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1 ELC®IC

ROMEZE 2 %:
findu e Hst.0€ (A+ B+ C)(u), (1.1)

72720, HEEe L~ 25, A B: H = H 2MRKEFREHAR, C: H — H % [-cocoercive
3% 2ESR), BME (1.1) 2HAFERR A, B,C OBLMEL R, AL B % FEEiRE
B DS Wy, C 2 AIREMBEIRONEICEZRA 2 2T, M# (1.1) Z=>D B
ZHR/MNST 2R E HOF 225, 20 X5 7Bz /ML 2MEE, THEHTHN
2B OHIFZEN 2R OME (fl 212, EANLIEZ & M&/MURRE [15]), EE&ETRHE (4], &
= R [13]) 2 OB T L5, BB, M (1.1) Ofz ke 2 fEZHFET
FHUL, ThETHEL TR SN TWMEZRELRIBRTEZ L5124 %,

AR TIE, FRIE (1.1) o Z38003 5715 Tdh % Three-operator splitting algorithm [7]
%% %2 %, Three-operator splitting algorithm (I FD X S ITERINS:

FIWLA) XL 1.1. (Three-operator splitting algorithm) k > 1, 21 € H, \,v € (0,00) ¥F %,
UTRogdze#EZ %,

up = Jya(zk)
v = Jy(2u, — 2z — yC(ug))
Zk+1 = 2k + Mok — ug)

72l T3 HDEEFEER, Ja ZARXHTZUYARY FEMEIN, Ja(z)={ueH x¢c
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(I+A)(u)} L EZEIN D, ADMKEFAEAZORE, J4 3 —MEM, DFD Ja(z) = (I+A)"(z)
E13 ([2, 16] B ), 7AVTV AL 1.1DEIE, EARZD Y YARY MAERZEREH
WCHIDE S % o 2 B ERARDENE L PR, ARXEELT, A2 BOYYANY b Jy
¥ Jp BEZIGGIETE S LIET %,

A Yy DI AR T, A {u) & {ug) (SRR (11) ORCTIRT 2 2 L IS
LT3 ([7, Theorem 2.1) /), &, Bot¥F [3| ITK 2 TEHT7 LTV X L DHIEMIED 7 4
FaT7EMALE7Z LTV X5 1.1 OHBIZOWTHESTOATWS 5, %72, 74TV XA
1.1 Oy ORMEZEMT AR EHTORTNS [1],

RIS TU, LT 5, 1] KERT onTr7Lra) XA 1.1 ORBEMET 2, BEFHEI
Ko THEBENIHELFIA, FE (1.1) OFCIICRS 2 2t 2Ry, £/, BET 2 IGHIZOW
THEKRT 2,

2 %
R EBELTHEZELANLMEREL, (LY || 2220 HONBEE /LT 5,
EFHZ A H=H DTI7 7% Gr(A) = {(z,z")|z* € A(x)} LEET D, A: H=HD

(1) B E 3,
(z—y, 2" —y*) >0 ((z,27),(y,y") € Gr(A)); (2.1)

(2) BRI L1, ADHEFTADY S 7 %A DEROBBEAED: H = H ISHLTA=D

i TRE VS, 0€ A(u) ZhiZzT u® ADFERL VI, ¥z, ADEEALEKOEEE A71(0)
ERT, ~lEEHRC: H— HD

(1) IHEREZ, EED z,y LT
[C(z) = CWII < [lz —yll;

(2) a-averaged &1&, o € (0,1) T, H2IHERFE R: H > HDPHFELTC = (1—a)l+aR;
(3) B-cocoercive &iE, 8 >0T, FEED z,y LT

(x —y,C(x) - Cly)) > B|C(z) - Cy)|I*;
LBV S, C D a-averaged DIF, UTDOARERDALDIILD :

l—a
|

IC(z) = CWII* < llz —ylI* - (I =Clz—(I-Cyl? (Vz,y € H) (2.2)

«
([2, Proposition 4.35] i), v e HIZHLT, C(v) =vBRDILDOL X, v ZEH C OFE)
ReWws, C OFHRERDEE%Z Fix(C) ¥ RT,
fiH — (—o0,00] & F¥HEFAREMERE T2, fITHTIEMAEUTD XS ICERT 2,

Of (x) ={z" e H: fy) = f(2) + (y —x,27) (Vo € H)}.



ZDLE, Of  H= HIFmKEFICKRZ ZepPHISATHS ([16, 2] ZHR), %7z, $Mm 0f 12
W5 UYNRY T Jgp WIEROBEGHRDELD LD,
1 >
Jog (@) = argmin § Zlly = [” + /() ¢
yeEH

ZDEE, VIANRY FZEHEEBRE VW, prox; EHHDT, DFD, proxp = Joro C 2 H D
ZETRVEHAMES 35, £E C DfnEK ic %

() = 0 (rel)
T e (2oft)

LERT Do
FEHZR/ 2720, ROFMRIZEETDH 5,

fod 2.1. ([11)) T: H — H % a-averaged T Fix(T) # 0, d € [0,00), 20 =21 € H £ T %o K
Fl {zx} ZAT O XS ITHERKT %,

wr — 17 (k: 1B%)
i 2k +0(zk — 2zi-1)  (k: FE) (2.3)

Zip1 = T'(wy)
ZDEE, RHBWDILD,
(1) u € Fix(T) £ T3, ZORLTRORERDAD IO,

l—a

221y — ull® |22k — ull* - 22641 — T(z2641)|1?

—u+®(

(2) 555 {2} 13 Fix(T) % % SICTIGET 5.

11—«

- 5) ook — Tz (2.4)

i 2.2. ([6]) A,B: H = H ZWmKEFIEHE, C: H - H %& [-cocoercive ¥ § 5, Bl
TA,B,C BERDEDITEET Do

TA,B,C ::I—AJWA—I—AJFYBO(QJFYA—I—’yCOprA). (2.5)

ZZT, 7v€(0,48) and A € (0,2—7/(28)) €55 &, Tap,c & (2)\B8)/(48 — y)-averaged & 7
D, Jya(Fix(Ta pc)) = (A+ B+ C)~1(0) 255 D 32D,

R 2.3. ([1]) A,B: H = H ZMREFEHNE, C:H->H T2, v, 0 €H, y>0,L,
w:=Jya(x) (resp. @:= Jya(2)) & v:=Jyg(2u—z—~C(u)) (resp. ¥ := J,p(2u—z—~yC(1)))
8L O, DINORFEADMD LD,

0<(z—a,(u—v) = (a—10) — [[(u—v) = (a—0)|* = y(C(u) - C(@),v—0).  (2.6)



WHBIEE 2.1. ([2, Corollary 26.8]) I := {1,2,....,m}, i € I, A;: H = H ZWKHEHAEH
Fel, {(wig,uig)} CGr(4;) 32, Y ui — 0 (k= o0) DL, FED i€ ]
W LUT oz, — @y, Uik — Wi, MTjg — Zjeleyk S 0 BEDIIDETE, ZOrE, HD
de O A)THO)DEELT, 2y =a0==p=d, Y 1o u; =0, FED i€ [IZHLT
(d,u;) € Gr(A;) DS D LD,

3 FER
UTRo7Lra ) X4 1.1 OREZEBNT 5,

FILAURXL 3.1, IBEFE)k>1, 20=21€H, I €[0,00], \,y € (0,00) &F %,

o {zk (k: %)
2k +0(zk — zk—1)  (k: BE)

up = JWA(wk)

v = JyB(uk — wi — yC(uy))

Zit1 = Wk + AN(vg — uk)

AE 3.1.

e =00, 71LaVXAL31ETLIVIALLL LD,
o TEDEITHNLTw, = 2 + 5(Zk — Zk—l) DEFIZ [5] THEINT WV,

7Y XL 31 Ko TEMREI N ZFIDOIRMEIZONWT, ROAERIFLD LD,

EE 3.1. A, B: H = H 2MKRHEHHEHSR, C: H — H % [-cocoercive & L, (1.1) DIEDTFIE
TRLIRET S, 7TV XL 31 TERINDIEINEEZ S, 72720, 4, )\, 0 \ELUR OS2
P IR i R

(A1) v € (0,45);
(A2) A€ (0,2—7/(28));
(A3) 0 €0,(2=7/(28) = A)/A).

ZDEE, RMWDILD,

(1) {Zk} =4 FiX(TAVB7c) DH 5 EICTHNET 2,
(2) {uk} r {’Uk} aiﬁ:ﬁ% (1.1) @ﬁ@&:%‘%ﬂiﬁ‘é’%o

SIERR. (2.5) ) {Zk} DEFRDPS Zh4+1 = TA7B70(Z]€) YERETEZ, uc FiX(TA7B,0) 35, (2.4)



&b,

1406
feakra = ul? Slem = ul? = S5 (2= 22 = A= 20 s - T no(um)

1
-5 (2 %5 2) lwans - Tametwa)IP (vh e ) (1)

MDD, (3.1) & (AL)~(A3) &b, UTFoWE»EsI3,
o {201} IFHF,
o {|lzor — ul|} DWRHFET %,

o limy_,o |[wr — Ta,B,c(wg)|| = 0.

22k = Wk EJ:%E@'EEJ: D, {ng} & {wgk} =8 FiX(TA7B,0) @3@5)&&:5;”25&3—5 ([16, 2] ;}/5

M), £7,
|war — z2k+1]] = |lwar — Ta,B,c(war)|| = 0 (k — 00)

&b, {z} 3D 3 Z € Fix(Ta,p,c) IR %,

Ric, MEIEE 2.1 &b
Jya(Z) € (A+ B+ C)~1(0). (3.2)

5, Joa DIERIED S () RERL BB, F7,
Mok — ug) = 2k41 — wi = Ta,p,c(wk) — wi

X b, {Uk} bERERD limg 00 ||uk - 'UkH =0 23D LD, ﬁEOVC, {Uk} DFFPRMEZ R
{vr} DIIPERMES R~E 2,
M 2.3 1CBVT, 2:=7, 2 :=w, £BLL,

0 < (2 = wy, v — ug) — [, — vpl|* = ¥(C(J54(2) = Clug)), Jya(2) —vx).  (3.3)
—7%, C & B-cocoercive TH 3 DT,

—UC(J4a(Z)) — C(ur), Jya(Z) — vk)
= —(C(J,4(7)) = Clur), Jya(Z) — ur) +v(C(Jya(Z)) — C(u), v — ug)
< —yBlIC(Jya(Z) — Clur)|* + Y(C(Jya(Z)) — C(ug), v — ug).
che (3.3) kD
VBIC(Jya(Z)) — Clun)I* <(Z — wi, v — ug) — [lugx — ve|?
+7(C(Jya(Z)) — Clug), vk — ug). (3.4)

BRD LD, ZHED
C(ug) — C(Jy4(Z) (k — 00). (3.5)



{ur} DBEFELD, 2 {up,} C{ur} ET e H DHFEELTup, =1 (j = 00) 4D, %
7z, g, = U (§ > 00) BRI,

1 1
U, — u, Vg — u, C(ukj) — C(JFYA(E)), ;(wkj — ukj) — ;(Z —ﬂ),
1 1
DD ;(21% —wy, —YC(ug,) —vk;) = ;(ﬂ—?— vC(Jy4(Z)))

DO D, T TCHRBERE 21 XD
= J(3) € (A+ B+ )~ (0). (3.6)

i {u} DEEDOFIPEREE 572D T, up — Jya(Z) € (A+B+C)710) k3, O

4 lE,\FH

3ETHRONLHERDICHZEZ %,

4.1 IERMETEZ 3¢ O&/IMEREE

ROWEEEZ % .
minimize —||®(x) — y||% + Az (4.1)

zERN 2
2T, | &2 s, || p &I 2vs, e RMXN gy e RM NS>0 T 5. B (4.1)

1 IERIEA = /N3 (%7213 LASSO (Least absolute shrinkage and selection operator))
LIS, BB OE 1 HEIBAE L PRAEDZD 2 2R, H 2 HIZEANLIE IR,
A=A (0 22 B80) B2 RO WHEICAHHEN 5.

ZZT, A=0\||h), C:=0T®()—b &BIF AFMKEA, C 1% 1/||®T ®||-cocoercive
L%, £z, A C OMOFLIIHE (4.1) OfRr 722, ZOHE, 743 ) X4 3.1 1EH
8] TR NI R IR AILIE L 725, R HEHEANIEICE T 2 BUEEBR ORI [8, 14] Ik &
HHNTWVWD,

42 mEHHEHRERE
RIZ, UTNOMEREARES R T L %2E X %,
x(t) = Azx(t) + bu(t), t >0, (4.2)

ZZT, z(t) eRY, u(t) eR, AeR> L, beR? ¥ 3, x(t) KAl t TOREE, u(t) X
B, (4.2) 1PREAER L EN 2, KEAER (4.2) 3T%, WEESLEYY, RELOHR
BT DR R B R R ORI R BB T E %,



Bl 4.1. vy s OREFHEKX [15, Example 7.2] FHEBICH 207 v 2 RKEHERX (4.2) T
KET2eATDESIT8%,

= + t 4.3
[irg(t)] [0 ol ey | |10 (4.3)
—— N N
i (t) A a(t) b
R,
x1(t) : B "ZIJ LB BAE
xo(t) : FEX t 1T BT 2 HE

2
u(t) : D’?‘/]‘k@}(ﬁ
(0)=¢= (& &) oEReE.

REEAER (4.2) HATHIECTH 2 L 1d, EEOWHIKE z(0) = ¢ € R ICHL T, B 2KIHREA
T>0 2HlfHl ut)(0<t<T)DPFELT, ZOult) TEoTHKE2(t)t=TTx(T)=02%
75 ERVH, REAERX (4.3) B3ATHIEE 722 2 e 23H 5 TW5 [13, Example 7.5,

Bl 4.1 DREEFER (4.3) IBVWT, KENZZE T =5, WHIREZ 2(0) = (1, )T L, 20
RED I & 0t 5 2 REEDEH { (v1(t) 22(1))T : 0 <t <5} DEGEBIZR 1 1TRT,

0.5

0.5

w2(t)

-0.57

0 1 2 3 4 5 0 0.5 1 L5
time (sec) x1(t)
1 ARNGHIE u(t) 27 F 7, ARG, ERKOGIE u(t) b d 2 K8 {z(t) =
T
(m@ m@) 0 < t <5} OB, FHEKE 20) = 1 1T 25 2(5) = (0 0)T 1<
BELTW200b0 5,

AR 4.1, M1 THIE KB —FIZHEN Lice K1 Ol u(t) (&, FZlt 20 ~52ZElT5
R, BEED 0 2722 DIE—8T, R ORI CREIIEDIEZE Y 5, BB, X1 ofliEia s v
MIH L THREDRATHEZEZF T TS Z 2 ITHYE T 2,



43 L' EHIE
ROMEHE 2 2

FIRE 4.1. (L' mddlan ) KA R (4.2) Erile 32, € 29K EL U, Kbk
AT >00n52x6hT0wsr33, ZOK, £(0) =&, =(T) = 0 ZERT 2618 u(t) T
()] <1 (vt € [0,T) B#iZ=L, 2 |luf = [ [u(t)|dt ZRNCT 2HD%EOT X,

MIRE (4.1) % L' BEfEME L W, 2off% L SlEflHe v, L Rsk s A
RREE L IR, HrxsiEshTns (FlZE 9]).

—77, L' mflgiE R e s s 2 2 vick b, ROARRITO R LRE RS T
XI5 TV ([13, Chapter 9] /),

PIEE 4.2. (1 RSl
5,2]11%% {Hqul +ic, (u) + ic, (éu)} ) (44)

22T, nidREEORER, h=T/n, C; ={veR":|v|ix <1}, Co={C}, || - li= & 1
B, Ag= e, by = [T eMbdl, &= (A% by, AL 2y, ba), (= —Adk T B,

' SRS (4.4) WRR L2713V X4 3.1 ZEA LT, Boifllut) 2K 2 0EK
WRT . REEHFER (4.2) DfFFIe R M A ZEH Lz, 2EEE n =1,000 ¥ Lz,

1
1 L
0.5
0.5¢
= of =
S 8 or
-0.5 \
-0.5
-1 . . . . . . .
0 1 2 3 4 5 0 0.5 1 1.5
time (sec) x1(t)

K2 ARIRELZ7ALDY X4 3.1 2HEALTESNEHE ult) ®2F 7, AR, £

T
Ewﬁmhm)mﬂmﬁéﬁ%{dﬂ::@ﬂﬂ mag (0 < t < 5)} o#LEh, FIHRE
z(0) =1 DT 25 z(5) = (00)T ITBBLTWZDHb 5,

AR 4.2, K1 22 0l u(t) 2HEKET 2, K2 0HPEBIENIZEORLBIZ WV, BIH, X2
OflfENZZ DRZITIER 7y MWL THEERATES S, ZOMIEIBNCREZHINTE 5,

AR 4.3, M2 OBEEBROFMIE [12] Ick DTz, BET 2 EAZESENEOMEIIC [10] 28D %,
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