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[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

S=50l 10-2723376

AkA=(1030)E Estsls FAF A12E(1003)9] ol7F dAlgch. w2 eAs, HerdAl=(1030)= FeHo=r
FiapdololA, AARFE S Fo] HAM=E Fall folo w(210)o2 M ¢ A k. dF HAA S0l
A, A =(1030) = AAEH FE AYWMEE(770) B obAEE F3 AYAEEB00)S 2zt s o]
SHRES T3, AAZH P AYUE(770)= FAF FE71(1020) 2HE FS FAskaL, 1 Fo] Foh
A=(1030)E T ulF dAwkabel]l sl obx AZH FE AYUERINE ARHEF 1 FS WIFdd
(redirect)dtrh. oF2AEFH B3 AYUE(800)= Folel w=(210)22 F& Zgtt. fEatAs, FHta=
(1030)= FAF AlZ=®1(1003)0 o3 AT =& o|vA] 545 EFE EIESaL, wepr AEeA 2935k Al

2} FEL Aok =(1030)E T3 AEsHA TAMEG.

[0098] <1AE™ B8t AYHE(770) B olAEZH F3t AYHER)E =4 v A F2EY F St

=, AAEY FE AYWE(770) D ob2AET FE AYHE(0)E 34d #F3E dEHESo|t).
3|d P8t AYUEES 52 #W HIX I HE(surface relief features), EF-Ho]= I E (volume-
phase features), WIE}-E&E(neta-materials) E& NAH HAF ZAAE(liquid-crystal polarization

gratings)< X33},

[e]

[0099] o}$71Z7 #3 AYWES(800) TE HFAZ(1030)e] F3& FAahe v 8 dgueso @
292 255 THE 5 g0l AAW Aolth, AR ANaEA, F FHe A, 24, w9k, WdAS) 2
o @4 oelEe TP, w210 2A ddES FAFES AgE 5 o

[0100] olAl & 175 FxH, & 7103405 2k AF7] ArA=(1030) B = F4 A 2="1(1022)S
Zgtake FAF A2EI(1003) 9] d7F dAlETH. B3 7 ALA=(1030)0] AA FAF AL 53S 54
gttt EF F71(1034)7F = BEAS B Fole el 93 dud ¢ e W2 I dF FAF A ~H
o BASH] witel, T3 F Wx7](1018) o5 FAHE omAE H F€(1026)9] HF FHEY AAE
< = FA A =H(1022) 2 FEH O §jdel Z|wkste] AAzte® fHolEH 4 vk, FHsHAlE, olHd T
e o HSke FAE A8 o & ofoldtrs, AT Al EAAM] gk AekEe] 43t @ F33t
Al (inter-pupillary distance)? WsES 7FsskAl sttt

[0101] oAl = 188 #=3t¥, H]-F& Zo] WHE AFESF F4° 53 d471(1035) 5 2e 47 A
QFAl=(1030) ¥ = F2 AI&E(1022)& EFsE FAF AI2E(1003)9] o7F dAldct. AR AAldEA,
H|-F3gk Zo] HHL 3 uH Y& 4 o, o] ~ 2.5 #|H WA FI7H]] ik oA dtxd
= AFgtt. A, dI2d-oly]es vamA S gk A7 A7 Al2E] FE AT FojA W, Folw
FH ~ 2.5 "H WA FEA7pA Aol 7Hd ZRl=E 3 vE do] HH Aol A9 Edgle] wixE F
ATk, ol A|=Bo A AxFA o oA ARl FI U oMAES B E "HEE =3 HAET fFold Jhw
St { 77k, B F2 1Y o] HHWE BT Uid daxdS =golyste d A8E 5 Y. dF 4
AldEoll A, o] A=’ Eh, o], Folo 4% =59 ojides Zxd 7|Rkste], Fojo 1A (fixation)
7 E 2437 8 v 52 A2"1022)S /T AT

[0102] 97 AAAEolA, FA(1026) F FAF A|=qle] oju]x] P o] FAE 7M7) Fdoz dAd
ATE. F FAF A2=EE ) F o] 7 Fdel glSshe oln ] HW e d9S TtEde] s & 4 3
 As7lE 2T 5 Uvh. 34(1026)9] Hl F FFES EdslEle vH s EHEhr] fE, FAF A
2Hlo] o5t Fe] EYL, FHo] 5A A|FEA on A AW e Aste= AAER EYHA s As, AE
719 AR srstET. wAEAE, Zs717E oA WRes vtEAY 3 HE 20+ e
ol EE, A9 Azl 53U o A7t taEeolHe= Azt ZEd st on A HH Ao RE dIte F
=9 X5l AAz=" F J=F F13] Frh. ddd, 54 ST oA gaEgelye I Az
&, AsTle, 7P 2D #del digste olw A Wwel S stEdE, Aok W, i vpgAEAE
553 F s 20 ¢ e Ao vr4 sttt

[0103] %= 19%& Aold F =9 AXERSY Fo AsE AFA77]
Aghl, 391(2026)2, FE71E(2031 2 2033)0 o8] ZHz; o] F
2)S xFett. BHV)E(2028)9] oAEL LEDE % HolAES XFstt. AR HAAdEAA, F oy Ao
£ 9408 A TAVEFYH FE AET 7 vk, dAlE mpek o], #(1010a', 1010b')S #F 7]
(2028)°1 4 12 (2032) 2 Avtatm, we](2032)% 78] (2030)°] FS WkA}SkaL, o]o] A 1 #(2030)& F3t o]v]
A {1026 2HE wF7] f8 A=(2034)E Fo AFAEHEF FS WAt v E(2030 2 2032)2

olF-F ZulwnlE e R F 9o, AF7]E(2031 2 2033) Aol FE, oY, Au FES w1

St MHES XS FY(2026)&
W37](2028) 2 HHE(2030 2 203

o
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[0163]

[0164]

[0165]

[0166]

[0167]

, o]=A Fo] olmx] HWW(1026° )9 27le] ZES w It
AH A S A, ZFE7]E5(2031, 2033) EEHEY = du}.  d@1=(2034)
H(1026° ) Aol

il
tlo
ot
rN
z >
N
K
o
it
fr o2
12
(o
fr
RS
o
il
4
%0,
X
o

=4
Azl e Ay Af A=Y 4 a, HHFI ojux| I
S, FAHE(1010a ', 1010b')L, Fo] 321(1026) (47
I FALEE WAoo g olm X HWH(1026') 02 HE "ol AuEitt, UR é/\]fﬂ]—‘é—ﬂw, 721(2026)
= | Aell, &FE7](2028) <] WEE FS AT A AT A=(2036)5 28

4 ot W ¥ © O %
e,
o -z
i
>
Iy

[0104] 339(2026)2 wtgAsAE =3, @337](2028) 25 Fo] =¥3 A=
S(2031, 2033)4 FAAES AJstaL ol5S F7Islele ZEAY EE(2038
AAY, TEAN RE(2038)S w37](2028) 2F-E o] o] W& 1 2E(2032, 2030) )
ATH. L A EAA, W E(2032, 2030)2, WHT} o]lFIEF AAR F e AE71E(2031, 2033)0
o] FHE ALKHOE FHAEAY **Qﬂﬂr ‘?:_}%7](2028)01] o]t Jal(oﬂﬂtH 4] é*)A W&

~

o
= -

=
[¢)

3k
=
9]

Hdel AW F3kel $3 ks

o] 1A B ARk T ﬂi%ﬁﬂol% %%lﬂ o] w] =] o ] 3} AR (A0d, 54 Jal =9 9Ao] &3
© 2 54 % 29 oA dud AR "dasgEE zte sedl ovAe taIddolet ARHdellA
A ge}).  dF AA B, A7 (2028) 2FE] Fo] WES HEV](2028)F 2 AEHISE 2 AE| Abo]
ol A iiﬂfg@gi”ﬂ(‘ﬂ]ﬁﬂ], ‘?——_}%7]‘3“ 77y s ety TEEHA € —i’ﬁ) Aojdot, dF & 4
Al Ao w &gst
7 =

[0105] oA & 208 #x3H, F(2026)L Folv] A7 (2027)E 33t

2 ATF. sholH 27 (2027) =
sho] ] (2042) 7} o] F8tAl dhi= AE71(2040) R HFV](2028)F I

ES
o}, 3F(1010a', 1010b') #A=

A
(2034)5 T3l oW (2042)] WRZHE Az, ofn|x] HH(2026')°] =HE HFEvh.  FE7](2040)7F =
o] (2042)2 st v Fo¥ A2 (47, QJ?% AZ)E T 4 S22 o)FsA & § g0 A
= Zojg, ZAyHor, LA EE(2038)2, Fo] Udte F = HdA

o)1 (2042) 2H-E A1}y
=, Jo]H(2042)9] TF-ZFE Q] Fo] el FolH(2042)9] FAUS FUIFEEE FAE & o, o
tzaZgold 34 ouA 9} F7|shEr).

[0106] el AFE il #Zo], 394(2026)2 =¥ tyiaZH o] AAEE T 499 ZolA FU(1026)S
A ¢ k. oA, FY(2026) = 9, 1la, 12, 13a 2 15-18 & A9 f]AZg o] AAEH(1001) &=
FAL A 2E1(1003) o) F9(1026)S A = ).

rr l-ﬂ

[0107] olAl &= 21& =W, ol AXUE AL gigate dolgt 459 #S =957 93 =9
H =vd 29AE 238k AdA=(660) (= 14-169] Hka=(1030)0] tl-&d = )l o7t A,
A A EoA, EuH ojAEeE ERdE(670, 680, 2 690)S EdErr. Zzbe] wmdke (L= A
o] F 1Y Yoz A T3 AHE F JE) AFE A-AZFH g AYUEE xFs, oAAd, A-AZH
Fe AYWME(700) = E=3H(670)9] F RH (AW, 9 F W) Aol wiAE, A-AZH F3t dyHE
(7100 & =9hH(680) ] 7 A (A, A9 F ®xH) Aol wix =, A-AZH ¥ AgUE(720)+= =93
(690)] F WA (AW, 9 F ®H) Aol wixHct. dF ArdENA, A-AZH F3t AZAEE(700,
710, 720) = ;L} o2 7Z47e] ®=uk(670, 680, 690)°] HelE F W A Wi " & AT (53], 714
st ool A-AEH B3 AYWEESLS v A F3t JYWUEES]D). dAlE wpel Zo], A-AZE &
g AZHEE(700, 710, 720)> 18 27+l =37 (670, 680, 690)9] A9 F FA(EE vg 39 =339
) Aol wixE ¢ low, 53], of7|A olelgh I-AEY ¥} AYWELSS T A Fs dEvE

53],
Solty. dX AA S A, A-AZH Fst dHEES(700, 710, 720)S Z+zhel ©u¥(670, 680, 690)9] =

Aol wixE 4 3 A AAld Sl A, Edell A =old mpep o], QI-FAER Fe AYRES(700, 710,
720) v AE A 101/\1 o5 s o] F AFES HYHoE AAFAIIWA tE F FFES T
AR, 19) Zhzbe] m=ukk(670, 680, 690)9) = Hi= FuY Aol AAEHAIRE, JA-AEH FE 4

E(700, 710, 720)2 AF AAdEolA, 19 7ol (670, 680, 690)°] ThE & wixE

[0108] oAl® wle} o], A-AZH HFst AYAEE(700, 710, 720)> A2 FHgor QA€ 4 T},
AR AAGEANY, Ztzte] C-AZY FE de|dEE, Fo] U A-AZHY Fo dHUEE T 2
Adle] s gAlstES exAd 4 vk, dd], 7o) QI-ASE S ARRE(T00, 710, 720)= &



[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

6ol Al ukel o] Aojdt o|m A F¢ tupe] (360, 370, 380, 390, 400)ZF-E F& FAltEE FAH
aL, v A-71E% 3 LUES(700, 710, 720)ETE1 e, SUFer ojf)d F SlojA,
R QI-AEY Fe AYWEE(700, 710, 720) T U AEZNEY #& HAFHoz FlskA g,
A AAEANA, A-AZY FT ALYWEES(700, 710, 72002 FHAOR FAHI, SWFOR O IAHX
et

[0109] Z+7}e]

% ,
F ER) gl MARc. QR ge ANdEeA, ¥ ) o
(670, 680, 690)°] 3}5- jz— T Aol 7t 9}

(730 740, 750) <A¥E

l

i
o 4y ot md Jo B M

S =
= *‘/\1011 Oﬂ/\i F 2 AERE
bR R E R e 22 A
_‘é_ A =1

(670, 680, 690)2] HAH =

N¢

39l A2 WA 4 e

[0110] =3#E(670, 680, 690)2, oA, 714, A4 L/ 14 A8
ALk, AW, drE vk} o], F(760a)S =3P (670, 680)S HEE NI
2 690)S T & Uk, AR A EA, FE(760a E 760b)S A FHE A
680, 690) & "tz QA E FAPste AsHT Ee FHES 2+ ARE)RE
ZE(760a, 760b)S A 3= AR FHEL TAE(670, 680, 690)S FASE AR FHEHUT 0.05 °
A HEE 0.10 olgteltt. FHEAE, W $ 2dE TE(760a, 760b)> ETAE(670, 680, 690)S I F
IR(AIAW, Z+zre] mapghe]l HA4E 2 He Y F FUE Aol TIR)E &ol8H dts Y Fo2A 7]
£ (760a, 760b)S 7= %*é%ﬂr. AAE) A= FIANE, dAlE L3}
o

&
31 Hahi vz ol2d FUY FES TP & vk sl 949 Aol

Eoll 93 oA #Ed F
; Z(760b)2 = u}(680
2E5(5, =33E(670,
Fgdct, uigEA s A=,

4 oy

11

o olr

T
ol
%0,
ui
1o
™
il
>,
2

2
g
>
ol}l-

_1:[!4
[0111] %= 21& Alg FZxsd, FAE(770, 780, 790)2 FAF Al2E(1003) (= 9 2 11-16)°l 23] =ata
(670, 680, 690) Aol YA

Ll

[0112] A AAldEollA, FHAE(770, 780, 790) eldt AHE, AW, dold AFE E= ol o3
g
€]

’ [e]
o WAL AN, ol eld AeSel WY 4 ATk, A-AZY Fe AYWES(700, 710, 720) &
747k, QIA} ol TIRel o9 EokEE(670, 650, 690) F 7H7e] ShE Ed) AT RS $& AFAUY
[0113] «lAu), J-AZY 3 BeANET00)E, AL S Ex e SpFES 2= FAT0)L BFA7
2% 748 4+ A fAel, FohE $A780)L A2 g mE 3gE Wele 48 AFAIES 74
H Q-AZY Hot AYWETI0)9] FEaa 7o) o) AT, PRIHR, FH(790) A3 g w5

e Wl Fe Aeder APNI|ES FAE A-AAEW Fe ddE(720) o& HF

.
+

[0114] = 21& A& F=x3HH, OJ—H%—% FAE(770, 780, 790)2 Q1-AEH F3t AYWMEE(700, 710,

E(670, 680, 690) WellA TIRol o8] z+z} zj_qusau} a3 BAE
E(730, 740, 750)°l Z+7t FEFr. F w4 5(730 740, 75
-AZY 38k AHE(800, 810, 820)5 ks 7zt ZjquE] 2 ol5L H

Ol"f* Ao & °ﬂ’\1 I B AeHEE(730, 740, 750)= OPE(orthogonal pupil expander)E©o|th.

= ofx- ﬂ%% e AYHEE(800, 810, 820)i BS HAFA 7| ALY )5

E o o] F W e 2F AV]E e ST, dddg, |

% 2 AWM ES(730, 740, 750)2 AFE S i, A-AF

-AZ9 F3 dHES(800, 810, 820)°] FS Ax AFA I ==

T44E F dn. dF *‘Aloal oﬂH o} e-AZY B AYPUEE(800, 810, 820) Ho2 & (210)(X% 15-

2 EPE(exit pupil expander)E°]t}. OPEEL Holx 3slue] Fo

= 349 4 g9lal, EPEEL OPEE Y %3 wxlels, oAY, 3
7o) Q1xE Holt},

ut

K

d

7 EP(exit pupil)E E&
4] ofe]l ¥k~ (eye box )«] AFES ZNAIE

2% Z7E A9 5 9

=]
o}
I
N
> |
9,
o,
,d
)«

i o

Aelo 8] =93E(670, 680, 690);

[0116] uwpebA, LF HAA«EA, HdM=(660)= 7t AEXAE
HE (AW, OPEE)(730, 740, 750); % o}-AZ

d 742}
ol-AZ" F3t AdYYHEE(700, 710, 720); F Evj Ly
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[0176]

[0177]

[0178]

S=50l 10-2723376

3

3 Fs AYHELS (AW, EPE)(800, 810, 820)S Eedtt)., =udE(670, 680, 690) ZHzhe] Tyt A}
Z3 st AYHUEE(700, 710, 720)2 (Ao]3t <l-
d o] Bg FAlge] meh) YYAF FE Ao Ea@o R AAF H
AT, olojA, B Zp7ho eri&( 70, 680, 690) ulolA TIRS =z ZtE= xmraq, TA
of A %*ﬂ??O)(dﬁ'ﬂtﬁ, g A A-AZH F3F AHE(700)e0 & HFx 3 T =y
[e]
pzs

HA
s
el

o
2, 3 B dYUE(HY, OPE~)(730) 9 15 ohb-
=% 48t AYWE(A, EP )(800)9Jr Joabget, SFAE(780 E 790) (AT, 27t mA 9 HA 5F)
E9#(670)& ST Aola, FH(780) A-AZH FT AHWUE(710)d FE3H 1o o3 AFFHT.
ofAl, FA(780)2 TIRE &Fdl =3¥(680)S wet whdEo], Aol 3 o AHUE(HZId], OPE
E)N740)% 283l 2 F of-7EY #T AWE(dAY, EP%)(Slo)i APAL), wpx|wto g B (790)
(A, A 3 a7 (690)S FIete] =7 (690)2] 3 A-AZH Fst AYUEE(720)0] FE3).
G Q-ASEH B3 AYUEE(720)2, F4(790)¢] TIR <& 3 &l %‘FA HE (&AW, 0PES)(750) &, 1¥
371 % TIRO 93) ob-AEE 33t A-UE(AAY, EPE)(820) 2 HAH =% 1 FMHS AFAZITE, o
oA, of-AZT B AYHUE(820)+= HTHoZ FH(790)S FHolol of-AZHH, o] Foj& ®3 v}
& =RHE(670, 680)Z5-H of-AEHE S AT

(0117] oAl % 228 2SR, sloled B taBelo] AxW60)9] 7k At TaEelo] AH(60)E,
Sol mi AFEAH(90)9] Z17he) el g AL AAR(1003)E 2, E 98] TlxZale] Axw (100D U
@ 4 Q.
[0118] H2Fdlo] AZW(60)E taEeol(70), @ 1 HaFEdlel(70)9] /15 AN A% g 71
4w oA REE L ASYES EFA. OaBdel(70)k, daFdo]l AsY AHEA EE ol (90)e
S 2Hg bssta aea AgRHe0)e] EEel Avel taZeel(70)E EAMYHES T Zale(80)0
U ¢ A AABHANE PR ANAEAN, celdolorerean 27 ¢ A5 2% A
A, A0S ZAEA ATHAR AZAQ)S] olio] AN EAHALG 40
AN, EAGA e e A7k A8A e slolw JQOM] EANYH ] el o/ 5
o stapenble) ALEE AGIE AT, Ay ANAZAA, caEedol SRS ER St ol ol
2ES(110) B ALEE 4557 9% 8 Uul| 258 38 & dvh. AY AAS5A, vholAnE

RS = =
o AgATE A2RE0 YEE EE ANSEAW, 24 i AVSEY Ad, Ao} AR 5)& A

Emlrl_ﬂﬁ

Ste% st AHa, aa/Es g AtEs (e =

o ere TAE 58 ? 3 vlo] ARELS HE, oue HolE (A, AFEAF B/Es S o RHE 9
AREES)E ] A T ANEA AE oA AR AA SN, gage] AARe B, =
A4 (80) 3 E7holan AREAH(90) 9] AlAI (AT, AHEAH90)9] W], &, AA|(extremity) )ol F-Fd
e FH A (12008 2T F vk FHOAA(120a)=, D5 AA SN, AHEA90) 9] e T A
& 543 delgE ASsEs #AE 4 gloh. gdd, AN (120a) = A5 5 Sl

[0119] = 22& A& Zx3tA, d&=Zde|(70)=, dds FAER Fad & v, ozid, Z#HdB0)d 2
AEA FREAG, AR osf ZE&R Bl e Hxel] AAHA RAHAY, d=EE WEEHAY, 1
22 o AREAH(90) M Al AA ThsEAl F-2E = (A, W3l (backpack)-2~EHY TSR, HE-AZY 2~
B o) 24 ol ZEAY EE(140)d 4 #€A(130)9] o, d7d, fd fl= e 74 AF
Aol oJal, 2 7tesiAl AZELFET. A, AA(120a)= T4 F3(120b), oAXd), FA = e F
A AdAe o8] 2 Za2AA 2 doly RE(140)°] & 7hEsiA AEHE ¢ Avk. 2 Z2A 2
dolEl ®E(140)2 st=glo] ZRAAE ofdet, tXg wxe] o), v-3dA wxE (i, A
Ry EE stE tam EgolHE)E EFE £ gl o] & EFe HolH e ZEA, 714 (caching) E A
Fe BHxsr] 98 &8E & vk, dolHE a) MAE(AAY ZHA B0 FF JhEsiA AELEHAY 1
P o AREAH0) A Al F-2E 4 ), dxddl, o|nX| A tule]~E (7Y, FHWEtE), H}OBEE
5, #4 FH FYE, 7IEEAE, HIA(compass)E, GPS R E, #H e tulo]xE | AolR(gyro)E U

= 2dodA AR vhE AMEREE AAE I 9/EE b) 94 ZEAY 2E150) 2/EE 974 dolH Zi
A (repository)(160) (7Hd Z'l=o] #AE dlo]HE XFHE AMEste] FHE /e Z2ANH=0Os3E
A=, olefgh Za2A = YEH (retrieval) F t2=F#o](70)0] Hsty] 918 HolHE X§T + 39l
o, 274 ZzA4 9 dolE RE(140)2 B4 HAE(170, 180)° 28, AW, #A4 = B4 54 ¥
55 S, 94 ZEA 2E(150) 2 94 dolE AdA(160)0 F2 7hestA AEEE T AoA, olE
44 REE(150, 160)2 A2 52 7f5sA ASLEEL 24 Z2AA 2 dleolE EE(140)0] dig X H%i
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[0180] dE-%F g 9 x4 29 5R (Focal Stack Factorization)
%

[0181] [0121] ¥ 2= 9 xd 29 AF¢EIe, 3901026, 2026) 2 &7+ F ¥Hx27](1018)9] &4
tAaZgo] A2 (1001 ¥ £8S AAsE o &89 5 AUk, SlFEeo] @3k A RAE

0182] L &% e oy

[0183] [0122] %% ¥
4 Aol A-EEE

=)
)
(1026, 2026) L &3+ F HZ7](1018)o] 42 & 4 v, EE FHE

(N
ot
('
B
i
=

2
=

4 SdE, nle BAse] £ %, 9 sle 29 Selel~ES e 23 28 YERET o)
Y i .
g ERYT 2 gag A,

=k
N = =4
o, Aeld Ay AdEe] FAEL SYHAR] Aew JPddEd. & 12 o7 AHEE "4 -S4 (tensor

3] e
A215)

a Bl

A =

ach cills [
A®GB stCtot= g

AQ®B slCiij2 e Lisdl(de]
[0184] SR J

2= o)

[0185] [0123] o]m]A] HH(B)] 23+ F WEI7]|= T3 n X 59 s A, w3 k] AIZ-HE S Y
A (in

° = quick succession) Roj& 4 Qt}.
RS BE gt Falo] wWEstE o] o] PHo| F duaE At kel ARE 2550 FHE
Sl

[0186] [0124] wabA, 24
ﬂ “ﬁzﬂi/ﬂ “O%é

_28_



[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]
[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

SS=50] 10-2723376

argmin |y — P{AB" }||3

{a.B}
0=AB<1= &2o= (1)
oA7)1A FAb AAbA (PRI S R e (el Gae]F ARgete]) 4D 3 BEolA 3D W sdow

Lo

Ay M-S s, o] EAle yZEF M (deconvolution) FAlol dwld® BUIAEIR 3 <45 0]
k. (Boyd &°l <8 20011 "Distributed optimization and statistical learning via the alternating
direction method of multipliers" Foundations and Trends in Machine Learning 3, 1, 1-122°] A3t u}e}
#o]) ADMM(alternating direction methods of multipliers)e ©]& d|Zst:= Wl AH&E 4 A},

[0125] <=S}4 1& = ADM FE|2 wp77] fl8f, o= 53 A= v 2ol o Qv

ugoin My ~Pal

g(z)
Z—vec{ABT} = 08 =222
0<AB<1 (2)
P € R™Mns x mno o .
Y ( 1S (AAY, wiAEAE, YE A AA9 MathWorksell A 44 7153 AZE¢]o] MATLABO|
e Ay I-wEF =4 (column—major order)E AREE]) 3™ Hejo] AR (P)ojar, AR (vec)E= 3
45 9d 1D WE R has] g et

[0126] o]ojA, o] Al=Ele] &7} g} 13 (Augmented Lagrangian)+ UhS-3 o] FA3lFt}.

£,(AB,7,&) = g(z) + T (vec{ABT} — z) + g” {ABT} —z|| 3

(3)
2ALREE FeellA, o] S AT e 2ol 2ol

1 p , 2
— Tlv — 2  F y o
L,(A,B,zu) = - ly —Pz|l5 + - ” vecfABT} —z +u HZ
g(2)

(4)
O%ﬂ*i u = (l/P)f O]E]—
[0127] ©o]ojA], ADMM &ire]5 thet o] RHEA o7 Aeu= 3719 Hule] JUolEE(EE <9 diat
= (proximal operators))® FA%E T},
1
Z —arg min —|y — PzII +—||z—v||—. v=ABT +u
@ 2 (5)
B} < arg min||V — ABT|| ; V = ivec{u — z}
{AB} (6)
— r.
u<—u+AB' -z 7

o714, eaap(vee U= we s gdz A8, A4 (vec)7t 3PS WEser] 98 sdsE AL
Hadrh, FAE 57 Wyl o]d v HA FHL Algste] wpEAow A" 5

[0128] <814 5= @ @ A Alaflos v 2ol 5 Sl AkEA e A9 EAoH.

of Asgle YitRelAw, RE QS Aol G B4 R WD 5 oA, Wdol A YAHoR
GUHA wEv 2o Aol o 4482 B Aol SR Beld BAElolver)7t 4BH S AT, ol

PN
e
), MATLABS] uwj-$- 7+ebdk SART(simultaneous algebraic reconstruction technique)o] 8= < t}.
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[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]
[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]
[0220]

[0221]

[0120] A% E&EL FA/Y] A, 2 AUOIES AT ANY AAAS FrEske Aol mAAT Al
R WA FAF AL FEL FsA T F Avk. AN AN KRS shie) gwe 9

al
4 8ol W i FEHAER g,

dgdo] Frdct. PrF F FEE 2H Adow W
= Aeole o] &gtol~ A (Fourier Slice Theorem)
7F YR 7] wiZel, Fi Zuele] HAE A frE 4 . o] TFEES AMEEt, ol u&d

= (10)
71M s %A ~u Yo Zelo]laSe] Folx, O 4 Fug mudde g 24 ZeholA(i)d] dE et
-1
o4 ANAZ U tzd Aded. Fo w Fb o oy g wae wa w o gwas gz
Urebic
[0130] <J3idol 3tk ddd o4 TS v 2.
(PTP + pD)™t = F} = F
40 ys  0:0; +p2I P
(11)
oju st HHEE% g FH A 7] wiEdll, ol HAY sAA o] v dauEFrRY o A&3HA AEAYS A
@& 5 glgol 142 Ao, e Byetn, R ANA A5 ol¢ s, wE duelFel &
& Hghairt

A d o] E (4284 6)= NMF(nonnegative matrix factorization) &Ajo]t}. o] ZFALd], olx 7}+%
3t 7} goldk NMF FEAoltl. oA % ¢ HHEFE NF HZHE dd TF f2AES oy Ar-A4 24
Al

1.3 A Ade] Ae

=)
—
w
>
Ho

o
Ho
k1
1
il
=2
2
N
&
o
[>

gehnes [ Bred o mgmon aspass GG, Ao wE de AYsel da Bd AFRa} oo
= ol %

3 A9 AYES TS @b,
. Vi Ap
arg min ( v, )_( AG) BT

Vp Ap

(A, B}

(12)

[0134] WUIAEE dd A4, dES vUAEHE £9-1 dEE9 oz 33
3l (decomposition) A= FH27)F olyal, A ANEL2 sk . oA 2L Jhed A sl

olAl ol AHolrt.
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[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]
[0233]

[0234]

[0235]

[0236]

[0237]

SE=S0 10-2723376

[0135] A= LX) S £9-1 FHE9 oz wists TAZA Aed 5 .

X zZ(lkol)k:ABT
k=1 (13)

XeRMxN:xijZU,AERMxK:aikze, al BE]RNXK:bjk =0

714 ojtk. +¢-1 FEE9 T2 29A
PP =K A E Y3},

[0136] EAlel ik HAa Alw A8 AZ2YL S 54 g(objective function)E FHAsHgo = uhs]d
/\ oh;}

arg min

1
BB JAB) =LIX—ABT Ii=5>" (x;— (ABT);)?
Lj

X llz=
o714 @He] LMY~ i (Frobenius norm)<& I X lE= Xy
I

2.1 wd] HA AF Ht

_ JAB=31X-4B"1 ]
[0137] H]& g ( )=, el 24

of

Algol A, v dgelal v-Fdzelt, A

E= B % ol sE mAd W, te g o) Aotk WMUIAER Aoks
(nonnegativity constraints)s IL#fstA] A, A3 A& 7] 98, $HE A2 JdEH= wd H
2 AF Aoyl Afd 4 k. @ BHon, 27te) AfRd UL T AL wdw ngsuA ¢
dolEdtt. /¥ HH|EELS 1UJE 317 Wl (gradient descent method)S AM&38e] AAtE L.
A«<A—a,V,](AB)
B « B—azV;/ (A B)
(15)

o714 Vanl (AB) = sy qlsrs) GUS, %E 25 sle] 29 QolEol Baste] ul§ 5 w4

S(derivatives)olth. U Amade]l mAE whe} o], 28] Aol& ek shie Foye, HuolE
FH G0 FAlo] Hws 15g dusts Aot 28 ol5g w=eja] Ad, avAESe] nejH, o
&7} o] Fo1d £ A},

N K
Va;. ] (A,B) = Z B (xiu_z B (a”bu,)) (—bux)
Vo] AB) =D (= (awbn))(—aw)
=1 =1 (16)

P Pl A, 1HUAEELS T} o] 2old S U},
Vi (A,B) = —(X—-AB")B
Vs /] (A,B) = —(AT(X—AB™))" an
2.2 4 ddlole A5
[0138]  lol 13 whe} o], ~¥] dolg Aday] A Ay, o5 Mg ve 4 e AT
24, b lolE B 15)0] £AE FA WAew 2ol 4 vk Ao, T %ja g B
7t EAEE GER 2788 245 s, F4 AuoE FAEE, W uelE maas dAuelA 9l
FRE) Ao EAERE fAse AL ATIY. O 2" FolEe FA JuelE FHEL
a2 7}
@, =AQ ((ABT) B)
ay =B Q@ (AT(AB"))” (18)
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[0238]

[0239]
[0240]

[0241]
[0242]

[0243]

[0244]

[0245]

[0246]
[0247]

[0248]

[0249]

[0250]
[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]
[0258]

[0259]

S=50l 10-2723376
TEAE 15, 17, 18& Addshe AL vas AEdn.

A<-A-(AQ((ABT)B)) ® (—(X— AB") B)
=(A® (AB))B+A® XB—-A® (ABT) B) @ ((ABT) B)
B« B—(BQ (AT(AB")")) ® (-A"(X - AB"))’
=BO®AAB))+B®AX) -B® (A"(AB")") @ (A" (AB"))" (19)
2o F4 JulolE FHAES 84 199 westE Wi s,

A—A® (XB) @ ((AB)B),

B—B® (ATX)" @ (AT(ABT))” (20)

Sl A Al&Fetal, dleolE d(X)e] vulAE Bt
oAl A 2 BE XAEHHER AT Ao o ifdr).
, e gho] ]*’F(lelsor)Oﬂ EIERG=

2 4

arg min 1 1
{%K,B} 3 Il X —AB” [,2= EZ Wy (% — (AB");;)?
ij

A, B>02 ez

(21)
A fUlelE A ES Ao g deHE(x)o WE MtEAEs iS4 E A
A—A®((W®X)B) @ (W® (AB")) B),
B—B® (AT(W® X)) @ (A((ABT) @ W))" (92)
o714 W= Xt sdet A7]e] 7tEA FHoln.
2.4 FAHE NWF
FARE NMF=, #H A 8F Aak ARt g ow fA8= 54 gl F7HAQl FAF FE(P)S dte.

i 3 1
al;ir;;n JAB)=5IX~— PAB" [Ifﬂ = EZI_C?CU _Z_pli(zkaikbjk))z
AB>02 xow ]
(23)

o714, A H BeE 59 AYENAM  olHe FZ£HE(subjections)ol  TtHE] WA &
ok, o] kA gk aYAEELS eI 2.

Vag J(A,B) = Zz _(xij T Z Pu Zkaikbjk)(_piibjk)
J i

Vb J(A,B) = 2,0 — 2 Pui 2ox Qe Djs ) (— 25 Pui Qiwe)

A AT

)

LxN,
XERX.XU-EO_EPGRLXMOH A2

ol

Zrell

32

(24)

ol v fol #E Fem 2o 5 .

V.](AB)= —PT(X—P (AB"))B

V;](AB) = —ATP"(X— P (AB")) (25)

V.](AB)= —PT(X—P (AB"))B

2~ €l 7‘?]_0] VB] (A!B) = _ATPT(X_ P (ABT)) (26)
2 AEats A dge F4 dulelE FAE fEdt
A+— A® (PTXB) @ (PT(PABT))T,
B— B® (PAX)" @ ((PA)"(PABT))" (o7)

2.5 T 7tE¥ NWF

[0139] FAFE NMFoll tiafl, g9 QHolE FHES At&sle 3 o 7550 §4tE 4 .
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(28)

3 i w @ PABT)B):
PT(W® X)B) @ (PT( 7
b n g)) E(Pi)f(w ®x)" @ ((PAT(W ® PaB™))
B «—
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