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ZIANDRT L, ROT 4 TRRELZEDLI e TE S, M, 2 HTT 4 TES
DEWANIZIE, 7a—XT7 4y ZHEPMERWEREZRES L I3H F D)JJ%E’J“C@ZEL\?:
INTWB, FHZ, DORERALZETH B5E. ZD XD BEIIEREE X 512
FREEMED DD, VT v 7 AR ZE Z R T 5121308 L TWRW,

el BT D RRIBEIMR

HOWENL, BRIBICHE LG5 e PREINTED, ZOEEDOESWVITIRIFEIC
EVERZ, ROT 4 TRPFAOFILHEL 22k D, 207 4 7T RIEEZ BT
BRNRIZONWT, Z2LOWMEDIRLT WS, B2, Juslin & Smith, J DIRFFETIX,
RIOT 4 TGRS 286G (158 1558 RY) PEEERCHEKRZT [ ZiEZ
L. DOREZSET 2 ZRLTWS (18], HEADRIEHZNEIKIFIZE X 2
FEIIRKEL, RO T4 7RG ZFOHER, KaZzmLEE, X PV ARRL R
BT 2RNH 25 Z e DREINT VWS,

—J ATT 4 TRBEGAIHEEE 22 28 dH DD, FRIREINCALE R IRREIC
HBEANRIZIE, EOEEERLZEICLTLE S A[aEMEDH %, Soleymani et al. D
HiIZkde, AHT 4 TRPEGNIHLRZFE R T2 T, WECAD T 1+ T REKEZ

R BANLIZE 5T, BEZ I HICHEDLMEREBRDIESL e ZRBL TV [19).

ZZET, BRORHMENEMHICEGZ 2HBIOVTHENTELN, FROHRE. 20
RHCHE S NDOBTEDRIFIRABIC K Z {MKTF T 2, BERICK 2K T DEITOWT, FED
JRH (Iso-principle) ¥ W95 #E X FNRIBEINTWS [20],

FEDRE
FEOFEH X, ADHTORBIREBICUI-FE e OB EN, ZOEREHEL
Z & ThK Iﬁ%’fﬁié%éxﬂ%%ﬁo}?@f%% Bl ZWE, AT 4 77£,_\|ﬁ’5_’§@x“€
WAEEIE, ZOREICHEAT 2 X5 RERZIEL Z 2T, BB —BUE»4E
n. VI rE— /a/’%’,_\IEJ@EJ%?é%)EUZéﬁ%O

FIEOFEMIE, 25T 4 THREEIREICH DIGEITE. ROT 4 T RBRID AN T 4
TG ICFEFAT 2 EEPNRATHZ 2R LTV, HlziX, ZFOELAPED
ABEECTWBEAD, B S TEFHLZEREINTH, ZOEEIEIGINCEE I S
NZ2ZenH3, ZOHE. BIGINTHH 2 WERBIZHICAPUSE L. [ EROM R
NAZAREMEDS D %, WZ, BLVWER D ZH > TWABIEA, BOERZH 2 ¥ TRIEN 2

—HEDIEEN, ZORICKRI T4 TRIEKBIBITT 2Tk eEZIoN5,

FIEDFEHIZ, ERHEEICII2KATFEICL > THERM I TH S, 2T 4 7KIE
RO LT, BEHICKRY T 4 TREEREED 5D TR, EIEM—HT 3

BREERZ T, BEORBENMEIN., BHEINTKD T 4 TRBBENDOBATE P K-t
TEHIEMNTEDL, TDEIHIT, FEORIPLIREBICEDOE LS RHELITO LT, %
RINEBEOEEZITS Z L DIATREIC R B,

AHFETIEFREDFRMICHESE, 2—F DA T 4 TEBIIL L EROWMELITS, B
RINCIE. 2 AT 4 ZTEREI RGBT 2 M EE R OETREHEST 2
ZrT, 2—YREHTOEELHML, VI v 7 ARDDEEEZRETES XHI1TT 5,
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e AAT 4 TEEDPPREE L LIZEWEGEIE. PLAY T4 TRFNEEZROE
FEFRL, PLITOoX02EmD 2 KO BFEREME T2, ZUTKD, BRINCKITD
ﬁi%ﬂ‘ﬂ—:‘_ }\Téo

§ 2.3 RRIBOIC K BT ESR

BB ZHASEUHEDO EHED—2TH D, F— 215 A4 DEIENIREREK
ZHH L., 22 @2 - a3 2802 TH %, BEIETHOXRIE. 7%
2 MRER, BUR, ERERZEDPDHITOND, TFA ML TREXEICEENT
WRHEERRBEE N T2 T, EEXTFORKEIMMNT 2, EFICLZBEINMTIEED
TGPHEOREX 2N T2 THLTFOREEZ N T 5, ABOBIERFIIESIEIC
XBEIHKRENED, FEOSHTIE. 7F X M TRBARNZWERZGHARNS Z &
BTED, £lo. MBICK 20 TIZEHORBECHDOFHROEZ 20T 52 & THRD
BIEE T %, BURIC X 20N TCRIERICHES TIWEEE L 52570, HiEPY =2
Fx—REDFELMEORVEBERIAZINT 22 B TE S, LRI X 20 TIIRKEE
PRI E DERT — X B2 0T 5, ERKICIFERERINCE Z 3720, ERIC X 2590
B2 EBINCOMT 52 e T 5,

BB OFEIIRZ LT T = R—212 & 2FE ), THWEE Ik 2FE. T
B X BFIE 3007 7u—F b5 [21], URZNZNDOFEOME K ORI
DWTHIAT %,

1L.IIL=IR—R&LBFE

=R =22 & B FEE, §iffo TERIN—HDL— L EZHWTREEZ DT T 5 F
ETHB, V—IDOERBAMWIZ, ERCABDFEITITO, Fiffe LTI, LAy
ICHRETE, R Y v 7 2RO — T, BHRRERIASCKIFE T — 2 A0 ho
LWEWSREDD 5,

7T F R MIBU BV —NAR=ZAFET, BRIEFEEEFFErHOTRE 29T 5, EIEMm
PERFE 21 BRI L TREDO R a7 ( TR1:0.999995, Huw-172Y ] ) 23FI b iIRS 17
HETHY, COHELZDLICTFAMN2ROBRIFERA a7 2EGH LKEEHEET 5, HAR
FEDRIE D Cibi 2 BB MR T BN IOR (23] & HARGEREMmMEEE
»3 [24],

FE T XTI, TERY Bl vyF, TUR BB KESCEEL—LZHWS,
BIZIX, BEETERT YRED TR 2R, BEETRERSLLRT VARD THEL A
PRI E Vo — LB RT3,

H§T — &, FICEHBERICBOW T, BROADME & Vo RIERBICE S L—
BERET Do ANEINEBRLEROBELZRELARD 2{ET — X ALHT 2 [2fH{L]
PR L7z0R g, H, OkY) oBREHET2 T—y DB 2 OEELE
ZHiL. 933 [25),

M ClE, BRI K DEUS CE 2 REICY L CRIEZ R ET %, HlZIX. A bL
ZREDGEFZaLF YV —LDfExE, VIv 7 ALTWAESIEAFT b Y OREE D
CRIE E BEL T 5 [206],
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® 2.2: BEHIHOLE [22]

BEMMTOBSE ILIESE Ralh 2R ERI
ER AOIE EOAE S FEEERY L& B EEOTORY ORED oM % H
TR 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

N[ o ™

© User Local « =R EZ®EAI
AN 7O DRIEZE R @

e -®

R ® =vomEsm ETT

‘ Al

\ ) =

/
A

[/95—12)—X&RHM

&

TP LB BE ST BURHEEAI

\ [/%93—1)%—F) 1/%93—<v7) /

2.5: T

2. BFBICK B FE

B I X 2FERE. TR o2 = U AR L, RO 7 — 2120t L TFHl
ZATHO D D EEH W FETDH 2, B HV¥ELE, ANT -2 Z20MIET 5
IEfEZ L (HETT —&) BRT7TTHEZHN, ETADBANT =X ORHH L IEfE 7 XL D
BEMEZ 2200, REDOF—Z I L THIELWFHIEITZ 2 X512 FHETH 3,
BB OGE, ZOEED D FEEZEHLT, BRIEZ~0L BIRIE 28747, K
T4, Za—FINRYE) PMIEEINTLZRKREDT X E2f> TETAZIIKT %,

3. XAEBFRBSLBFE

RIFIHDISAES




M D EnAA

§3.1 TFALHLSDORRIBEDR
BERT OHAMHIEHHZE <

BERT
BERT /%, Google MR L7-HASENHEE T LD—>D>TH D, Transformer D Encorder

BB FAE Y L, Attention X = X A% AWCHEEMOBFREZEFMLLTW5. BERT
WK EBUE RN ZK 3.1 1273, BERT IEWNFMOD Transformer 7 —F 7 7 F ¥ 2o T
W5 ZEBRAKDODRETH D, XREEEL CHEBEOBEKEPHEM T 2N TE S, T,
BERT 1, 7% A MNOHEDNVEFREZFE T2 N TE54-0, HEDHFZEE
U7 XHREEDAIRECTH 5, ZAUC kD, XEDE, BRSNS, SHEMRR Y. HKaxkE
REFBNI R Z 7 125X N TW5S, BERT 13, Kl a— 20 5HIcEE SN
ETNTHY, FEHBEADETNEZHBYET LT, IO/PMIELRT -2ty FTH
EWEE TS 2 Z eI TE 3,

Transformer

AR, BEARR YD ANYEZFOXETH 1T 2205 ET M, Attention Z Wz
Ya—R—, 7a—XEADRNNDBERTHo72. L L RNNIZZERANTHGEZ UL L
TW3 728, JIRFICHALEER TER W E W REND o 72, FHUTH L Transformer
%, RNN % CNN ZHW\ 3 Attention DA %ZHWT W3S, Transformer 1%, FHlFid B AIAA
b —UHTOR VD THIUEREZDG TH Y, DRI 7 IZHNHAELIE N WO RN D 5.
Transformer 137 ML EI N XEEZ AT L, Attention % ZEFNHLE L 72 Multi-
Head Attention 2SIV T 217> T3,

BERT IC&11 % ANES

SEEAWEZ R BRI, EFADNSELINZ S L5 ICBUEIL T 20BN D %,
BERT Tl&, £73 MeCab Zffif] L T2 HEEICHEI L, Z D% WordPiece & Fi\WTHEE%
EBHI =7 2083 %, BERT O HARFEET LTI, 32,000ED b —27 U ERS I
TEDY, Eb—=—27 VI3 EED D BEDIRONTWVWS, BERT NDANFHZIZ, 2D h—
7 VIDBFERAINE, F—27 Y IDIKEHINT-T— XX, BERT €7 /VIC AT ENBH]
(2. Input DFEFHIZ [CLS] b =2 v %, XDFEDDIZ[SEP] =27 Y ZEBMLT %, £L T,
LURD 3HEDOEDAAEMZ S 8T, EFMCHELZEBERZ bLre LTREXRS,
%7z, BERT ® ANED 2K 3.2 127R7
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Output
Softmax
4
3 :
s 5 o ) (o) (o) (o)) ) ()Y e ()
i | 7 B[] (o] o] (5] ) (] L] (o) o] [ ] [
| i B e Aorion
[ BB Multi-Head Attention | I K . I SN JNN. SN, SN SN . . + -
i R S——— S (5] (5] [T ] (T [ ] ] (] =] [
:—1 S e e . T e e I e . e * *
e P i i Ermsings
| e e ||
Y I S——" D R S S b
> Do K 3.2: BERT O AN
o cnoodon SN oo nbecan
Inputs Outputs

3.1: BERT O

1. b= > DIBHAH
F—2 iz, HliEE XN DIALLITE E € RIVIXE 2 WTARZ MLRBIC
35, ZTIZT, |V IFFERET A X, d IZEDAART PALDRITTTH %, 5+ —
721D t; IR 2HEDIAANRT bl e, IZRD IS ICEREEIN S, e 1T, BEN
D=7 v OERNZFREZFEE LEEERXS MLV TH S,

e; = E[t)] (3.1)

2. (UERDHIAA
b =2 VHDIAAREITo T TREIANIDIEFICET 2B E Rl hnwid, XEX
ELLFZRWN., 2070, F—7 VHINTOIEFRIERE €T MBS %720, fif
BHEDAALEMZ %, MEBEHEDAAITINE P e R ¥ L TERI N, SNOE i 13
BT BT PV p ERDEXSIWCEEINE, ZIZT, pos & b—27>ofiiE (0, 1,
2,...) + EHEDIAABRITTDA VT IR THb, ZHUTED, EEEDHEHDIAAN
Z MVEROWERSES, =27 Y OMENWRIEFCEREZ €T A0 EEAREL 12 5,

, < POS ) POS (3.2)
Ppos2i) = sin [ ———— P(pos, 2i41) = COS | ———5— .
(o2 10000Tmode on 2 1000072
3. 8T XY MEDHIAH

BERT TlE, 1 DD ANDPE—XLEBL»ZXAT 272012, 7 XY MEdHAA
PHEHT 2, =202, WMo T23€7 X0 IDs; (L1550, X246 1)
DEI YIRS, HDIAARY FILEMLTID XS ICETE XN 5,

TZT, SER> FET XY MHDIAAITHITH D, s; D50 T3 110U TEEY)
TR FILHEIREIN D,

4. 1BHIAART FILOHRE
BASHNZ, b =27 VDAL, (UBHDIAA, XY MEDIAAZMNEL T, €7
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MZANT AR P L x; ZHERT %,

X, =€ +p;+s; (3.4)

ZHCEDb, =27, TOEK (b—27 UHEDIAAR), E ((LEHDAAR), X
XAl (27X > MEDIAA) DIFRBPEENSRT MABMENRS,

Attention

Attention 1Z. AJJOE +—27 U HMUDTRTD b =27 L ENIZFEHHL T2 002 FH
THEAHN=ZXLTHD, ZOEMIE, —RINCHCER (Self-Attention) & L THISNT
W3, Self-Attention Tld, & b —27 Y OHDIAANT F L% Query, Key., B XU Value
EWVI 3DDNT MVZZER L, ZOMHBEBEREZFEL T, HAMNT SNEEZENT 2,
Query. Key. B XU Value iZ AN HEE x; ICZNZNDEL Wy, Wo. Wy ZHWTELR
oXTEANLETN S,

Qi = Wor x, K; = Wk*x;, V= Wy x; (3.5)

F72. SOOHBBERIEES =2 D72V e - ONEZEIRE T2 TRDEZ L
PTED, .
score(Qq, K;) = %
Z Z T, dpl¥ Query & key DRI TH %, o7y 7 b~v 7 ABEZEIG L.
Vi BAINET % Z 212 & o T Attention 23K 2 Z 2 I TE 3,

(3.6)

Attention(Q, K, V) = softmax(QKT)V (3.7)
Y ) - \/d_k .

Multi-Head Attention

Attention I3— D DEFIEZZBERINAT o T WA 720, 1 DDHE» S LXARE A S Z &
MTEL, 23U L. Multi-Head Attention (IEE D Attention Z WiFNZEAE LTH )
2195, ZAUTE D, [EROZARLMANE Z FRAICHEZ 5 Z 8 DT E 5, Multi-Head Attention
BFEUTFoRXTES b5,

Multi-HeadAttention(Q, K, V) = Concat(heady, heads, - - -, head,)W, (3.8)

where head; = Attention(QWS, KWX, viv)) (3.9)

Feed-Forward Neural Network(FFNN)

Transformer @ Encoder & Decoder DEZEDBICHZ2H 71 A ¥ —ThHb, FFNN . A
N7 —2%2 XD ERITCORBUNCERLT 2 7-DIfHH XN, ET VAN TIERE LR 21T,
FFENN (3258 Wi, LRI (ReLU), 2888 W, © 3 DDE TR X 5,
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F1E (2E5R)
Multi-Head Attention 25 AJJRZ L EZITED . @XeOHMEE GEFIE 2048 X
TCRY) WM 5, BRITICENT 2 Z & T, BT NADNEE T ERALE/DBIADSD,
IO BEHETEZRRGEEREFE T2 N TE S,

% 2 B (ReLU ;EME1LEAED)
51O NCIERIIE LS T H 3 ReLU Z2#H T %, Zhuc kb, JEEEEE
BAL, ETADRE D EMLBEREFETZE L5175,

B3E (2FEER)
EXITDFREE R, TTDOAN L FEURTTICR S, ZOEIE. TTOANKTEITRT 2
& o T, RN 2G5 2KEDH 5

FENN Z AN SN EHRZ @ XOT TR L, IFRBEME LR 2T BN AIRTT
WRSTZ LT, ETADRETEZIEROHFZ LTS A TE S, Attention BIEXE
KON EBREZEET2DIENTVWED, &b —27 VOl HMEEZIRZ S Z 2ITK
FTW3, FENNIZE o T b =27 UDEOBHREZ LT BN TE, AR
B O EHERBEREEEE T2 e TE S [27), FENN 2@ L 2%, BR&ETI3ey
IR WADBHTIEIND, ZDOXRZ bRV, BIENREE DR A X A7 B
XH 3,

ETIDOEBAHE

BERT &, HHIFEZ1TS 2T, ~RNZFFHEOXRZHMEST 5, T ZTlE. BERT &
KEE 7 7% 2 b a—,%A (Wikipedia % BooksCorpus 72 &) %Zffio T, HOHMD H ¥
B2TWEd, FHiEE TR F2220022A708H0WH05,

o FRIFE
HA#E ClE. BERT & Masked Language Modeling (MLM) & Next Sentence Pre-
diction (NSP) ¥\ 5 2 DD X A7 %o TEFILEHIMT 2, MLM Tld, ANX
DHTT VX LGEIN-HFEE [[MASK]) b—2 Y TEEHZ, ETNMICZOH
EETHlEE 5, MLMIZBWT, Multi-Head Attention (& XAR% N AIHNIE & L.
RAZ SNHEEZ TS 5, NSP Tl 2 00X L TW2 08 5 0% FHlls
%, TORRAZITE-T, BERT ZXHOMRZMHEL, XERROMEZITETE
55 5127%, BIZIE, XA EXBAEGLTWSEHEE M) 2, @il Tuiwn
Had To) 27Hls 5,

e JPAVFa—=>4
HA¥YE®. BERTIZFRIEDRRZIZT7 7 A v Fa—=vT83N5, 774V F 12—
=7, FHIFETHEONEEAERN-IZ, FEDXR R (BIEHTCERIG
B) CRELT 2 TIETH B,

=B DL CRET AR
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REDETHNTI2RMEIIMELS XA 1L > TER S, BIEDHTICBWTIXZ, BERT ®©
BAEJED S [CLS]) b—27 Y ORERFH T %, [CLS] X XEL2KDEDIAANRY ML TH
D, XKD E AR YV THE, HHENT=RT bLvE, 2EaRBICATIL, &
A FEBERHWS Z TR I ADR a7 % 0~1 O#FFICIEFbxh, BlERxary
LT ns [28).

AIFFETIX. BERT % HWTHKFDOKIGME (0~1 OHEEE) 29 $ %, £z, 200
MR IEHOBEEE L, RHHOREEL LTNZA %,

§ 3.2 ERHSDXRIEDH

I—HDREL T 28 LT, BEHiBiERIN 2z W FiE0H 5, BHRBAEL 1%, H
DR Z LT, FRED AN ZFHA LD, BEZ#HELDT2H Mo TH 2,
BERRREIE. PHM R (H. 5. O, Eomsizy) 2 i, fMAZEAS 572912
fFHXN2 Z B2V, BRIEFHTIREORIFICHE SOV TKELZHE T 5, AT
DeepFace Z W, A X MG 62— D 6 DORKEMmME ( TRY ) THELA) TEU) TE
X My TR ) 2S5, 2L T, 2P0 Ra7edbeila—Forb 747
HMEZBEHT 2, INX D, Deepface DE T ILE X U DeepFace DI 73T DAL % it HH
T 5,

DeepFace

DeepFace l&. Facebook D3HFEL7cT 4 —FF—=V 7ETATH Y, IBOEAAA=2—
Ity bV —2 (CNN) 228 2HH L THOBR Z1ToTWb, ¥k, ETLVDOEED
BRIZ facebook D RKEDEIRT — X FEIE L Z8I12& D, NERFLNIVOREBREE L
FEH L7 [29].

Deepface i& MBI, 13D 754 X > b, TEERE O, TR X—-2D%¥E ) 04D
DI X DGO ZITS 28N TE S,

1. EERRH

BARHUEI AT WS D BRI S 2 WU T H 5, BT BERNOEDAE & K& X 2k
EL. BHEENEEZ MY 2 V7L TROMHE (BRI RIEHEE) 21T 5. DeepFace
TIREBOMBEOHMHBE T VEEINT 2 2 2 T% (X3.3), [Haar 7 27 — R38R
& MTCNN(Multi-task Cascaded Convolutional Networks) | 23—fHJIZEHIL S [30],

23D 7S X2k

BRI & o TS SN R, MESPHEICK > TAINTRIGENRD 5, ZDNTN
T o T2BAZ IFHENCIAI S KO IWCHIET 2B EZEEY 94 X b Wnwd, WERD 2D 774
XY TR, EPMEFE L TV A HERIEIEHE A X DOGEI TR BRMENTE RV E WS R
D o7z, ZOREERMIRT 5725, DeepFace TIEX3D 774 X > MEhiZEAL TV
% (306 3D 7 74 XY bPDRIZK3.TITRT, 3D 7 74 XY FTE. X THEBRNDS 67
EOR R ZME T % (K 3.7.(c)). FHERZED 3D EF L (X 3.7.(d)) ZHEH L. EBRA
DR R & XM 21T S (3.7.(f)e MBI I EITo723D ET V% T 7 4 YEMEEITVL,
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OpenCV

Ssd MtCnn

Dlib Faster MtCnn

Mediapipe degpFaca RetinaFace

Yolo YuNet

CenterFace

B 3.4: 3D 754 A b [29]
K 3.3: deepface THIFT = 2 BM M OFEHH

2D EHENCHRE T 5 (3.7.(2)0 7 7 4 YEM LT, EBEOIAHM, BlEL, FATRENIR Y %
TN 2L > CTHEREZ T 228 TH S 31 TOMBIT K o THAEHSLREE IH23& D
FEAEEICITS 2D TE 5,

3. FFHEDHE

Z ZTlE. DeepFace D 9EDEAAA=2—F N3y VT =27 ZHWT, Hi LIEEOUHET
i U 72D Ei{E 2 & BRITTDOFHEANR 7 ML it 32 TIETH %,

DeepFace lZA 1@, BAIAAE (Cl), ~v 7 X 7= Y7 (M2), BEAAAE (C3).
0 — A VEEHE (L4, L5, L6). &fiafE (F7. F8) @ 9 B THR XN TWVW3 [32],

ATIE

ANE X, BHERDHAAENIETH S, AJE, 3D 774 X > b THH LAERLX
NEEERTH 2, ASTOBE. BEEEBROY A4 X% 152 X 152 ¥ 27k LICEE X, RGB H
BRELT3FX¥ U ANDT—RE LTANEINS, ANEBHREZ X T2 LT E51H
HbhENb,

X c R152><152><3 (310)

EHAHE (C1. C3)

BAAAREIZ. ATTEIGED & RAT R 2 M T 2 W 2T 5B TH 5, BAIAAET
ES Aﬁﬁ@kﬂbf74w&cb:ww%254ré%mﬁaﬁ&ﬁ&@§%ﬁmb
%ﬁ7/7%ﬁﬁ?%oaéﬂégl®&ﬁ(74w&k®U%QJ)®@)%FM\E
BIABE I DT 4R k DEARE WY AEOHIT (EFANER) 12813587

m,n,c,k>

ez 140 74»&kkﬁmﬁén47xﬁ%#Kﬁﬁm%ﬁ%d@z?%z

i+m,j+n,c>

BAAABEBEIEILTO LIS THLDbDINS,

C H w
f:(zk:a(zzz O b,a”) a1

c=1 m=1n=1

C1JElZx. RGBHE{gR (F 4 X 152 x 152 x 3) WKHH XN 2RI DEAAABETH S, 74
NEYARF 1L x 11, 74 0E2EI32TH D, Z 2Tl 152 x 152 x 3 DEIRICH LT
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REPRESENTATION
-

M2: C3: La: L5: L6:
Calista_Flockhart_0002.jpg Frontalization: 32x11x11x3 32x3x3x32 16x9x9x32 16x9x9x16 16x7x7x16  16x5x5x16
Detection & Localization @152X152x3 @142x142 @71x71 @63x63 @55x55 @25x25 @21X21

4096d 4030d
K 3.5: £V [29]

X1 A ZDRMBD T 4 NREZNFNIEZLNLITLICRAT A REE, R2EDEL S
FEZMH L Tn5, £/ BAAAUEEZTo/ 2 ANEIROY A4 X% W, 74
NEDYA X% K, NT 4 273 A X% P(EBROFEFITEMT 2827 2 L0), X +Z
A R(T4NVE=DEGREZBENT 2 X7y 78) & S. VA4 X% Hyp IZATORTK
DHND [34)
JJ:HQl%iEE+1 (3.12)

K (3.12) 12k D, CLETIZ 142 x 142 D 32D R 2R~ v THH a3 [33).
BAHIABEIZ K > TE & N7 HINZIEMHLRE R E)IG X 5, DeepFace Tl ReLU 23H
WHNTWS, ReLU X, ANNDIEDETHIUIZDOEEHIL, BADEIZX L TIX0 % H
N5 2 IEGTEELBEBTH 5, Zhick D, xy b= MR RMEFETE 5 X
ST L. AEHAEEZ R, SRR LM LS5,

IVIRT—=U2IE (M2)

XY ATV IEECLE»SDOHINTH LT T —V VI ERITOETH S, T—V
Y&, R~y 7OV A X RS 2EETH D, FHEaR N EHIRL 23S, Z2HIY
RIEMEZNBEILREFT 27D IfFHENS, M2BETIE, FXRy 7R S=Y 7 wnd
FERHWSLNG, v 7 ATS—Y i, R~y 72 —EDY L XDMHEBM TR T A
R&EH, ZOEBRNORAMEEZESH L TR~y 72N 2FETH 5,

T—=) P A4 RE3x3, AV TAL RE2THS, ZZTWE. ClLE»SDFRE~y 7
142 x 142 x 32 % 3 x 3DFEMTA 74 R X ¥, FEBANORKAEEZERTZ T, Hh
DR~y 7OV A4 Z%MNT %, fi/hy 4 E(3.12) 12k D 71 x 71 x 32 1M/ 5,
B HAHE (C3)

C3JElx. ClE >SRN RE~y THAINEZBAAABTHE, 74 V2T A4 XX
Ix 9. 74X —HII6TH2, Thze ANFH~y 7 (A4 X 71 x 71 x 32) ITH LT

JRIFT 22 R R T 3 %, M4 X3 (3.12) 1I2&k D 63 x 63 x 16 £ 8B, ZAUT LD,
RIDE TR ONTFiME X S IR X — VAT 5,

O—AIL#ESEE (L4, L5, L6)

0 — A NAEEBIESEATBICN L TRRLS2Yy DT 4 VX ZHEETE2ETH D, BH
AAEIZ, ETOMETRHRUL 7 4 VX ZEH T 525, 0 —AUEEERE T, MEISHES 2
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T ANREABEDNEBREAD S DIZK 2, WHFE~y TONE (i,j) L F v 2L kB
I BEE hi o AT~ Y TONE (i+m,j+n) EF ¥ 2L c BT BMEE Xipmjine
BRERINLE (1, )) KEED T 4 VEEBE W, jmnpers 22HENAE (4,7) IZEEDANA TR
W2 byjpn 7 4ANVROES EMEE Hp, Wpe AR~y TOF v 2N Z T2 LR
DR TKRDHN D,

Hy Wy C

ljk_ZZZXH-mj-f—nc' ijnck+bZ]k (313)

m=1n=1 c=1

LADT7 4 ZIE9 x 9TH DO HANOF~ v TOH 4 3 M/h 4 13X (3.12) 1c& D
55x55 875, Fl2l LD 7 4 L RIFTxTTHY, HHORH~ v 7D A4 WM 4
REFR(B12)12&D 25 x25 8 b, L6 DT 4 LRIE5 x5 TH D, fi/h¥ 4 X3k (3.12)
WED 21 x21 k3B,

£fESE (F7. F8)

PR EEIIREMBRO T -2 2 —DDEERNY PICEHTBETH S, ZHUT XD,
RDERY (R RHAR AV ITH LTI E x5, FTEIE. Cl~L6 g%z @
U T SN @RI OR A L, EHER 2 RIS % 4096 ZITORHENR 2 b L& AL
THETHD, ZDOXRT dUE, ANEBROFEINCHEZRERZFH LD THDH, RD
F8 [ D S EHEGRE O LB E IR H XN %, FTEOHT /) —F i DfE% 2. L6 &
POHDAS /=K jOEZ . A1/ =K j e/ —Fi 2fSELE W,,. Hi1/ —
RIS ST B NL 7 A% by L6BOHN%Z 77y MELZATI, — ROEEE N £ 55
LR ESZHhobIs,

N
2: Wi+ b; (3.14)

H13 4096 RITDRZ P AL TH D, TDOXRZ MU, o2 DERAMEERLE L2 1FH
BIEZHWTO0~1 DfEICIERbE S, ZHRICEDETLVOBRFRZSZENTE, &
BErEDLINTED,

FREWRTEOH N2 LI27T2o0A 7Y (BRD, HE, B, =g, ELA Bx.
S) DWTIDW T HETH S, TR THIIENTZ 4096 KoTDORZ Mz A L, &
JEIFICHTT 2 2 a7 %KD, softomax BIEUT X D HERICEWLL TW 5, F7)§i))fo@¢—ﬂ¥i’\
7 MVDEGT i % 2 FIBOW 7 — R i LEED 73V bk 2fEREAE W, BRIED

) KNS BANA T A% by BAEATIVDAL VT v R% k& LK, WmﬁTn
VEWHET 2 2a7% O, 3L FD Lo 1IcRKREINS

4096

O = Z Zi z [AE bk (315)

BRIED R a7 o ZEIEDTER py L xiﬁ“&@“ét D, V7 bwy s ABBEEIST 5. T
Rpy PROEBWAT IV kD, BB ORKIIZH T 2725,

czp(ok) (3.16)

k=
> ke €TPO;
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4. NTAXA—=2DEH

IEDHT D NT X —ZDH¥EE. 72y rav¥—EEe#ifd s, 7rixxTy b
ob—EEriZ. EFADOTFHEE FRSNLE oo ERbT 2BBO I TH
h, ZOBEMZR/MLTAZLICEDEFTLOTHKEZA EXETWS, EROHRYy
iy, £357nALy b —BREK LIZLTITRDENS,

L=—"Y ylog(ps) (3.17)
k=1

M E®D X512, DeepFace i & D, BEMUE2 SEEEMH L, 98D ONNIZ X - THE% 4098
KICDFFHIN T PVICES I, T e d L ICHEIBOMREZH L TW3, AT,
DeepFace Z W, A X FMYRIZ X D 2—F ORKIEFHERZKIFGRa7 e LT, 24747
BEREMT S, /2. XA T 4 TEEBIIGU B AR L. 2T T 4 THEEOHER E
AT %,

§3.3 ITRRVIVIFAEICLDZ MEYIRE

7 AR) Y ITFELRIUVCOWTHAT 3
AWFFETIE. HA MIELDA ZHVHFEZTEDO Py I TR TARY VT &ITD
T, VIRRVUITHEROT LA VA MEBER L. 2 —FDEIRT 3,

VSRRV Y

ARV TR, BRAbNT 2% T —XEOBELEIZE STV D0D T T R
RIIRD T 2 LEHOFIEDOVD O TH S, Al LEH X, EET—X%E2N
TELRWEWFEETHD, T—Xby FPOFIFET 2 X -V ERATZ2TETHS. IF
fRT—2 X, HDIAFRET RN TEERICHYET 27 —2ThH 5. HEHFAEDOHT
i, WEETRRARIZ ZRAZY) VY IFEMERINTED, ZOWMFEIEHRES LT
o REWR T FARY 7RI NICHRS,

BERIS XAV
R 222 7k, T—X1y NNOEBEZ #EHME S22 772410
TFREDZETHE, 7T—REEROPTRBBLEI GV, D L TR HELEIMK
WTF—RELE VD00 N =L TVWE, 2 TOT—XB 7N —TIBTET
ZNZRDIBRTFEDI E TH B, REMNLRTFEL UTHEIERLY £ — FiERED
»H B

PERY S ARV
DERL S AR VX, T—REy VeBBDI FARIZAENT 277 AKX) VT
FIETHD. ZOFETIE, T—2DBERLZ7IRARIIET S L5 17EEh, &7
FAR=INEDLD Y 7 AT B 2RCEE 2 R0, (KRIV7Z2FEICIE K-means 23
Hab.
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BRI SZARZIVY
T =Xty MBI B EBENRERCRX — VB R AT 2 -DIfHEINE 77 2A%
VY TFRETH S, 207 Tu—FiF, FANTT 7 AR —E R — VP D -
TOVWRWEBIZEHTH D, 77— 2 DOBEARZRIACEBRIEZHRRINCH S 22T %,

BERETIRISZZI VYT
T—REy DI IAREEERETNEZHOWTET VY ITE77RAKX) VY IF
BETHD. T—EAPERINDE T R EHERME LTEHZ, ZRUIESIVWTY
TAR) VT ERITS.

DX, 7IARARY TR, T—ROFELEIZFESOWT IV — AL E2ITS FIETH
D, FICKEER., HEA, MREFAANCHEINS, KR TIE. T — X 2iERE
TN S5 22 v 7O—FTH 2 LDA ZHWTHHT %,

LDA (Latent Dirichlet Allocation)

LDA (Latent Dirichlet Allocation, #fET 14 V 7 VELE) & XEOBERNZ Y~
MEZHRAT 27D DMRNERET LV TH S [35), LDAIK. XEXED XS5 IEKIH
20 UE L. EPICHB T 2 HFEOHEN S ZD My 7 Z2H#E T 2FIKTH 5. LDA
DERET I, UTOBEZETXEIENEI NS EIRET %,

cEYIDRHE
BEXEAIZ, WODD MY I DL DI>TWS ERET %, HlZIX, —2—2R
SEHETIE, TBOR) TR TRAR—Y ) Y, RO My 7RE& N2 05N H
BRETHD, TNHD I ZIE. T4 V7L OHaMm»roiEoinsd eIRET 5,

BHEDSH
BrNEY 7 EE. BEOHEN M 2> TWVWA EIRET %, BlzIE. TRK—Y) &
WS FEy 7Tk, TERE) BEFR) TF—24) REDOHEINEBICHN 3R ETH 3,
MY I DHESTHDT 4 VLN OELND EIRET S,

BEEEDAER
BXENOHEEZ, LECEETS Yy 203N, ZO My ZICHE T 3 H
RO ORI NDE LIRET %, Bz, XENT A WO EGENHEL -
BE. FAUX TAR—=Y] Py ZIZBLTWAEREEWRYTHS, 2D, &
HEERZYD Py ZICTEEL TV A0 ZMERIICIRD, 2D Ny IV HHGERIER,

T4 )2 L%% (Dirichlet 9%0)
T4 V7 L OMERZEERE (PDF) XD L 51I2EKEINS

:Fs?ﬁ““>Kiﬁrl (3.18)
[Teei Dlow)

4 F{4E LDA(Guided Latent Dirichlet Allocation)

p(x | a)

LDA O%RETIL
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