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Solving Matchmaking Parties Assignment Problem

through Evolutionary Computation *

Sho KUROIWA

Abstract

This thesis is about the study on the scientific and mathematical method to solve the
match-making parties (called Gokon, hereafter) assignment problem. Gokon is usu-
ally held by unmarried male participants and the same number of unmarried female
ones, and they have a dinner party for a couple of hours together in hope of finding a
marriage partner. Recently, the low birthrate has become a serious problem in Japan.
So, movement for reducing number of singles is how attracting considerable attention.
For example, several local governments and enterprises have provided opportunities
for unmarried people to meet potential marriage partners in Japan. However, in or-
der to assign participants so as to maximize the number of good matches of man and
woman pairs, there are two problems. First, good affinity between men and women
is not yet well-understood (prediction problem). Second, determining the best Gokon
assignments is also difficult (combinatorial optimization problem). In this thesis, we
designed and developed a system to solve these two problems. To resolve the predic-
tion problem, Evolutionary Computation (EC) is used. To find the optimal solution
of the target problem, an incredibly large number of Gokons are needed. Thus, the
method using archival records to evaluate the solution instead of holding new Gokons
is adopted. To resolve the combinatorial optimization problem, we set Gokons as many
as possible and assign, to each Gokon, a specified number of men and women who have
the attributes similar to good affinity obtained as a solution.

* Doctoral Dissertation, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861004, February 23, 2013.



Inputs of the proposed system are attribute information of participants such as age,
blood type, academic record, hobby and annual income. Outputs are Gokon participant
lists which maximize the number of good matches. The system has concatenations
of man and woman attribute information as candidate solutions of EC representing
good affinity patterns. The system assigns members into the Gokon according to each
candidate solution (generate participant list of Gokon) and gives results of the Gokon
as a fitness value of the corresponding candidate solution. By applying EC Operation
to the candidate solutions, they will improve gradually toward the optimal solutions.

Since our target prediction problem is a multimodal problem, EC has to find many
peaks (good affinity patterns) in the domain of affinity patterns. First, we address how
to find the peak of a unimodal problem, and propose a method for solving the problem
and evaluate it. Second, we devise a method for solving multimodal problem and
evaluate it by using computer simulation. Third, the method using archival records to
evaluate the solution instead of holding new Gokons is introduced.

To evaluate the system, we defined thi#ax problem assuming that there would
be V good affinity patterns between men and women as a benchmark test. Through
computer simulations foNN = 5, we confirmed that the proposed system obtained
the semi-optimal solutions with about 90% agreement rate to the optimal solutions and
achieved almost twice as many good matches as a conventional method with about half

the evaluation times.
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TITilE, N MO TR OEHEERT. NMax BB TIE N [EoRkEgp!, -, pY
IEET 5 LIEHT 5. NMax Bi%, (EEOH KOO B S 230 ks L
T, UWFDLIIC5R%.

InMaz(X) = mazi<j<n(lovematch(X, pj)) (4)

JIENMaxfEDO NHOE—27 DA VT v 7 AThD. By Mix s, £8¥—27 0
By MO T—HERHEIN, TORKED frie PHIMEE 7275, NMax
ML, EEFHEORF~—27 & LTE MBS OneMaxili [42] 2 —fix(b
Li=bDT, N=1, pt =(1,1,---,1) OFf, OneMaxti@ & FEE 725, N =2
DA (2Max ) O g OBl %X 512~ T .

3.4.3 FHfiE#: &2 & LFTEE

FERTIE, OB ZZFRI LA ICEY THZ ENTEINE I D ERT
TOOFEEE LTEa VE Y HMiEE HET 5.
BRVAT L~DANE LTHLOFME (B £E54525 2712, (FEDOH
o OFHIE A K3 RE% F(B;, Gi,P) %, LFTOXSI2HZ5
F(B’MGHP) = Z ZfNMax(Xa P) (5)
bEBi geGi
hEEaEYSEEO B (N @Q) ITRALEEROMEZEa VEH
SEEL TS, O, By T ICRD BB kA S £ < LA AH
HTDZENHRIENE I NEFRT.
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B&RFiE:

REFIE (D, BEVAT LNOEEITR AN L —2 M 21ET) &g
L1280, RO X @i TEEE 2. ZUE, M6+ ko, Aaro
RS, Z2OHa Ty PNVESE LIZ B DRI SAOHFT, Z O
BB DIEMENY MLvE, eI EEEXTHHETHD. BWVEAENR
Oho A, TRNREOEEME U TRIARITZ T L AR R TIET
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FIE, FHFEICHAT, @EAOMIIC RO VBN TEERS 5. L
L, ZOFETHREHRCTHD Z LA RAET 2720121, G4~ — 273,
Bzt 2 RIS CERHTE 20BN DD, KL TIE, EHORGIELE
JeL, HfiZEM Tl (3.3.4H) WAL TS, Hilized = B TOEBL
SROBE LT 2.

3.45 EERETE

AKERTIE, £, AT —ZOMHABLI Oy MI~DOFF L EIT o7z,
MEEAZK7IORT. ANThHHUAT LHAFOREEHREZE Y MNITHEX 5.
BEFOFEBER P — E2OFAFEFRIZTLE Ty M ELARETH D, AE
BRCIL, FMEOHEICLER RPN E Y ML TE 2 2 L &2RiRIC, T X
L) ELSEMET D20 ERRD. 2720, BEROFEIZL > I/ itk -
By NIRRT LOLH Y, TioOEMIZIE, MHEICEET 2 EREROFRE
£ 332IETHRARZL Y R TRN/METHDH. FEAT A —FOREMEE 3IC
TR H ey FVRRSEBIELE, MRERRICR L TN v Z RO RIS TEE T
BHDET D, Iy FENAEL, ZOfEE FRISEAICHK, EESEAIC
AL E WD 2T TRIBCHIE DaxiE & LTe.
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*2 M (3EDER)

Har
FIAEERAY A X 1204 (|B| = 60, |G| = 60)
FAEREE (b, |gu) BE>Y R
Har AR 204 (|B;] = 10,|G;| = 10)
H v 7 VRS RE 0.2
G [
fRLER D A X 20 1@
it 10y K
IR JL—1L v FER
RS 0
GESRIS B 0.2
Rr—V T 2: 189E

3.4.6 #ER

B arBERERHnE A AV, B2 FE (XNFERR, Proposed & BAFE (KN
Xy aiff, Greedy DMtik%, N =2 OHAICOWNTITolz. ML, HELE
BoMA (KN, Generation Th Y, fitdh, &= FY5H0E (BHF= 0
B PIVERSIRE) Thb. 77 71%, 1081TOVH L EERFZE (5 —/3—)
TR L. 2MaxfEIZBWT, BRTFHEICX L TIREFIENAEICE WA =
VEYTHIE A2 T D 2 L AMER L. LrL, N > 3084, RETFEOA
DVERfERET D Z LRk o7 (kA S/ .

347 EE

N > 3Dl BIFRFERNMELNRNST2FHICOWT, ZOnFHENEZEZ D
na. 12H1E, HHMRTERWENE -S> TH, RO TENLN EEX X
NTHATLEY, BERBHES TWAAEEETHD. ZOTHRIHEBRICHR T
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X 8 & = EIHFHIEOHER (2Max fjE)

7. 22081, MEMOSZEEMEIMET-NTE LT, FFEOE—7 L ain T
WRWAREMETH D, 30HIE, BINARL—XIZBIT D, fifEailEn 4 Th
AR HE O BIHER OBEREOFIETH D, 7 b, AW TIIFIHE ORIk
ETHMERRED EVIIREZENTWEY, fEM, By 7ARSL LTS
DJEVEAE & BREEA BN TR, EORSE (U TOVRNL) DERO R & &3
B (BEND) EBZALNENLTHD. b O 3ODOBEOMI S LI T
H5.

35 F&H

ARETIE, RABOBLERAOR NGO B LI V—T (Fay) 245
T 2072005 a CENEL ER L. £ 0MEEZEEEHE L HWT
R AT DERREL, HEEERICELZ5HMIEZIT-72. ZORE, vFv—
77 A R 2Max BRIV T, R TIEIT, TR T, FEICHEED
BWBLZR U7 N—TICRETE DL Z LN gho T
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RE B DIETHEOMEL, MR 28, ERos = BmEi
LB D~ BOT 2L Ths, RERD, BBNARBLOBIEEOR (F
My B LIRS 2RE D E TIHREA S = > ~0H ) % TRIFHRAN D,
BIH LA » T ST OE CARNC /2 570 T 5. FIH ORI, H
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A BHOBEEE-IDRE ESMEFAREDER
4.1 =

IETIX, RABMOBLEMAOHNLHEORWNELE I V—T (F=av) %
ZHEMMHT 207200 a CEEEL ER L, £ ORMBEEZEEHR 2 Fv T
SVAT LEREL, FEBERICL25HMOZI T/, ZORER, ~vF~v—7
T Ak 2Max fEIZ B W T, SRR TIRIE, ETFEICHAST, AEICHEEO RN
BLERICIN—TICRETE DL Z LNy hoT=. LnrL, N>3DEA, Bif
IRRERDG DAL Do T

ZDJRKNE, FREMOSEEENRTZITWRNT & Th D ATREME B, AP
Z2f (B D BIEOMNIY 15 2B OH) 13Z2IEETH Y, Sk vy TV %
RN S/ A 720121%, ECIZE - T, ZDEL DigE (4727 %R D BN
b2, KETIE, HEEZEMO XD RBEEBEBOBEEI KR ETFEL LT, H
PLOMRHE 2 72K 9 IC T RENZ ECORBIREAZEAT S (4.2.21H) .

ARFGETIIFNAE OB THER R E D E VI RELZEN TV Y, fiffEdg
B, Ay TOVESL LT B o @Al & BEBE S EER TuinE, EoRER (Y L
FRAL) DREMO R S & I13R7e s (BEns) B2 oid. LER-T, E4A
NRU—Z BT 5, R & ED ST HNTFIHE O RIEER O BBt O F1ER,
H O = DODJRKTHHARBMENH D, & ZC, MG & FIHE B IR O jEEED
FEIEL LT, BH—8E (423H) 2H5ATS.

ARETIE, BN —BEZIEHL, A2 r2iT7hbTIC, BET —& 2o CTHE
MIZFHMmEZ 52 5 R by 2 FAFHEE (4.2.45) 28 AT5. 3FEITHBV T
fRfEAl 2 ST DB, EBEOEa o SME L 5FHIi 272 5 XL THERH
D ey o Tens, BB ZOBMHEOM (BT ML ERES) 23Kk E
L F ClIRER G 2 ~DOFNY B THTOIRNTZD, BINETD v 7V
DETAFNZ R D6 THDL (T72bb, ZMEDN A MiZes) .

KRETHB LT HAE L EYRIE (3.28) 1%, AiELFR U THLI-OMHE
HETD, XUFv—2T7AF (3.4.25H) (ZELTY, BIFEMHFIZIST T
BHE LN, BiEE OEEHRSIIEETS.
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42 REVAT L
421 &

BT, BTE, M1 EIZERTTHLH03, ECOFOEINGIESE 2 37
fliA~L—%, BET—2OFMRE, EELBMET TR H L. £ b
ZLUF, NEICHAT 5.

4.2.2 IREZERE

AETIE, ECOBERIEL LT, MEMDOZRELZROFEDO—DE LTHMSL
1% Multi-Niches Crowding (MNC) 14 [40] 2552 L7=@&IE (LT, REE
TR LIES) 24275, MNCIE, ¢ HARIRER S 6 ¢ + 1 HARAREER] ST+
AT DB, BEOMAESCSRVWE ST 28 INETH D, FRIULIE, 7E
R, LODORIEH M ORBRMEIICH S TE 72, _ERFUETIE, RT
iR S B DI EEIRORRITTEHT 2 R CHRMER S 5. £, TNEh O
IZRIIET DIET, 1B ICiEZSE L T BERSH D720, REBERRETIT,
LUF @ Step 4.bi2B W T U — MRFERIE DR AT AfL, @aHilifED f D7
ZETHD L L. ZOESIE, EoEE[41) O BEENZ ML &SR~ |
NEHANTRWHZETEWVWIBIRICHLELS.

X OITRT LA, FT, SEDm il (m <|SH) EER LTI U F ATROH
U7-4ERA Sxt 2R3 5. ¢ AR St 22 Hb— L NI T on {8 (n < |SY))
BOW L, EEEHE (—ARX, BRER) 27w, Gar3MELEYE T, 7
fiz475. ZAuT kY, FHmERT & OfeEmER D 3 Ek S s (D =n). K’
2, efiffEtiid e D L IEEE (WHOEFRO—EBR) NEED sx e S R L, d
& sk OREEZ e~ 5 . FHIES K EWH % ¢ + 1 HRIRER SIS
5. UTICEBHKB R AT v T2t ZOAT v AEK TG L TW5D.

Step 1. St ZZ2 DM Z A

Step 2. S' B T U H LInOFEB R LIS m EOEHRE EERA T Sxt AR
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Step 4.a.d & i b EEBEDTV sx € St A HRER

Step4.b.d & sx OFHIEZ L L, d OFAED AR E T SH T d 2B
. Z 95 ThRIFIUE, ST sx ZiB

Step 5. t WEIEFEFUZELZE L TWIUTKET. £ 5 TZiFHud Step 1~

SHDOS~10EIREDORKE S LT 5.

WHEOMNCIETIE, ERAT v 7 228HERVIRL, ZDRESGD 7 N —
TEAERT D, FEAT T 3ICBOTEn =1L 1L, BRXDOHRLIMTDR.
AT v 74D T, AT v 72 TER LI NV—TIC, TOHTRDY d &
M WESEA 1ETO RO L, EOBOM L BERERF, FEAME Ko 2
FrEdTLEEXTS.

m & nid,
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10 Y — R

4.2.3 Bl —HREEE L &M HE

iR 27 b s = (s, ,8,1) CEROT. BLOM (b,g) %, b DB
TG (b1, bo, - ,bg) & g DIBVEIGH (91,90, q1) ZHAE DO~ b x =
(b1, bo, -+ by g1, 92, -, q1) = (X1, 29, ,Tpyy) TEOT. ZOLE, s&xDH
B—HRCO(SX) ZRDEHIITHEZD.

S match(s;, ;)

C(s% o ©)
Z Z T,
L (si=uw
match(s;, x;) = (s = ) (7)
0 (otherwise)

X 10ICRT LI, FOEI L THNLTZED v T LD BEIEER~Y hLd
T A MR & OFERY —BeROBME, EMOFMEE LTE xS, Iy T
FRSTEL DS 0 DB E VT Z 0 &9 5.
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4.2.4 R b9 FIRFEMETEE

FRAGEAT 2 RT3~ DB, EBEOA v BIMFEICL D% 72 5 XS Lz,
BRERD, BERNRE ZOBMHEEOM (BT MLV ERES) 23R E D E T,
BIENMME QLTS IR 5720, FAZEICHEN, BRENAHRE 525
MHThD., ZMEERNTIZ, FHMEET —& 28 LT, fEMOFm AT
O HEEEANT D,

X 1LITRT LS, ZOFETHE, T, 1y TR L2 R Z DB~ Y
MNVERTFT D, ZOHEMAZA MY LS K1LICA Ny 7 2T R LY
AT ARG ERT. TR, BRVAT AL, M1THEHRL, K112EY
bDOETS.

R 2 R 9 D B%, £97, Ao EE AL —FOEEHAMRD X% & Ak
IMHLED L TEYE TS (VAT LFIHFELED D OFEETE100% — X%) .
XX, A by 7 Bn+EES Nz BE T 50~100%D MICRET 5.
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P P 90% —'885'
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1 .
R — ] 89%—-80'5.
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b —— 70% =i6255
Bl —EE

T—RERAN-REEaY

12 2 b v 7 R LT et~ O Rl o 5 2 07

FRAGATIZBEBE DS TV BYEN 7 MV, BREEDSEWIBICHE A EL TS, &
LY, M12ITRT X518, fEMEBIESY M OB —ERE2EHL, £
DT Z IR OFMME L LTEHE 5. A by 27 b SIHeAE s \ZHREEDSITWIIES
LY H LA Ny 7 BaOENMEO, ALy 7 BkEkocO, oD sIZHT D
FPY—EE O(s,0) & LT, s DFHlifE B, OFHHREXEZX (8) 12RT.

= ) C(s,0) ®)

4.3 EE&
4.3.1 =

R AT DOFINEETED D12 3 ODFHBEMERAZIT 72, FFERICE
W, Ao U BRY CRHME (3.4.31H) (2N, HEfRtERIC &z i iry igds
MaRDDHZENTE D) (RdEfiFEhzESR, 4.3.3HI2%R) 2~ 7. FEHR27T
X, AskFE (B.4.45H) L OHEREIT, EBR3TIE, FIFEHHRE & FEY A
AR L VEPCL, BEVAT LOMEICKHT L2275 —F 8T 1 ZFi~T-.

RER1: MEMOSHRMEEZRORERRE (4.2.25H) O
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EER2: XNy ZHHE (4.245H) OfFE

RER3: AJfE#E (3.3.20H) LR (3.4.21H) YA XDEH

432 RUFT—49 TR+ (NMax BIRE) OHB

ARFEBRTIE, By TNV 2RI MRS & LT NMax i (3.4.25H) %52
=08, KD BEHRIGEN L DI S0, T OFMHBIERIC, MERNR B A B
DiATe. 7p¥e s, EEOA T, AENELS THH v PR S 20
X, ZHVELSTCHRAGENDDINLTHDH. £IT, By 7IVESLAH O TN
BARLCHRE 20 v ZNVESIHER P %, fnmas 2, (9) L LTHZS.

P:{ 1—% (B < fnmaz)

0 (otherwise)

(9)

BTy TIVESLOBMETH Y, fyma: PHEID, ARG ORHIA v 7 pSLHER
PlX02720, BLLEOENT P AT 2 L9 E L

4.3.3 FHBEZE: ERRER

B ONTRERZ RS 2 720, RS, REFIZENS BWEETE THDH )
IR & U TR R 2 E R T 5. s OREMFEIER RIT, RiEfEE
Mp (K131cxd) &, & (2) @ lovematchid#z AWC, UTOXTEZ 5.

R = max,<i<n(lovematch(s,p")) (10)

MRS U7 AR D HVBIEZE M 2 HEE TE TV AL, T ORERI O D
R fREEROFEMEIC L > CTHRT 5 Z EMTED.

4.3.4 LhBF X

ARFEITRI3EIR LEFELFE L D2 MWD, MEEFEICBE L TE, Al
3E T, mEfEMNZ 0 HAIC—ER Y MEMENICEZ DO ThHo7n, A
BETE, thzatMREABT I HIELHRMNTL (HEAZR) . TR, &
DRIV GE 2 RIS A )T Dot R L L TEHBANIEN G TH D.
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BARS InE e 5[a
HEALFHE
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HRE S m 101
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RFEBR T A —H OFEMER 3ITRT. LU, SR EBOZEMIZ OV TR
XL, MEEZRO HEHRE (KX TIEEMER) BEnbunnbnd fizon
T, 33 2HTHEISFFERITINZ, BAFORISHEIT Y — & ZADME > T 5 iR
Qrvvy ), BEBRELZ»E>DQA Y M), gy Ay M 2REOFHRDS
WEEDS LIV, 33 2HTHETFRE ZNOE2EbELL 11 Y FTHD.
FAVEIC B 2 BN 2 EREICZE & EoiuE, NEREREIIB LEbE T2y
MEEICIND S Z LM TE L ETHRLTWD. LENST, EBr1 L 2T, %
ZOEMHRENENI0E Y b (RIZ20E Y b)) & L7,

AREBRTIL, K 13D 5 OOEFFMICITWE LD, K (9) WA v T IV
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HENVWIRECEREITo72. 207w, FIREORMEMEEZ —HRELECTAERT S
&, By TNSEEP BRI ((Hk B ZH) , SRENEE RV, Lo T,
ARFERTIE, MI3DONEOKE—2 LOMEEE RIREREEEE) 2H5H
EEm< 25 XOMMAEDBMERHREAEMRTHZ LI, NMaxfEDO v — 7 %
FIREOBMEEICaE—L1, 7% A2 1~100 DN SET 0 2581, ot —
L7=FIHEDORME O 28y MRS EH 2 & CTAEKLTE., Zha&e—21C
U CHERIC, FIFAEEANEE S E TR L.

Flo, By TNRNL LTERIRFE 280K, B LORIHE & ARS8 & LTz,
722l 2L, AR 2T OFIREDMREET 5 SMEE RIES N E % i
RIS EOHE Ui, #H LOFIE S F B TR PRAREE D /L — W > THERLT
5. SHNEEE, SRAFERENEIREEL, PIIEIX0, A rBick by
TR LGB LT oE SRS, MBS RESNEREBZ 5 &,
FIAFIFHEEAN PR END. EBEOBRAAWW—T 4T, Iy 7TV
IR (B ) A= ATHEBVRKAL) LTh, ok BVWHTFAEL
T, fE S S—=F 2B Ukl 5 A2\ (o BATRINSINT 5 2 & & i
ELTWHDALZ) .

B VB LRELS, ECHAEICHYIRLMES Z L%, BYUEBRLEAD VEILM
RELEXRTD. B LAEaERYE-EE, HREOD 7 VRSO SRFEHE %
KAET 2 ENHREEE 725, FOERRHETE (@O EEARERERICE=E) 13,
Aa EEBEITI L HAAMD IR LA VERSITEOMRIZERT 5. EBR3 T
X, FIAZEEMERIX332ZHTOBLRICESE, SEO2MEOES (RE LML
%) ETEANZ. FUSERIONICEHL T 12ETE Lz, N OfEid,
BI2H T AT MM R E — L HD 2 (BROMEEDT-HHNTH) T 25 B
EEZTHROD, MHETOHRITIE, FFEPEE2N Y TlEe <, HERR < el
AELFETDIEEZOND. LIRS T2 0800l E L.
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X114 £ [X11512, FEBr1 OfERE LT, BEEREEZHWEGEEHW o
7=3A 0, 1,000EC AR I & N - MR O V5 i fRRER R 24, A5
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Peak1 00000000000000000000
Peak2 00000000001111111111
Peak3 11111000001111100000
Peak4 11111111110000000000
Peakd 11111111111111111111

¥ 13 NMaxfiiE (N =5)

EMZ T A LDCET L0 EERLITo-E A, ROBEIZFNEFNED ST,
R ZEEIL 1% THh o 7-.

11101111111011111111 peak.5 90% 10011011110011101010 peak4 60%
11111111110000001010 peak.4 90% 11011110010000111000 peak4 70%
11111111110000000000 peak.4 100% 11101010010001100110 peak.3 60%
11111111111111101111 peak.5 95% 11011100110001111110 peakd 65%
00000000000001000010 peak.1 90% 11011010110011110010 peak.3 60%
00000000001000000001 peak.1 90% 11111001111001111011 peak5 75%
10111111111110101111 peak.5 85% 11011110111011101010 peak5 70%
00000000000010000000 peak.1 95% 00011010010010111010 peak.1 55%
00010000000000000000 peak.1 95% 11011010111000101010 peak4 65%
11111101110000010000 peak.4 90% 11001010110101011011 peak5 60%
11111110110010010100 peak.4 80% 11001010110101001011 peak4 55%
00000000001111111111 peak.2 100% 11111001011001100001 peak.3 75%
10000100000000000000 peak.1 90% 10101000111001010110 peak.1 50%
11111000001111101000 peak.3 95% 11101010011011111010 peak.3 65%
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X 14 $REGRIEZEAR (R =91%) [} 15 #ERBPGEZHEARE (R = 64%)

ZIUC K DIERIEDB REK2T% R D Z EICHL TWD Z LR35,
PEFZRPUENEA SN TWRWK 15 DEEMEM OFITIEL, 5o0—2D5 b5
1OMFERTETELT, /2R LKW,

FBR 2 DFERE R 417, R LK v ZIVEkarkiE, &= E% 10,000 [F]
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TOMEIZBWT L Tholz, ZAUIKFITITFEE L T2,

Ik, BETEDR, BEOHEDO A — LD ASEHEICK L, R%ZF10%
LBIESBRNWZ ENghotz. £, NOEN 2B 2> Th, 1EIER
MEDLIRNWZ b ahole. 72720, K1TIZBWTII N =8 D4, 2\ (30
[IFF) OFATTLIME QEF) O —7BNRFEAE, N=12054, 14[F (30[H
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k> ZITPRAF SIUTWRWN I D 2208 LUWAFFRPE O fifeesii 5 C & 72356, IELW
FHIEZ 52 5 Z LIS TE RV (BPOBEHERY MAZEYTL Z ENRTE RN
=) "ReERH L. LIehoT, A My ZICRFT DRSS MVEEDO SRR
BROTRMRKROOND., £, ZTOR 7T, BEZFEINTEXEZT 4%
W7 —2 L LCTAND Z ENTENIE, URE T@H#Faﬁ%%ﬁ%ﬁf‘% D.

RFEL, LOVRERAT—IAVTHMNNERSEL20I121E, LVEETK
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44 FEH
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BEORMOMMEE TRIL, Iy TNV E BT VAT LA RRE L. A
BEFEBR 2 -\ T, Bl fRI2 288 90%LL | —Er 9 Rt 2R 5 Z L N TE 1=
Fio, —MEIICE 215D MR ERTFEICHRT, Boodsa UEEHCT, 2
BTy TNEFESEDL I ENARERI AR LT

RRTFIEOEREEL, @bl MEROSREZ R OFIEL LTHA RV =
TV T [44] REVEILA L [45] FEOBANR LR ATREMEN D L. Fiz, SRR
WICKERDH D FIHEDLT »r— FO—EICKREIE) &, £haifficez
A= RTL50NbHRETH L. BHERET—V = FPOWIZEIZEBNTHWLRT
W5, vy 2 N (Negative) [47& ] % P (Positive , (¥ 565 TH220 ) 2D
(Don'tcare &3 %5 NPDZEL[46]%22E(C, [RH]] L WIHEHREZZEDEET
Y a— RTLREOHEIMNEETARDIVLEND D, XD, MBS F &L
Ba OwEISHEDOEIL HIRE TH 5.
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5. #Eim

AFSLTH, FREICEESNLTW A artyT 4 7Y —ERAT, ECIZL-
THEBORMOMMEEZTHL, By TSI EECT VAT L RE L. &
BHERRZ VT, oI 900% B 2 fifEME RO D Z ENTEZ. F
7=, —HRENCE 2D AR B TR T, o oh a U Eilk T, K24
DIy TNEFRESEDLZ ENRARERZ EE2R LT

(G 8D X RIFEREIZIIA T =2—7 /L%y 7 —72 (NN, Neural
Network DA E 2 51528, NN DOETFHLF Y U —7 bR e VORE
HLUWRETH D &I, FEHEZO NN OO AZ BT 2 2 ERRETH D
BAMNZNAT]. TOdAENIRAE RabEiz. i, #FHE THIuT,
fREGIZXI LTI ZAX Y v 7 FiEEEA LTIZ D, #2075 2 & T,
RN Z T X B ATRRER EV. EFIINN Oy U —7 bR e P&k
BIZ X > Chaifb 95 NEAT[48] 0B TOMSEEIT> T& TH Y [49], 5%I1T 2
ne Gay) MECEALZWEEZ TV,

FERABOFEIL, FHETOX Yy 7OMBETH L. SFEIOREREZEDIC
1% 5,000 255 10,000 B DA =2 > OEFERLETH HN, ZoBEKE, BEFOA
Ayt T4 TP E RV TCIBEENREHTHS. LTV U7 A4k
[5] 1ZAERTFY 2,000 [A], AAY 7 Z A4 X4k [6] (Z4ERIFI 1,200 [FlOA = > % FEhii L
TEY, FMKI 15,000 FOEMEEZHE L TWDHHES [7] bIEETH. Zib
BHOFT =2 EHET D ENTENL, Br ADDEEL VI A —F—TDH
RBUAT LOBHANBRERN 725 T S,

Fo, HUELSNO T TSI ERICHG B ZMITHZ E bEETHD. BINT
X, BRI D TBRAVWBIZSA) (frH) RIS AHS B E
R EM S TE. B L-WELLZOBEBE L L, ATARERER (2
& xUX, FIERMR, Fln, BEHIX, A, KE, HE, ¥E HH, HLE0O
EBOM, MEE, YR, EERZ AL, BEE, BIEHFICRDL2b0, AEIE
) AEEHL, TOEREITITOVAENWE I RMFEZR LML, JEGIEH M
LXEDOFEEBEBEDEDLOMEETHD. A H, BCRHERICA = ZITR LN
2V L, Fz, AW HIZE A EITTOI TV [60]. LarL, A ETIL,
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T a— FRREEREESZ V. BAAWBIEIAIL, Zok) R RE,
RERAZHYE L TIER L CW A RTREMEDR S D, T TFA v T =T 4 7 VAT
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AT 47 7D Viegast Donath? %) [61] L CTHANCT — M52 &2, £
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BTHZL#BELT, ma— RSN ERENET D2 LIk oL &
bihd., TNERMLTRE L EFELHARDLELZ LT, IVEnWhy 7L
RN A FBLTE L ATREME DS & .

AHFGED K 5 727 — 2 L EHEWHE AT AE TN LT, T4, KRFA
VIA v e T =T 47« —ERATHD eHarmonyrtd, E[EUFONTEZ
EFEEER, WAL QWA [B3]. £z, Lo MIT 7 v— 7 DOWF5E % 5] & ik
ST, IV THN=T K5/ —7 LA Fiore (Facebookt7—% - ¥4
TAARNE) B, A TA - T—=T 4T AT KRBT DFAEOITE
IZOWTDOIFZEZ D TS [54, 55,56] HBREDOHIEOX vy T 7 v 7 INEE
5. FIREOREZTRIL, ZHUCESOTHIAFER L2 @I 5 v
AT AL, T—=T 47 - B—EREF TR, X, REERYE (BEvW-
WANETRDTIZWAD~ v F 7)), HEBEANYTY (EPEHREE L PRO~ vy F
7) WCHIBHARETHY, RBEROSLINHTHHEEZDH. TIZL, Aav
THZITHDIN, v F U ZICEE L T 2 TR LI L E R IS 3 54
T 5. ZHUDEFERFICHRT D5 AT ARASRZITRO LD,
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