTHD. —MRENTHET AHIK & B R
HENRKES AR B2, MEOMIZIZ L —FREF7D

31

BIRIMFAET 2 Z LR BN TV D, Z D7Dl +
WS Ny T 4 7L, HRIOTRPREIC 2D Z L
2\, HiRIE O TN D BRR 226l % Fig. 2 (R
7. F£7 Fig. 2-(a) TiX, 2 BIZBWTHA A, B 23t
HKITIH D 7 N—T NBHIFKI ZE LTS, £ 2T
TIVBEHAAD2 HOBBHELZANEXDZ L
RV, FFEHZTZ ENHkDD, ZoBREICk -
TRT T B0 2, 3HDOEHNY— HilREHTIE
KLTLES 2 mbns (Fig 2-(b)).
BT LT U X 2 (Genetic Algorithm, GA) Z H»
TEBREERT DL, HITHNERLER ANy T 1
ZLTWDTI), RO EET 5 X0 ICEHEERA
BT 52 L2, LLenb, Eoflfe &l
MRS Ny T 4 7% T 2O FENSTHT 2 2 L 3K
HTHoHD, 1501z LRSI LIk, o
I ZEBER L CLED Z bbb, Fly
T A TIEND@ D RFTFEO X O eikigEL LT8R,
KIFERDEATER DV IR VEBERIZE NNy T 4 )
SRES RATROBRNRLS) 25720, WENERITLE
REREDER LT <Y, ~— Nl %22 Tl 7z 7 8%
ROFBHEZREZL TS,

3 RBEFE
ARECH, IBETAH7 o —FOEEIZHOWTIRRS.
3.1 A#t

AR TRET 27 7T u—F O HEEE, 1) L0 EVEE
M TON— K272 T OER (B ERRMGE) &,
2) N Rl & 72 L7 o o o R & < 2
OTHY, FRIHTE ZRHT 572012, AiE iR~z
NSP ORI Z 3B B Lo A = 2 LA A
AN DH D, FDT2, FRIRT 3 >0 #HEE
DN=T T Y XL ATV, 2RI fRRER OB
T RAT.

1) FrEDHIKIGIMEICKT D2
2) (ZOWEERO) & BRI 2 IR 72 RETHRSE
3) YRR RFTRCE- 72 354 OB

1 S BOHIKFRIE, FEOHIFKIZ O W TIELTHE
T2 EOICEIET D 2 & CHRENLEREROHI A &
ML7=bOTHD. BETHT 7 u—F T, FIHIERE
AR ISR E OB O W TIIL TR S8, F8E0
BRERHCII R L2 E CELETERK LRV E D IT
R EZAT > TV D.

£, 2 0B OF BERICHT 5 RETHRSEI, Jedimic
BREEDDIZDOFETH Y, L0 EHE T/ ~— R
Mz RE2 8T 2 b 2HME LTS, ET
Tu—F T, FEEHEREL LORITERICBNTE
DOHHEREL TEY, LTBRLATORREEBDNLS
TER DS BAED X GUTRIR S D Fta & > Tnb.
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Table 1 Priority and weights of constraint.
Priority ‘ Weights ‘

fosxt 10000
Hiske g 100
ARE7R B 1

3 OH DR, ORI, FEREE (BORED
AT D3HE A TEIEL DA 22V IREE) 1T W TR
O OB REEZ 72 D & ) RIERHEICHE LT A 1 =
ALTHY, K7 7Fa—F TIIRPFRED 7 = — X
WTIZDAN=ZALEBIH > TND.

FBEEERIT L0, BEEZ 2 HREER
e L TEAEL, % HEOE L (Evolutionary
Multi-criterion Optimization, EMO) IZ -5V 7z #efki 7
A L. EMO 28 M L7-BEHITRE< 22950, 1)
AT TR 72 I 512, NSPIZEIT 2k 2 BRI KA
SNMFEOMIZIZ ML — R 7 OBMERH Y, ZHIL
EDFFMERF N &, F2) FEORLZBHORE
IRRAEA DS IR CE D720 TH 5.

3.2 ®EHiE

AHFFENZ 1T D NSP 135 < OJATHIE &[RRI, 14
AOE%EEREL T A—ZE LT, D7D
FRITEERI O N A m, HEEZ n & L7z m x n175IIZ
KRB I, THIOKERITIT kBB OEBEED S
H1OEXLTED YT,

F7z, HRRFORIIZELT, AL TITELY ¢
ANTBIT DS EIC IS E Table 1127 d 3 FkHOME
TEAERE L. Table 11281725 Mt 349w
THEDH D — RHFKTHY, THRE BXO T
RZ2L] IZZNENY 7 MilKITH D b OOEEE DE
WS BR DB BT 72, F OB, EhEERIERR
DOIRAREFIFETON— REFIO TR TH D=0, THIK
i) BEIO TATEEZR 5 it LT Tt o BEAEIX
BRI RE AR E L TWD. 7ok, ABFZE Cldst
S 2T T2 LTIRBE DR DMS D V7o RE AL CEES R 1T
SERLIZboE LTHoT-.

iR OFHMEIL Table 1 1R EHAMEZ AW - HilF S
EREORTMNOHHT 5. oL EHIREMtEZ2RET
TR AT HET IR (BB HIRSRME) &R EIR CRRERT
HilFIGtE) o 2 FEIC KRBT 5 Z ik, 2 HEIME
MR LCERib Lz, 3l (1) B L0 (2) 12
T~

fpcoplc (Z‘)

k
Z wixg)eople
=1

l
S
j=1

7 (2)

32

X (1) IR SR CERERMBIRZEME), X (2) 1Tt
IR (EVBSHIRIARME) (S T 23 HEfE CH 5. Pl
B D 0, 5 IXHEROSRME, b IZHRIRME, o, 0, 1ZHEK
Gl i, 7 DERE, w;,w; 1T Table 11255 < HilKI &+
i,j DEATHD.

RBEFZEOTRN

EFEORNEZLUTIORT. 2B, XHIZBIT 5K
BAEAE Best) X, 4% HMIBIEME ORI RN & 72 5 (#
A& L, BEME (Worst) 1. 4 HAIBIEE ORFN
ViR NP AR [N 1=
Step 0) FFEDHIRIGM % T ST HIHIEERE N #4£

WL, 7—H0A TIRAFT 5.
Step 1) 77— 4 7IZBT DI BER Apest & P1, 7
A LNERIR Uk E Py &L, BlEKET 5.
Step 2) BUE P, P, OERRKIEEE D(Py, Py) 25 H

L, T < D(P,P,) 2 b1, T > D(Py, Py)
R HITEIRE R AT 5. BRI EREIL AMSXF
R dMSMF[11] O & 9 72 Z BB O ¥t 2 2 R
LTwWa.

AR L7z AR O 5 B B AR Cpesy %2 1#IR

L, 7—HhA TR T D, T—IATHAX
A ZBE L TWBAEEIE, Bk P, P, £721%
T = A TR D IREMER Aworsy & B X
Z5.

T —HhA T ORI L CRAHEREIT . %f
G & 72 BERIE, Step 3) IZHBWTT —IA 7 M
FH SN2 o T2 581, Apest TH Y, EH S
NFEGEILT 7 LSRR U T3R5 R 1 AR &
T5.

T —HA T OMEENR1o>TH Tkt Ol
= (= FHlF) 22T L TWhiudEs®
DERLIZERRLTKRTT 5. 25 TRITN
IX Step 2) IZR%.

EFRo kT, BEFETITEGERE L RITER L
MAEDERA Lo TBY, ZRHE A=A A
DAEHIZ2EREIC X 0 R R R A KA TV D, F
7o, BEEER L OVRFHRBEOXIG L LT Z DOl
SO BIAR (Apest) 2R L, RIS 5 kE
BT AL ERAL TS Z ENDn5.

4 FEEER
RRERTIEORDME BT 572012, IRETIEEBE
DENLT 4 2B ENTNDHZ P L DB ER S
TED 2 FEHHIC O\ T T o 72,

2 REFIETIE, fR%RMEE 2 FIEICS T2 2 BREGEKRIE L L
TH>TWDA, NSP TR\ T b EEROE N — FHFNER 22T
FERT DL THY, EizHBBIED /N EWIE EHIFKIER A D 720
BWEKRTH S LHETE L. 20720, & BHEEIEORIIC XS
TERDOEREZTTS 2 LT, fPeoPle(z) BLWY AU (z) D/ — Rl
FER & BT D EIR A B L7,

SN VMR I D,

3.3

Step 3)

Step 4)

Step 5)
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Table 2 Classification of type of constraints in test problems.

# Constraints

Test Problem 1 [ Test Problem 2 [ Test Problem 3
& F LB 805 N KL 4 5 5
7 N—T7 N 13 10 12
Z DAt (S5 1R1HI#) 3 9 7
KA TEMICEY T 5B 2 5 7
g N E— 1 7 6
FRIR g — 8 8 18
Z Dt (RET5 1K) 5 8 9

Table 3 Detail of test problems.

Test problem

1] 2 | 3
7k 2 22 | 2 22 | 3 AR
PR IA T 4 5 5
e 30 25 26
[i5] 7 1 T 4K 0 99 136
T AR 2 20 24 24
i USAEEHESER 16 28 40

1) — RN C O e fE MBI A

2) HHUREEOHER

BIEIET7 AT R AOREEORKIEEZ B E LTED,
FENEWNEELE L THERLEHTELLEZLN
L. FBEITERIEOSFEZAHE L TEBY, B
BUIZRIFRE OFHIEIER & & I RHEMNZ B 1) B (EARETHE
A E (% BHBEBIEORIOR/N) %72 hL,
BONDHERB O 258 U CEERNROSH 24T 9
STGREICIZ Y AT LA 74BN TR Y 4 AD
BHZERCFIH SN T2 SHEEORF~—27 7 A M
EaE W AL, FEBEORBEGN ISV TER
SINTEY, ZNENEL D REECFEER LT 5.
UTF, %7 2 MOBEOFEMIHOWTHHT S, £MEo
RRIER L OIS OWNERIE Table 3, Table 2 i@V T
5.

TAMERE1

2 RO A RRE L CRB Y, FHilkAhit 304, 5
ERelL 4 (R, P, HE), {KkB) f#ET5H. F
AT e b 2N T2, BBERO YA AP R RKOBET
b5, FWHEIKEO AT 12 RELLE O B B RE 2 F5
TEHHEEETHY, KL HEE EOEBERIIE LT
WHZLITL o THEEREHD DD 2 I DI D
B EEERT D ENTE .

TR MFEIRE 2

T A M1 ERBRIC 2 A O AE L TE Y,
TR 25 4, #ESTEREIT 5 R (), W), HE
B, (KA) FETSH. L LR HEEBHO 2 /&
B TR, FREBERPICH LN UDEBERE
DIRTE S AV R B AS W] e [ E (& P DS EEAFAES D720,
BRZEMNEMEL L TWAZ EnEZEZLND.

TR MEIRE 3

33

7 A MU 3 Tl 3 RRAIOFHEBELTBY, &
FERTIX 26 4, EVSIEEEIT 5 RE (RKHE), YEWRE), B
g, B, KA) FETDH. $BEEKITT X M2
ERIUED, 3ZMREITH DI, WENHERE LR
T onsd L ZARRKE RS THD. FFER
% S HFIGRMEOE P RRTH DT, K= OHE
MO RSN TRIND. EITHES SRIFITx L TR
SR DOBEIG N RE NI, RBROBIZIIRTT M O
P2 BET AN ER D H Z ENHEIND.

4.1 RBEZTENTA—4

T—=HATYHA X A% 64, PIMIEEKE N %2 L L.
BB EZ IV B2 BB T 1350 LikE L. £
FEERIZE L7 86K1E CPU 28 Intel® Core i7-3770 TH
D, AL AFVIL16GB#HifiL T\ 5.

4.2 FEERFERLER

AREITHE, 4 ECRLEBEEROMBR L ZDERE
BB,

—ERFFENOEEHREHEE

&7 A MUEICH L TIREFES L ORF VU %
30T oA L, —ERRINICEB RNt Li=E
A% Table 6, PRFZICHESC L7 dHHE R 3 X ORI [R5k
% Table 4, Table 51Z7R”7. = Z C—ERH® FRIX 10
S ERREL, 10 2 UINICEIERNTERR LR - T2 h
IXTREIICIRR AR T T DD L Lz,

Table 6 725, BEfF— 0 TldT 2 ME3 TL7E)
BREBHTERho7eh, IBETFIETIEETORMMEIC
% LT 100 %®E#%k 428 Tx7/-. £7- Table 4, Table
5000, BfFT s Y CIREBRNEH TE ol T A
MEE 1, 21280V T, ETFIETEDLTN L, 2 0BE
TEHTETWAZ ERnbns. TAMIESIZHOWT
b, FHRERFMA LU FICHIK TE T D 2 & MR T
5. O, HRFETIZTETORBEICH L TEEF
TV 8 B OEHREE RO CHESEIZ N —
RHIH 2 7= TR OB 2 EBTE WD Z Endb
5.

4 BERICHRIEL TV AEED 9 B, Ehi 1 5 ThHE S0
FRERELA 0 ISR AUTEE R DR Lz & BT,
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Table 4 Computing times and number of iterations of original method in each test problem.

Test Problem 1 Test Problem 2 Test Problem 3

Min [ Avg [ Max | Min [ Avg | Max | Min [ Avg | Max
Computing time (sec) | N/A | N/JA | N/A | N/JA | N/JA | N/A 266.028 394.988 544.407
# Tterations N/A | N/JA | N/A | N/A | NJA | NJA | 1,191,204 | 2,439,949 | 2,366,499

Table 5 Computing times and number of iterations of proposal method in each test problem.

Test Problem 1 Test Problem 2 Test Problem 3
Min [ Avg [ Max Min [ Avg [ Max Min [ Avg [ Max
Computing time (sec) 33.738 112.808 322.789 25.984 84.321 182.155 74.186 152.364 323.345
# Iterations 399,375 | 1,376,266 | 4,039,736 | 243,286 | 830,809 | 1,833,295 | 639,494 | 1,306,054 | 2,812,701
BB BIEDHTE
FEOERE R E 2, B OB AT RE 7 S Table 6 Success rate for finding a satisfied attendance

Fl¥ & LC EFRA 100 HENCEEE L, FHmEEA BRI
ETHETOHNBEBEOHBIZ W T EZITo 7.
Z 2 CHMBIEEIT 4 TR L o1, RHEMOfEIR
FEATE O 5 B (45 B AIBAEUE O Fn s i) e+ 2 &
WCHEE ST, BATIEERE 30 Bl E L, FfilE%L 100 )7
[1IRF R0 B BB 23 23R T O B I b OB T
DFERE AT — 2 L L Tilo 7z, FHMlEE 2 J7ElIC

HIBAEU A 7' v b LTcHE R % Fig. 31T, 7272 L
FEZ LT Table 112R LIZHlISEO BEAMEN R 5
7=, Tay MO F Y TR LA TY
BAES (i — L=,

Fig. 3705, #HEFEITETOMBEICH L TrICBEF
TV R0 L BRBIRMEA - TR Y, IURMENIES
RN R0 D, RRCRZEBIARE FEMRE%L 0 [A])
WCHEET AL, ZORSTHMBERMIZKERENRH D,
WIHME AR A RRRE IR E OFIF S 2 TR T 28R AR
TWb EEBEZLND. EEE, 0L Ex0/— FlfEX
% Table 7 DY TH Y, FETETND /N — Nl
BICHORERENRDHDZ ENDND.

Z D% BB TFIETFT D AT EEIC
KL TEY, FloT A M 1 TIZEhABEEICHN
TW5 (Fig. 3-(a)). £7-7 A FEME 2 O#E%E (Fig. 3-
(D) ICHEBET 2 &, BEff= ¥ CiHilE$k % 100 7
B L TR ONDMED, $REFIETILFHMELL 5 5=
ETHETETRY, fHEEREARBICHES TN D
ZENbnD. T A MNIES3 CIILoRMEIF E O E
LN TWRWNEDD, RITVIBETERFE->TND
ZEDHEGRTE D, ZORENG, BEFIEEBEFT
TR BRRENRBERNEBTETND Z LI B
Ths.

PUE2o0FERERLY, BEFRIFZ VU X
DS NCEBRMEERH EL TS EEZD.

-
—

5 fast - 100, HikAUT : 10, WREZR D 1 1

34

sheet in proposal and original methods.
l ‘ Prososal method ‘ Original method ‘

Test Problem 1 30/30 0/30
Test Problem 2 30/30 0/30
Test Problem 3 30/30 11/30

Table 7 The number of hard constraint violation of
best individual of initial state in proposal and original

methods.
| [ Prososal method [ Original method ‘

Test Problem 1 502 1083
Test Problem 2 233 1862
Test Problem 3 440 1778

5 HnYIc

ARG TIE, FHEAEHRIFMFE (Nurse Scheduling
Problem, NSP) (Zxf L Ci#E(bAZ H #y i bic 25 <
PRI ILMRRRT 7o —F R E L, BEFEREZEL T
Z DN DN TRGEEZ AT o 72, EERO R HF]IZ 5
DWW 3O F~v—2 7 A MNBEA~O#H & L
T, BEFIEORBMEREPBEFET Y L0 b 60T
ERTWD Z DB TE 2.

SHROEEE LTE, BON DB OZERMEZ DV
THHL, N— FHRNETIRE LR CEERME B
DORBIYVEZ DL 9T =L T~ OEANETE
LTW5.

SE Xk

(1] g, AR R, &)1R54, FEAR, #5METE. &
RHIT LY X% AT 0 s 2 0 B Bh AR RR.
EBRFEFOCEE, Vol. 122-C, No. 6, pp. 1023-1032,
2002.
mtHF =R RV T FHE T
b T XN (FEHERHGR-ET Y 7 - 5
BTy XA, FEHEE, Vol. 53, No. 2, pp.
231-259, 2005.

(3] ArEEEE, M LEr, MEBER. FIAREE VT
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Fig. 3 The transitions of the objective function value

of proposal and original methods in each test problem.
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T, alHICAEBERBNAHEE SN, Ko T, AER
T AT Z 650 & L7z,

AEBR T a WOELEK 21TRT LI KT T 71
LTCTF A AT VAWCEREEDZ & THRE~D T ¢
— Ry 7 #ITH . BT T 7 O SIERANTTRTHEEY
72 a WAk O T —ZHE o TELT 5.

X 3. ERFIR

Alpha Band Amplitude @
pi = EEG Amplitude !
Pi . Wt i DR A—H
Alpha Band Amplitude : o EHIRD /D —
EEG Amplitude : $R4i & 3 2080 X0 —

EEL, Piofld, BT 2 BT —4 20T 1 B 4. RBRREE
BHOLICEE L, 1R LICHEY T 7ORFETEET 5.

BB NFT TSRS B & O o D T — %27 . .
f— KR 7% B NFT CL, B 10 ot Alpha(Post-NFT/Pre"NFT)
WO RT — L PIRE 2 D o WHI DO ST —DFEE T 4 — 16
KAy 7325, B NFT 2B CHRTOIE, VD ol 14
NRIL TRELS ool b &, LV REIRENRIND 1.2 7
LT HEHTH 5. 11

FATHHIC BT 2 BHUE, FL—=2 7L EDBED 08 1
728, LRFRICERET S, Trial X377 %, interval 06 |
IIRERREE OF% 0 k2R L, ERIFOZRE LT 5. E 04 |
By, #BRE XAV 2T TIREE TV, RBRLOT 02 |
AAT VA ZRHNWES., T4 AT LA DOMENE, HLowkEd> 04
LOFREZ T — L, SBREM CEVAHARW X O ICEE s1 M1

Lz, FRHEREINOEY ORMB X RNE S5 8—TF
—varTHRELZLE(X 4).

23 Wik - (A NFTIH 7 5 7 (s £ & ORGE B3R

\ S
PEBREIE NFT ORRER S 220 Bk 3 A &3 5. P , . -
23 WThoT, R WBRHEL, RAEHETHY, (W 7 NEIIRY 7 7 (RO ORI,

A — £ EEAN VN
BRI BT, BENC A 7 TR A, B s S A o S
FITIZLA T O % FRNCH L7z RO SRR -7

RN BV YN z L.

jﬁ??’?éﬁa SBIT, ~AOERBHDSERC, UFICNEER
v T — AT

X 5. Pre-NFT & Post-NFT o b

g o i B L AmosERE LT 5 o T
FEEcs, » BOBRERC fR2. (A NFDAEOERTHY T 71 Eh<
ACERT S L. , \ BV E SO IEUNE D S E P A,

CRATHIETTE BRI A BT B L. By o A

S R < B T I HAC A AT = L (%1% NFDARIOFER T ENLS HUVHT &
7 =D AR W4 LT % AT & 5 7o
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M3, FERzBELMEBLXLEXICLVEST T
EEIN L 7270,

fil1 &R 2Tl 5EEMSEHME(ML: & ThEhote -
WL Loz« B LRV« D LENSTZ - ETHEDN
o7, B2:90%LLE - 70%LL E - 50%mi# « 30%LL T -
10%LL T2 BV S O & 3IR), R 3 1350k T/RI 5 7-.
M 1P 2 1%, ERTELNERD, BEHTRL,
NFT IZ X202 MFET 5. M 3 1%, Nan 5 DEBR[4]
TRLULIMBEOERE BN E T 5. ERPICalkz BT
LD T EBE 2 BT 2 H5KOZ L%, Mental
Strategies & 9.

3. MR

3.1 NFT

5 HMA NET & /15 NFT 217 - 7= %0 NFT
NEEZR LTS, EBR 1 OGN S1, FEr 2 ok
BRE N ML, M2 THD. 7T 7135 45#E D Post-NFT
Ol % Pre-NFT OB ETEH 72D TH 5.
FER 1 Tl Post-NFT ¥ CEBRAITHRN-T-DT,
NFT #i0% 5710 2 Ty ia v OEHE2EY,
Post-NFT D fE & L7=. NFT OZhRIT o B Hgk DT
—IZBWTERRT & ERBICENRD T Thnbd. i
N1EBELIZEX, RS-0 5. B5056, S1
& M2 IZBWTHHENH 7= —7, M1 TIZZhEN TAR)
ST ENbING.

6 1XEBR 1, £Br 212817 5 NFT #0 hifk& R~
e, £ty arTHELNE aFEONRT -l
Z— KRR CIT Ll & R 1 D X132 0.0219 TH 1,
FEER 2 Tl 0.0038 THoT-. EHH L, b NFT
DOIFNIER S - 72208, TR 2 15T 1 (2k~T NFT
DMV WZ ERNbd. K72y a i
HWENTZM1 & M2 D o HOELKLEDEORESZ 7
DEDYESiR AT (il NFT TO¥HES T 7 OETRE
W), Zhicky, EBRoETRW LS. X 8
WCEBR 2O v a3 T DXTRD o OZEE O
R¥cE R, MBEREIIKLS, oy arE@ELT
KE<HRD, FEB 2 12BWTH &AHLBS IR
e, LavL, FHEMEOMEIHMEIIRE <o T H
RMERH Y, 4% HFRIEZHEOL, HRAET 5.

3.2 T7uv4—F

Ty — N 1T, W o#EBRE LRz A
LEMN-T2" BRATN, &EEZIE “DLEMS
EIEATS, WERE B CTEWIZR V. FIROT > — R
21F, EBR 1 OWEBREIT “30%LLF”, EB 2 OWERE I
WINY “10%LL T A7, FEBR 2 1336 112k
TLooX I WVHANRD S, FKEIOT > 47— b 2
TIE, S1, M2 % “70%LL L Z5&A A, M1 “50%
HIR” AT, T0%E3E&ATZ - ANOWERE L NFT %)
BERRLN, oA LH 5. M1LIENFT OZWER RS
Nigmotz. 7or— M 31E, HBHD D Bk &0k
1t Nan DOWIFRIZEIT D, RNOT 4 TREWEZRT
7o & 72588, AW, AR—VE)N, K, S,
M2 37 T 7 O#NZ E# L7=. S1, M2 X[ U Mental
Strategies #1#.5Z & T NFT O%h R 2 457-.

0.5
0.45
0.4
0.35
0.3 -
0.25
0.2 -
0.15
0.1 -
0.05

0-

session

B 6. FEHR1&ER2DLE

|
|
|
l e bar
|
|
| |

session

K7. M1E M2DEY Y a v

session

X8 By aryZboXToiHE

4, FE2

4.1 B 1 OF5R
FER 1 TIE, 5 L0 NFTIC L o T o l#RD U —IZ
W L7z, £72, Tor— X0, BBREIL o WK
DR —DHEINE LTS, EBR 1L, MoOWFZETHE
FEDFERNE BN D, EBR 1 OFfERIT, AFEBRTOER
HERLT A — KRNy 7 NFT ICELTWAZEARL
TW5%.

4.2 FEEr 2 OFER
FEBR 2 TIL, T O a kD ST — ORI E (s 7
7 OB ERIEEE)N, By e VEEHBRD Y, 2
TIHT 288 E b o7, LinL, HBRE L Ich D &,
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55, MLIZEhREIZA22»7-. NFTEICOEy I 3
UEE OB, KXo T ML E M2ITHEVIZEEL
BT, MEORMNZ, B bkhoi.

M1 12 NFT N & 2o 2B I ER ORI T D 3
SEZILND.

(1) Rble7 4 — KNy 7 RFA—X

(2) #BRE DAY 72 Mental Strategies

(3) NFT DR 72 el o v Ret

6 %R EHBQ)DOFEENRE Z LGNS, FIFHOR]
T, MLIE M2 &0, BhalEmiko v —z2HL
TWn5. LL, KAERTIE - HEDONRT AL D% 7
4= RNy ZIHEHALTNDOT, WHREAGNHH S
TA—H
ZRMTHDOIINETH S, EHICAFOEFR LD
I, X7 LR BTN E ST EE S & NFT %%
IR L, MG RE 6y a b9
Ty va I T, BT 7BREKRT S50, MLO
EXD T2, 207 4= NNy 7 E2RTWDH L, #ER
FHHD/RT A—=F TR LTS ERi#T 5. ok
B, M2 X NFT ORRPELNRN-TZEBZZ BN,
D FiEEE 272 L & (2) & OfE B2 R I H 70
L, D) ZFOREFRRICHSIRWEFRDRH D, ()DF
KT, SRAVERETRWITER, —20K7 7 712/
EFRREEDLHERL DSOS T 7 2FRER
LZHEREZLND. fE AW HEIE4 R & REOR
R Z D720, BOEWRE TR 25, Z oD
7T 7 kRS LHER, HEBRE S OMEPHIHICD
MBHREMBEOMNONDZ ETEVEAZBIEED
HTAYy FRHD. UL, MIIZERIETWDES
—ANTITO NFT £ ZE D5 < o> TLEW, FEHIEE
DAREMEDMEL 225, ()P HFR T, “HORERZ RN
ICHE WO T, hEFD/RT A —2 % BkiT 555 L
V. ZOHIETIE, BHDORENEL SNERVOT,
a PHIMO T —Z WIS W5 FiEE Ro %0133
WICN#EZmD 5. L, NFT O BZHEFEORES F
TEMRSELZLETD. DL, MTEONRT A4
NE LT & &, 8N 72 Sl A o TREE O Mental
Strategies & W\ 555 DITEN A & o7 & X, ik TRIEIAN
EZDAEEER D D, SRITU EIZH T =KD, &
REEEFEZHM LI ECHERRZITO L ET 5.

Tor— NORERERD L, BEQOMREEREZS
D, HBREICIE, EREEIC, B 7 7 ARSI E X
I ET D, ax o A— Tk BWEN(ZHE7 Mental
Strategies ZfH), LY TWREZE 5N 25 Mental
Strategies Z ¥ 9 L 9L L7z. NFT OfER%2457= S1, M2
TILHAAYIZH U Mental Strategies (2 L, S1, M2 2%&
PR L 7= Mental Strategies I3 —#%#IZ NFT OZhH % 1509
WH DO TH D AREMENE V. — 5T, ML I Mental
Strategies OFEFUIFE Y OWERE L I1TES DT, LR X
D, M1 O@BJUTEM L 72 wTREME S SV, IBINERRIC X
D ZOFREMEERFET D2 &I T 5. £72, Nan 6 OHf
P2 TR YT 4 772 Mental Strategies Z &AL X, B
ZhR N 7228, KEBRT NFT O % H U= g idh
NEH)7% Mental Strategies &I L7, S %A 20
L, NFT OZhR % H U 725 03 ok r9iT i A 72 Mental
Strategies % 4 L#tl), Nan b OFERAMEEH TRWN T
LEFEHTE 3.

BEBIZEZONDFHE LTER)ARH T NS, Z it
Nan 5 DORFZE[7] TS5 TE Y, NFT 1ZT X TOHER

FHITHEICEND DO TIERY. a RO T —D
55 LD o WEEHOANAT -2 W L X, SREREN
R T2 R E 1T 21.4% < 50% & AFZEIC L » TiIE B o &
N5, KERTIIWREIL I ADLTHY, MLABD
F o -BAIT EFREQ), QoL H D Z L
MOMIEIZTERWN. XoTMLIZH LT, EBR1%E2E
B L, BRNENRNE A TINERNLISN D E T 5 2
ERH 5.

5. B0z
AEBRTIIMEORBINEE o7z, BETIED
NFT T% AR NFT O2EE2G2 Z LixTalan
o7, UL, BETFET— ANDOWREIHRERT
ENHDZ L ERET. 5%, BLETRABER S
Tz, ELRHILEEEET.
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practice of neurofeedback for the treatment of ep-
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[2] Takahashi., J., Yasumura, A.,Nakagawa,E., W.
and Inagaki M. : Chnages in negative and posi-
tive EEG shifts during slow cortical potential
training in children with atten-
tion-deficit/hyperactivity disorder: a preliminary
investigation.  NeuroReport vol 25 No8
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(6] A7 14 AN 27 DF5ERT [RHTIMIEARET
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FENNIZ BT DA

F AFEIT OV T O IR

W

RERIR N AREHERBR  PAPRRRR Rk REACHER] BTV E
AR (dEX) B @) dER) (EEAT)

1 [FLHIC

W, Av— K748 7 by MiKR EORHER
T RIZE-T, HEPLIGHICBWNTIERF—E 2D
WeEZF DT ENRFREL 2o Tz, FAUTHEW, ABEZ
WD D0, WNEZIZHDLONE NS EBFHROE
EMENEE > T D, BUE, (EFREFIHST 577
rF—=va VICBWTASER L TW O ILERE S AT
2 & LT, GPS(Global Positioning System) 23Z&1F H115.
GPS 1%, HEO AN THENOEFEZETLIZ LICLY,
ZEONBEEABETH AT LA THD. LirL, GPS
DREEIIHA— MVERETHY, ZOMELTFRATED
WATRINEBEAT 2 ENTERY. £72, BN
EDORFEPEM SN TLUE S /NS HEREIZB N
TIXERPREEE 72 5.

T, BRICBWCEGHRE L S EICHEE T
D 1= DIk 2 IR BFIE M TN TN D, BN TONLBEHEE
FEIIE, F0K, BREREOREEAWEZLONRERE
SNTWD., ZhHDOPTERBEZEZMND Z L O
LT, JE0EN LIk 5 LR B OB AN
TDICEWVEEEEL LN TED W) ARZET L
no.

HEE S ERWIALEREFIEIC bR L 2 TR0 TF
fET 50, ZNMEOFEEEZ AVW55E, EMRkZ(s
Bzl o nEE L /2%, L, #fIZEK1 DX H 7%
N—=2Z MEEEFE LG, EZENTIHE SO

2. 0[msec] —p
X1 EEFRBEE) EZERE(TE
(11X v5lH)

*kumaki@main.ist.hokudai.ac.jp
LR ALK AL 14 4598 9 T B Akl K% L5

WCBBBNEL D, FOBHBOEZDITE /T —OBEIC
L DHETIXEMRZERAZBRET 2 2 LN
5. % ORE % REE D ALEHEE FIENAE— Bk
(Phase Accordance Method ) [1] TH 5.

bbb 7/ v—7TiEZhE g, ikl —%EE2 A
WEHER Ry NN Ty X T VRAT A 2], BV
XY T T X AT A (3], REE - RS E A
T [4], A~— M7 4 UANT 3IWICAERHE S AT L
[5] HEME L. TNODY AT LAOFAMEREZ @ L
T, MPEAAED FERFIK D 1 SN A= L~ A 71
7 4 ONFREICERT S Z E 2P L LS. K
XTIE, Av— b7+ a2l LRI 2T 2otk
BEZm ESE5720, EkoalE e kic s i o A Y
— I DAABFFEIZ DWW TER AT, ZORREEBERE
R

2 BAEME

Active Bat [6] 1%, BAICHEE OB ERZAGH 2 B
(T, Bat &FEIHILDEBERIEEED D OBE K OInER:
MzEzFALTEEBROMNELHET D ToA (Time of
Arrival) FRD T AT LA THBD. Cricket [7] 1F, HEH
MHEEE S RFIEEZHET D & TREROIEE
WETD. ZOVAT AL, ¥—F v NOAREZFHIF
HE 72 Cricket Compass [8] &) 9 T AT AITHEE S 4L T
% . Cricket Compass 35 5 DM AHEZIZ X% AoA (An-
gle of Arrival) KA LTV A 720, @IS fiRRE
RO, Lo T, ZERTFE2EVWEREDO/ 2=y MC
FLHEICLPND BT Sem OFBKBEEZEGETCND.
—H CHAEFHRO 2r OHWENEE BT L MLEN D
v, BEOZERFEHFEHLTERZITo>TWVD.

—HRENC, BEHIRRICHB SN TV D A= L= A
7%, BEREEEZET D028 L TW2RY. Filonenko
b [9] 1%, BFEEEHOEFIHRKDONEA L —TIZHONT,
17kHz 715 22kHz OO EZFHEL TV 5.
WARLUS [10] Ti%, ¥—/3PC 25 21kHz DOEFER &
Wi-Fi {5 %5 % [RFEIZ2EH L, PDA(Personal Digital Assis-
tant) CHI &5 5. EEK L Wi-Fi (55 0O%(ER
ZIOWSRZET, PDA 23—\ PC LA UEERIZH 2 A
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BENEHET D, Tarzia HIZ K> TIREINTZ VAT A
[11] TIL, acoustic background spectrum % /== & D
fingerprint & L CHIHT 5. Z @ fingerprint % #5H70iR
THRET 22 LT, EOMRBIZWDONEHET S, 33
HEEFESTERLZEZA, EERIT 69% L@EX
LTV %, BeepBeep [12] 1d, —-->® PDA [T, W%l
WEITH Z &72< ToA HUTZ L BB 24T > T\
%. Liu [13] HiX, Wi-Fi {55 ® RSSI(Received Signal
Strength Indicator)iZ & A (L EHEE DFE R %, BeepBeep
X9 REEBER I 2B DE D Z LI XV IET D v
AT LEWEFE LT-. ASSIST [14] 1%, A~— 7+,
5F v —7 (55 %55 L, TDoA(Time Difference of Ar-
rival) HFREHWCLEZFIHRT L. ZEEIFIHCE
ROEHE, A= b7+ CNROMEEZE Y &L~
YT ANE O TLER 21T 5. FBRTOBET

30cm LINTH -7z, Yan HIZE > TRESINTZ VAT
A [15] TIX, I—ATVAZHWHZ & T, HEAIZE
WCHEIRTF L RED A~ — N7 o %53 2. Rishabh

[16] HiL, RUEE CTER LA tME 2 X ERFEFE L,
GRS ﬁﬂéﬁé LIZkoT, 2—FRHEFICK

K DB ZIT ) VAT A EIRE LT, R
213 94% DOEIE T 20cm LINTH - 7-.

8 HE—HELTDREER

3.1 fIH—BuE

AL —BAETIE, HEH— AR O Ef RN R A %
B 572012, K20L ICEEZDORRD 2 DOIE
WaHENDHZ L TTEH (synce pattern) & /3— & ME
B LTHETD. FEERSZNENf, f, D _ODIE
HEERAWL ETHE, X)) DEREIELND.

s(t) = a, sin(2nfit) + a, sin(2nf,t) D

sync pattern HZI%, 2 DD IELE ONAEN—FT 5 5
(epoch) 23 1 DIZIFFET D, 2D epoch Dk
% sync pattern DOSAFRZ & T 5 Z & T, ZEREFOmW
MEATNTS, EMRZERAEZGLZENTED.
LUFIZ sync pattern 7225 2 DD E 5D F7p 5 1IE5LIE %
SHEEL, TRENONAREFET 5 HEC O W TIERS.

ZARWIS & B ORY MLERIR L, TDONE
2R (2) DD TERT 5.
T/2 _
(f®,9@®) = = f®g®)dt 2

fi
fz
A+ P
epclnch epéch
2 sync pattern
[(11& v 51H)
2L, g(t) iZglt) pEFERETHL. 22T,

SR T I3 EHEOBIRIIRFRIZ TH Y, sync pattern £
D EWIFICERE S D.
K (2) £V, sin (wt + ) LBEFIEKEE /% OPEIL

. 1 (T2 —
(sin (wt + @), /%) = ?f sin(wt + @) e/2tdt

-T/2

1 T/2
= — (eJ(@t+9) _ gjlwt+e)yp=jot gt
2Tj ) 7,
1 T/2
— (e/@=Dt+jo _ p-jlo+Dt=-joyqt
ZT] -T/2

1 ( el @=-DT/2 _ g=jl0-2)T/2
= Jjo

“amj\° j—0)
I (@+DT/2 _ o=j(0+D)T/2
e i
j(w+02)
1/ . sin(lw—2)T/2 sin(w + 2)T/2
[ pp— e]‘p - @@ e -
j (w—DT/2 (w+DT/2

-0 . W+
> T — e /¥sinc > T) 3

1(1‘4)' o
_Zje sinc

LB, ZIZT, jOIEEHEAL @ TSR IERIEITK
THEKEOMMBEO T, o=2nf iTMEKEK,
IEAEREBETH 5.

K@) EHND E, (1) D sync pattern s(t) E#HHE
E5%E efort L ONFEIE

sinc X = sin X/x
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. 1 . .
(s(t), ef@rty = Z_jal(emh — e JP1sincw, T)

1 L Wy — Wy o Wyt wy
+=a, (e”’zsmc T — e™/®2sinc T)
2j 2
(4
LD, (s(t), e/ 2o TH K (4) ERBEICHEAE SN
HDT,
., W — Wy )
1 smCTT (alel(lh)
w;—w j
sinc — 2T 1 aye’®z
2
. . W1ty
~ sincw,T sinc > T a,e~io1
. Wt w, . a,e JP2
sinc sincw,T 2
s(t),efort
Py (s(®), ) )
(s(¢), e/¥2t)

LW D a el a,el R ETHBRANCE LD D
ZENTEDL. ZOHBRAITHE M Z LR TH
2.

RHAT 2 +oEk< &l
ERTELZOT, K(G) I

, sincx X 0 (2Tl 5 2

. 1
(s(t), e*nf) = 27 M’

N
(s(t),e/?2f) = 2%’ 6)

L) 2o0%RITRD. TR VKA T ol
t=0 & LERZFLSIZR T 5 2 DO IESEIE O @, ,
©, BFDZENTEHDT, 2ODELRONIE—E
4@\10i7

P1— P P — P2

t=- :_Zﬂ(ﬂ_fz) )

EHETHZENTE, O ¢ A,

pattern @ epoch & 72 %.
DIOIULZAVE TIZ, MAH—EIETO 3 m HIEEEER
m%wf(m3mnwﬁﬁ%£ﬁf%é’&%ﬁmbt
(1], AFEEZHWE=0REICEY, KREIRT LD
72 3TN AT RE L 72

3.2 BRTMEIHE

=& L7z sync

{85 DEERFLRZIE L | 2 AV TAHLE FHE AT O
J7i% L LT ToA (Time of Arrival) & TDoA (Time Dif-

ference of Arrival) &9 FANH 5. ToA HiX, #E
B — B O, (B35 OB 23175 2 & THE
FEE1TY X THD. ToA F T, 3WILTOMME
FHEICHIR 3 A OEEHAENE L T 5. FEEHONE
ZZNFN (X1, V1, 20), (X Vay 22), (X3, V3, 23) , SZAEHEDAL
Ex (x,y,2), KEEENDDEBSOIRERME ZLE
VAL, Aty Aty , BiEEcLT5E, X (7) DX EN
HRAZ L > TEEZFHET 22N TED.

(xz =)+ (2 —¥)* + (2, — 2)* = ¢*At5 (7)

{(xl =)+ —¥)* + (2, — 2)* = At}
(x3 —=x)* + (y3 = ¥)* + (23 — 2)* = ¢*At5

DX 91, ToA K TIHME S DInERF 25K 5 7=
DICEEHE —ZEHMACRARNE & bR TR b
eV, BEZIEI E LClE, NTP (Network Time Protocol)
R D OB 2 WD HERENRET NS,
INHOHIEZ LY, H10pus GUEEREE 1 om fRE) ORF
AR A A~ — 87+ o CTERBT 2 OIXBLRE A CI3
L.

—Ji, TDoA LFRAIRE Z0EEL L. 2565
DOFRTIE, EEOEEH & LB OIEREE A FVW L
ERAEZITY. £/, 3WILTOMBEIFHEITITRK4E
DOFEHN NI L 725 FEW i ONEZE p; = (%, y1,2)
ZIEEONMEL p=(xy,2), HFEEEIOLDESTDZ
BHA 2 TN FN by, 6y, t,t,, TiRE c & T D&, K(8)
DX DN RS> T EZHETHZ LN T

X5. BB, la|izx7 hrad /) VATHSD.
lp: —pll = llp, — pll = *(t; — t,)*
lp: — pll = llps — pll = 2t — t3)? (®)
lp: —pll = llps — pll = *(t; — ta)?

3.3 MIfA—BEDREER

A —EikE 2 W HEERE R ITIE, W< OO0 ERIC
DRBAENEL D, Z0—2& LT, HEESDOEEK
ELTHWDLAE —I OFHRERZE T b D, (if—
BUETIL, EEH O OFBYE 5 N B 22 BRI CTh
HZEEFELTWS. LML, I3DLIHIZ,
H 0 BIEE D EIRITIE O R R Tl e, Lo
T, EEEAPDLOHEHENSE LWZESTHDITHL 0D
57, A=A DOH KT L CTHE OB FRRHIC
ZNAETD. B 3IRICIER®E FZHRTH72D
NAREFEIC X DR ZEZMIET D LERH B.

A B —
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(| "

BEMTIRT KR DR
3 AE— I OAFRREE

4 {IABYFMEETBISEER
4.1 EEREFE

A= ONARFFEIC L 2B EEAMIET D280, T
BT DR ER LT, EBREELZLITICRT.
NF EIg&REH T e v 7t~ F o777 a0 V>
F L —% WF1948 (X 4) T 14.75kHz & 15.25kHz D 1E5%
W & #4272 sync pattern ZERL L, FhEBEEOT T
(IX'5) CHREL7=b OEEEHTHEE L. HERIC
EFAT Iy I A= N EEBAY =D E2ENENH
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4.2 Autoencoder
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Encode : f(x) = o(wix + by)
Decode : g(x) = o(way + ba)

Reconstructed : f, = g(f(x)) (2)
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ReconstructionError :

Lz, z) = ijlogzj + (1 —xj)log(1l —x;)(3)
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Table 1 Dataset Size

Abbreviated Name ‘ Num of Papers ‘ Training Data ‘ Test Data ‘ Validation Data ‘ ooo
Gupta.A 398 39402 9850 9851 3444
Sato.M 157 12246 3061 3062 1724
Smith.J 389 75466 18866 18867 3652
Tanaka.K 176 15400 3850 3850 1832
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00000000000 00OD0o-000D000AUC
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true-positive: 1 DO DO 0ODOO0OO,
true-negative:J 0 OO0 O OOOO,
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0oo true_positive
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Abbreviated SVM NeuralNetwork DeepLearning
Name P R P R P R
Gupta A 0.9715 0.2783 0.913545 |0.32314 |0.835141 |0.392457
Sato_M 1 0.404 0.904192 (0.5 0.77351 |0.503311
Smith_J 0.1758 0.818182 |0.718628 |Nan 0
Tanaka K 1 0.461 1 0.965812 |1 0.940171

Fig. 2 000,000
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Abbreviated Name ‘ SVM ‘ Neural Network | Deep Learning

Gupta.A 0.67843 0.65704 0.59749

Sato.M 0.85705 0.7625 0.68017

Smith.J 0.63485 0.44332 0.39264

Tanaka.K 0.90315 0.919 0.86784
Table 2 AUC

72 000-00000,AUC
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Abbreviated Name | 00O | O0OODOO
Gupta.A 3444 19.7
Sato.M 1724 22.2
Smith.J 3652 17.7
Tanaka.K 1832 20.3

Table 3 ODO0O0OOOOO0OO0ODOODOODOOOOOODO
obooooooooon
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Fig. 1 The concept figure of VRP.
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Fig. 2 Fllowchart of Proposal Approach.
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Table 1 Used Parameters.
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it DREE
TR 2 fRERT D 7 T A X OFERPIEAEIZ DU T O LI RGE
7 A MBI FER R Fv— 7 METH D Tail-
lard & ORFEDS tailb0a & tai385 & MV 7~ Hfl E6k &
1Tote. FT2, FEBRRIZHEH L7/XF A —% % Table. 11T
RY. AEOFERTIIT A FRIBEICH L TERER DS
BIZE S BT T oM L, BEHRO Faym OREBED
PR A RS R ROHES LTz

PIF, EBRERKNBLEIZONWTIHRRS.
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Fig. 3 Transitions of Fy,,, at tailb0a
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Fig. 4 Transitions of Fyu, at tai385

4.1 EE1 ¢LER

FBr 1 TiT tailb0a & taid8s OREMBID R 2 2
ORI, 7I9AZ ) U THEERLRWGEEE, 7
TAZY T HEH LTS A OBIEIER 2 {To72. 2
TIE 32 CRARZ 5 2OHEUEDH H 1 HHORKEETDH
% 17728 NRK 2 GHEH IZESHERE 7 T2
Z2 Y7 EER LSS L LTHV . tail50a & tai38s
DEANEFBROFER 2 F 4 Fig. 3 & Fig. 4 1R 7

RARE D HIBLAS ELER I/ 220 tail50a OEfEFRE R T 5
Fig. 3 #A%. ZORETIE 100 HACHTH#Z TF_XTH s
T AL DRERENTND. £ OHE TOFAME % bl L
THI TAZ Y T2 LT DR HIED L2 &8
b,

W LRI RE D BRI Z 0 tai385 OFMERE R TH
% Fig. 4 A%, ZORETE 200 T TTTD 7
TAEPEEREN TS, F O TORNME % ik L
THI TAZYN T % L TWADENRFHMEES vz &n
D,

7 IARY 7 E LA, MENEMbE T g
7o, IR VERE TR T, PV T
RINXTL 72D, 77 AZEMR% S, WERT2E10D
BHREFATE D720, PRI MERIMTLOATND
LEZOLND.
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Fig. 5 Transitions of Fyum,

4.2 EE2 LER

ZITIE, RET D7 T A Z OIRIREREICE LT 3.2
Hi Tl ~_7z 5 DOIAMED LI FBR AT o 72, BRI,
IO 5 SOIRMERIM DY A & b A A DTS E
IZDWT tai385 X RICHAEZ T 7. £7, 5 DDk
WL DIATHER % Fig. 51T~ T

FERZT 2 &, BEORERIOThoTELE
LI RFERERLTNDHOD, 7T AR T EfT5
TWHIERTFOREHS A WD L, K FIETR2HRT
HHZEWbnG. FEHEL L 413 kO R ERHER
ALTEY, BRI DRO A AR T TS
WENLD., ZDH%D T T AL fFERE TORRK, RGO
BRITLE LT HBERL TS, B2 L3 BB L
IIBHRMERBE R LTINS Z Enbholz. ZHITHE
SRAE & KA T TRIEZR RSP R 72 ety 72 <,
LELT-HBER L TS, RIS 13m0 4 Tk
ERELSERRY, FRICKRE RT3, #0277
A A REBRCRIB/R W E L L CWD Z ElbnoTz

WIEBOBPIEE LA B DR T2 BEEITHIN, 4
[147 9 #AGE & LT, Fig. b TRERBRERLE
K2 L5, BRERBRCTHRERMEREZ R LICEREL LS
TEBRZITo/-. ZORR%E Fig. 6 & Fig. 71T 7

FERAERD &, FERUR & R OB E L A A D
W72 GE CTHMEREROBEVRBEN RN - 7283, Hlo
BR L [RIERIT, PR OBRBHES DN RHEA 2B 2 L T
5 Motz Fig. 6 TIXAENES L [RERIIICIUR
L, #BBICNTTHELTWSZ ERbns. Lavl,
FHES O XD IC—EICKIFRUTETIT R, BEMICK
BLTWAIZENDMND. ZHITEE 2 0B Z Rt
BELIEHBTHD ZERNbnd. ZORELHB L
WIHRFRIZE Y, QM TIERL, B HERIC /o7
DTV EEZOND. F7-Fig. 7 Cixwiid L
T IR 5 I 4 LI KIESOES 5 Y 5
DOFfZEE L X, TRBICHELTWSZ Ebbns.
ZOENE, FEHROBIIEEL AL DY LA, £0
OB AR T D Z ENREETHDL Z ERboT
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&
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Fig. 6 The result of combination of Approach 2 and 5
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5 Yl

AT, KEEVRPICH LTI T AKX Y 7 &F|
A L7= MO B L & B b FIE 2R L, £l
FEBRAE L CEDOHEEICHONTRIEA T 7. fREW
IR F~w— 7 B TH D Taillard & DOFED tails0a
L tai38s ~DWEH LY, 7T AZ Y T EFER LIS E
DOEBMERDPER L2 WIGAE LD bENTWD Z & 03
WTE.

SHOBEL LTIE, MERERNEOM EHL TN D70,
ZHUCKHE T B T2 DBIRIEIEOE 2 DB &, KB
RRE L R X5 7 A 4 < —3573 1000 % # 2 % [E
~OEHEBEEL TV,

& Xk

[1] O. Braysy and M. Gendreau. Vehicle routing prob-
lem with time windows, part i: Route construction
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118, 2005.
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BT R T A YA LAY AROER TR TOWE
S EA TIIEERRT SRS
(ATTIF 27 TRIR)S

1 BBUSIC

SRR T 2 AR ERTH D, BHRD
N % SRR T 2 BRI S E Tlic b &% <
DFEPMREINTEL, LdL, ZNoDEIEEE
DB - RIEHICH—DEREIETT % X 9 2%
FHLT 22 AT LRI TH -7 [1][2][3]. —7, i
BROERMEZED 5121E, EamOBEREZ MR L, Sk
EWEWMET 2 2 L EETH D, FRFEROEIX
A X ) BB 208, ZOAZEICER L 0%
BINEFTITFINTETUIVERY, Zs DREIC
AL, SifidskoFEAAtEEZ SO 201, T
D= — R U 7 B LRt 1 2 5,

Z 2 CAWED HINE, Eimo TRESCENT) Ik 2
BHOHUELHEFHR S ORIETH 5. ikIc B 278 %
BEAT 47, BIZIEWUR - ST % 2 MER, X%
F—FECRER L, % 205 PRI TTHE 2 A A i T
2 ZDNEIET 4 Ah v avyeA vy (DM) EE
% [4. DM ICBIT 20— HELE L CHHG X, 46
FldED 515 5 NI E L A BRI L L e ik a v
TYYERERT S 2 LT, EimDONEZZFENICHES
72 [5]. DM ¥ AT A [6] Tl&, RkaldxDRS 2HEA
HEEMBRHZSD2OD5 A4 TITHFT 52 LT, i
OREELE B I > Tw5, BITT2HSEI L%
HAFKS LY, 29 THVLDLDZHERIES LIPS, 2
NS DF S DB EED W THER & L7 KK H DM
AKTHs. DMARDRIZFBEAKSTHY, H%1O0D%
BN LT, FMRHCEBOMETES 23 < & DM KDy
A8 2 5. L LBIEDORMITIE, o &Ik % B
L, 2=V ORISR L CHERZMMTS 2 &
F—ICEE T H o7, ZHUFEHRICEBWT, HEED
L DELGCRR & o imEE DR L, a2 iT)
72O DY) I FEHEBREIN TRV TH .

T TG L S W T 5. Rihics»T
EEA RV R DS, DEICBLTIRESHHBMEOET L &
BICHEL V=7 (FaZ Vb)) ZERT 2 mICHE
H3 2 &, 2ELEICB T 208557 — % Dol Fik &
L CERMEROIGHNE Z 6 5, S35 &%, 26k
ERERITT 2 ch 5. Zruc kb, REOMETIC
BoTELIZEARNY MIZ I FIERRHEOL L
THELEELREERATEIENTES, P TYH Fred

$2113031@fun.ac.jp
Yoshi@fun.ac.jp
hirata@fun.ac.jp

BB T AR TR EPNT 116 T 2

NS
S

\
=y

Fig. 1 #4 LAV KR

Lerdahl & Ray Jackendoff 12 & D 1983 fEIZ2 & I 417
Generative Theory of Tonal Music (GTTM)[7] I3 BifE
BOIEL WERMEED 1 DL 3N, FRBHDTER
WD %  DIFFEIC B W TSI T T3, GTTM
DIMAERD S A4 L ARV K EMHEN 2 REEEDVERK
I, ZRMICEFNZFOMNNARTENREH I
% (Fig.1).

Z T4, BORRIIA RV b2 RECENTT 28
fiicd s GTTM DI T 70 —FIcHIE, 25k
ALRRIC BT 2 KT E OGN R HEE A BENIc RS
DS A DAY ARERBE L 8. S5 ICHRSA
LNARY AR, ZOEBOV— V2 FHICANEZ S 2 L
kD, SR FZ R EWRINETH 2L »
PRI & L COIBHDBIfFCE 5. ZOHEIARIZS
HMOEEBED 2T E T2 20 TR, BEos
WV T Y 2R RICHERCI b AR L 2 D, PlAIE
Q&A BEEREBADIGHDRFTE 5, Q&A BEEFHH L
X, SEURT I T MBI Y DL A v
T30 F 4TS ATLDIETHY, UTFD X REM
EZINTEEEBELTVRS  TZOFHEIZE I »
KGRI 272D 2 TZDRERICE > 7 A% HK
ZTRL g TRARAA 2 Al 72 ETROEHICHE D IT
W ? .

ARTIE, #imy A o A8 KOAEERT RO FHER
ANDFIEFEIZOVTHRR S, BARNZE) s s LT,
i Y A DA RE HEVERT 2 FIEOREL, 20
LERETT IV NAVMDOIREZE I ko7, #md 1 L
AR RERDFIETIE, FEERGE DRI — LD
G EOREND 5. 29 L IRIEICSRLT 5121328
L= VETEHESRO 5N D, LiloOMEE RIT 5
FHEEREL, 2002 IHEiT 2720, HEms A L
ANVRERS AT LD TR MIA Y T 2B ko7
X5, AFETIREL TV RHEMHT A LAV AR,
RiRI T — 8 OWERIGE 2RI T 27 L E LTRYT
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HEDERIT B0 — AR T4 2EIRWL, 2O
RO WTHE L 72,
2 BEMRR
HHEBROENZERT 2 720121F, T A FONE%
PEREL, hONAREEEEZREL, 2o 2fHRICE LD
2L0) 3ODEENDIEE RS (9. i, EmFERO
mHEET 2 - 0»1I2E, amomnefhd L, FiE
DEEEDEHEZIE CE L L) ICKET L EpNEHEEL
Th2[10. INFEFTHTF A OFHEMEZ BB
T AT T LS8 [11][12), WL dh i & ih
e OBIR & DRIGNRBIEN: 2 &b~y 7L LTH]
BULT 22 EZ2HMELTWS, L LAETE, £
MRaERIC BT B BEIE N 2 IR LR E & IR % KRB
T5E0no7, HEMEZHEICT S ZEEFTEATY
2 RCHERITZE & 13575 %,
3 BEREROSBRTLEISTADIH
INnFTicHrlE, FACKRIIX T4 7Ch 5 2ih%
Mt L7z GTTM ICEH L, &l EE LS &,
RIS ONEBIRE 74 L AR KRTEBLT 2 2R
ZEL7, ZHUCXDHSOBEREEZBEREIICER]T 5K
WX Gy A L ANV R) DEBRPEZSNS, i
Z A LAY ARIE DM RKOERICHEDE, LTD 225D
APV — VS BRI NS 5 (1) 7V — TREE DO
B aEECEENEION—T (T a2y ) DI,
(2) &% 7N —TRARDIGIHIE (7 4 LAV ) Z2AET
ZHEEHSOEE. DM > A F LOMWHEHRIC L > T, KM
7238 I PFH ST, BHREOZEIC X > CGGEEDOZL
PHEPDHETE L7259, FRISOREREMLIL, FEib
HPFEGNEE, SOIKHRSONBOE®REERL, &
A%, BEEHFEOHIED SEHEI NS,

BRERRI DI LRINVK

Fig.2 ® DM AKlZ, Table 1 Z¥#SHE & T 2#&mAT
HY, BAKS (1) 2 oMk S (2) BEL, (3),4) &
SOoRDMHASHELTVE I EEZRLTVE, 20D
DM A» S A LAV AREZERTZ 2 LITLD,
DT 3 mmsREENS ; (1) Y G- Bl H 55
SROEDLEDICT S, (2) BEOWENREEE S
KEBLT 25, (3) kim0 ERISHKS, FE - IORZE£BIT %,
9 (1) TIE, FBEET (1),(2) & (3),4) », ZhFh
DEFEED ER-TED, TIUFLHEIFITHLTH
KOWS % 7N — 7R LTHRELTVS, RIT (2)
T, BRI NTARREE DB < AZEIC K - TREER
REBENSD S, Fig2 OHITIE, KHSORERELIZ
BT S (1),(4),(3),(2) £ %> T 5, IfRIC (3)
T, BRI NIARREEIC XD, etk (1) TRk
L, (4) THORT 3 L o kidRisfEnREI 2 2 &
D35,

3.1

111

— BRI LARINUK

<1> = <2> = <3> = <4> < DMK
Fig. 2 #&ams A L ARV AR

Table 1 #HESHE

REHT HEAH FEUE
(1) 7)1 HEDRYT YV IIBAE AT
(2) FH D7 EDET AR
(3) = B2 EHEOEAVE
(4) - ZDIBRAED DD

Fxlx, GTTM DF A LAV AREELT 20125
DOFHEIC X D, REEEERE WS B 7 H D GTTM JAHK
HIZ R L7 (8], 7L — 7REORER L — L (Grouping
Preference Rule;GPR) 1213 TS OMME CHRARLAE L
Iy EFEOMEF O TEAPE TP T, HE
¥65 DIFEE )L — )L (Significance Preference Rules;SPR)
I3 THERHOR WA IIEETH 25603% ) TH
YOS BHEHEHEZ EUHLANL ) hEDVDH 5,

4 BRIMLANVAROERT7 7O—F
4.1 BRI LRNVRELERT B —ILETEE

Hifli TIN5 5w Y A L A RERICBT 20—
IZDOWT, V=L DFEA & REERGE OS2 22 [T
TH5, FIZIENV—IVOBAICBEL T, FahimEidE s
% DERBZR O NS OUE, TREICK T 2
oz, THERFEOYMIENT, @ 2 2120w T, i
HERIELSHERAET 2 2 L3 L, Z-BEMED
FEFITBIL T, REL 2L —iZ, JPHN SRR 2 s
DORPLTY Ty TET NERT BV — VDK
T 5, 0k, iFzEED L) ICHAGDE Y]
S REIENEIGE 2 B R 2 02 HIWT T 5 2 L IZEEL W [13].

NS DREICKHLT B 720, RPN/ KB 7 EE
ZHEYNCHAGDEE TN T) AL R RERL 72, E7-0
Ul N — VIEATEILE L COL— L 23l & LCEAL,
DT 2EHHEHAZHET 5. (1) FSHICAEL 28R, (2) %
SUNET 2 HERE. V- VETOBEKREZ TE 5721
PR 2728, V=03, PordiudfiEz 1, FRAZES
F0ISRIEDT B, V=L HRAL T 2 FE A\ DS 22
BHEBEAMNT 2T, Z2OfE» S, KR 7L —
THRAZILICE b L7y TICHER S OFEEEIT, D
TORTy 77Tl d A b AV REERT 5 (Fig.3).
(1) DM ¥ A7 A2k h DM RZHUHRT 5.
122> avE12O2DIN—=7I12F 3,
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<I> = <2> = <3> = <4> > 5>

DM K

4

RADFRE RRDIRE

| ] | |
AN

JIV—TiEE0%kS
I} HBiENES , B5MS

R IRR ORH
RELT Y TICEEREEEE
t { i \
{ I 1 1

<I> = <2> = <3> = <4> - <5>

EERSDEE

4

<I> = <2> = <3> = <4> - <5>
BRAALANYAK
Fig. 3 i ¥ A4 b ARV RDAER SR
3) R 7R 1B 2 v — )L (GPR2,3) Zi#H T 2.
4) MM BN 5 EROBEROM I 2 R 5,
5) mOIRCER TV — T % 2212581 5.
6) JRIFTIBERD S 2 8556, (3)(4)(5) ZMEDIKT,
7) BESE S DFEE L —)L (SPR1~4) ZiH T 5.
) V=7 HNTOERIEFESZR LTy TIGEET 5.,
22T, HIEAFESHORDEAFKS F TOME
LEREHEZ 127 a v EFATH S, BEENR 7L —
vy &R, R ATy I XD R 7 RTINS
HEHNT, by 7Y NSEETI0RELRH B, DT
DTN, 7N — T RBIRITN 2 EE IR T 5 7L —
TEV 7SV —VREH L, BERHEIC X > THERD
BEROMEZHET 2 (3)(4). ZOfEroRbEGE
RCITN—=T% 222008, ZOTN—=7BZDN
IR R 2 & A TOL 354, ZONMEEZREDIRT
(5)(6). THOTTR—FITX>T, TR/ KEI 7% REE
BEE2RETER EE2 5, $EHIA LAV RIZ
ﬁ@%@fﬁt%%ﬁmk%m&%@%mk,iﬁﬂ
SOFEEN—NE TN —TEEIGEN L TSN 585
SOERBEEEDL SR LTy FICERT B (7)(8).

(
(
(
(
(
(

8

4.2 RETRICEIIEEHEORTE

HEKE S OBEENL— L OHICIE, HENEDOE® L%
I A20EBHL, TXALT—FICBIILHEOERE
JEzsRk 2750k LT, —MIC TF-IDF % [14] 23w 5
N30, BRAPABPFOEZONTVETXF AL LT
MWEPERR 2720, SO E %2 Z 18 L - EEE
DOt TRk 5B, 22T 1 ODFEED S EHED
FEEDNIRAET 5 [15] &\ ) REEEROMEH 5, TF-IDF
ORI OV T D 3 DDOHPHZER L 2. &
Meatpk R L 1 D OFGEICN T Ak, kv av:
BAFES D 6 RXDEAFS FTOMEE L 2FSHE. KHE
ALy F 1 BAFED 6 &K E TOMGET S OMgET
HY, BERINEED HEE L N 2 REo £ &
0. DM Y AT L TABI N T 54126 iam (1 3
b 1= Y OFEgganRet « 1R 57 4, VIF S 65.5,
Ve 7 a v Bi13.4) h2sikime R e L, A
PHPNIC RS 2 2 Hi3ED TF-IDF iz 58 L, [T —
&@EEF%%%L# BT — & 1 FRTICHEf L <8
D, 3 P(precision) & fFHH R (recall) Z flAfbhH
tF@%*btﬂ%b).

Table 2 #-WAHHFFHICE T 2 EEHEEEED F {4
WHEE @ SEer krvary KEZLYF
F fli 0.449 0.444 0.463

Table 2 DFERH» S, HPHICE 2 FHEOEIZHFD

W EBbdot, Lal, SgiNoEHox s
vavIicHIET AEGE, ¥ 7Y avDRR L TRESR
DR E R 2 HEELE L TGRS N A5G H 5. 74k
ALy FORICHIR L 72856, #HANICHBLL Z2WwH
SENH B, k7Y a VIBOBEHANESITH D EEZ
T2, HEY A LA SN ARAERICEL T, EEBEERIVD
WHIN—=TlE, INSDFEREZRMSE, FHEZEZ
2o,

4.3 T—RATTA

KRETHRRIZFERY A LAV ROERT 70 —FI1
eI Ir =228 74 2o BT 5 2241 % B
LT, 22T, #Emk 7y avidEEOIREDM
HikoT3 ¥4 7T, SO E IR,
ERRN 22365, & o RIS IR 2GR, Rt S
P 2585w > T\Wwb, RKr—ARF T4 TlE, H
Mkt 7> a v ThHPENREL TS, Hlo
¥ S5 Y EH% Table 3, DM AK#% Fig.4.3 /"7, Table 3
DEFEBEOMNZ, £ EPFSHES B (1), AL
DFEEH (B:0), L NVERA S v DM TR (F1 2 1),
A IFEEICHE L RE (B 2 0:33(33 WD) TH 5
HKEHOKKZEARKS (1) 0T, XSHEWICK
LHERFE (2) BEL, Ioh MRS EL L
ZRLTVD
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Table 3 #l 1 DEFESHEE
(1), 0 fERTIEARVRILE V) DIE, HEHPD
1,0:33 5 TWARWDZ & TldR\n,
(2), W BHWIZHG> T THARILER, 1
0,0:30 MZDlE, FIMTETVEINLEINE.
(3),0 FTol@MLTwARLEIAV, HED
0,0:26 EDHENEET 20 HHET 208035 %, > 5> <25 > <3> > <B> — <B> —> <G> = <T> —> <B>
(4), W ZODOADBRIZE 24782 FHITEHw L, . H = . = .
0,0:34 Gk L ClHIEET 2 & B 20, , " . . .
(5), N 1‘H$7§>\_J6%%ma%t“cwt;w , T8 % : a :

1,0:40 TFHITERWA, Z JIFFERRICES.

(6), W 7FH%5753‘}\F'E|'?W:“£WW%%L71% [T U3 7 < Fig. 5 GPR - SPROEAMIR LR O N0 S A LA
0,0:32 AMBICZDFFERASE S T &AWL, YR

(), N AHICEDYDIFEZLXIVTEH A 5%

2,1:05 &, L7y aviedREyE, =Yy JHERTIE TV — 7 D35E T % B ICBIfR % <,
8), W ZAEfTDR®ICE, 2909 CEickz AT LTI LR — 5 DM C 70— 7 3% >
0,0:16 D22 & bBTEE, TGzt s Lk, —7), HERSEETIE, 7144

ARV KROBEDZ Y AT LM L IEfRT—4 L &
HICFHUAZIEICH 256, #HE Lk,
ZDXIH R FEICK 23HIi 2479 720, Hifc ICRHTiH

<1> =2 <2> 2 <3> > <4> > <5> > <6> > <7> > <8>

Fig. 4 #11 o DM A T8 2R L 7z, FHlifH 7 —% 13, DM > A7 LATHA
IS T2 o DR kw5 A 7 (HFH, &
KEFRS ()26 Q) FTO1vsvave 1 su— OISR, BUir 5950 % 10 fF, 4 30 fFodk

TET B, LoV L—TRBCRIAECEIGY s W7 2L, FERTIL—E Y SIS L O
L= VBT, BEE~OWHERD S (1)-(5) O %gﬁﬁ"@“kﬁ” FThHB. TRk
i b BEOBIRDVEL, ZREERE L (1)-(4) & i 7 — 5’1{%*’0@% ﬁf"ﬂ“?ﬂ TR, 5% e

DM bRREL 5, Co touEEY 7/ —7  F15 N, 73 it 2000 PR o

WCER DT L, BHEIIC (D)-(4) D 7L — 7, (1)- 5. sy — 5%, FESECPIRFL, W
(2), (3-(4) LMl CPEE N, PR KRR WPEORA DTS a v EIEL TR S, XM T -
BB LN D AR EEREOREICET 2L — L% Z1%, GTTM ®iEims A LAV RZ R CHREL Tw»
JN—TRKIENT 5. ORI k> TEREoR  CATIEREORED LADERL 2. JHTREC £ D,
FREADG D, Wk O S R KRy LA SRR 2 AR T 5 8 £ Lo

[T

ERFLT Y FRART 5. ()-(@) 07 h—Ticgwet  PIATHIOTV ey TREGIRET £ RS

i, (1-(2) & (3)-(4) @%h%ﬂ?ﬁ%ﬁ%@ﬁéi%ﬁ EORELE 3 LT b D% Table 41257
3. C@@fi’??ﬁ%f)i_b BARIITIE (1)-(4) & (5)-(8)
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@B%/\u%k’&%bm’EETéﬁ'Cbio L2NDDH B,

ZO&S5i1Z, A=V —%FFOMEFOLEYa—1%, B
R-BEZERZEDE, AFIZODVWTHEREZED LT,
ZOHEMAMENKELSER L. ZZTARMXTIE, BED
LY a—fERihZ HE Uz, LEa—XhDfR &N
L BRXOHHEIZOWTHRN 21T
2 770—7F

F9, LEa—D5E8DLI TR XNV ERITZD
NEEZEZSD. L\<O7bl0)l/k“;—%§ﬁ/u@7>kéa 2R
NUDBEEND UTHR T VEE, IWERDHBZ E
NRoahsd. FlzE, DEAL, #*thoﬁi?&‘
FRANVEELICELHY LN, %@ﬁttffb

$eed@complex.ist.hokudai.ac.jp
FLR ALK AL 14 408 9 T B A6 K% K B il Rl gkt

ERARBXIZEZSHWONTED, XX NVUZHET
5 Z 3.

WIZ, AFETIEV a2 —ChORGEEZRFEE LT,
B I DO W XE D EEITS. TAVTY AL L

Tl Naive Bayes 2 L, BFHICHWSZHIZ,
X#E T — &% bag-of-words THRHT 5.
21 FT—4%tvh

AMETIHERT — X LT, 2XALIZDOWNWTOH]
WAL T Ve WD mns, #HHEVNUETS L Ea—
AWz, L ¥ a—3IE Amazon.co.jp £ D 7 ¥ X LI
BRI NTZ 40 D/NGR S, ThENT VX LITHIH L
7= 54, XD T54 L7255 200 hE W, 75 A
i Ix gLy, IEEX, £UTEnUA0HER
R EBARD [—fX] D322 LT, FHIZLD T
NN T EAT o7z, TOWFUILATD & 512785 T 5.

Table 1 {#fH5 — X DGR

| 752 | 3o | chomaEk |
FRANL | 192 1408
=479 425 1636
— 137 541
2.2 FHMEAE

FHti AR E U T, FlEz AWz, FIEIZERRE S &
DORHTEIKHVONLIEETH D, #HEH (precision)
EHBLE (recall) DFFFEIIIZ L > THREINS.

EfECoH 5T — 2

i) "
BE* = Ty TL AT — 2K (1)
o ERE LT =28 o)

FfRD T — 2

2recall - precision

F= — (3)

recall + precision

AWETHE, T2 2V, THAX) ©OF7 7 A28l
LZFEEHEEL, Thz YL MEE KL LU TOHMmN
fE& U7z,

7z, FHliZ &0 BRLATD 728, 10 4B ARGEEZ
JEE ARV AN
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2.3 FHEER

SFOFHEFE R Z Fig. 1R, HElias F{fH, #is
PRIV B (HER) e kL TH Y, BIERoL/
&2 FDLHZ Tay b L7z, 2O, ERLUZE
PESHAEBRRED S WVIHIZERI N DTH D, Sl
MY 1 DHEFEFRIAL TH S,

SEOFME, HERWEIATO.789 £ ->THD,
HEEEZ RV L U80S, HEREORE TONE %A
RRELTHD, ANBTERTHL I LR DN5.

24 HWESEAWVERZBICLZE

ZOEBRTHW:EZT =Xty MR LB TH
BN, TOTFT—REw MZIFZ 7 ABTT —XBUZRD
PEALTWS, ZDX5I127 5 ADHBMEENRZ -
TWBAREH T — 21, RIZPALEEDE T 25 S 2
TRNDE DS, £Z T, MiEEEHVEIEE 2T -7~

WHOFETIE, HD7IFABTEIXELZHNTE
BEITOH, WHEGEZHWEFEETE, 5275 A8
TRVWXEZHNWTEEZITS 2 LITh5.

SEAWEZTF =&Yy b TIE, &bT—XBBDHEN
TIAE, BT T ALT, T—REUT 3MELAEDEN
s, LrL, MEASEZHVEEEX, TOEIEMN
I, 2REUAIZINE 5.
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ZOEDIZUTHEEITS &, FHlifEIX 0.819 &7 0,
HEAZ WD o 72D 0.789 £ D HAE A5 BE
PR,

3 BbHYIC

AWFFETIE, HHEUNGUIZHT DL a—axdqe L
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¥z, VIAZTLDT—RBDOHEIZLBHEE/NEL
T 57-017, HEEGEZHW -8 %2iT-7-.

AL, Ty oL a—olEREHME Ty
AT LHEFIZHT-> TORIBER L L TOWETH 50,
SHIIA XNV XDOREEDE, BAXOERMEDXR Y
DHEFRIZDOWTHRAN 2175 FETH B, £/, K
TTDTF—REy ME, XTLIZFHTT WA 2T
72HDEMALEZD, JANBKEL, ERIZIEAEIR
W7z, FOIANE/NILLTELRIZDVWTEED A
LFETH 5.
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[3] Jason D. M. Rennie, Lawrence Shih, Jaime Teevan,
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tieth International Conference on Machine Learn-
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EALEEBFZOTEIZLD NTEMIZE S 5 EEEDOFE
INLEN* fEREEEE /NUER BEJRIEL
(AL KGR T
1 LoIc 2 FEEDE
LS HES L L, SEORE L EICET RS 21 AI4%®H
Thd. SEMNOD, YOESICLTHEEN, FELT 011 BE

IZONEE LS LSO RTH>7/-. UL, XF
LARTORHRIZ B 1T 2 SFEOHAZHIS Z L IZHEETH Y,
ZDZRLIEUIE TEFEIMEAZERI RG] L ERE
INTEZ, 2O BRRAOFT, SFEORIFE L AL
KBTI EL S FREBS>TWE[1]. £ 2AM,
1980 FMREEMN S, FRABIAPMRRIZDOREICL>TZ
DHFIFHEEHINS LHIZ8>TW5, ZLUT, &
FETIHORY MIEdERPI Va2 —RIZkE2YIa
L—=YavEMAELT, SEOFRAELEMEET VL
LD LT BIMEVERAIITDONT NS,

2D &S BIERBIED T ) 2 ESEFDOMET
1%, [HEBLD ATED L DIZ vy TEI VI EERTET
VAT LARED ZLIIfTbNEW., BERSL, FDLD
BY AT MIMED Z L DEAMIIZREETH B 1En) TR
<, BIIER Z ek UTE SHEDEAL 2 FME L
B LERNNLTHD. TDo, #LSHEE
DOWZETIE, SiErREIVZILERDEVATLRIEY,
TOWRBENEBET DL NS R NLAT Y TRGEIME
bid 2. Z0& S BAEIHERRNTELLITEN, &
HRONBTILFAINTNS.

—J, NLAGODE T, LRk ARiES 80
FHEIZBET 24 < OMENINETIZRINTE A, Z
DR TIIRFIZH A (embodiment) DOEEMEHL UIK
Ui X N5, ML WS EEIZL < ONE T
INDN, NTHIEDDIZIATEGODEFIZE T 25K
ML, BIROFEIHIREE UAESD ECTRHRERARTH
2LVOMRTH .

ARETIE, SEMEOBERICE DT AT AMIZSEE
HERI D H[EIIODWTERT D, TDEOHIZ, IIVF
I—VzV MRBIZBWTESHEZ2ETSIT VIV 2
HALSHEFOTHETHREITD L 2RA /. BETE
Tl ,gamﬁﬁhﬁﬁéﬁﬁﬁﬁ%QEW%%i,%
NoDEYMNHEEIZ L DB RRFEEITOBREEERL
2. TUT, £EYOT#HERETI=a—F )32y b
= & BENTINTY ALIZE > THRELL, D&
oaéﬁﬁﬁébtﬁéﬁ Uk, ZD%, FELES

FEICDWTEHEEIT, REFEOEMEZBETL -

kryozahiro@gmail.com

MR ALK AL 14 2608 9 T B ALHEY K% K2 Bl BR £ se Rt

ANTHAEGM L, oY AT LAREIZET 250
BThs. AI%A’%Téﬁ% IR EL BT soft,
hard, wet IZ03HX N, THUEILTY 7 hox7, 1O
Ay N, ABEVMFEEZEBEL TS, KV 7Moo
TORETIE, HEEHTEIVATLAPIYINVFI—V
VRNV AT L, 3D ETINDIR & EED LR A
WINTWD., F/2, INOOWFRIZIHE L TEELHE
R UT, BRMERH 5.

2.1.2 Bk

GRMEE I, TIEEFOHET, AEOKMIEEICY
ROMEEZZ T TV EVWIEZTT, LDEFEPRANE
FLEEEDLYBHEV. FHZATEGOSE TIE, RWZR
R FEN TG - BR - BRBEOMABEEHICE>THEEN
2LWVWOERFERBLTVDS. 2L, TFAN—FY
ATLIRETINSG O THEIRE ALl BEEROERE
EERT, BHIIHRIRBNEBY AT LDAEHEZT
O LITHBIHTHS. ALEMOSETIE, 0
WYEPEMPHGEZ HE T 2DICEETH D L EZ LN
TW3.

2.1.3 ESEMEE

LS HEMIBRE L F, A THIBEICEWTY AT A
Kﬁavyﬁwtiﬁﬁuﬁﬁﬁéﬁﬁégwxi:F
U250 VWO RETHD. HlxIX, SEL2HEMTD
VAT LEED BT, RIS RREES 2 Hh o7
LLTE, TNHDRS EBHFEDORNFITEEA T 5N
A, EBOSFEXHMTL ZLIETE RN, DF Y,
STV AT LARMEDOIZIEY AT LDONER
RFE T EINRICH DR EFEV DI Z L NEEL R
2 (3], UL AT HTREC L BRI /- o1 b
HEFELBROD, GEREEZR Y AT LAZHEKRT 5
L& o TR S EMMEITNILT 5 Z L ks &5
ZH6NTWS.

2.1.4 ¥HEH

ANTAMEELINFT—I 2V MY AT AIIBENT,
FL—Y v MDIHE (homogeneous) Td D NAITH
(heterogeneous) THIENEY AT L% #&KGFT 2 L TH
WThd 4. ML, REELRT—Y YV NTIFH Y
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Ral—vavi3PELRI—-Y oY T &V EEHM
BRI ZERERTE 2D, TOOWIIHL L 45,

VERT—Y Y FTIE, T —Y ¥ MIA—DOH
ExrEH, AHMIDANRERLZS>TWS., ZDOE>RT—
VIV MI&o THERINDEEITIE, HFHNRTES
AIa=7—Ya v iZ&EHROILAELZBETLZ LN
Tx5.

FEHERT—-Yz Y hTI, TV MIEAL-
IEEE RO TS, 2D RT—Yx Y MIEoTHE
BRI NBEIETIE, di & g ORI REI 54, 232
Zh—=vavIilEERBREFBRTLIIENTES.

2.2 HE{SER
2.2.1 HE

HALSFEF L1E, SFEORIF L #ELICBET D I5En
THd. TOHREDIZ 1850 ER, Fyr— VA - X—"T 4
ik D THEORIE] O e RRHIC, SEEOEIN
EYOEALE LI IND DI R>72Z 8 iZh D, UL
U, MEHIZBEWTXFERORRIZB T2 S0 %
M5 ZLIEREETH Y, FIERAFFENR RN &
LEOLSHMIEIZTKEB STV (1], TOHK, 1980 4F
RIZE ST, RERIZPMREIZOFEIZ K > THOHE
HXNd X522, 1990 #FRLEIEa Y Ya—4 % H
W E b > THRIEIZE->T W5,

2.2.2 RBEERIIFIE

IV a—2IZ XD EAFEFMFEIT BN THEIZHRHA
INdZEid, TNVPREERRINFIRICLDMETHD L
WO ZETHD. MEGRINTFIEL L, BRI
FUENFREEREANE DRI DI >THAEL &
EFT2DITL, % DEZENSHREHLT LI 212
FOTHALEDEITDIFEDNDILTHD. ZDLIR
FHEIIEEBIESRT 5 2 L PN RBIR OO B T 1274
D, S0t EDEMERMEO R TE S HNLN
fwé X772, WERERINTETIRTE TV E R 5
CE o TIRBEEITIIBEMI NN & S BRIRELHAET S
_t%%U ZTDE D RREBOFRRPERE BT DT
LIFBIEO X ) BEOERIIESTH S [2).
EAFEAIEVWTE, BRENICSEIEHTL LD
BETNERETD I LIZE>TEEORIE & L2 P
T2l 2HEE LTS,

2.2.3 EZELOETIV

S REDFAE L HEALIXAEIE L, EARDEE, FEED
Bl WD BB S HEMATrT—IVE2ED3 DDV AT A
OHEEAIZE>TRIsZEEFEZLNTWS. £, &
YR HEAG IZER ORI IR E e &2 me, EHRS
FEERERTIREMEES. I, BIEFHINTHD
SRERFE UK, K2 UTEEROH LW R
LWXEZRZEVHT. 2UT, TOLIIELLASE

£Vt
(phylogeny)

=5 - A
BREDOEL RHFEN LEEREID

SEEL
(glossogeny)

BRITEOHE (ontogeny)

EROFENADEL

Fig. 1 SiEELDOET IV

Fig. 2 B8R TV TV X LADKEE

D UWEREE & R Y, TIKE & 8 - TEYIN AL % (e
T2, ZOEDIBT 4 — RNV IREEIC K > THFEIEH
H, EAELAEEEZLND 5. THIEFigl DEDITE
LHoND.

2.3 EEHT7ILITY XA
2.3.1 HE

BEATIVID AL EIE, HREIKRPERERD LS
BAEMOHEAIZEREZ B TELN R FED—DT
Hd. fElx DIIERIZITIRNIGT 2 BIETRENE Z 5,
TOEEGIIRN, EREREZGVIET I CTHRE2NET
5. % OfRERIIEAP KRBT & £ IEIEN, /285
FREFEFPOERPBEEFRE BIRENS. o7V
A LDHEAK R 70 —F ¥ — k% Fig.2 1R

2.3.2 P

9, BEEROFMZITS. BERTIVT) XAIFE
VoL Z B L TH Y, SEEROE)GEIXEY DR
ADFEISEE R LTINS, ZOFEIGEIZRE > TIROFER
DERETHARIIRB T hhb.
2.3.3 R¥4—=1 vy

BINZITOENC, BEEROEGEEZ Ar—) V795
ZeNEL<tFhbnd. Rz, EBEROBEMBETIL—L Y ME
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R & S 2508, SRR OIS AR EfE D L
BOIEL RS RIS % 50 2 L DR L B 5T\ 7=
b, EEAEMEL RS, k< flHbNEAr—) Y STk
YUTIE, BIBAT—) Y IRV IR Ar—) VY,
FHI AT —) Y IR ENRD S [6).

S AT — ) Y T, HAEROD G 1 5 AR

fi'=afi+0b

W&o TEBINS. K2, 2EDHEIGED Y f %
o TRAMEZ D s fFI2F 25 &5 BEMMN L fHib
N5, AFOERTYH, ZOLHEMHLTWS.

2.3.4 &R

ERIZAEYOBREREZEMLTEY, BEM»LR
WRZ RIERIZER T Z & TROWEEZ1TS. ZOERIE
BEIGEIZS U TITbND W, Bra RRESEEINTY
5. 72 Z20F, BEISEICHAIL GERIRT 20— Ly b
R, EISEDIEMICE > TERIRT DT VF U RER, J
VAN EENSRBOMEKREIRYD HT h—F AV
NERBRENDH .

EERTHEAL7ZIV— Ly MBIRTIE, SAEKOFEAME
DI 72 R TIRAKANEIR I NS, DF Y, i KH
DIERDEIIN D R p; 13

b
' ZLJQ

L85,
2.3.5 XX

RXATEYORE Z2HR L TE Y, BRI NE0 S
R Z ER T2 2 CTHREZEDDL Z L 2EXL
TW3. BEFVEEFIOGEIZEY Nl AR LUTH
WO N EANEZ DEENLLS b, —HEX, =
HARY, —HERXBERHD. UL, KETILEEF
LUTERBFNZFEHALTHS, TOXD5BGEIZIL, %
TR ZE RN C AT H TR 7824 % G B 50D
n, R&EMWZEDOLLUTBLX-a [7] 3$5.

BLX-alk, BETHEBETHDHEIHbNE S
ET, 9802 ODELETENAMR EDTER LT 5@
BEHKkEEZ5. TLT, TOKUOEX 4, £T5L,
RN o di ZTIEF 72BN G TV Z LT 2 3EIRT
%5 Ths (Figs) .

2.3.6 RREE

R B OBAE T 12 1T D IRE R 2 B L T
BY, 25 VAL ED L TRREIZHRS
Ze T BRREND D, —MRITTOEETF 0 S D
WNT Y ZNEIREERT .

o dx dx
— - ™
ody 51
+1
O
dy
]2
O¥2

Fig. 3 2 Mt DFEHEEMLETITE T2 BLX-a

ANE BhE HEHE

Fig. 4 =a—J)I 3y ~NTU—7

2.3.7 BEA

Bl R OEETDOER, RN EERERIZE>THE
B U 7T OEET 2 IROBEROBIZT 28/ELZ HRAL
WL RRIZ, ER U FOBDBEORE BIR D55,
TRTOFEFALZNGEITIFNV—TOEITEETD
BPZUBNE D ICHFAZITOBENDHD. A
DFHEITIE, BMIZ2TOROERLET 2 TOEMLETTE
Sz DHURERFAOMIZ, =) — NEFAREDHD.
) — MEFEA (Elitist Reinsertion) 1%, & FD4k
MNOFEBEDORBWIHISEE T2 ) ANFIET, 20O
BBORITHONT WS, AFOERTE, TV —LH
HAZEALU-.

24 Za—JI)IRxybNT7—7
2.4.1 WHE

—a—F)FxY hT—=2 i, EVOMRRIZERE
BTHEONEZEEETLVTHD. —a—F)Fx Y hNT—
23 2 DI (ma—1Y) 2FT ) —RE, i
MR OB REEREE (Y FTR) 2RKFaxrrvarh
Ll->TEY, BRIV 7E2EELTNS. £72, &/ —
RISANBN S D AN 2% & 5 ANE, MEANDOH %
oM NE, Pk IENEICS TSNS, (Figd)
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242 74—R7#xT7—RZa—-SIxy hT7—7
AWTIE=a2— NV 32y NT—IDHTE T T 7AIC
N—=TEFE-BNT 4 —RT7 AT —R=a—F)b3xvy b
TJ—2%%EH5EDL L, LR TIXZEDHIHEZ T 5.
AR A VIIRED ) — RNSBEED ) — RAD
EEDMEZRTEBEDEALFF>T WD, EANE
THh2HBEIEEErENETHLI 2R L, ATHD
BHEIFHHMETHE I LE2RLTWVD, &/ — RiddaE
DOIEMWALBEEZ RS, /— ROHGIFRIED ) — RO
N ZEIESOEBETEAD IS U2 E 2 GBI A LT
2ZrThELNG. DFY, &) —ROHEHIE

y= f(z w;T;)
1

WEoTHEIND., —fRIZE ) — ROAITIXHEIZ 1
EWDAI— ANz =105ZX50, EAwy=hHN
AT AHE UTHHINS.

F 72, EHEACEEBUIX A ATy TR Y V'L R

ESES
1

S(LL‘) = ]_ + e—azr

MESHAIN, KROERTE Y 7T RELZ MM
LTW5.

243 T7A4—RI7#T7—KRZa—J)bxy T7—0D

4 313
FH

ZEDTA—R7AT—R=a—F)bxy hT =214,
F BB OFR ) — RPDHILEY) R EAZHRETDZ
& TEROEGRESZ DL TE D Z EAHILNT VS [8].
BHADRTEHEIZIZIEZLTELHY, B DH
WEETHZNN\y 7 TanNr—yaviE#4Thd. L
MU, AREOEBRTIIEE T — 2" EoNT, HIMIE
NDFLET D720, BEADOREIZELEAT VI ALk
BINU -, 20 & D B F I Neuroevolution & FEIEN
9], BHZATAEGOPE T HbNTNS.

2.4.4 EEMTILIY XLDOER

T4 —=R7AV—=R=a—=F %y b7 —2ITEER
TINIT) ZALZWHATE/201, —a—J)V3xv hTJ—
U EBIETRIZTY O— R4 B AENREINT
Wb, Ihb5E, #ERER—2Tv3—R, J—KR—2
TYa—R, BT I—-RAELIIHET S Z 2k
% [10].

FERCHEA L - ERR—AT Yy a—RIZRE YV T
BFET, /— REOEGOAME L BEAZIEIZERTT
VIA—RIDLFETHD.

3 BREFE
3.1 #H}E

ARTI, YAVFI—VzV  NEBICBWCSiHEEA
THIL—VrY hEREIRDLILERkAD. RO

HEIZEE T B B g & U Tid, Luc Steels 51243
Talking Heads Experiment[11] 23é% 4. £7z, AT/:fm
D FE % fH - 72 %2121% Angelo Cangelosi (2 & % fiff 52
[12] Mhd. ZhHlFNThEHE—T—Y oV MFEIE
2T -y MEEZRIRICERETR CEHEIE DT
Ho7.

UL, EBEOEYO#AITIZHDOT—T =¥ MRFH
RIZFEETARETHKELZEDTHD. £/-, 132
==Y avorEOIlEREMHTEIY 7 b T T
Vv hXBaAy bE, —RICYVF IV MEREE
TEET 2 ZefifFIhd e E2L6ND. ZNHDH
H2S, #ASEY LOMEE LTE, ATAEMDILH
EE, 9V FI—VzV MNREICBWTSEOTREEZR
TR ENEHETHDEEA. TIT, AWMTIEY
NFI—=Vxy MREIZE T SFEROFEEDY I 2L —
VavhERRETS.

3.2 F&

REFIETIE, ATEMOSH TR, —IRT%E
M E TR 2 YA 2 B MEZ FIHT 5. &1 —
VLV NOFHOREIIF=Za—F N3y NI =7 % H]
45, 2UTC, &KT—Y ¥ MIEOIERMIZIGD
FHENEE S Z, BEHTNLVIY XLILE>TZa—F
Wy N7 —2 & REkTE. Z0LSCLTE—Yx
Y NENCHEEN S R AR NG E FEIY, BELA
SEIlBI b EEEBIET L. £/2, UTFTHIATS &
IIHERT VY NEMAT L FEEAERT—
Vv N EMFATLIFREERL, MREIET 5.

3.21 HERI—-YIVH

HERTI-VV NEHEATIHATIE, 2 ToT—
VIV MIE—DZa—=F)V 3y NY—TEMHL, &
IT—VxV MDOEREDOEEE a2 —F )2y NT—2
DHEISEL UCHHATS. TDE58¥Ial—Yay
BEA=a—J)xy NT—J ZEICHEL, #ENEIZ
> TEREMBIEEZ1TS.

3.2.2 AHEL/I—YIVbH

BRIV Y NeEHTREETIE, &#T—Y
VRMER O a—F Ny N =T REHL, TV
VINOHESEEBMIZI=Za—F I3y N T — 7 DML E
L35,

4 B
4.1 BmM

AHOEBRTIE, FEIHOMETIEIK-T, YIVF
I—VzV MREBIIBIIAEE 2635 -V VD
FHEVIaAV—bTBIEE2EHNETS. £/, 2T
DT—Ixy NIEBRIGELAIBRGEEFERL,
HEREPILRT S,
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Fig. 5 ¥Y3al—a VB

B

4.2 EE

9, Fig.hb D& S 7% 1005100 DEHEHKAR 7D w RIR
DZEMEHZEZD. ZIT, ZZEOLETEELIZDENS
TWVW2H0DE T3, Z0&DHBEMAIZ 10O —Yx
VIAERBEIN, £T—Yoy NMIfEEET. —HOY
Ialb—vavii200 ATy FTETiIrbNh, AT TH
WET—Y Y MIEFHOBEREEZE L, IROTHEIZ R
Ed 5.

ZIZT, BHIZIZA LB 2EENHY, THTIID
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Y, Gt HEOENEH L. ZhE5DHIFTNTNE
2% 6bit ORHEEZ KL, TONEIEHD 1bit 31 T
FNLAAD 5bit 1X 0 TH D &5 BN BART MLE -5
TWd., ZO&D REHEZBRENIZT > X LI 100 fE 4R
F5. BT—VxzVMIALBOE> b—H2iFhk, i
FaioTHY, fHEZNETL2LZDHEEZHELT, £
DRE XM > THISEPER I 1D,

/2, TNFhoO—Yxy MNIFFE2TH, oz —
Vv MILIFEEEHE BN D D. FEHIL 6bit DA
7 MVTREI N, 8L HERIC 1bit Y1 TENIHND
5bit 10 £ B> TW\5.

BRI, ST—Y oY MIHS OO, &
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ZUT, IhHDFERE S L ITRIZBENIT 2 1A & i
EPRETD. ZOWEIXFigb DL BREED =2 —7
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Crowdsourcing: can workers compete with experts in generating
predictors?

Jing Song, Satoshi Oyama, Haruhiko Sato, and Masahito Kurihara *
(Graduate School of Information Science and Technology, Hokkaido University)'

1 Introduction

Large companies in developed countries usually send their
jobs to India and China since there are large and cheap labor
forces there.!"! Based on the same idea, people can outsource
Human Intelligence work ( HITs ) to the “crowd” using
online platforms, such as Amazon Mechanical Turk ( AMT ).
The task is divided into some micro-tasks and the users can
earn money by finishing these micro-tasks. The process of
crowdsourcing is usually fast and of low cost.

One type of human intelligence which is difficult for
computers to realize is that human can predict or decide the
causation of specified phenomenon. Even though computers
can find out the correlation coefficients between two items,
they cannot interpret how the relationship works between
them. For example, a computer can find out that the average
temperature of Singapore, which is 23~31 degree Centigrade,
relates to its popularity as a resort, but cannot decide whether
the average temperature contributes to its popularity as a
resort or its popularity contributes to its weather. However,
for human beings, it is apparent that the popularity as a resort
cannot affect its local temperature.

In this paper, we propose to use crowdsourcing as a way to
generate predicators instead of experts to make use of human
intelligence in inferring causation. To control the quality of

generated predicators, we propose to hire another group of

micro-task workers to give a score to the generated predictors.

In the two-way process, we want to find out whether
crowdsourcing could be used as a common platform to
generate predictors instead of experts and also whether
crowdsourcing could be used as a way to give evaluation of

HITs.

2 Related work

Bevelander™  has proposed a method that use
crowdsourcing to get childhood predictors of adult obesity.
He made users answer questions on a website designed for
the research. Besides of answering questions, the users can

put forward new questions freely. The demerit of the setting

of the process he argues is that users will not answer
questions proposed later, which makes some features of the
users cannot be obtained.

Paulheim™® use DBpedia and two other dataset to generate
interpretations for the ranking of quality of living and
different countries’ corruption perception. Since there is
almost no human-interruption in the whole process, some
generated interpretations are not acceptable for people.

Baba and Kashimal proposed to use two stages, the
creation stage and the review stage, to control the quality of
general crowdsourcing tasks. They carried on research about
3 tasks: logo designing, image description and language
translation. The experiment result shows that the two-stage
process works well compared with recent well-known

statistical methods.
3 Crowdsourcing procedure

We want to use crowdsourcing to generate predictors about
the score people will get in an English exam, e.g. TOEIC.
Crowdsourcing workers should propose questions which they
think are related to the final score they get in the exam. After
gathering the questions, we will divide the generated
questions into several batches, e.g. 10 questions in one batch,
and hire other crowdsourcing workers to give an evaluation of
them. We should note that a worker may give score to only
one or several batches of questions, not the whole ones. After
gathering the score, we want to use statistical methods to
analyze the true value of every question and give them a rank.
In the last step, we will hire workers to tell us the grade he or
she got in the TOEIC exam and answer the questions we have
gathered. We expect the workers answer all the questions
which we have gathered in the step before. Finally, we want
to use regression methods to analyze the correlation
coefficients between the predictors and the target exam grade
to see whether top ranked predictors work better than the low
ranked ones. The whole procedure is illustrated in Figure 1.
There are three crowdsourcing tasks in the whole process:
generating predictors, evaluating predictors, answering

questions.
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Figure 1. Flow chart of the crowdsourcing procedure

3.1 Task 1: Generating Predictors

We will use online crowdsourcing platforms to gather
predictors for the score people can get in the TOEIC exam. In
this process, we will not control the process users propose
questions unless there are some offensive or inappropriate
words.” We hope to get various kinds of predictors and find
something interesting and new. We decide to gather
predictors using the online crowdsourcing platforms such as

Lancers for about two weeks.

3.2 Task 2: Evaluating Generated Predictors

We will hire different group (Group 2) of workers to
evaluate those questions we have gathered, in other words,
using crowdsourcing as a way to evaluate crowdsourcing
results. We set the full grade as 5, and let the crowdsourcing
workers to give a score to each proposed question. After
gathering the score, we will use statistical methods to give the

generated predictors a rank.

3.3 Task 3: Submitting answers

Considering the problem in Kirsten’s experiment, we
expect the workers answer as many questions as possible in
order to get enough features for every worker. Besides, we
need the worker to tell us how much score they got in the
TOEIC exam. If they have taken the exam for many times, we
expect the last score they got.

After gathering the answers of different workers, we want
to use regression methods to map the features of each worker
to the target value to see whether the proposed questions can
predict the target value effectively. Besides, we want to
compare the predicted result using different groups of
predictors based on the rank we calculated in last step to see
whether the crowdsourcing evaluation process works.

Through the experiment, we hope to find some effective

*{jingsong, oyama, haru, kuriharaj@complex.ist.hokudai.ac.jp

predictors for the grade people will get in the TOEIC exam.
We hope the experiment result could give students some

direction on English learning.
4 Preliminary Research

To test whether it is feasible to carry on this research, we
did a pre-experiment, in which we prepared 6 questions by
ourselves and asked 8 people to answer them. We listed a few
questions blow:

1. Do you watch TV play by native English speakers?

2. Do you want to learn another foreign language except
English?

3. To learn English, have you attended cram school?

From the answers we gathered from 8 people, we found
that question 2 almost have no value in predicting the score in
TOEIC because only one student wants to learn another
foreign language. Besides, the students who give most
questions negative answers tend to have low grade in the
exam. From the preliminary experiment, we see two points
which we think are worthy to carry on further research. First,
whether common people can give predictors like experts.
Secondly, whether the evaluation given by the crowd can

work.
5 Conclusion

In this pater, we propose to use crowdsourcing as a way to
generate predictors and also use it as a way to evaluate
crowdsourcing work. We want to see whether the generating

stage and the evaluation stage could work well in low cost.
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Abstract

Recently, the issue of learning from multi-label data
has attracted significant attention. Due to different as-
pects that multi-label classifiers want to capture, per-
sonal preferences of researchers, or just inconsistency
in terminology usage, the employed models may dif-
fer from each other. Therefore, model interoperabil-
ity is a big concern in multi-label domains. Our study
focuses on exploiting effective interoperation between
two different models in a multi-label domain through
the application of harmonised mapping established in a
crowdsourced setting.

Keywords
Multi-label domain, Interoperability, Harmonised map-

ping, Crowdsourcing

1 Introduction

Traditional multi-class classification aims at catego-
rizing instances into a set of candidate labels, in which
each instance is associated with a single label. Multi-
label classification is a generalization of multi-class clas-
sification where each instance is associated with a sub-
set of candidate labels. Recently, the issue of learning
from multi-label data has attracted significant atten-
tion, mainly motivated from applications such as topic
categorization of news article [1] and web page [2], af-
fect analysis in narrative [3] and music [4], and semantic
annotation of image [5] and video [6]. A good survey
on multi-label classification is presented by Tsoumakas
et al. [7].

The first step towards solving a problem in a multi-
label domain is to adopt or create an appropriate model.
Simply put, a model can be represented by the can-
didate labels (also referred to as classes, categories,
terms or tags) applied to the collected instances. Due
to different aspects that multi-label classifiers want to
capture, personal preferences of researchers, or just in-
consistency in terminology usage, the employed models
may differ from each other. A noteworthy example is
affect analysis. Even though the model of Ekman’s six
basic emotions (happiness, fear, anger, surprise, dis-

gust and sadness [8]) has been used very broadly to

duan@ec.hokudai.ac.jp
Kita 14, Nishi 9, Kita-ku, Sapporo, Japan

cover a wide range of affect analysis research, other
emotion models also exist. For example, Trohidis et al.
employed other six emotions (amazed-surprised, happy-
pleased, relaxing-calm, quiet-still, sad-lonely and angry-
fearful) based on the Tellegen-Watson-Clark model [9]
to conduct the automated detection of emotion in mu-
sic; the model that the manifold sentiment analyser [10]
was developed on consists of a collection of 32 emo-
tions; the WordNet-Affect [11] even hierarchically or-
ganized a collection of 288 emotions. Moreover, given
the complexity of human thinking, social and cultural
background plays an significant part in emotion inter-
pretation. A noteworthy example is that being different
from the English-oriented affect analysis research listed
above, a lot of Japanese-oriented research (e.g., [3, 12])
prefers to employ the ten emotions (&, if, %, &, &,
Wi, Bb, B, & and ) based on Nakamura’s Emotive
Ezpression Dictionary [13]. A complete discussion on
the models for affect analysis is out of the scope of this
paper, and can be found in Calvo et al. [14]. However,
it is certain that unfortunately, as of date, no general
model of emotions has yet been agreed on [15].
Although different emotion models are founded on
different psychological theories and fit specific purposes
of particular affect analysis research in various fields,
complications still arise when they are employed. First,
it is hard to integrate an affect analyser and an affect
application to allow them work together. One typical
example is that a text-oriented affect analyser classifies
a linguistic unit (often a sentence) into relative emo-
tions from the Nakamura’s model, but a text-to-speech
synthesis requires a linguistic unit with its relative emo-
tions from the Ekman’s model as the input for affective
pronunciation. The output of the affect analyser cannot
be used as the input of the affect application since the
model followed by the output does not match the one
followed by the input. Second, training data cannot
be shared among supervised affect analysers employ-
ing different emotion models, which results in waste
of resources. Third, the lack of harmonisation among
different emotion models poses barriers to comparative
experiments, so it is hard to evaluate that of two affect
analysers (or applications) employing different emotion

models, which one performs better. Thus, regardless of
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the models chosen to represent the emotions, how to
make them interoperable is a necessary and important
problem.

Interoperability, which is a big concern in the com-
puter world, is the ability to make systems and orga-
nizations work together (inter-operate). The term was
initially defined for information technology or systems
engineering services to allow for information exchange.
For most problems in multi-label domains, a large num-
ber of class terms have been employed, and of course,
not everyone will agree on what a “standard” list of
terms should be — such as the affect research illustrated
above and film genre classification (taking the list of
genres from IMDB! or Netflix? ). Therefore, interop-
erability is actually a pretty big concern in multi-label
domains as well.

On-line crowdsourcing services provide an inexpen-
sive means for outsourcing various kinds of tasks to
hundreds of thousands of people, and it is being used
more frequently in the annotation community. We pro-
pose leveraging crowdsourcing to make different models
in a certain multi-label domain interoperable. Suppose
that there is a large collection of multi-label instances
with model X, but information of model Y is considered
more important for the goal being pursued. Therefore,
we can first (randomly or deliberately) select a part
of all instances, and ask crowdsourcing workers to as-
sign the relative labels from model Y to each of the
selected instances. The optimum mapping from model
X to model Y are then established according to the ob-
tained triplets {(instance, relative label set in model X,
assigned label set in model Y)}. Using the established
mapping, the rest of the multi-label instances with rel-
ative label set in source model X can directly obtain
their respective relative label set in object model Y.

Although data can be obtained from a crowdsourc-
ing service at very low cost (time and expense), crowd-
sourcing workers are rarely trained and generally do not
have the abilities needed to accurately perform the of-
fered task. Therefore, ensuring the quality of the results
submitted by workers is one of the biggest challenges in
crowdsourcing. In addition to the exploration of reg-
ulatory mechanism such as giving monetary bonuses
to high-performance workers and denying payments to
low-performance ones, and injecting a collection of tasks
with known correct answers into tasks to measure a

worker’s performance automatically, crowdsourcing ser-

I http://www.imdb.com/genre
2 http://www2.netflix.com/allgenreslist

vice researchers have also explored sophisticated statis-
tical strategies. A commonly used approach is by ag-
gregating the responses produced by multiple workers
to produce a consensus result. The problem is how to
construct reliable results with a minimum of human ef-
fort. In the multi-label domain, Duan et al. [12] has
proposed an effective method for estimating multiple
relative labels for each repeatedly crowdsourced multi-
labeled instance. Our study focuses on exploiting ef-
fective interoperation between two different models in
a multi-label domain through the application of har-

monised mapping established in a crowdsourced setting.

2 Problem Definition and Proposed Meth-

ods
2.1 Problem Definition

Let I be the set of annotated instances, X be the
source model, and Y be the object model. &; C X
(i € I) denotes the gold (or estimated beforehand) la-
bels in X of instance i. Let K be the set of crowd-
sourcing workers, and K; C K (i € I) be the set of
(Note that it is
not necessary to ask every worker to annotate all the
VE C Y (k€K;,i€l) denotes the as-
signed labels in Y by worker k of instance i. Let T' =
{Xi,yf ke kK;,ie I} C 2% x 2Y be the set of ob-

tained examples, where 2% (or 2Y) is the power set of

workers who annotated instance i.

instances.)

X (or Y). The goal is to learn a mapping f: 2% — 2V
from T, where f is chosen from a hypothesis class F,
such that a loss function: F x 2% x 2¥ — R{ is mini-

mized.
2.2 Proposed Algorithms
2.2.1 Maximum Likelihood Estimation (MLE)

The simplest way to learn a harmonised mapping be-
tween two models is the maximum likelihood estima-
tion. For each instance 7, two sets of indicator variables

are defined as follows:

1, X=X
mi)((iEI7XgX):

0, X#£4X,

. 1, Y=Yk
nky (k€Ki LYCY)=

0, V#YF

The maximum likelihood that ) is the object label set

of X is estimated as:

D ier 2okek miX”fy
Zie[ mix |ICi ’

PY|X)= (1)
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and the optimum object label set in Y for X is the one
that achieves the maximum likelihood:
argmax P (Y | X).
Yoy

Equation (1) just equally treats annotations given by
different workers. However, the fact is that the ability
of workers is varying. Another method is to estimate in
advance the relative label set in Y for each instance us-
ing quality control methods (such as the one proposed
by Duan et al. [12]) given the obtained annotations
{nk, €{0,1}:keKi,ie LY CY}. Let tiy € {0,1}
(i€1,Y CY) be the indicator variable: if the esti-
mated label set of instance ¢ is Y, then ¢,y = 1 and
tiyr = 0 for Y # )'. At this time, Equation (1) is
transformed into:

PO X) = 2ier Mixtiy

Dier Mix

Because the states of labels in both source model
X and object model Y are binary-valued, the MLE
method needs to estimate an object label set ) for each
of the 21X! different source label sets in X. This means
that it is necessary to at least select 21X| instances to
cover all possible label sets in X. But at the practical
level, it is too expensive and nearly impossible to select
a sufficient number of instances for every perspective

and ask workers to annotate them.

2.2.2 Optimum Transformation-matrix Estima-
tion (OTE)

To overcome the shortage of the MLFE method men-

tioned in Section 2.2.1, we propose a more robust method.

In linear algebra, the problem of learning a mapping
2X — 2Y can be solved by constructing a linear trans-
formation mapping f : {0, 1}|X‘ — {0, 1}‘Y|:

y=[@)=7A, (2)

where A is a |X| x |Y] transformation matrix of map-
ping f. Establishing the optimal mapping f is then
equivalent to minimizing the sum of the distances be-

tween the two vectors of all annotated instances:

arg min dis (Z; A, yki) ¢
where dis(+,-) denotes the distance between two vec-
tors, and Z; (or g;) is the corresponding binary vector:
if an element’s corresponding label exists in X; (or yf ),
its value is 1, and 0 otherwise.

Here we give a simple method to approximately cal-
culate A. Let A¥ (k € K;,i € I) be the transformation

matrix, which is defined as:
- S oAk
Uki = TiA7,

each transformation matrix in {A¥: ke K;ie I} is
the single unique solution of the system of linear equa-
tions if |X| = |Y|, or the optimal solution of the un-
derdetermined or overdetermined system if |X| > |Y|
or |X| < |Y|. And then A can be estimated as the
average of {AiC ke ki€ I}:

ZiEI ZkE)Ci IAQC
Zie[ |’Ci|

Because the result of the object vector i calculated us-

A= (3)

ing Equation (2) is not necessarily a binary vector, we
have to determine a threshold (normally being 0.5) so
that an element’s value is transformed to 1 if it is above
the threshold, and 0 otherwise.

Similar to Equation (1), Equation (3) also treats as-
signments given by different workers equally. Therefore,
we propose giving more weight to the annotations given
by high-performance workers and less weight to those
given by low-performance workers. We introduce a tem-
porary vector Z; (i € I), whose elements’ values are the
assigning probabilities of their corresponding labels:

2l = M 7

K]
where z! (or yi,) (+ € Y) is the value of element ¢ in Z;
(or ¥ki). (Note that Z; can also be estimated using the
method in Duan et al. [12] to be a binary vector.) Let
wy € [0,1] (k € K) denote the individual contribution-
rate of worker k, which is defined as
> icz, Sm (Yii, Zi)

|Z| ’

WE =

where Z), C I (k € K) is the set of instances annotated

by worker k£ and sim (-, -) is the similarity between two

vectors. A simple similarity metric can be defined as
> ey (L= lyp — #)

since y}, € {0,1} and 2} € [0,1]. We can also employ
other metrics such as cosine coefficient, correlation co-
efficient, etc. The individual contribution-rates can be
viewed as the probability that worker k£ assigns the cor-
rect label set to an instance. After incorporating the in-
dividual contribution-rates, Equation (3) is transformed

to
D icl Dokek, wiAf

A =
Zie[ Zkelci Wk
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3 Conclusion

In multi-label domains such as affect analysis, differ-
ent models are employed on the basis of what infor-
mation is considered important for the goals being pur-
sued, researchers’ personal preferences, or just inconsis-
tency in terminology usage. We focused on leveraging
crowdsourcing to making different models interopera-
ble.

cation can have the advantage of using a classifier that

This can benefit in a few ways. First, an appli-

has already been vetted, and one that may also come
with an annotated corpus, which can be used to train
other classifiers or just argument the original dataset if
the usage restrictions on the corpus allow for that. Fi-
nally, it makes interrelated classifiers and applications
comparable. We proposed two algorithms, MLFE and
OTE. The MLE algorithm has a high requirement on
the coverage on source model, while the OTE algorithm
is more robust in solving the data sparsity problem. In
order to test the efficiency of these algorithms, in future
work we will concentrate on conducting experiments on
real crowdsourcing datasets to see whether prospective

results can be obtained.
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CPR #E v AT L DBA%

s T

1 [FC®IC

DR FEAEIE(CPRIC 351T D M [ Ei8 X, AED 12 X 5B%
HEYORINZEEE L TL %5, T bE BRIz T
JEIBRE R WG A BB MR T T 5 [1]2 &
W INTERY ., EfEREETFEROSESBodmFEm E
(DM %, CPR ILiESHF COKEBRTFE R EH DN,
JFEIB LB ORIBER e a3 72 72, CPR i
RE D LBRAGHMNA AR T D, Fio. fEK, MEEiErs
DWfE & B OBMRIZHE B LI R E RS A
BETH TN, IE LWL Fl ) OFfIL, B
CPR T} CilD Z LN TERVWEERINNTH D,

A CIE M E il EERRFOmBIOREBIZER L, &
A= AT BT O AT X BB DR
REHEE & N T A Wil R— RIZ X B nEA bEAR,
Z LR ERREARIC L a—HF A v X7 2 — R
X DR IESE AT A& L, Wk L7z,

2 BOEWDLELE(CPRIDEH

IE LW EEE, EB R Sem, 447 100 [H1L4
LoFEEE /N O RN BRRRE) Tk 5 Z &
ML TH 52, £z, GFREOMOEITKR L TR
EREIZH T, FEETZH W, Moo FEIE A~
FBMEITMDA LOICHEBT DI EBRETHDH, &
AT I CUE MR RAL (Ho B IO REE) & E
iz (o E CCRVIRER) AR L, [AIRFC R
0D FE ) (kg) I E S AT RE 72 & A 7 A BE AT 2 L T2,

— —

R MR AR () & O B )

*3122107@kpu.kushiro-pu.ac.jp

I AR 4 TH 1E 15 SIASLKY

8t VR P T S PR T v e U 748
B EE R PR R o 2 —

+m
BNEE ST R )T

M FES A AT
(MBFHEE K) S

38 VAT LEBEOHE

Z—PIINT A Wi A — R EICERE S - g i
AP~ 2 N L TEEEEFET 5, VAT A
(TANT A Wi A— FTHAG L7z —Y o Fia )z &
{fbL. [AIKFIZ Kinect for Windows D& > 3 —7 2 Tz
— VP OLEEIREZ Wi OIREHEE (A (&> T e
fr & R L DOFIELE A3 5, BfG L2 — P oo
(L Z ARIZE 2D U 7 VAL L T, = — P RIDO B
RIAE TOE=Z —ICFKR L, HEI L IEEBOR
RENMOFMEEZ 2 A > MrETRT X 9L,
3.1 VAT LORARIRE

AT A OB ERE X, Microsoft Visual Studio
2013, .NET Framework4.5 D EEEIZHN T CHEREE H W
2o VAT L OREAIZOKinect for Windows @737 > A
Wii ;" — F @Bluetooth USB 7 % 7" % — @Windows 70S
A/ — b PC @2 —HRIOLHRRE =¥ — (FHE
XLCDE=¥—) Thd,

4 2 BA%E L7z CPR % v AT A
32 VAT LOHEE
3.2.1 Kinect 2 W —H A 712 K DD A FEAE (L HEE

=Y DEBELLOIRBEHEE OHIE T Kinect & 4
— B AT REFT B0 =808 - B - TE) O %
BARE LTz, ERB»OLENDES. K8 DEED &
P(XL,Y1) 2 & A2 it D EEAZE 0D 45 Q(X2,Y2) THERL T~ 5 #t 5y
PQ DA A = MIEOREEE AWz ERCTEM LT,
3.2.2 JEHEBAOPEHE (AR)ZE REHE
VAT LTI, B AT DO — PR
EEFRTTDHE I LT, VAT ARG —T OF
FEAF A BG T DB, BUSEOMERMRE L LT, i
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- WIS AT A TR RSN D, 22— IR
CFHOEBHEED AR Fora Bl L7e i b s e
PAC72 D K DI BB R MR L L O L3 2 /ER, ELWg
FIEEDREIZ /2 > T2,

323 FlHOT VR L EA ) DOEH

— W E I OBIR R BATT 5 &L 4y 100
FIOE—7FEE2WMTH LI L, [EBEIINT A
Wnﬁ—k%%mT@MLtmﬁﬁm%bf4waF
DJEHE LV EEARREHERTIND,
324%&@77—h%m

K AT KTl Kinect & o — 2 HEE L7 (KT8
MO, ERNOEFE, HENOEAR., AN OH
FH)ORER AR LT, MR Chd 5 2 B iz Tdh
DNOHEET D, HEIEXHEBLO 4 DOHPEITDONT,
FUEL e p A L RIEARE L TRY ., oA ERIM
LHZbia—HY Ao 2Tz —ALICT I — N A EER

mxm

Y5,
325 FHIT 4 — RNy 7
B4 D&z 1 Molg ek, HRAEE L

MLEBZENEN OB, FHi=2 A v N & RRT HFEEE
Ty a—NaERELE, K580 [\l EoffEAE
BERER CE-ROMER I TH D,

[ 4 22— SO LEBHRE = 5 —

Excellent !!!
A : 83m
JEERAIEE : 1@

SitEBE%k : 84[0]

ENRES E+DREBEINT T . BREESPERFMICKZ(TTT
HEOBWVEBZEITO T EE.

X 5587 — KXy 7 i
4 ¥R

WEETIXY AT 2 0F AL 2B IR E2SIELRT D
728®., CPR ORMKERH 16 42k LT, 2 AT LD

AT LMRBR A FEhE L C, BB - FERICET 8%
VAT GBBR) %5 LT, 0%, 40 4D CPR &5k
F (FHERESCEEE) REICLER L,

5 R (RRILICK DT —42 LB

RRE—t v avBIcERT D,
6 BROHE

RREETIE, Y AT AL D BRI L DMIEETTH
LT, 2V ORBEENR LU, o RAKED
JEARESHE R 2, £, AVATLAERHATHZET
IE LB R8I L D BRI IR S h s,
TUNAMEVS - TPz FOER

AWFFETIZIE LWVEBIZEH LI D@ CPR IZH
THHEMEROM ML LT, RUAT AL D0
BB OFE SR ORI LR 2 FE M LTz, WA
FRFEITH U TRV AT AOKRBREE 21T o7, £72.
R L=V KD FIEORIIEBREFE L LT
IE LWVl A ISR 2 B O A S IR T D,

X 6 B P EIC K DY AT MMEEREE
8 SHOEE
—EADCPR FL—=2703, B LB THDE
REICH LTITH 2 &2 E L TWDHA, FFkiIzix
TEBEROEIM N, Xy M7 2 ERF IR LT
BEREXIGO P REMENEIM L T D EEXBND, TD

72, BIfE,
BA%LTW5,

& Xk

[1] Dana P. Edelsona, Benjamin S. Abellab, Jo KramerJohan-

HEIRETOEBEBELIZV AT LDOW

senc, LarsWikc, Helge Myklebustg, Anne M. Barry, Raina
M.Merchantb,Terry L. Vanden Hoek, Petter A. Steenc,
Lance “Resuscitation”,j.resustitation(2006),pp.137-145
[21 JRC HA KT A > 2010 p&A D kR dLiE (2010),
HAfREH A b
http://jrc.umin.ac.jp/pdf/G2010_02_ALS_120208.pdf
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HEERE (C 31T D HEMRHO TR RIS B9~ 5 — 552

Study on Analysis of Figurative Descriptions for Korean Language
Ha Heon-myeong* #f3:3C_ A Pham Xuan Quyen, Michal Ptaszynski
(AL RTHERF)

1 [FLHIC

HA &8 E R S A0 b BRI H £ < D Fnak=e
BEHEAE LTS, FFEOREICKHT ARG FERETH Y,
HECBNTHREDOA A=V Z2FHOE L L. #21T,
Lk () | EWIFEEFICET D L, BEIZBWTY
ARIZEBNTY, [T/ (F2) 7280 (=) |
LW ol A A—UREEIND.

ZHUTH L, EWVIZHENRWA A=V 2 FFOfEbLTF
fEL, ZoMAIpE LT EFEME (oF=FY 2AAD |
NEFTOND. BRSBTS THFEEME (k2T Y
MAD) | DA A =0T B RGET (RS AL )
R NHEELDL EZH (F2AE ZAE Fh) 1, %
o (F) ), TELprh (GAREQL ) | el
RN DT 4 T oA A=V NEREN MBI H D
2, FRENCRWTC TEEME (oF2FY 2AL | X
AAAA TR0 (RSP T EEOSHE) | TEd8
T (RERSGED 1, TAYWR AL FEERHOFEL) |
LWoTmXHT 4 T A—URNER SN, HEETK
SLERDZENDND.

ETHlRARTZ LD RFEICKIT DA A — T OFEEIL
MEB/EO I a=r— g DN THELL
Z2BEEZLND. BlZE, EEELEESFETS) &
W) XEREGR LG ToF=F Y AAME Fhfsit) &
720, XhE EORFUIIREIZAE TR, LaL, X0
BRIV TIE, B AR CI@E T OMES I OVEE
ELTHIREN D Dk L, #EFEICBWTIEIERIC*
BT 4 770178 L TEHMBINLTLE).

IO X ST NEERRL, oF~FY AXL 2T TR
<, &, 5% [RZRE, ek X o aEiE
RINET 2 RIE A RIS T 5 72 0121E, BIOFERLRBH~D
WX, ok oM RE 525 v o okt s
WME L7 D.

B S [111%, WWW 7> 5 008 U 7= 505kt /- (descriptor)
AW THEOBERZ LRI ERT 5 FIEEREL T
WA, BT EREZE LT, HOOFERGRRA
A—VHHE B CTE D L EREEL, 52—
PRRAGEDBER 2 B AR IR T DO EIR & L
THLEMTHDZ EaMRLTWAB[2].

T, WONRE L EROFH TR, 72
fREFFORE LFEOBMREFIHT 2 & ) L CEREIRTE
PEDRME. b h, WRFERTFIE 2 BEEICCAT
HZLIFFRETHD. ZOFEAHEBSEICHEALT
BIEAF T 5 Z & T, MEFEMICBWTA A=Y OlIEEN
AT DHEERELL, WY SOEOM 25 28
THZENYETE S, 22 CAIZETIE, HEEmSE
M3 2B OBREEfEE 2 B & LT, RryZ#EH
FIEV AT LEFA LIZAGRO R L X v v 7T OHE
WCOWTHET 5. BARIIZIE, £PEZEICR LTl
WRIIERETFIE AW L, ZOFEME & BEIZ W TEL
35, SbIZ, FU query FBICK LT H il 5 75 O H1%

*m1252408011@ialab.cs kitami-it.ac.jp

LHEE AL R T AR 165

TR & MR E B/ 21TV, ZE D% (descriptor)
TS, IRV TR, W & T DR E
Bra gL, TOREEINTS.

2 BEZEDHFH

BlfEwRE CIIRERE (WifEE) 2 ARXcKiET 50T
ELTAVITABHNLINTWDN, I LLRTEES )
RSN TWIREN D, EEREOIEARHEGED L 13
FIZHELTWS, £72, 20 ARSI HAIC L Vi
BB ENT-Z LIk, BADSESULDOF B %
ZEEERRELZV. SELEE, TAXAEREE OB
WS, ARELRZHRICEI SN bHD.
FEICIL SOV RIDGEIEA - &, BESETHDHZ
L, BN EEE MM T S0, BARE L oFELPME
RO THRWE ENRETH D.

LU G, FBERSA A=V oW TR 8D
L BIZE, TROD]EVWIHEEZIRLTHAD &,
AgiiE &t (@) THhoEeRETrachEdsb
DTHDH. LnL, BRTE By 2 Xy b Z2EoD
A A—=URELS, TEILE] R TARA ] EWVo T fif iR
W | TH S, ZUT LEEO TRON) 1 1E, T3
WA A= 0 MEE | 2 IERIICRBRT 2HE50% <,
HEE TR DA A—UNEIREND Z L1272 5.

3 LElRpIREFIA

B L%, WWW 2> HUEE L 7= descriptor Z {5 Tlk
IREVICER T2 FIEEIREL, AARELEZXSR L LR
AT A Murasaki (LR, J-Murasaki & FESZ £129°5)
ERELTWD. WD OFEDT, EREHEZEKT D
et a2 — R LT, WWW 25 KREO4 5 A] 0’
FEMET 2. ZLTINDHDERICESNT, desc-
riptor 14 & MEIE D query 5B & FHET A ek & 8
B9 %. £ descriptor fikfi O —fE M & BTE A BB LT
ZORWBNEHEL, ZNIESET XU T E2ITRD
WHALT 5. ZORE query FEDEZRMNA A —V TE,
bEELY T i DY N S WA D TSI g iy S RO

J-Murasaki 1% 9 D DMLEEEFE ) DAERR I B .

(STEPL) query & DO HfS, (STEP2) LL#iaHi(A) DAL,
(STEP3) LL#r Bl (A) #:5%, (STEP4) descriptor &4 4
Hi, (STEPS) bL#gi 8 (B) 4:hk, (STEP6) LLi . (B)
ek, (STEP7) 2= 7, (STEP8)descriptor fifii £
EHEEE, (STEP9) descriptor f54f D 4358 - EHE & w1 L2
572 %. Murasaki DREREZ X 1 12RT.

Fox ik, Bl U7z ehersi i Fik A dERR IS A
D, 1220, AN NSUFITHR LTz EiE e e T RE R iR
IATTE A olzfz®, STEP2, 4, 5 IZBIFTHH

205



B-19

EHFEILEE S R T A 2014

¥ - Y
BRI T AFTEmR L. %$‘®f:&) iz, KFEE
K-Murasaki & FE5Z L12T7 5.
(1) Query Detection
L]
(2) Comparative Expression
i Al Generation(A)
-'| (3) Retrieval(A) | (4) Candidate Extraction ] 1
: |
- L
Y <
“# (6) Retrieval(B) (5) Comparative Expression
www Generation(B) : Candidate list
| E— -
' —_—
I (7) Scoring Descriptors ] 1
!
(9) Visualization

\J

1 : Murasaki DR
4 EFT{M3EER
K-Murasaki O %LEREE 7] % MRAE T % 72 O I FEAM 55k %
1To7=. LUF, FHMEEREE & FHmAE IO W TR~ 5.
4.1 FHEIRE

20> query fEE HEL, 2 oizxh LT HAGE &
EFEOW S FEI6 L C MR FIE 2 8 H L T desc-
riptor ZIU4E L7=. FEBRICH 2 query 78 % LLFICRT.

SNAF(RFo]A), RE(HL), ~uxr (),
(AL, v/ rGA), NhFAMER),
P H—(FT), HEA), KON, #HE ),
B, FEGE), ), 26,
BLL(EFAM, 556G, AREER),
Uy A, BEk (R, 7 RU (A%

JLEEAE R L L CHS Bz descriptor 1%, AARGEIZOW
TIXFH) 235 (Fek 32, &/ DE, sEFHRCOWTIERFE
¥)25(kk 41, Fh1e)fEcho7e.

L+ U7z descriptor & query FEDE > & HIIEGE &
CTHAGEE 1T ERE £ RERE & T 285 14 A ( El
AGFE 14 N, #EFE 14 N) (2R, descriptor D2 X%
L TH otz FHlICHZY, UUTOREZFREL
7.

O (+4%Y) : queryFEZHAHEETE D,
x (ZYTRV) : query iB& il A TE e,

Fio, MEFEMICET 24 A — Y OBEEOF AR %
FARDB =012, query & descriptor ZFHEIZEIGR (H AGE

DO Rz @ERE~, WEREORRE BAFE~) L, ki
DYBRFITHEEL TH 5 o7,

4.2 FHE#ER

AT TR A7 Gl EBR O RIC OV TR RS .
FBRIZENT, Eﬁk%&?ﬁ%kﬁil]\%ﬂi%%@%ﬂﬂﬁ@%
DIEHDOE EBET DT DITHBRF M OFERER O « i
EEE L. ZoOfRR, MEAREMOFEY «fEL L
T 0.67, AAR AR O fi & LT 0.64 235 H A,
iE & bHWBREM O —BE TR ERMRTEL. S
52, HAGE descriptor OFHRRAS F 2 R4 L 7= = A 9%
BERO «BEFRLIEZEZA, 071313507,

Iz, K-Murasaki @l HPEREL :Ob\fitf\“é X 2
%, HEEmSFEICRIT D descriptor filiAE 2 AR T
FLIZbDOTH D, w8 L L= 20 f#0 query jﬂ”5$
PIREARIL79.25% CTH > 72 WARDOA T EALIT L)

g2y TigE) M2 THRE) Ckd 25 100%TH
D, Za7 P o) T o) (k45 40%,
BN THoT.

LI W EAVE 5 \
ARDH/ D
224 /&
AR/ E

ES /Y
S/ vh—
SRe/ Bl
=/
&7 /~50
OH&! /18
CHEH 7 &7
HIEE/ b F1a
£2= /8%
M/x
OF= / 2FER
g2 /1342
HE /1
=/E
==/ PE

&= /8=

0 20 40 60 80 100

2 :K-Murasaki D4 2=

X 51z, W SFEMT descriptor 28 EOREE K L T
B (BDWTHLEESAE T TV DY) TRz
b\fii‘f\“‘é BARMZ I, BTG & L7z 20 /A query

FEDOHINDIEIESIZ 10 A2 EY, TN HICEH L CHE
ﬁmaud) descriptor Z Lblz L, AHEICHIR IR ZHE
L.

FITE TEHRD IR L, FARFFHREFEOLEL Z OREHR
777 LbDEM 3R T. 7T 7 T, descriptor
W5 ENF-A a7k 1~5 ﬁ: 6~10 L &9
LTS EOMRERE L, FERIZI T D descriptor
031‘9)(]“@%%4%2‘ LTW? ié@/\—&i J-Murasaki ¢
A HEIEETHY, 7&*@@/\“— % K-Murasaki o AH 5 F-81
BThD.
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EZ

1~5fi
6~10fz
11~15fif
16~20f1
21~251i1
26~-301i1
31~35{i1
36~401i1
0

10 20 30 40 50 60

BK-Murasaki DtHXTBIRE
0J-Murasaki DfHXIHIRER

3 : K-Murasaki & J-Murasaki o fH 5%} -8R

COREREFELS AL E, HRONA—TIE, 2EOH
SFFFBLERN 4759 TH Y, BEHRR]TIZ 1~5422% 17.1%, 6
~10 2725 9.4%, 11~1577A5 7.3%, 16~20 LA 6.3%, 21
~25 LA 4.1%, 26~30 LA 1.4%, 30~35{rA 1.3%, 30
MR IE 0.6% T > 72, FREDN— TR FIRFHREIL
ERTATT9TH Y, BEEBNICHAD &, 1~5 (L208 23.3%,
6~10 275 10.1%, 11~15 QLA 7%, 16~20 i 73 2.6%,
21~25 (\i7S 1%, 26~30 225 2.1%, 30~35 A% 1.6%, 30
MARTIZ 0% T - 7-.

BIRENTIEME &b BARERIE AR TFRELER S &
fH A BTz, & 512, -Murasaki D725 K-Murasaki
DfER%E EA>TEBY, 1I~5NMOEHKT 62 R A k&
I LEEERENMGE LN, 16~20 A 3.7 A > b, 21
~25frAs 31 A b &, K-Murasaki OFE% BELR A
J-Murasaki # T TiEdH 2B EEI-72. Zhid, HEE

SREICRI L THREBFIED T X I RERELTE
D, EALIEERE X< descriptor A E TV B Z &
ZRLTW5S.

% 113 query FEEIC B SRE CEMKN —E T 5
descriptor 7~ L CW%. descriptor A D K F1E (5 &
NIz A a7 ICESLIBNLTH 5.

5 B

FEAMAS AT DB LR AT D .

9, M2 &R 5L K-Murasaki L1215 507~ des—
criptor D) A R1E 79.3% &, J-Murasaki o 7% 5 (68.1%)
EHIFEboTWND. ZDOIZ LMD K-Murasaki @
descriptor HHMEREIZ —EDHIMEEZ R L TVDH LA
5. [Ex o query lIZOWNWTHD LEARNEN -T2

My Teg[E) ThE) T2 IS 2711250 T, B
BEDAA—UNKBTHD I ENREBIN, WERN
v ey ) T T [FHETDA A—VITF Y
T RHDHZENTEINDS. RLIZ, EFLO query iZ
B99"% J-Murasaki D& 58 & K-Murasaki D& 8% R9.

3 1 :J-Murasak & K-Murasaki ™ #:3 descriptor

query & J£3 descriptor
+5 1), =2E=(2) ZFE—(2)
AL (3) 7 — 2 (3)
T7](4) A= (12)
=T - L9,
Gop—  AEEEE06) WL 2 — (29)
§ F— L AR—(13),
=A17871(18) R 2 R—>> (34)
0] (24) WO (17)
JLel TN—7 41 (5),
#e @ 5 (13)
. avf (5) E30)
o 2+ (7) 1 (4)
7K ECEIE) ROk (9)
= (11) B (11
FEA17), ©UH(20) 7 (15)
£1938-(1), 302 B-(23) BT I (2)
33k (2) kil (3)
T4k Ak (6) (i (1)
RN 423 514k 9) = =—F Bk (L (9)
E2-AH(15) = ()
5<% (16) #4), BIKEG)
TE(2) B (26)
TR (D), ¥4 9),
B54), EF(5) REQCD, @O,
- HEBE (30), AL (32)
B AE D) NERED)
A (13), Z=F @) BE12), &)
97 (18),
A270]21) Bes Q)
52 (34) B (17)
ek (1), 57F0B) [£ (13)
Fvhek(e), o= (18), e
o AgEEG0) HXEZ10)
@ i AET(12),
AEZA = (21), HrHLE (6)
A&7k (31)
. FE07) g (5)
AR o]5F7] (13) D (10)
20 ), %(12)
LIRS A vl 7 (2)
L (9) AL
. e () EID)
Bl A= IH1T) 5?;@%*
2¥=(1), €52 ZR—=> (1)
oF R 2 R— (8),
(5853 A Z 2 (16) 2R —> (5),
F—AF LA (3)
Aba; n
Yoo ) =] 5 (15) £ (2)

Iz, 3 DX EHEIZOWT A5 L, J-Murasaki

& K-Murasaki & 47.7%, 47.5%& 1ZIERE%ETH S, W5
B & BITIEFEE O descriptor NGB TH D Z L RN D.
® & Uiz query 03 7o\ T2 O R TR 1 30EE LT D
DB, FBOAA—=TIZONTWZIE, MEEE BREED
HififA A=V 2R > TWHHEEERH H. A A—Th
WIHEMOBONERELT, Hoh— (FH ) &5
EY(ER) | 3B D. FlziE Ty h— 1220 Tk
BEEMRENZRS WV TIEFICA Py —To AR —Y L LT
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HMENTEY, V—ARPEREREBIEL TS Z &T,
5 descriptor D —E RN EL o EBEbND.

ZHUSE L, Wi O[T descriptor 28 —E L 722WEA
ST D, FlxE,  Tokt, BpEk) AR, U v
=) oA, #g) Toiwh, &%) N, R RERHD.

query i [ARE, U =) [old, ME) %4, A
TRELAA=YRERS. TV (A3 i, %
E L dGEth oA B LOHEFEE LT Ty =
DEHRFDE] LI RBDESRAINTNDHID,
TN HIZBIT % descriptor 23S KEICHUG X iz Z & B3R
—HOEHERNTHD EEbhb.

FAEIZ, query 7B TelA, M) 1%, WEICEIT HHED
BAFITENNDH D Z & A descriptor OEREEIZER N> T
W EEbNnD.

(B (YD) | o\ TEZ DL, BHATIEEEIR
BAEE L THONTWD ORI T 7 7 descriptor
DEEHELNTNDA, EETITEBITHECTH R A A —
UMW DR AT ¢ 773 descriptor 28 < T o7 b
DFXEHEAZ L TIEIFRNTHL EEZLNS.

R ON) ) oG, WEOEOEWES LT
WhHEBZBND. ETIE, ks HEA] THER)
DOHME LT IR EWIHIEBNEHINTE O
T A T IRA A=V, BRIZBWTHRED A A —
VIIFET D0, Ry b R [8BR] EWVoltdhYT
4 TIRA A=V DIFRFATT D720, HHERENET
LiztE2bNn5.

BEREM D « BE 745 &, FHEAERE O « EIXRE
FEICKIT D LV BARGEORE R DI T L D )
ST, T, MERERTA A —VITHIEEN A U 5 query
FEIC DWW T AR ATRE R TR EFH Z B 2 T\ D72, f)
BN ES ThoTelcdTIER W Ebns., ZoZ b
RO HTDI21E, FEOEBRBFAZ IR L T %
AR L THIE L.

U Z e, HXHEHEITAGENSEICRIT LA
A— VOB LB L TnD Lk, —8
EFIATIVUTEAEOLE U SO EEEHEN T X 5 e
Nd 5.

—J, J-Murasaki O FEZ#HERRICEME LGS, [
BTRBENMEE 2D, AT NVITRE L FEOMAE
b aRITRELTTHLHD, ETO L HITLTHIR
TEWAERT LNV, Ko T, FUXFFIOHEAN
BEOHGEL D 55 LV BIRESERET 5. Fl 21T,

Ml & BERITIE T T8 THE) Lvw o 350
BEWREZEOREMERDH Y, WTROETHDINERIET
DITITHEED HBLT 5 @ O O SR 5 £ 72 1T 4
e B 70,

Z O X H 72 MEEIE query FE DO 5& & descriptor g4l O
HI2N DB S D HESRA N2 0 @, (A BEEIXHITEIC
LEEE TREWVWRFETHE-> TS, 22T, ROED
R EEZD. REREO LD REEERL 372012,
query F& DR R X descriptor BEAH O fhH 7~ 5 L THTR A
TAVEMET L EEHZ LTS, T3V %

BB o THFET D2 & CRITAFBDTERRREITIEER
Th DN, [FFEFEZE descriptor 5AH 0O BE K % 4351
THIET, MERBOMRRE L THLIFRFTED.

6 BT

ARFFETIE, HEESFEMICIS T 2 FEMRR o Hil AR
ZEBE LEEREITo7-. £, MEHESHERLEZH
KFETFA MBS E L HRMFBHFELILEL, &
EFEICKRIST D R FER FE A RE L. )i, =o
D LM FERETIE 2RI L Cli 5 35 O F ik 2 e
L, ZSREEOITOHEE & Fik D X ¥ » FNIZONWTik
a7z,

REFIEOHIEEZRGEET 572012, 20 8D query 75
ERREFEICEHA L, FMEEREZITRo7. TORE,
79.25% D E RGO, REFIEN —E DML 5 4#
TH PR TE .

S 51T, query FE% HAGEIZHEIER L T J-Murasaki (2 %
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OFIFILT LTI, EICEEDIEIZRWA =
TEAFGEENTHD LR RN D THSH. AT
J ENTRIEGEM D OREBROFEE LT, ZhE
TIZHMEC BRI B RIZ AR LT < 7k [4) ofth, =
a7 oA E V5 5 5], E£EYLIE (Set Expansion) %
119 HiE 6] 72 EBBEIN TN S,

L2rL72728 5, Rzmara HOMFZE (7] 12 LAUX, EIZEO
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2.3 RDF

RDF (Resource Descripti