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THL—AR—R, avFrY (NE) R—=ZA T4 ARV T, WiAT 4 NZY T, N T
Uy RIEED 4 DI 252D TES. IRCENZNDOFERIZOVWTIAN, 2Dk, il
TEROEETFICB T 2 EREEOFH], ZOHEIOWVTHENT 2. £z, K242
HESRXTLE LT LR TWEaAYTYYR=R T4 NEY) Tl 7 4 LR Y
YIOMETHD, £211EAVTIIR—RAT4NR) T AT 4 VR ¥ DL
ERIRTH 3.

IL=IILR—XHEE

W= R—=2ZHEE L 1X, AT LDOEEEDRD S LD REDITEIR & 5 72 NOFRF
EDREEZFO NI L TED LS BREMCEREEMEST 20 VI L—LEH
EL, ZONL—IUI LR oTLaxXy REfTHOFETHS. HlZIE, “ARXEHEA
LESELTWRANRTF—ARY —2%H#HET 2 X512, FIHEDITEIRCEL 2 T
LCHEYZE e BONEINL— NV EHRETS. ZOFEIHBENED X N TRSICEER]
BETH D, BHEDRE VW WO HIELD 5. EEEHEDRE L2 —ZFED W TR
PHWET L7020 T, HEOKREMHICHIATE2. LrL, HO50UDHHREL
T2 —IVITHRTE S 2728, FIFHE DZk = — X0 2 Ml S K3 52 Z e #EL
WEWSIREDD D, £z, FHEZEDTE X = PELL T2HE I T 51213,
N— NV FEICTHEHTI2LEND 2725, EHIZX MBEL R DAREMDLRDH 5.

AVTIOYR=RTqILEZI T
AVFTUIR—RAT4NERY N, 74T FIFAEHET 2Ry T7>Y)

https://www.youtube.com
’https://www.amazon.co. jp




= LOXYRI>SY e 4

- BEI LYY Il

- fEOME - AR ZROTHBRBORE &Y e
- BB - WA ) m A B
- BRECHTTHOBA
~ T e 3
. COBRERLAR #Python | #HHFR ul
CEBORBERTVET -
- \ [#FonR N [ zrmmexc
s (") = BB ERR
&—= ;S 21—t — DB .
Y —szmm
bVl WA75 Y #m@A O x [¢) o
Python 1 @B O X X (0]
PR sC X o x O
Java @D x x o x
8y 1—FAL DI
AVFVYR=RTANRY VY HBHEZ74NLZY VS

K 2.3: LaAaXYEIRATLDA A= R 2.4: aVF VYRR T4 LR T L
W7 R) T

DRHEZFHHAL, FHAEDOREIFISEWT A4 T2 #HET2FETHS. FlZIE, m
HEHETZIATLEEZTAS. ZOHE, FMEEN 7272 a V) S M2
RURA] Vo2V r VL BRRTIEE, AT AZEFNLDRHEERZSHL, v
NPT =DM T ZEZ RN U THE S 2. 72, @EICHIEL 7-ME 07—
2 EFIZ, BULINESLFHAOMEZIERT 2 2 dARETH L. ZDFIEI,
FIFE DEEDEIFICHE D, ANFHELLIZBEDOESWHEENTE 2 &\ 5 F S
H5. FFABEDLURNEFATRE T A T L EFBOBEMELZFEL 74 7 2 2 ELHNCHE
B3 579, lx0FHEFFLLHEENTRETH S. —77, ZOFEIGBEDRE
HIZHEDOWTHEZTY 720, FIHZFRFEC LR T7A4 708D R LIEBE XN, #
LW7 A TLDFHEEAPHELWE WS RENRDH S, aVT VY R—RAT 4 VR VT
X, FIAEPEDOHFOD DR ERIEET 2 TERIEEQ YT Y YR=XT7 4 LX)
Y7 e, FHBEDOELFF— 206707 7 A VEERL, 74T LT —AZRX—2 L
s 2 2 e TR 22 TRIBEIEE QY T VY R—ZAT 4 VR Y V7| BEET 5.

WER7Zs L2V T
a7 4 20 > 7%, AT AEHRNCHHEORETF 7 —X ZIINE L, #hrii
FHAE O ARER (FIZIE, CDO7 A4 T LT ER, CAbgibish) 2omd
2FETHS. ZOFETIE, BEIEML T BHHER LD, H@EL Tt 74
TLRBED T A T LD B WREL, Mk SRR 2 —FEROFHT. %
Dk, ZO1—VFr Ebh b 74 7T L %2HET 5.

A7 4 VEZD YT REIREL BT R=ZAGPHA T A NR) T T A4 T LR—=X
W7 4 VRV DO EEING. 2—FR—ZWFAT 4 VXY ¥ 7 3L RELT
ZROMO L —FZ RO, 2O ELFHILETA T2 2HET2FEDI LT
HY, 7ATLXR=RHA7 4 VR Y 7 ET7 A4 T LFELTOEMMEICE SR, 2 —9hkE
KA T AT LRI T A4 T o2 MEFEDOZ L THL. ZhoFREIMOFHEZD
TE 7 — X EIERT 2729, FIHAEOBEDFHELC/TENCHE W THYI BN TE S
WORHDD B, LL, Hil7 40RO AT LCH R —FRWR T A4 7 478
BMENTGEITREDT =RV DHET A2 L REE VWS - FX
Z— MNE#E] R2—F 74 T DT — ZBIEE DI N DI — 5 — [ DAL



K21 M7 VXYV T7eayTyYR=RT 4 LR ¥ T OHE (18]

SRR
R XA 505
ZZ— Ty THE
FIRE#
AR
BUT AT A
LEOROF] RE

X X xXx x x OO0

O 000D x x

ZIEMECEHTESHERENMETNLTLES IR—XHE) RYoRERHS. Z
NEDOMBEERRIRT 272012, AV T UVIR—ZAT4NEY U TRNL Ty R T 41K
) U T AEDETHEOILSE Z 22\,

NTTVY R IWLR) VT
NATVY RIZANZY TR, AVTVIR=—RT4NR) VTt 7 4 VR
)V I RMAEDEEFIETH S, AV T IR—AT 4 ILERY P IFHEEI X —
MeE L, Hill7 a2 U270, FlEI—FHE T 4 7 2028 U THRE
WA WE WS T RENDZD, "NA TV w R 40XV AIZNEDRE DN,
MEA WL —ICHY)RHE 2T e B TE 5.

HEE S 27 20%, BUE, MaAR0BCIEHRINTED, ZoEAEFSEZTVS. filx
¥, ECH A FOTHTIIEMOHE, ZHEIHTEFEE a7 Y oieR, FIHED=—
AR AIIIG CTRBRRT O AN EDNTWS. &5 L E o BIRR 7 HEE
AT LDHEHNZONTHINT L, DR, EEITFICBITHEES X7 L0EHZHENT 5.

R EHFTOERES X T LDEH

1. Amazon OHEE > R 7 2 DHA
Amazon DHEE S A7 20X, W7 4 NR VYT, AT UYR=RT 4R V7,
P 2 HAGDODE THEL2ZIToTWa. W7 4 LX) 7T, BEoa—F
DITENI L, MOZ—FDITENC ML T A T L 2HELTWE., av Ty
N—=ZAT7 4 NVEY) 7T, BEmEBALZANSHLT, EHoREeER (Vv >
NV, TIVRRY) oL, BEUMLI-EREHELTWS. £/, R EIcLD,
JBEF— R TETNE L —=V T2 2 THHRKEZR EXETWS [19)].

2. Coursera [ BT 2HEE S X T 2 DA
Coursera l¥, A 74 V% BF7v b7 —24T, HAFOREDPLRELEHEL, &
P a — 2R E OB 2R L TWE 39 4 FTHB. Cousera ITFHHEDEE
DEFESCHIRICHE O X, BHET 23 —XZ2HELTVWS. 2—¥FD 77 7 [ VIFER
CEBRE, AFLLAL, BERZH LT —RRY) BITIC, RITHERINEa—2R
PTHILCTWS. T/, MFEEZFHLC, 22—V IcabeRikiEza— X 2R
T5ZeT, FERBOM EEZM STV, [20]
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=S

1.

—

ANO
V%

BBE -

EZ53

#E

W3,

PHETOSXTLDOER

YouTubeMusic TOHEE > 2 7 2 D FHH
YouTube Music TlX, Transformer €7 NV 2 {EH L CTEHEBHE 1T > T\W\W5b. Trans-
former ET7 I, SERIERSLOE A A7 I I TW-HASEBUEEMiTH D,
I—HFDOEIHOMHEE, ¥ v 7, WORREDITEZ AL TWS. 2512, BifFD S
Y F V7 ETINE Transformer A G HHE S Z 2T, WEDOL—F DITHI LBED
VRV IBRERM LS X0 7R E L T0WS, ZOHEICED, 2—FDR
v TRENPPAO L, HERZIEREEM ST 28RN S o0, 12— DDA L
LTTWwW3 [21].

. Spotify TOHEE > 2 7 1 DHEH

Spotify T, a7 4 V&RV > 7, BARSEIE, FHEToiizHlaabE T
NZE-TERZHEL TW5a. Spotify Z2—F DS L4 VR, FHAERERE, Z8fhiN
D owonfay BREDITEIT—XZ0M L, Bl &5 REH 2RO —FRTUT Ao 735
HIZHEE LT\, 72, o7 VR, 58, S8 COERNEE L, M
U7-Fr e Fr o i Z5n L, #HEWHEHLTWS., 51T, 7—7 4 A M3
B 250H, La—, 7a&KBRYOTFA T —2%2INE - L, By
DESIREREINTVE2ZRHRL, 2—F—DBNIA - =M ZHEE L T3 [22].

ZDXSIC, BEIHNOMDBHFCIIHES R T LARNEHEINTWS, /7, 2—%—
Y DOEFHICE a7y EHEST A2 FIEZE, IRTOL—VFRIFELay T Y
HEE T 3 FEICHARTRD 2 00 E AN S.

AR E

2 — PR ER T VR — X2 HET 2 2 2T, BARSHARR A
XEBZEHMNTES. YouTube DHEES X7 ADWMEIC X B, W74 0% 27
WCHERDWHEE > 2T 4% YouTube ICHEH L7-ME5R, AEERKICL AR T > F
TRIORUIHE B USROS ) v 7B om LRI N, MEEDM
ELZzrEhTw3 23]

HeHEEEDR L
WESZXTLZ2RHTEZEICEoT, FILWTATLRI v V2B ZEHNTE,
FRZEDIREEZED DI Rbhro T3, HAMFICE S, HES AT LZ
2 —FIEEEDEWEREIRT S Z 2T, FHILOBMPY v VLERRTE, X

KRELEERBEBLZ N TEZLXINTWVWS., /2, #HES AT LOZMMELE
HEMEICIZ = ORI T 2HEERMEID D, i, 2—FPEL TV
b D BEMENE L, POFLVEMEHEES 22T, X a—FolEEsm -
TAHI PRI TWVWS [24].

B AT LAZEBATEZI LI TIEIERMEDLDD, ZLONHTHHAINT
Lo L, BHFOHE Y X7 241018, FIBED -V 7 — KM 22— OfTH)EJFE
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WEOWT T A TLEHETZZ L2V, LD AT AIBED T — ZITKE K
FLTED, V7LERA LTENT 2 2—F DGR DHIREEE T I KT E TV,
Z Z TCAMETE - OKIEIREEERB L, ZOKIEICE > FREEEZ R OBEROHE
ZAT9. RO R T L, 1ERODEIEEZERLBVWHEES X7 HIRL, 2—F 0D
SPGB P R R BR AT E &2 KRz m B X2 2 0[gEMEDH D, 2T 4 TIIEEEM LR
T4 TG RE T 2 EROEELEHAT 28T, XVEAAANLVADMALEIZHFETS
ZeHfFENS.

§ 2.3 RMBEDMOFES LV ERFESN

BIEAM EIZ T — &0 6 N4 OB RECER 2z L, 2hzE&r - @RI
ST 2EMDOZ e THS. BIGFHOMGIE, 75 R MPER, BUR, EREHRL 2
Ho5. BREINOLB 2R 22I1TRT. 27 FA MM TREIXREIIGENTVS
HEERPRZ T2 28T, E2FOREINT 2. HHICX2BETHTIIE OIS
RPEOREZI 2N T2 THLFOKREZNT 2. ANHORERBUIIFFE LS
HahkEnizd, EEINTE, 7F R P TEHRARNLLZWEREFARNS Z & BT
x5,

¥/, BURIC X 20 CIIEORBESCEHOHNOE X 2 05 5 Z & THRDOEE R 57
32, BMEBICXZ29MTREFRKELTICEEEL 5X 5720, P 2F v —R
YOSEERFORVEERREZON T2 2B TE S, ERIC X 290 TlEMKE e IRIA LR
EOERT =220 5. ARRISIIEGRINCE Z 2729, £RIC X 203X Ez
BHINC AT 2D TES.

BIEOMOTIRIIKREL DT T T—AR—IT X BT, B X 2T, TR
BB K BTFIE 3007 Iun—F2b 3 [25. LUNICENZENDTFIEDOE K ORI
DWW 5.

1. IL=IAR—RICLBFE

= R—=212 X 2 FEX, fiffo TERESINZ—HDOL— L EHWTEEZ ST 5
FETHZ. V-V DEZBERIZ, BEANCABAIFHTITY. e LT, g
BLZHEIEETE 52—, BHLRRERBP KR T — ZADOHIGHHE L W E WS REDD 5.

THFZ MBI ENL—NAR=RIZ X 2FEE, REMEFErHOTREZ NS 5. &
TEMEREE X, BB L TUREDO R a7 ( TERUV:0.999995, E\w-14E ) ) 2E D iRS
NIFHETHD, ZOFHFLD LTI A M 2RORIER a7 L5 LRIEZ#HEST 5. H

FE DG D CED A 2 BABMMER T RG0SR [27] & HAGERKIGM R &
DD (28], HET—XTIE, HERM Bl €vF, 7UK BHR) KEILEEL—L
ZHWS. FlZIX, BEETRRT YARED TRD ) ZRL, KREETRERSOGRT VR
B THELA] ZRTEWVTIL—LERERL, MHINEERE L L —E W T
Bh T2V RSET 3 [29).

H§T — &, FHICHERICBWTE, BRLOADME L Vo RIERBICE S L—
RRET D. BHRBEBROEEDIHIZBT B —1 2 LT, Facial Action Coding System
(FACS) IZH DL V=V AR H 5. FACSIZIX, HOBRAOEH X2 ERL, 5 DHA
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% 2.2: BEBEOHOLLE [26]

BEMMTOBSE ILIESE Ralh 2R ERI
ER AOIE EOAE S FEEERY L& B EEOTORY ORED oM % H
T HE EVELARY BTh EX BE Qaits [##F47] [F¥F47] C4BELTER. BRABCENT
Efk EES BYEEHBETLEVELA F34r-0RELEETHE, HEYEROERY BN KRR TR
ERER Rl BRA & B FREEESVERY EUELY  BEO0LEORMISERELFIv /L, EREORBCAHETRELEE

EOETREDEELZRFT 203D THS. HlzX, EXZO0M0 LR LEO B2
DZHESRETHY, TNOOHROEZZEETL2ZLICL-T IBEY) ililTE 5.
72, BOIRENTIRD, hicHE2 22 dic, B UL L WO R ZRL, &
Nedl &) OREEETLIeNTES [30].

BRTF — &2 Ti%, IBEEIER DL Y X DEIS CERHME IS L CRIEEZRE S
5. BlziE, AP L RAREBOHEEZaLVFY —LOfEE, Vv 7 AL TWAERIXA F
Y OEERMHOLEE S 2 IR EENT 5 [31]. L—AR—XDFHEREZ, &
EINTCBI 25N 7 Ta—F LT, EAWTOL DT WERHEEFICL TW3 23,
HRT — XPEHH T — RIZBT 2 2R CEMLRRINIIBH LD D, BWEEEE Y
REDIYEERFEEHAGDETHHINS Z EHZ W,

2. BRFBICELBFE

B X 2R, T =R o2 —URRAEFEE L, RANOTF—XIZLTF
HWEITS>HED DB EHWFIETHS. HAliidvEELIE, AT —ReZOMET
BIERZ L (BT — &) BRT7TEZ N, BHEENPANTT —ROFHE L [EfRZ LD
M 222, REDOF—XICH L THIELWTFHIZITZ 2 XS ICHIEN B FIETDH 3.

BEMEEIC X 2 FRICBVWTE, 37— X o@URFREELHME L, Thzaofes
WAL THMEITS. FE L1, T2 0EBRREREZFESPR Y btk
HLd0THh3. HlZIE, 7F A F—2ThHiu, TF-IDF =% Bag of Words 72 ¥ D75
FEEREHL CHEBOHEZREME LTHEL, BBy 7582175,

Hf} 7 — X D55, Haar-Like FHEEZ W THIRICB T 2B EZOEEZRHE L LT
L, BRI, BRBORBEINEITS. BHR T —XIZBVTE, FOEIPHE
X, R, mERCEREEL TS, FOREBE, MmEX7 -V EZHEHWS Z ki
X DIEEATHIUVREE Y LTHiHEN 3 29 %72, £KF—X T, TAXHE, >—
R, TNT 7Y DREBEEERA O RY —R A Y ORE R T 5. FEE
NI ANE RS a2 T R RV 5.

INoORHEZEIZ, SVM (BR—IRIZ7 X -2 V) R FVXLT+V A, kNN
(kEfEE) REDEWFEE 73 ) X o z2H L TRESHTTbhs., Zhso7ra
VALE, GRAONTREEENICT 2RIE IV 2EE L, #ilikr — 210 L TIE
PTHT 20 HNSNS.

SVM
PAR— bRT Z—< > (Support Vector Machine:SVM) 1%, 572227 7 XA %571 %

13



7DD EEREGER (RERR) 2RO, T—XOPHEEITY. ZoPERERX, 7
FABDO =Y U ERKIET 2 XDCEETENTED, 7—XNEDIIRIET S
DTl 3DICHEHINS.

FUALT LR
7 VX L7 4 LA b (Random Forest:RF) 1%, ZEORERZHAGDE THEZIT
STET, 2 DRERDFRZENT 2 I e TRVTHBEZEET 2. HHOA
ZES 70, @FEEHEHCIENTE, RICEMLRT—XITEMNTH 5.

k-3 fEE
k-3 7% (k-nearest neighbor algorithm:K-NN), 7 — X KA ¥ s BRHHEICE O W T
o7 —2 KA > P HBL, RIEVKFEDOT—ZD 7V Z2HICTFHIZITS >~
TINRTNANITYZLTH S, BIEDH TR, FEEICHESWTIGE I RNLERET S
7=DIHHENS.

IO OGE, ZOHED HEEEERALT, BlE L (BIzX, 2747, —a—
MINLRED2ET T RATRNAREN, Bx, LA, B, T, BELZRYDOZI IR
TIRLVEBY) MG EINTZRKED T —22loTETAZIBL, AT —2E2K 7L

3. FEFBICLBFE

FREZEEIC X 2FFEE, ATHERY P 7 — 2 28I LEFET, Rl RRER S —
Xty Mo TIFFICERBERBEIMERERT 2 HIETH 5. 1EROEHYEFike
e U C, HEEEERHEMN e e 7 VER ZRRICITORNIND D, Uk HFE
ETREELZRITTI2REN RS, £, FEFEIEHCIERELREREZYE T2
CEMNTE, TXAN, EHA, B B, L TERT—RIIBVWTEWEREEZRET S, &
JEHENC X B RIEOHTICIE, B RD3 207 —F 7 7F v MEHINS.

RNN
RNN(Recurrent Neural Network) 1%, B 7% DORERIIT — 22 XERY, HFNHE
BT =R DIRGI SN =2 —F V4 y VY —20THB. ERO=2—7
Nty MU= TR, ANT—RORSHEETH 208D H - 7h3, RNN K
ROMN ZROEERDAINCT 4 — RN 7§ 2GR FFO7®, 7 —XEDOKERS
R RFRARZIE R 5 Z e DA[RETH 5. L, ROKRIIT—ZIZBWTIE, 1§
WK ORGE e & Hickbis TARHKAME DET 2 VI REDD 5.

CNN

CNN(Convolutional Neural Network) {&, BEAAAZHEH TS =2 -1y PV —
JTHY, HESLHERREIWHEHATRETH S, BAAALIE, ANT—=2IIHLT
TANR— (h—=x)V) ZHEHTI2UHETHS. 74X —=1%, T—XDRFANLRE
(B2, BERO/NSLETREEO—E) TN LTRAIA4 FL, ZDHEBNORE
HMzhit 2. BARAARRER, ANWT—&2e 74 v —%ELEDYE, HHz24K
T3, ZOBECE ST, 740X —3HBOL Yy PREFDREDE DRHHZIEZ,
3w N — I EBERARR -V EFHRTEL LT 5.
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Transformer
T, B EDANXEZHOXETH T2 WS ET LI, Attention Z W
Ferva—&K—, 7a—XEADRNN BPERTH-7. L L RNN S LSTM &
BRANCHGBE R L T\ 3728, RSB A TER VW E WS RENDH -
7=. Z3UZX L Transformer 1%, RNN X CNN % W\ 3 Attention D& %Z HWT WS,
Transformer 1%, BIFdEAAAD —UITORWDOTHILLNEZGTHD, oz
ZIZHPHAMDRE N WS Bl D 3.

AR L REEE O E RV, RO TR TV EEHO Y Tu—F12H 5.
EWAE TR, 722 o GHZREE 2 FEETHRE - il L, ZhooREEZHI
ETFAZIMT 5. —75, REYE T, FEEOME L E7NVEEN KL Lo TITD
N, 7 —Xr o EEREELFE e BERNICHEE T 5.

F7, BEIHZHOLEHEANPHEZTED, RARPETHEHIATWS. IR,
ZDHEHB L CRREHHT 5.

RIFDMDISHER

L. XAy RIZBT 2 G O s HEI
R4y LIZHEGEEHRE OB Z2EH L THEBRLOSREZT>oTws. B
i, EPOEFEDORELZ Y 7V E A4 A THN L, REOHZ S 2D #HA
ZToTW5. HEERETIIBEORBIC I D AEEDRKIE 2T L, ZHNIREDEST
HIIEE ORISR L, BEILU TRENARLTEZREL TS, ZOlDilE
A&, IRNLHABZRELTVD [32]

2. Amazon IZ BT 2 IG5 55
Amazon TlX, 7F X PDEIFEAMZIEH LT, D AX~Y—LEa—DKIEZSTH L
TWa., ZHZED, EDLEa—DBENLOWVWRI T 47 « 2 AT 4 7ThZHhls
5ZeMTE, BEOERZHBEL, "WANRS~Y—7 7 4 Y ZIAZXLT TV [33]

3. HALIC B 2 BAE o
H1Z1Z HondaMotor ¥ #£[ET, SNS7u /R Y OBEEDEDOFEZDHTL, —E 2
WEICELTRESHY — AR L. 20— R, HEEOEERPL L a—
Y TINRALTHENL, BT —EPRCHTI2ERZINELTWS. 2Tk,
DO RTERRF v U R— YV OFRAEITERH I TS, /2, SNS EONIEE
S, BEIZT7 4 — KN 72182 22T, BEHEEPL TS v MMifEDR L, £/
R—F 4 TP —E RBIHICBIF 2 Z e A TE 2 [34].

DX ITEIEDHTIE L DB CIEHAINTED, FEHIEE > TV, IS Z2IE
522 TCADEIFREICEDE, O -V RAREMTZ e TE, ZHICX
DIBIEDREEITS Z e DARETH 5.

AR T2 —FOEIEEHEE T 2 iR LTRIEDL S OBIEHEDHEEFZE BT 5
Tou—FriEHT 5. £, TEAORKEEEZ SN T A HEL LT, TF X Mo DKIE
HEDHREFZECBIE 7 Iu—F2iEHT5. /2, ZhCEha—FoEEICH -7
ERZHEST ST, ]PDMALEZYR—-bT 3.

15



RIGHE CHEAD ~E Y I 55R

§ 3.1 THEFAMDLSDRIEHR

22 THIMANRED, HMOPEFNIEGICHEELESZ 5 I eIREINTED, ZOoFEIL
BIFEIC X o TRZ o TS, HIZIE, B2 WHEIOXEINIKIVEBIAATVWS ATt 5
TEREHVEZHEZ, KOVBEBIAATVRVANIZE o TRXD 2 LEEZZeHIT5
Nz, Zo&51C, HiheHESTICHD, 22—V DREBICH o RIBMEZ RO 2
R 5 e BRETH %,

WL TG %2 Bidirectional Encoder Representations from Transformers(BERT) %
HAWTRIEI 21T, HEFORBMEZHE T 5 [35). BERT X, XEOEKLZHFET 2
RENCEN TV 720, BASHELUHEORLZZAZITHEHIATVS.

BERT
BERT 1%, Google 2MER L 7zHASHBUHETNLD—DTH D, Transformer D En-
corder Zi =R Y L, Attention X 7 =X L% W THZER OBERMEZ T L L T
W3, BERT IC XA OFHENZX 3.2 1273, BERT IZW/ED Transformer 7 —
XTO7F ¥ FoT0WBZEDRRKOFHETH D, XkEE R L THEED =W % HfiE
TEHIEMNTES., ¥/, BERTIZ, 7F A NOHGEONBFREFXLE TSI eh
TZX 579, HEEDIHF2E B L XIREMSEETH 5. 2T kDb, XEDHE,
HREINE, Stk y, A RBEARFTELHE Z X 7 IZICH S TWwa. BERT I3,
KRR 2 — AP S HANCFEHINEETALTH D, FEHEADETF I EIEEYE
52T, Eh/NRERT -2ty bTHOEWHETUHE T2 22N TE 5.

BERT €7 /L T® % Transformer 13X7 MUbLINF-XEZ AT L L, Attention %%
BOGHNZHCE U 7= Multi-Head Attention 2SFHH W T2 {T-> TWa. IR, BERT IZHB
B AJIERT DERAEAT S .

BERT ICH1F 3 ADES

SEEPHWEZ R BELBICE, EFADNEEENZ S L5 IHEILT 20ERD 3.
BERT Tl&, 3 MeCab 2 L TXZHGEICHE L, Z D& WordPiece % W THEE
I =27 27383 5. BERT OHARGEET LTI, 32,000fED ~—27 OB EZRSN

TED, b= B3EEDID BEIY RSN TWS. BERT ANDANRRIZIE, 2D F—
7 IDMERINS. =27V IDIKE#HINT-T—XIZ, BERT ET7MIC AT E N5 HI
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Output
— . |
= |
S )| 2 20 A | 0 [ 7 0 5 ; i
-~ | [ | W [N || 0 (| | ) [ ? | 1
+ o+ o+ + + o+ * * +

e & BB [E] B [E (& ][I (& ] [& ][]  — e
+ O+ o+ o+ o+ * o+ o+ - * + L — |
e EEEEEEEEEEE]
it IR $ !

X 3.1: BERT @ AJ1¥4% [35] ~9 &
s cmvodong BN oo nbecn

Inputs Outputs

& 3.2: BERT Dt [35]

12, Input ®FEHEIC [CLS] b—2 %, XO#KDDIT[SEP] h—27 Y Z2EBMT 5. ZLT,
DR D 3FEEOBDIAABEMZ S Z 2T, ETMIHELZBMENZ L LTREINS.
%72, BERT ® ANIE87 2K 3.1 12R7.

k=0 2iBHiIAH
F—=2 v Z iz, FiFE ENHEDIALITE] E € RVX R WTAZ FLRBUC
Y55, 22T, |JIFEEYA X, dIFEDRAARY MLOXTTTH 5. K b—
2 21D 4 IHIET B b — 2 VHDIABNR Y ML Eyggens 3D & S ICEHRS NS,

Etoken,i = E[tz] (31)

IEEOHIAH
k=27 YHDABELT o 12T TEASDNEFICHE S 2R E il 2w, XEE
ELLFZBW., 2070, v—27 YHINTOIRFIERE €T MBS %729, fii
BHDAAEME 2. SAE (ST BAEARY PV Epgons 13X & 5103158
ENB. 2T, pos =27 Yol (0,1,2,..) , i ZHEDRABRIEDA ¥ F v
JATH5. ZHUTED, BEERDHDIAANRY bLEHWENS, +—27 > O
Rz 2 £ 7 S EE A REL 12 5.

sin (p—os) if (i mod 2=0)

_ 10000 deoidel ( 3.2)

cos | —=5— | if (i mod2=1)
10000 %model

Eposition,i

I X FBEDHIAK
BERT TlZ, 1 DDANDPE—XLEBI»ZXAT 272012, 7 X2 MEDHAA
PREHTS. & b—272020F, WET23E X FIDs; (L1460, X246 1)
MEIDIRSN, XY FEOAARTZ P T XS5 1cREXN 3.
Esegment,i - S[Sz] (33)

22T, SeER¥ FZL I XY MHDIABITIITH D, s, D30 F721F 1125 U THY)
BT PVHEIREINS.
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BOHIAANT FIILDOIRE
BARHNZ, b= YHDIAA, MEHDAAL, 7 XY MEDABZINALT, €7
WICATT BRT bV Eppurs BERT 5.

Einput,i = Etoken,i + Eposition,i + Esegment,i (34)

ZHUTED, =22, ZOEK (b2 VH®IAAL) , VB ((LEHDIAA)
XXAl (27X > MEDIAL) DIERBEENZRNT PADEMENS. X7 MU hiz
k — 2 13 Attention 2 ZE0HHNIZECE L 72 Multi-Head Attentiont & Feed-forward Newral
Network 12 & o THfrE, DGR Z XEICBII 2R E L LTWa. LIRIZ Attention
B & X Multi-Head Attentiont, Feed-forward Newral Network (281} 28tlHZ1T5. 7=,
BERT 2B 2 FEENG DN Z X 3.2 1TR7.

Attention

Attention X, ANDE =7 UMD ITARTDO b =7 VIZENZFEEL TV 2 0%
YPETEIXN=ZZALTHD, ZOHMIE, —HRANCEHCEE (Self-Attention) Wb T
W5, Self-Attention TlX, &+ —27 Y OH®DIAANRT bl % Query, Key, B XU Value
EWVS 3DDNRY MUVIZERL, ZOMBBFRZEHAEL T, EAMNITEINELZENT 5.
Query, Key, XU Value \ZASTHEE Eippu ICZENENDEAITHI WY, WE WY 2 H
WTH TR TER LI S.

Q = WQ. Einput; K= WK' Einput; V= WV. Einput (35)

ZLTC, Eb=2 207V ex—rONMEIIY 7 b~y 7 ABKEEIGL, V 2
MET 2 Z 212X 5T Attention Z3KD B Z LW TE 3.

. QKT)
Attention(Q, K, V) = softmax< \% 3.6
@RV Vot 30

Multi-Head Attention

Attention [ Z— 2D DEIEZZEXNIATo TWVWE 7D, 1 ODHEDIS LA XR%E#HiAI S
TEMTERY., 2T L, Multi-Head Attention (X#EE(D Attention % i ERE LT
HMAOZz1E5. 22X D, [EROSHRAINZFRICIEZ 2 28BN TE 5. RtdiET 5
72 DAL TH %2 WO ¥ § % & Multi-Head Attention I3 FORXTERLEN 3.

Multi- HeadAttention(Q, K, V) = Concat(heady, heads, - - -, head,)W©° (3.7)

where head; = Attention(QW?, KWX, VW) (3.8)

2

Feed-Forward Neural Network(FFNN)
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Transformer @ Encoder ¥ Decoder DIREZEDEIZH 2V 7L A4 ¥Y—ThH%. FFNNIZ, A
NT—=2% XD EXRTCORBNCESRLT 27D IS N, ETAVNTIHYERERLEZITS.
FENN (24558, TEHELBEE (ReLU), 28D 3 oD@ THlk I 3.

F1E (2E5R)
Multi-Head Attention 25 AJJRZ L E3ZITED, @XTOHMEE GEFIE 2048 X
TERE) WCEHT 2. BRITICENT 32T, EFANEE T 3RBEMMBILND,
I DM CTZRRREAREFE T2 P TE 3.

% 2 B (ReLU ;EM1LEAZD)
B 1O INCIERIE I LEIETH 3 ReLU 2T 5. Zhuc kb, JEMEEZ
BAL, ETANIDEMLBEAREFE TS X517 5.

E3E (2FE5RE)
BRI R, TTOAN LR CXKITICRS. ZOBIX, TTOANKITEICEST 2
L2k oT, RN RE RS 2EEDD S

FENN Z AN SN2 EHRE ST TRE L, IERBIEE(LEE R T, BRI AR
TCWCRT Z 2T, ETADRKRETE 2 EMOHFH LTS Z N TE S, Attention JEIXX
2RO ERREAE T 2DIENTVED, & —7 Y OFMBRNBEEZIRZ 2221
RIFITWS. FENNIZ Ko TE =27 UFOBREZIECT e TE, A hF
HMED» SEMLREREEFE T 522N TE S [36). FFENN T L7z, B TIEF
Bl baphang., 2oxRZ MLz, BIEHREZ 04 X 27 ANG
Hx¥3.

ETIVDOFEERLE

BERT &, HRi¥FE%Z1T5 22T, —RNRSEBOXRETEMEST 5. Z 2T, BERT
IR 7 3 2 » 2 —,3% (Wikipedia % BooksCorpus 72 &) %> T, HEHHH D
HEEATO. FHRIFEE T, FIK2200XRA7BHWLRS.

EaFE
HAHE TIX, BERT X Masked Language Modeling (MLM) & Next Sentence Pre-
diction (NSP) ¥\ 5 20D X X7 %ffio TEFNLEIIMT 5. MLM TiX, ANX
DHT T VX MGEEINHEEE [[MASK]) b—2 Y TEEIZ, ETLICZOH
R THIXE S, MLMIZBWT, Multi-Head Attention (3 3HR% AT MIANCEE L,
YA INHFEETHT 5. NSP TlX, 220D XAEHE L TW20E 5 0ETHlT
5. ZORAZIZE - T, BERT IIXHOBGZHEL, YELAROMELHETE
5X91275%. PR, XA XBAERBLTWEHER 1) 2, @il Tuin
mad To) 27Hls 5.

T7AYFa—=>y
HiliH1R, BERTIIREDRXRAZIZT7 74 v Fa—=v7ENb. T7740Fa—
=7, BRIFETEONIEAZR-XIZ, FFEDX R Y (EIEHTERS
%) Wit d 2 TIETH 5.
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=B OHN ERIET A

EEOBTHNT 2REEIZBLXAZICE->TERER S, BIEOHICHBWTIE, BERT
DEALED S [CLS] b —27 > ORMEZEH T 5. [CLS) IZXERADIDIABNY F LT
HYH, XEEDREEEATERZ PV THB. HHhEN=RT v vE, 2fEEEICATIL,
SUEA FEBERWE LTI IADR AT % 0~1 OHPFICEFR L h, EEXa7
L LTHI IS [37]. ARBFETIE, BERT Z AW THEOKIEE (0~1 OERE) 258
T5. £/, ZONMEREZHEGFAOKFEHEE L, FKHoRHMEL LTHZ 5.

§ 3.2 EfRHSDRERES

I—YFORIEZ T 28 e LT, BRIz W FENH 5. BEfREe 1, EHD
R LT, FFEOD N Z@RI LD, BIEZHE LD T 28D TH 5. Hib
AR, VERRR (B, &, O, Eomsiy) 2 i, MARERNS 2721 fH X
22 eNZVWD, B CIREORIBEICESOW TG EHEE T 5. A TlE DeepFace
ZHW, AXSMGELS2—FO 7T ODRKIEMmME ( TRD ) THRLA TEU) Ex) T&
N TR T=2— 1+ J01) ) Z2BHT 5. 2L T, ZhthoRrarzitdica—¥oxr
HT 4 7THREEZEHTS. IFED, Deepface DETLE X U DeepFace DEIGE DT DL
ZaiHT 5.

DeepFace
DeepFace 1%, Facebook 2SBFHEL 7T 4 —F 7 —=VF7ETNLTHY, IEDEAIA
H=z2—F )ty b7 —2 (CNN) ZEBZHH L CTEHOFEINZIToTW\W5. %72, €
T DE DERIT facebook D KREDEIGR T —X 2FEIE L Z 212k, NrFEF
LAV D ERERE B 2 FEH L 72 [38].

Deepface (& TEMIH ), 3D 754 X > by, TEEFHE O, T X =2 D2H ) D4
DI DEENZITO 2B TE 3.

1. EBIRH

BRI A NG o2 RN S 2 TH 5. EMETRE, ERNOBEOAE & KX
SZREL, MESINEHEZ MY I 7 L TROMUHE Bk RIEHEE) Z2175.
DeepFace TIEEBOBFOBEMIE T V2 3#INT 2 Z e 3T % (K3.3), 'Haar # X7 — F
A £ TMTCNN(Multi-task Cascaded Convolutional Networks) | 23— b
% [39].

2. 3D7ZM4 X b

BMHIC X > TR ONEE DL, MESRPAEBICK S TAINTIRIGAEDRDH L. DN
TN Ko IEHEIZM KO WCHIET A2MHEEET 74 X FewS, [iEkD 2D 7
A4 XY MTIE, EXEERL TV ASERIEERAZ OGS TR RBRMIENTERVLE WD
IMENRD o7, ZOREERMIRT 572, DeepFace TIX3D 774 X > M2 EAL

19



OpenCV

Ssd MtCnn

Dlib Faster MtCnn

Mediapipe degpFaca RetinaFace

Yolo YuNet

CenterFace

. B 3.4: 3D 754 A b [38]
3.3: DeepFace OFEH O [39)

TW3 [38]. 3D7 74 XY bORIZM3.41TRF. 3D 7 F74 X2 FTIE, % 3THEBRAD
567 HORER R T 5 (M3.4.(c)). FHENKED 3D €7V (K3.4.(d) ZfEHL, H
BA ORI E & XM T 21T 5 (3.4.(f)). MM I Z2ITo723D ET V% T 7 4 VA RIT
W, 2D FEICIFE T S (3.4.(g). T 7 4 YA, BEBROIKKED, BEE, SFATEEIZ
CERATHEME o THEEEREHT 222 TH 5 [40). Z OUHEIC X » THRERSCEIE 2 i
XD EFEEICITS T TE 5.

3. FIFHEDHL

Z ZTlX, DeepFace D 9D EAIAA =2 —F )Ly bV =27 ZHWT, BiLFEOULH
THIH U 72BEDEIGD & @ TTCDRHER 7 ML 232 TR TH 5. DeepFace lZATIE,
BAABE (CL), v~y 7 AT—V Y7 (M2), BAAAE (C3), v—hLEkifE (L4, L5,
L6), &fEE (F7, F8) @ 9@ THI XN TW\W3 [41].

ANEIX, BEEERITAAENLEETHS. ANE, 3D 774 X2 hTHitt Lz1EHEL
SNFEHERTHS. ASTTOEE, BEBEBROY A X% 152 X 152 ¥ 27k LIcfEE X4, RGB
B LT3F v rNDT—RE LTANINRS. ANEBRE X T2 TOL312H
bbhIhs.

X c R152><152X3 (39)

BAHAAEX, ATHETED & RFTRR R Ee S 2 W ET 5B TH 5. BAALE
T, ANEBISH LTI 4 VR (h—2) BRATA RIERDHEAAAEREZHIGL,
R~y T2l 3%, BAAAREOWT) (74 0% k ONLE (i,j) D) % Fj,, B
ABEDT7 4 VR EIZBF 2 (m,n) BT 20ELE W,,,,, AEIE (i,7)1cBII5E2
YOEE X;j, 7 4VR kIS 24 7 RIE%R b, L BAAAHBIILTO XS TH S
bEINns.

¢ H W
Fijr=0 <Z Z Z Winnek - Xitm,jtne + bk> (3.10)
n=1

c=1 m=1

C1J8lX, RGBHE{§ (¥4 X 152x152x3) WCHHAINIZRIIDBAIAAETH 5. 74
NEF A ZF 11 x 11, 74 VR 32TH 3. I TlE, 152 x 152 x 3 DEBITH LT
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REPRESENTATION
SFC labels

ClBHAHE) M2(F—Y> B CIBHAHE) L4,L5,L6(0—h LEETE) Fr(emem F8

3.5: DeepFace D7 —F 7 7 F v [3§]

IIXx1NIHAZXDORFED I 4 N REZNFNIEIZENLTLIZRATA REE, 2D RK
PREEZHMEL TV, £, BAAANMZTo/ X, ANEBROY 4 X% W,
T ANZDYA X% Kpey 73T 4 ¥ 7 H A X% Py (BIBROEFITEBINT 2 ¥ 7 £ L D),
AR TA R (74 NR—DEG L E2BET 227y TH) % S, MV A X% Hop LD
KTERkDEND [42].

Weize — Ksize + 2 Psize

Hoy = 1 3.11
; 5 + (3.11)

X (3.12) 12k D, C1ETIZ142 x 142 D 2D EZ 2K~ v Tt an s [42].

BAAABIZ K o TH LN HINITEE LR EIC X 15 . DeepFace Tld ReLU 23H
WHNTWA. ReLU X, ANIDIEDETHIUIZDOEFHAIL, BOfEIIX L TIX0 2 H
15 2 IEETEEILBEETH 5. 2Tk, 3y VY= EMRRIEEFETE 5 X
ST, ARHAMEEZ R, FHEMREE LR 5.

XY I RAT =) IR CLEIPSOHININ LTS =) Y BERIT O TH 5. T—
VY%, R~y SOV A XM T 2ETH D, BRI X N ZHIRL RS, 22
FI2ERE IR IS AT 201N s. M2JETIE, FRXvvyZ7A7—=)r7n
ISFEBHVLNE., v 7 AT =V 27, Fli~y T2 —EDY A XDHEH TR Z
4 RS, ZOHEBNORKEZEN L TR#~ Yy 72N T 2FETH 5.

TP A4 R1E3x3, ALTIAL RE2THS. 22T, CLE»»SDFRH~y 7
142 x 142 x 32 % 3 x DT T AT 4 FE¥, FEBANORKELERT 2 2T, HiN
DR~y 7OV A4 X2Hi/hs 5. fihh4 X33 (3.12) 12X D 71 x 71 x 32 1ZHE/NT 5.
C3EIX, ClE»OEoNFH~y THHINEBEAAAETHS. 74 V24 XX
9x9, Z4NEZ—BI16THS. Zhz AJFE~y 7 ($ A4 X 71 x 71 x 32) IR LT
RIFT 22 /e 3 5. My 4 ZER (3.12) 12 & D 63 x 63 x 16 5. ZAUTED,
HIDETE O N X HICEMER X — BT 3.

0 — ANVAEE IS ATINMBEICH L TREZYy N7 4 VX EZHLTRETHL. BA
AAE, ETOMETRHU 7 4 VR EZEHAT 20, v—h VUGBTI, MEIRXGT %
T4 NEZEBELBEDOMEBFDODDICRE. HIFE~y TONE (i,j) EF ¥ 2NV kB
D% hi i, AR~y TOME (i+m,j+n) EF ¥ 2L c B BMEZ Ximjine
BZEMNE (4, )) KEAD 7 4 VREAZ W, jmnck BREAE (i,7) KEEDNA 7R
W b je, 74ANXOESEEE Hp, Wy, ANFHES Y TOF v 2N Z 8525 LT
DOATKRDHNS.
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Wf C

ljk_ZZZXZerJJrnC' l]mnck+szk (312)

m=1 n=1 c=1

LAD7 4 V&RIFIx 9 THOHNOKH~ v 7OH A XEH N A XiEK (3.12) 1ITX D
55x 558725, £, LD 74 AR TxTTHYH, HOORM~ v 7O% 4 X3k A
R (3.12) 18 & D 25x25 8%, L6 D7 4 VRIE5x5THD, fihtA4 133K (3.12)
WEbh21x21 & 5.

éﬁ JE RO T — 2 2 — O DEERENT PNICEBRT B TH S, T X

, RDRRAY (GERRTRBHNR A7) ITH LB ICE i 5. FrElx, Cl~L6JE
%Lbfﬁﬁémtmﬁnw%ﬁ%m L, BHEG% RS2 4096 XICOFHENR 7 b L%
ARTB2ETHSD. ZOXRT MU, ANEROFEINCHELERZFHE LD DTHD,
RD F8 J& D HERE OBLUEF RIS HE NS, FTEOH I, —F i DIEZ v,
L6 B oDATI =K j DfEix hy, AN/ —F j et/ —F i 2fE3EAZ W,
N —RilHETEANAL 7 R% 0D, L6EOH TR 7y MELZATI, — ROBEE N
EIBHELLTFDEIRTHobINS.

N
J Js
j=1

H 71X 4096 RITDORZ RV THDH, ZONRZ bLE, Kol ORKEERLEE L2 1E
FULEEHOT O0~1 DEIERLEINS. ZhICE D ETILDBEEEE S Z LR TE,
HEZEDLIENTES.

FSEWRXTEOH DR LICTODAhTa ) (B, B Rf, 24, LA Bx,
) DWTIDRRDETIETD 5. 7%1&ﬁéhﬁA%&km@«7F»%ﬁﬁtb %
BIBICHT B 27 %KD, softomax BRI X DHERICELLL TW 5. F7)§73”’o@%1’"ﬂ’\
7 MVDKGT i 7w, FIBOMST 7 —Fi I RIEA T3V k2R EALE W, KIED

Ukkﬂmﬁéﬂ47x%m,@mﬁT:U®4/T/7x%ktLtﬁ,@%ﬁ%ﬁ
VEIMIETARa7% O, 3L TS ichbobahs

4096

BIRIED R a7 O, & KIEDHER p, kx?ﬁ%‘?‘ét ®, softmax B R EIST 5. WEX p,
DiRbEWHT I kD, BIESTORKHRE 175,

Pk = = CO (3.15)

22:1 exp(0;)
4. NI A—=RZDEH
BAEOT DT R —ZD¥F I, 7uRAy bab—#EEe2HHAT2. Zuxzy b
Ht BErZ, EFLOTEMEE EfEo L offio#EEZ ERILT 2B OZ 2 TH

b, ZOBMEPR/MLTEZLICIDETFTLOTFAREEZA LXBTWS. [EROHRY
iy L3270y bu b —iBEBMLIZLIRTRD LN 3.
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L=- Z yrlog(p) (3.16)
k=1

P ED X512, DeepFace il & D, EHMEGE» B EMH L, 9D CNNIZ X - TH% 4098
RICDFHEAR T bIVIZES LI, ZOREELZ D L ICKEREOHEREZH L TWa. Kif
72 TlX, DeepFace Z WV, WX FMURIZE D 2 —HF DHKIEOMEREZEKERA 27 LT,
AIHT 4 TEEEZREMNT S, £, IHT 4 TEEIISUREMEIRERL, AT 4 TR
EDHER ZFHIT 5.

§3.3 FEVYIETFIILELZNEYIRE

RETTE, TEFAOFEEHEET 272DICHVWS Y ZETIICOVWTHHATS. My
JETNEIE, XEFOHBIINEDEBAENZER (MY 7)) IKIFE L THET % 2 IRE
L, XERICHRT 2HEBEOHEENLS Ny 72 HET I FIETHS. Y ZETILONR
FELTEBET 4V 27 LE7E (Latent Dirichlet Allocation : LDA) 23 3. AL T,
WEFAD My 7% LDA IR L7z, HA4 FFE LDAHWTHET 5. £/, #HEELR
Py 72T WRE I I7R2) 7L, Py Z7Z2DF LA VR NEERTS. LDAD
AX=T %X 36127

LDA
LDAZ, XEDEBENZ My ZEZ R T 2 7D DMERIERET NV TDH S [43)].
LDA X, XEXNED XS ICERI N0 2RE L, XEHRICHIET 2 HEEOMHEE D
LZDME Y IZERHEL., Ny 2 ERNHETLIFIETHS.

LDA DT 7 4 HNVETFNMEIRK 3 TITRTS. 797 4 HLVETIL L IZEREROBGRE
TS5 7TRHELEETATHD, M3 7TIZBWT W IIZBHIXNZXEOHELZRL, KX
Ny 28, M IEIXEO (KR TIEIRFADOKTH D, MO THHB), NIILEN
DHGER, 61X Py 2B OHEENTR, 0 ZIXEIFHFO Yy 7 0MERT. a, SIET 4
VI VHEEIAMHDINT A=K THDH, "AR=RF XA =& IR, LDA OARE T IV,
TOBBEERTCLEIERINS LRET 3.

FEYIDDTH
BEXED X, W OPD MY IZPHMDIZoTWEERET 5. FIZIE, =a2—
AFLETWX, TBGR) %) TRER—=v) REYD My IREFN, ZNLEFRD Yy
IHRXLEBIHLTERL SWVBRLTWERERTOMBEET S, ZRAHD MY
7%, T4V LMol LIRET .

BEEOSH
HZMEY 7RI, ZOMEy ZICBET A2REDHFEBO M EFRio TV LIRET 5.
T 21X, TAR=Y Oy 7T TG HEF) [5F—240 REDHGEIHEIZ
Hhz., "y Z T OHENRDT 4 ) 7L hahbERINS.
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RERENT—Y)

EBERETILOTN
7| e | | BEADRS
hEyZ ut o7k | | i 80% ®
EFIINGA—% /|=—| | z—v: 0%

Q B 20% K

etmoxr | |FCEBORSHE
SRR | Rrg: 50%
Zi—: 30%

EB%: 20%

e oo O/ \C/

EB%: 10% N M

AT TCOCAY

. K 3.7: LDAICBI ST F7 74 hVETIL
B 3.6: LDA O A X —3 [44]

BEEEDER
BEXEOHFEX, T ZOHGENIHEET S by 7 ZHERINEY, %@FE/?K
HOKBGENIP LT T U 7E3NTEREINS. 722 21X, TBAG) W HEED
XENTHERLEGS, 200 TAR—=Y l\t/77b)f‘oélz}i2é<mz>ﬁﬁ4ﬂ7b)mb\tiﬁ
Hxhz.

LDATWE7 4 V7 vtz HWTHER DN (MY 20, HEEnf) 24mL, Zh
6%%zu¢ﬁ“ﬁ%@m HEERL MYy 724K T 5. 2L T, EBOXEHRDOHIED
BEEZH LI, BXEO Iy 70 by 7 OHEN R WHEEL, XEDY 5
X& V) RTS. XEARO Tut RZLROHBRNTITHhOAR T\

1. FEY 753 CBEERED R DIEN

BXEDIZOWT, "y Z7OHE K, Py IZHHDONA = RFTRX =K% a =
(ar, a9, ..,ax) E L ZE XED PO MY 7501 0p &7 4+ V 2 L7734 (Dirichlet)
NoT Y RLEREINS.

0p ~ Dirichlet(«) (3.17)
[FRRIC, HEEDTHDANA NR—RT XA =R E LIz, My 7 kEDBEFOHEENT ¢ 1
T4V TV PS 7 B LIEREINS.

¢r ~ Dirichlet() (3.18)

T4V LM IIRERDHEREEZ L 2 CGFATHOMN1 R 5) KXILRZ b
WIBRHTHD. iz, N =T XA =R lZBITDT 4V 7 Lo ORERE R
B RO ESZHeobans.

plz | a) = II (3.19)

ZZTBla) 3R—ZEBTH Y, 74 V7 VLM MR FEROEGED 1127 % 91)
LTS 2EThs. Ho~vBEEzT L&, R—ZXBEBIIUTOLS1CH
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LbHhINb. B
B(a) = M (3.20)
I (Zk:l ak)
DXL THEIENERDO Yy ZICEORBREREL TV 2R My 7501
B, TAVIZVLAE[FoTT VX LIHET 5.

2. HEEDEM

LDA DETIE, BSXEPEBDO MY IHPORD > T0WEEWVWIRED D & TE
NOHBGENE D XS ICER I EETMMET 5. XENOHGEZAENRT 2H4UE, T b
Yy 7 OFER), THEOER] ORNTITbhs., XEDICEENIHEBER D MY Y Y
POHEMSINDE L, XEEKD Ny 759 0p IZEDWTHERINIZIRES. XE DN
DnFEHOHFEIIMIET 2 MY I % 2p, E LTz E, 2p, IZZ DA (Multinomial) %
b rITEREN 3.

2pn ~ Multinomial(6p) (3.21)

My 2T R, RSN My ZIEOWT, BERENTS. FEY Y p,
WG B RS ¢, E L &, XED D n&HEHDHFE wp, ZZHSMZ S LI
R ARG,

Wp,, ~ Multinomial (., ) (3.22)

ZIE 21X, RSB 2B RERSHO—D2T, H5ERIEHEOHAITIC
Dleo THRET 2HEIC, SHMEPIRET 2MBOMERZET MELT 2 THS. LDARRE
WX, XEHNOHENEYD My 70 0EM XN 00MRS, BEN- Yy 705
HGENER XN MERE, ZHESAEHVWTET LT 2. XENOHEOREKE N, »
TV — kBT AHEEOHBEREE v, Py 7 ENBINLIMERE p, L L2 X, £
HAOMOMEREREAKIILITO L > 1cbobans.

N

—x,p?l)? PR (3.23)
LXK

P(X1:I1,X2:$2,...7XK:$K): I I
T1:T2!.

LDA 1%, ZOARGERZHHANCEITT 28T, ZBEONENS Py 700 B &
UHEESTE ¢, 2p, ZHEET 5.

NS A= DWERE

LDA D85 X —ZHEETIE, EEONELEGwD» S Py ZERTREL0, ¢, 2p, %
HEET D, 0, ¢, 2p, (FEHEBIT 2 Z e TERWBEERTH 5729, Bll7T—X wic
W0, » DFEBEAHIC Lo TRDZ e TE S, FHESMH TN T—X2E @B LT
5 AT, RHIDNRFGA—=EZRED KB EForHobLzbDH 5. p(w,0,¢,2 | a,B)
rRiaiERr I e lroRXTHobIh 3.

p(w’0’¢72 | a?/B)
p(w |, )

p(0, 2, ¢ | w, o, B) = (3.24)
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plw | o, B) 3BT =2 DEALETDH Y, ETALLENT—Z wBHHET LD 5
LETH5. plw|a,pf) B TORTHLDLEINS.

plwla8) = [ 3002w a5)do (3.25)
RIRX=2Z, plw|a,B) DNEZ & o7 FD
log p(w | av, ) =10g/Zp(9, zw | o, B)df (3.26)

ERAMET D THEERITS 283 TE 5. MEBEELE RT3 22T, BT —
2 wEERT AL LEDRKMEEIN, ZOT—2%2HKdD KLFHHT 287 X =215
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