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. FIUM-RRIERY T X AR S B X (Generalized PPA)

. RO EEIAY Gauss BTN ZE DA ER

G —ERPTEBE R TH—RRIERE

. BRAI BRI MRS EE
BNESNBERFIEZE TERAFRESMERNEE

”wk—l—l

k+1

— w5 < Jlw” —w|f — lw* — W

k. k+1

lw® — W HIE < ot

—w"|%.
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1 ZMARMNAREEEEFMBENMNNT 5AFN

WO(W) AR E, Ac R b e R™.
URFEE. ZEZE M ARG E] R

min{f(u) | Au=b, uelU}. (1.1)

(AL BIRE (1.1) IRIASER H R B 2 E X
EU xR EW

L(u,\) = 0(u) — X' (Au—b). (1.2)

WR—FF(u*, \) €U x R™HE
L(u™,\) < L(u*,\*) < L(u, \"), VY(u,\) el x R™,
FLFRE /g Lagrange ER ¥ (1.2) BV¥x 5. EEBIAR N AFRN AT LS L

uw eU, L(u,\*)—L{u",\")>0, YVuel, (1.3a)
AN eR™ L(u,\")—L(u",\) >0, Ve R™. (1.3b)



FRHE Lagrange BRI L (u, \) BIE X (IL(1.2)),
L(u, \*) — L(u*, \")
= [0(u) — (\)" (Au—b)] — [0(u”) — (A")" (Au” —b)]
= 0(u) —0(u") + (u—u")" (—A"X),
H (1.32) 5%
w e, Ou) —0(u)+ (u—u") (=ATN) >0, Vueld. (1.4
B4, %t (1.3b), B A
L(u", ") = L(u™, )
= [0(u") — (\)" (Au" = b)] = [B(u”) — (V)" (Au” —b)]
= (A=X)"(Au" —b),
1B
M eR™, A=X2)"(Au* —b) >0, VAER. (1.5)
FRRFRIEN (1.5) (XM EZREE (Au® — b) BIAFRERIESR) FMNT
Au* — b= 0.



¥ (1.4)Fn (1.5) EAE—E&EFE!

ut eu, O(u) — O0(u*) + (u —u*)" (=ATX*) >0, Yuecl,
A e R™, (A =X (Au* —b) >0, VAIER™.
KABEZZWRN, BRI B RIERE T AFN
w* e Q, Ou)—0u")+ (w—w) Fw") >0, Ywel, (1.6a)
g s, X B
w:<u>, F(w):<_AT)‘) M Q=UxR". (1.6b)
A Au—b

FANEw = (u, \) Fw = (u*, ) KN (1.6), BRI (1.4)F1 (1.5). JFE
2 (1.6b) PEVASTEF F(w) 7



BT HEPREREZRXSFIRR, FLtS
(w — @) (F(w) - F(@))
ERERIERRS, ZNEEEZRE
(@ —w") F(0) = (@ — w")" F(w"),
HIRERZ (1.7). Ak, Hw € QF, ®A

0(i) — 0(u*) + (0 — w*)" F(0) THREHNAFRXNKIEZ 0 € QF(1.6).
=0(2) — 0(u™) + (0 — w*)" F(w")

0. (1.7)

Y

0, Yw" € Q. (1.8)

Two block separable convex optimization I

AT 57 SR AL [E)

min{fi(x) + 02(y) | Ar+ By =b, x € X,y € YV} (1.9)




=B (1.1) F— N353, Hep
Y

HENTESTERFE
w* e, 0u) —0u")+ (w—w)"Fw*) >0, YweQ. (1.10a)

x — AT
w=|y |, Flw)= — BT\ , Q=X xYxR™. (1.10b)
A Axr + By — b

XA T E LRI (1.9), 38K T ETAFI (1.10).

u:<x>, O(u) =61(x)+02(y), U=Xx)Y, A= (A B).

TRAER (1.10) P HHE T F(w) BEEFENARRTTRE, EH#E
(w — @) T(F(w) — F(@)) = 0.
E AT 5 AFKEANERRP B AT LIRS BN A (1.8) X AR MR



2 THAFAPPARENEEMR
ZE—ROBBEATHTEREE (BHTER (22) 2 (2.1) K046

Weald

w e, 0u)—0u")+ (w—w)" Fw*)>0, YVweQ.  (@1)

PPAE L. KT HAFEN (2.1), W H AXIRIEEFERE, HR2 TH PPAE
SERNE EENB RN " Bk, REHERS " ES

w*t e Q, 0(w) -0 ) + (w — W) F(w*t)

> (w—w"™THW" — "), VweQ. (2

W BESAFA G 1) < @2 w” =w" .

3|1 @a,be R, H e RV 2EEERE B 0T H(a—b) >0, B4

= ANEE] 8B HAEREN: |z||g = («THz)/2.

1617 < llallz — lla — bl (2.3)

R ETEZR [|blf3 = llall} — 267 H(a — b) — |la — bl|3, FABIEEH
bTH(a —b) > 0, B|IBLEILEEEIESBE. O

10



1 KBTS AFRNCA), WEEWEEIHEEH -~ 0MEEw®, W
R o BH (2.2) {=1HAY, ﬂB/AE

"™ — w5 < w® =W~ [lw” - Wt

17, Yw" eQ*. (24

R Fe2)fEENw e QIgAw", B

FHAw* BEMA, v e QR (1.8), ERAImIES, FTAA
(W — w*) T Hw" — w") > 0. (2.5)

ZESIB1HiEa=w' —w b=t —w* EEREEZELY. O

EIE2 g {w"} BRBEDAEFRN 21)H HIE TH PPAE L (2.2) FFEH
ERFS. BaFkNB

|w” — w ) F < Tt — " F. (2.6)

11



WA B9 2 hrwiRA ", BiTA

e(uk> . 9(Uk+1> + <wk . wk+1)TF<wk+l) Z (wk o wk—}—l)TH(wk o ’U]k+1>.

¥ @22 Rk Nk — 1, BB
O(u) — 0(u®)+(w —w") " Fw") > (w—w") Hw"™" —w"), Vw € Q.
BRELEEAERPHwEA T HENESEE u R T ), 5E
O(u" ) — 0w )+ (" — ") F(w") > (0" —w" ) HWw T —w").

BAETREZWARME—EHFFA (w* — " ™HT(F@W") — F(w*t)) =0,
MIFE

(wk B wk+1)TH{(wk—1 B wk) B (wk B wk+1)} > 0.

Wa=w"—w"),b=(w— "), EANAERRZE b H(a —b) > 0.
531152

lw® — " G < T =0 = (T =) = (W =T

M ERBRLEIL (2.6) 3. EIEEUE. O



EIE1FEE 2894518

Jw* T —w* |3 < |lw® — w*||FH — [[w* — " F
A0
Jw* —w*|F < lw* ™t — W%
R PPAE LIRS EEM . SEETX MR H 3 IF R R ST

RIBEIE 1 19458 2.4), %18

k—l—l

k41

|w® — 2 < " = wlfa — w0 = w” ||

Stk=0,1,....tEM ;B
ST — "G <’ - wlla, Yot € Q.

BAAEE 1EIL (2.6) A

1 * * *
Jur =t < o e Yt e

X 2 UERR PPA BRI SUR ZR A E E KR

13



14

R R : AT K % o] @2 Y PPA 3%

KEFEANAI S EIRE)E (22) MM T S AZER (22).
FRIE PPA BRERVE K, A iR FEME I FRIERE.

% Primal-Dual i SEERYSRIE 2 &%

w e Q, 0(w)—0W ) + (w — W THT P
>

(w — w ™ HW" —w*™), vw € Q, (2.7a)
H
BATA + 61, 0 AT
H = 0 BB'B +61,, B* (2.7b)
A B 51m
IEE=RER

( BATA +61,, AT ) ( BB'B +6I,, B* )
) = 0, = 0.



15
WEREE 7 HWEFEAERFERRZ o € QWEENw e QB

(61(2) — 01(™FY) + (& — 2*+)T

(AT L (BATA + 61, (2T —2®)+ AT (N — 29} >0,
02(y) — O2(y" ) + (y — y* )"
{=B" X" + (BB B + 61.,)(y* ' —y")+ BT (A" = AF)} >0,
()\ . >\k+1)T{(A£Uk+1 i Byk—|—1 . b)
+ AT — M)+ B —yF) + (2/8) V= AF) =0

\

BEANXFAH—T, B2 o' e Q WEENwe QB

(

O1(z) — 01(z") + (x — 2" ) TH{=ATA + (BAT A+ 615, ) (2" = 2¥)} > 0,

¢ O2(y) — 2y + (y — y*" ) {=B" N + (BB B+ 61, (y* ' — y")} >0,

[2(Az" ! 4+ Byt —b) — (A2" + By* — b)) + (2/8) (N — \F) = 0.
(2.8)

\

28)NEB—1THAR z, y M A FlEEREMIEFM.
KT &M ERBIR RN NEDAFNZENXR), BV THEE.



3 (—EEMEE) BX C R 2HOE 0(x)F f(z) BEOER,
H f(o) EAEXYH— PN FELTH. 0o 2O ESE min{o(x) +
f(x) |z € X} BUfE. B4

" € argmin{f(x) + f(z) |z € X'} (2.9)
MRSV EZHRE MARBRESAFANXR, BFHIESTTHIER

tf e X, 0x)—0x")+ (x—z)'Vfz*)>0, VrelX. (2.10)

MRIBEIES, (2.8) FHY T, oF 1 R0 N ATLUBIE KRR 0 B RV B AN F o)

2

T AT~k
gl :a,rgmin{ . Hl(x)k x2 Al)\ 12 ‘xEX} (2.11a)
+3B8llA(z — z%)||” + 56||lz — =]
\ . 05 (y) — yT BTAF
yk+1:argm1n{ ) Q(y)k y2 ) - ‘yéy} (2.11b)
+381By — )" + 2olly — v
L AT = A — I8[2(A2" T + Byt —b) — (42" + By® —b)]  (2.11¢)

K15, | BITXAMIF, EE AT LUK THREISST [1, 3, 12, 15, 17, 18] BUE A B K.
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University of Colorado Boulder Technical Report, Department of Applied Mathematics

The Chen-Teboulle algorithm is the proximal point algorithm

Stephen Becker *
November 22, 2011; posted August 13, 2019

Abstract

Werevisit thelRecent works such as [HY12] have proposed a very simple yet

on the step-size

powerful technique for analyzing optimization methods.

1 Background

Recent works such as [HY 12] have proposed a very simple yet powerful technique for analyzing optimization
methods. The idea consists simply of working with a different norm in the product Hilbert space. We fix an
inner product (x,y) on ‘H x H*. Instead of defining the norm to be the induced norm, we define the primal
norm as follows (and this induces the dual norm)

lelly = VIV 2y = Ve, i = lylv- = ViV 19) = Vi gy

tor any Hermitian positive definite V € B(H,H): we write this condition as V > 0. For finite dimensional
spaces H. this means that V' is a positive definite matrix.

Stephen Becker, The Chen-Teboulle algorithm is the proximal point algorithm,
2011, arXiv:1908.03633[math.OC] | 8FFEHER, B/EPPAM G ENIZEEIEM?
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HiE PPATTARIRIEZIRZHY. FeA13E (2.7) FRIFEME H M ZEH—T, Ma
BSRIZEN N BRITKE 2,y FRIBEHPPATLE THEEZ1%MA.

% Dual-Primal i SEE RSP 2 &%

w* e Q, 0(u)—0W ) + (w — W THT Fw )
>

(w— w T H@Ww" —w* ™), vw € Q, (2.12a)
Hon
BATA + 61, 0 —AT
H = 0 BB'B +6I,, —-BT |. (2.12b)
2
—A —B 2Im
EMHIEE—REA

( BATA +6I,, —A" ) ( BB'B +6I,, —B' )
= 0, = 0.

18



BEREECI)MAEFEAEHRARE o € Q MEENwe QLB

y

\

01(x) — 61 (ZCk—H) + (x — ka)T
{—ATNH L (BAT A + 61, (2T — ) — AT (N1 — 29} >0,
O2(y) — O2(y" ) + (y — "™ )"
{=B'A\"" + (BB"B + 01,,,)(y"" —¢y*) =BT (A" - X9} >0,
(A — MO T LAk 1 Byktl _p)
— A" — 2" =By —yF) + (2/8) AT =X =o0.

B EEMAFIEAAF—T, 52

)
"t e X, 01(x) — 01 (") 4+ (2 — 2T HT

N\

\

{(BATA + 6L, ) (2"t — %) — AT@NHT X\ >0, Vo e X
Yt ey, Oa(y) — (v ) + (y — vt
{(BB"B + 6IL,)(y* T —y*) = BT 2\t =A%)} > 0,vy € Y

(A = NI L(AZR + By —b) + (2/8) (AT — AF)} >0, VA e R™.
(2.13)

19



(2.13) FHY N Flo)@E Y T

(Az" + By* —b) + (2/8) (X"t —XF) = 0.

e (2F, ", \F), BT

ALk %B(Aack I Byk —b). (2.14)

RIBEIE S, (2.13) AN, ¥ F0 T AT LU KR AT 53 B Y F 5] R

y

\

X

Y

01 (x) — T AT[2NFTE — \F]

) T o LUEX} (2.15a)
+3 B8l A(z — 2")[|” + Félz — 7|

SRS arg min{

O2(y) —y" BT [2AFT — A"
+381By — y*)I” + 36lly — ¥*|I?

k+

y € y}. (2.15b)

= arg min{

X B ERRY PPA K T30E, FTLAM [6] X E.

FIBRZT R AER (V) FisBiE s 5% (PPA), B B ittt PPA 2843 U

[ e aii N
4

B A

20



3 ADMMEZEHFEEMR

ADMM 175 PPA FI7EE IR 1 FIEIE 2 FRRER IR NE=TRIZEIL.
§1 RS EHAIRA 7 B E)
min{0;(x) + O2(y)|Az + By = b,z € X,y € Y}
BN E D TFR

w* e Q, Ou)—0u")+ (w—w)"Fw") >0, Ywe.

Hep

21



[B]R&E (3.1) KV RARER H R =2

LN @,y, ) = 01(x) +02(y) — X\ (Az+ By — b) + éHAerBy— bl|*. (3.3)

ADMM B9 kORI B BRI o° = (y*, \F) Frig, 1@id

y
$k+1

C argmin{ﬁ[;](x,yk,)\k) ’ x € X},

y*t! € arg min{ﬁg] ("t g, AF) ly eV}, (3.4)
\ )\k—l—l — )\k: . B(Axk—}—l +Byk+1 . b)

K15 wht = (2F RN BRI Eh o) 2 B AR R 2 AV E BRI
[EERATH. Eitt, ADMM &Y k XER BT LS B

(F 1 e argmin{01(z) — 2" A" \* + 18| Az + By"* — b||” ‘ z € X},

q ¥yt € arg min{QQ(y) —yTBTAF 4 %BHAazk“ + By — b||? ‘ y € y},
\)\k:—|—1 — )\k: . B(A$k+1 i Byk+1 o b)

I\

(3.5)
EE':F’JJCE}“ /?EE'J”U (yk Ak)%ﬂ“ﬁ’l ﬁ'ﬁx’““ xEé‘ﬁEvk (y Ak)ﬁrﬁ

22



Analysis ' RIF—mMmMLERIE (EHEEIE3), ADMM (3.5) B 2, y Fio)fR
53 7l /2
"t e X, 01(x) — 01 (") 4 (x — 2P THT

(3.6a)
{—ATN* + BAT (Az*T' + By* —b)} >0, Ve e X
Zi

Yy ey, Oa(y) =020y + (y —y )T
{(-BT"X\*+BB"(Az" " +By* —b)} > 0, Vy € V.

LA ADMM HY3RF \ U EET AT
)\k—l—l _ )\k o B(Axkz—i—l _'_ Byk—l—l . b)

RN (3.6) GHEEFBINY), HAI2AEE

(3.6b)

"t e X, 01(x) — 01 () + (z — 2FTHT

(3.7a)
[—ATNH 4 BATB(y* —y*TH} >0, Vz € X,

23



il
yk—l—l cy. 0 B k+1 k+1\T
; 02(y)—02(y" )+ (y—y" ) {=B AT} 2 0, Vy € Y. 3.70)
¥ (3.7) BREEMENX: ! = @yt ea x),
0(u) — (") + (x _ kN T AT Nk
Yy — yk—i—l _ BT )\k+1
ATBY , &
+5( 0 )(y - yk“)} >0, V(z,y) € X x Y. (3.8)

B XN EK
; iy b1 o — pktl T _ AT )\k+1 AT B
=0+ (275 V(T ) 8B ) 6 =)

T ( ) y gt — oF
0 BBTB )\ yrt!—y* >0, V(z,y) e X x Y. (39

RfE. JANBWMTRISIEE:

24



+1 — (xk—kl’yk:—kl’)\k—kl) c QZEE

), WA ER (v°, \"), w

25

SIH 2 kf#VIS
A& HEVE (3 EEJZEI’] w11E
T — xk—l—l _AT)\k—I-l AT
9(u)—9(uk+1)—i— y_yk _BT)\k:—l—l _|_B BT B( k:—l—l)
A — Akl Azktl Byk+tl_p 0
0 0 o \ [ -]
+|0 pBBTB 0 yktl —yk [3 >0, Vw e Q. (3.10)
0 0 LIm
3 )\k—l—l o )\k )
— B(Az"* T + Byt — b)) B

HERA ADMM BI3EFBEHT AT AT = A
(Az* Tt + Byt —

A

(A =N AHT + By — )+ (A -

R EIE] (3.9), BIFEIS IR 2 458 (3.10).

b) + 5 (ATt = X\F) =0,

AL >0, VA€ R™. (3.11)

[]

EEE](3.10) PEEERTZ(S.9).

EBEIBIFEE (3.11).




AT HE HRINEX
T
v = <y> Vi={(y" \)|w €Q'} 1 H= (BB B 10 ) (3.12)
A 0 I
XAE, FAI1PT LA (3.10) B K
O(u) — 0(u" ™) + (w — W T F(w")

z — 1\ [ AT L
+ By* — "™ + (v =" THTHO* —*) > 0.
y — yk—l—l BT

(3.13)

NMSE| T ERYS[EE:

513 3 SRAEVI(3.2), WITHAER (vF, \F), w* T = (2T T Nt e QR

AR E 5 EA (3.5) /. B4, &i1B

(" —v)TH @0 =" > (3 =y T BT (A AT, Vet € QF, (3.19)

HhiEfE H H (3.12) A 1.

26



WERA. 4% (3.13) RN w g A w*, FIH F(w) WFRIER, FA152

(Uk—l—l o ’U*)TH(’Uk . ’Uk+1>

$k+1 . LE* T AT
- ( k1 T BB(y" —y"")
vyt —y B
+0(u" T — 0(u*) + (W — T F ("), Yw* € QF. (3.15)

RHE (1.8), (3.15) N AWM TXIZAVER57IES. (3.15) N A ImAIE—ER 7

33k+1 . ZE* T AT
" - BB =y
Yy T — oyt B

B k k+1N\T T 2 — o
= (" —y") B B(A,B)
yk;—|—1 o y*

_ (yk . yk+1)BTﬂ(AﬁUk+1 + Byk—l—l . b)

= (y* —y"THBT (A" - A, BTRISHFEDSEZ | 3.16)

27



SIIERE IS EIEM (3.15)F1(3.16)FF]. O

513 4 RAEVI(3.2), WA ER (y°, \F), wh T = (2T 1 N € Q
B HEE (3.5) £ A, FA1A

(y* — " THT BT\ = X > 0. (3.17)
HEBR. & 79 (3.7b) Xt k- Rk E
O2(y) — 02(y" )+ (y—y" ) {-B" A"} >0, vyey, = (319
3, MA—RERE
O2(y) — O2(y") + (y— ") {-B" A"} >0, Vy e V. (3.19)
SRE (3.18) iy = v* M (3.19) Py = y* ', REHFHENAEM, RISTF

1 (3.17), 5IIBfSuUE. O
B (3.17) 1R (3.14), EANISE

W — )T H@" =0T >0, vo* e V" (3.20)

28



BIEIKINIEL%EA, B
b'H(a—b) >0 = |bl|& <|lallz — |la —b|%.
®a=v"—0" b=2""" — v METENEIE.

EIE 4 KIEVI3.2), BITATER (v°, \*), w T = ("1 "N e Q
BB ENE (3.5) £ M. 1B

||Uk—|—1

—v*||H < ||0" = vt|F = |Jo" = oFTE, Vo e V. (3.21)

BRItk 2 4, FAT17E [14] FHIERR T ADMM RO R 51 {v* ) B &M R
||Uk:—|-1 o ,Uk—i-QH%I S ||vk k:—l—lHH (3.22)
XEMRAIANT—T RSP EREE], A2 B MOERR.

=R (3.21) F1(3.22) B7R T ADMM ER PPAE—H?E!I?E’J'I‘EJE. HATLEEZR,
£—LE R ADMM B9FFZE [2] b, BRI R T (3.22) IX 514 /&R,
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4 Lo HBGREERNG—HES
HMNERRATAAER (V) IESE LRI, B M ARMOME LRI A
TEHHTESFEFK:

w* e, 0w —0u")+ (w—w)"Fw*)>0, YVweQ  @1)

Algorithms in a unified framework

A unified Algorithmic Framework for VI (4.1) R —HEZR R TIUN - KL IE A SR o3 4B X

[Prediction Step] MATEIIZIDTE " K&, KBNS v° € Q FHFHE
0(u) — 0(7") + (w — ") F(@") > (v — )T QMW" — %), Yw € Q, (4.2a)

Hep QA—EXMIR BER QT + Q #IERE.
[Correction Step.] 25— i R UL = 15 (4.3) BUZERE M, 1B FRIE

" =0 — M(W* — ) (4.2b)

Ceunk3i: 0 RN Q A1 M 47 51| AU 8 7500 KB Ba FN 4% IERE P4
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Convergence Conditions

XFEIEMEZR (4.2) RRVFUNAERE Q FIAIERERE M, FHEF IEE M H, (£15

HM = @, (4.3a)

HEH

G=Q"+Q—-M"HM = 0. (4.3b)
WRFUNEERE Q IEFT =, WEH TS FEMY 4.3) I H, M,GRESGH. BT

QT +Q 0.
A= AT LER
D=0, G0 HE D+G=QT+0qQ. (4.4)

RES

HM=Q f MTHM = D.

EQIFFR. D - OWERIET, BiEMHIZAMRS

HM=Q, HM=Q, H=QD~1QT,
MTHM = D. QTM =D. M=Q TD.

TS RH B WS HERIZERE M, H #1 G. #IE (4.4) B9 DA G R B 35 L RIikHE

31



SERHE S RATREREER M. H 3 G R 2R TR R .
4.1 ADMM 7] LA ¥ Rk e —HE S o FY FO- B2 IE & 7&K

A 15215 B ADMM B3% (3.5) AT AR —HE 2R (4.2) O—FhE AR, Hi
WM (4.3). A, FATERED

fk xk’—l—l
" = g*F | = Vs . (4.5)
% N — B(Az" Tt + By* —b)

EXTMEE o* = (&5, g%, \F), B q 1 fnyF 1 26 ADMM (3.5) & BB
FA1%FADMM IL/\E%IE%}@E% [11, 14] BOUERRER A 21 7 X Fh AT #a

T AR, FATAT AR B Rk

( 7F ¢ argmin{[,[Q] (z yk,)\k) ! x € X}, (4.6a)
(F) < " € arg mm{ﬁ[ ARTID ‘ y €V}, (4.6b)
L N =\ — 84" + By® —b). (4.6¢)
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15.3. Convergence Analysis of AD-PMM 429
We will use the foll

gk = xk 1

7* = gL,

7" = y* + p(AxFH L BZF —¢).

Using (15.15), (15.16), the subgradient inequality, and the above notation, we obtain
that for any x € dom(h;) and z € dom(hz),

hy(x) — hl(ik) + <pAT (A)'Ek +BzF —c+ %yk) + G()‘("’ —xk),x— f(k> >0,
ha(z) — ho(2*) + <pBT (Aik +BzF —c+ %y"‘) +Q(#F —z*),z - ik> >0.

Using the definition of ¥*, the above two inequalities can be rewritten as
hi(x) — i (3) + (ATF* + G(&F - xF),x - %") > 0,
ha(z) — ha(2%) + (BT5* + (pB"B + Q) (2" — 2*).z - 2*) > 0.

Adding the above two inequalities and using the identity
v —y* = p(A%F + BzF — ),

x — %* ATg* GF - %6
Hix,z) — HE )+ ( | z—3* |, BT -] cEF-3% | )20,
y_yk _A%* _B# +¢ %(yk_yk+1)

(18 17)

where C = pBTB +Q. We will use the following identity that holds for any positive
semi i trix P-

1
(@=b)"Plc—d) =5 (la-d[p ~ a~clp+[b-c[p ~b-d|p).

US]J]g € above ldentity, we can conclude a
= < 1 - =
(= TGk —%5) = 3 (I — 71 — [ — b + %% — x4 3)
1 - 1
> Sl — %[ - 5lhx - <, (15.15)

as well as
. e 1 T 1 B
(2= #)TO@ — %) = glla— 2% - gla—HIE + st -2 (15.19)

and
20y — 757 (y* — 51
=y =y* P =y = y* 1P + 175 —y* IR - IF* -
=y =y = lly = ¥*I” + 2’| AX* + B2* —¢?
—|ly* + p(AX* + Bz* — ¢) — y* — p(A%* + BZ* — o)||?
=y =" = Iy — ¥*I? + PP A%F + B2* —c||* — p?|| B(z* — )%

yH?
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1R BB —HEZRH (4.2a) BIFZ I, 15700 (4.6) UG R FTIA R FEHAYS|EE.

513 5 KETHAFR (3.2), JATE v°, H (4.6) £ 0" FHE
" € Q, O(u) — 0(@") + (w— "TF(@") > (v — )T QW — &%), Yw € Q,
;H:¢ (4.7a)
<6BTB 0 )
Q= . (4.7b)
-B I

HEAR IRIE—M &M RIBREIR 3, (4.6a) WRILMEFHZE

" e X, 01(2)—01(F")+(z—7") T {— AT N +8AT (AZ"+By"—b)} > 0, Vz € X.

FIA 4.60) FHIN® = N\ — B(AZ* + By —b), LRBE | » TS rERERE

e X, O1(z) —01(F")+ (-3 {=A")N} >0, VeeX (48

[E]38, y-FIo)R (4.6b) WM MEFZHTIUERK | y-FRaEnEBLE [BB™B(5* — v*)]

§° €Y, 02(y)—02(3")+(y—3") {=B "N +BB"B(§"—y")} >0, Vy € V.
(4.8b)
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HIAE AR A B (4.60) Y
(AZ" + Bg" —b) = B(§" —y") + (1/B) (A" = \") =0.

XFET A-FEIBHRBR [-B(5" — ") + (1/8) (A" = \F)]

CeR™, (A=XHT{(AZ" + BF* —b)—B(f" —y")+(1/8)(A =A%)} >0,
(4.8¢)

1% (4.8a), (4.8b) F1(4.8c) BIE—&, FIAZT P AFER B2 MFKIAN, JEEET

RIELER D E—RIE F (o), NS 0" %2 (4.7), S3IEEEIE O

RIE & HEE (3.5) B E S RATUN- R IER, T 1ZEE LTS IE.

51 6 & HEEGS TR = (yFTEL NPT @ 4.5 EX MY =

(7%, \F) X RAT LB X

" = 0F — MW" — "), (4.9a)

M< ! 0). b
BB I

>

He
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WERA Bk, " = ¢ A (B5) AEAI N FIF 4.5) P " BIE N, AT
AN

A = AF — B(Az" + B® —b)
= X' — [-BB®* — §*) + B(AZ" + By" — b)]
= N —[-8BW" —§") + (X" = X5)].
X+, ADMM B % (3.4) RV " T = (T, A1) Fnidid (4.5) E X
B 0% = (5%, \F) IR RATILB X

()= Ge) (o G
ARH ¥ —BB 1)\ A" =)\
XFh2 (4.9), 5IE[/IUE. O

TEHANRER (4.3) ZWIEA ARSI FG B &

T
H = (53 = 10 ) HRRFIEE (4.10)
0 51



T (4.90) HEYEEFE M F0(4.7b) FHIEERE Q, B

- (BB B 10 I 0)\_(pBB'B 10 0. @1
0 sI)\-6B I -B I

%1% (4.32) i E. BN,
G = Q"+Q-M"HM = Q"+Q-Q'M

~ (28B'B -B" B sBT"B —-B7T I 0
; _B 21 0 11 J\-8B I

B (2537”3 BT> <QBBTB BT>_<O 0) w12
-B 2l —B 51 0 3I

Lk, %BfF G 2HIEERY, 5514 (4.3b) tHiE 2.

FEBANIIESIREN], KBTS IAFN (3.2 WEHEPZE H L (3.5),
AT LAIRER AR (4.7) TIUMAD (4.9) WIERV 5%, BN AIBE TR —EZRP I
M (4.2a) FIFZIE (4.2b).

ADMM ] LASR AR 2 —HEZR Fh BTN AR IE 73 0%, BB §4.2 PG ZIERARY E TR AV
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4.2 Gi—iEZRE RIS R

A TUERB G —HEZREH 0K (4.2) TEWLE 1% 5515 (4.3), H[

QT +Q =0, H=0, HM=Q, G=QT +Q - MTHM = 0.
e N —LE MR,

EH 5 ARMBESATER 4.1), 1% {0}, {0") BRGE—IEFENEX 427
ARy, FRANUSTEIE St (4.3) B, A

0(v) — 0(a") + (w — ™) F(@")

1 1
> Sl =0 —llv = 0" l[7) + 0" = 3°)&, Yw € Q. (413)

WEER. FIFH Q = HM (W (4.3a)) FIFIE AT (4.2b), XTFUM (4.22) BY A imiE T
RIB: Q" — %) = HM (v* — o%) = H(v* — oY) Btk E

0(u) —0(@") + (w— )T F(@") > (v—0")TH@" =), vw € Q. (4.14)
Xt (4.14) NG iR fE R 1EF X

(a—b)" H(c—d) = —{Ha dl|z—lla—clz}+3 {HC bll7 —|d—bll%}, (4.15)
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HAEHAS
a=v, b=9", ¢c=v", and d=0""",
FATHE LIS 2
2(v — )T H@W" — o
= (o = o™ Mo —llv = v*|[7) + (0" = "7 —[l" " = 3"[%).(4.16)

Xt (4.16) AimBE—EB52, FIH HM = Q20" Qv = v (Q1 + Q)v, 5F|

lo* — 3" |7 — [l0" " — 3"
= " =" FH — (0" = 5") = (@ =" ||%
N e [ el [CAR A B A A ]
= 20" —"THM®O" = ") — (0° = ") MTHM " — ")
= (" ="Q"+Q - M"HM)" — ")
e (4.17)

1% (4.16), (4.17) X (4.14), EIEEMLE LS (]
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15.3. Convergence Analysis of AD-PMM 429

We will use the foll

I
-

= xFH

— g,

[]]
-

7* = y* + p(AxFH + BZF —c).

Using (15.15), (15.16), the subgradient inequality, and the above notation, we obtain
that for any x € dom(h;) and z € dom(hz).

hy(x) — hy (XF) + <pAT (Af(k +BzF —c+ %yk) + G(xF —xF),x — i:k> >0,
ha(z) — ho(2*) + <pBT (Aik +BzF —c+ %y"‘) +Q(zF —2*),z - ik> > 0.
Using the definition of ¥, the above two inequalities can be rewritten as
hy(x) — (%) + (ATF* + G(E* - x"),x - %*) =0,
ha(z) — ha(2") + (BT§* + (pB"B + Q)(z" — 2¥),2 — 7*) > 0.

Adding the above two inequalities and using the identity
v —y* = p(A%F + BZ* - ),

H(x,2) —HE 7+ ( | z-3" |, BTy* - | ¢ -3 >0,

(15 17)

where C = pBTB+Q. We will use the following identity that holds for any positive
semi i trix P-

L
(@=b)"Plc—d) =5 (la—dlp —lla—clp+[b—clp —[b-d|p).

Using the above 1dentity, we can conclude that
. = 1 < <
(x =) TG(x" — %) = 5 (Ix — %I — Ix = x*[i& + 1% - x"||g)
1 N 1
> Sl = %% - gl - |, (15.18)

as well as
1 1 1

(2 = 2)7C(a* — ) = Sla— 23— glle— I3 + Sk~ #|E  (1519)
and

20y — 79T (y* —y*)

=y =" P =y = y* I + 175 = ¥*IF = 1I9* = y* )

=y =" = lly — ¥*I* + P*| A% + B2* —¢?

—[ly* + p(AZ* + Bz* —c) —y* — p(AZKF + BZ" — )|

=y —y*'IF =y — ¥*I* + P A%F + B2* —c||* — || B(z* — 29)|%.
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Convergence in a strictly contraction sense

EH 6 ARMEHAER 4.1), & {v°}, {0°) RRHE—IEFENEX 4.2)/7
AR, BB 15 (4.3) i, B

[T — o |5 < " =t [H - 0F = MG, Wt e v (4.18)

HEAR. 4% (4.13) PRV w IR AEERER w*, F(1152

v — o5 = 0" ="l

> |lo" = 8| + 2{0(@") — 0(u*) + (@" — w)TF(@*)}.  (4.19)
RIE(1.8), (4.19) N AWM TXIZ&BVER 57 3ES. Eitt

L e L A = T P2 (4.20)

BHIEBE|T 4.18), EEEME. O
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EE 7 HRBESTER 41), % (v}, {0} RAZ—EROEE (4.2) =
Y. AR (4.9) e, NA

0" =" <ot =" (4.21)

AR B2k, #i1AE

0(u) — 0(a") + (w — ") F(@") > (v — ") T QMW" — %), Yw € Q
A
0(vw)—0(a" ) +(w—"THTF(@"") > (v=3"THT Q" =", vw € Q.
A4 EE AR P w R oF T ok, BE

(@) — 0(a") + (@™ — ") F(@") > (" -5 Q" — )
7
(i) —0(a"") + (@" — ") F@") > (8° = 0" QT — "),
# LR AFEMm, B

(@ =" Q{(" —3") — (" ="} > 0.
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43

B {(oF — 0F) — (0! — SFEO}TQ{(oF — F) — (i — )} MBI B
i, %
(0" =" QW =0") = (" =" )} > FI(0" =0") = (" =" [for 10

adrlng (0F — O T H{(0* — o*+1) — (o1 — ph+2))

k ~k k—l—l ~k—|—1
> 2|(v" =0") = (v )||(QT+Q) (4.22)

& ®A ||al|2, — b2, =2aTH(a—b) — ||a — b]|%, F(4.22), FATIFE|

Hvk; B k—|—1HH . H k+1 k+2|‘%1
—  2(F — PO H{(WF — oF ) (T kT2
B 0 T Cat e
SR -5 - @ g, — 05— o) — (0 = o),
= " =) = (" = ") grrq-mr
= (" =7") = " = 3"h)E.

BER @21 K3z, MEEE. O | B84 189383E, ADMME At B EIR7HY 4 R




5 FM-RIERIT M PPAEE

F—5, AKRBESAFNK 4.1), BAVKIT T ION-RIEFE (4.2), U=
0(u) — 0(7") + (w — ") F(@") > (v =" QMW" — %), Ywe Q, (5.1)
RIEA
Pt = oF — M(WF = "). (5.2)
TS SR 1
QT+Q>=0, Hx0, HM=Q, G=QT +Q - MTHM » 0
FEHRETIR T, WERR T (WEHEe)

[ =0 < " =0 (E = (0" = 0l Vot e VT (5.3)

M (WEEE7)
[Tt — R P25 < o — oM F (5.4)

INER (5.3) MG IR 0" — 0|2 BRT |[v° — oF Y%, AR E PPARYMERRT.

44



T 8 AKMBTHAER (4.1), % {v°), {0") RHZ—IEENEX 4.2~
Y. RS 4.3) e, BB

MYHM = G, (5.5)

Ba, 7A1A

||’Uk+1 k—l—l

17, Yo* eV (5.6)

R R et R

HEBR. BEASMAY 1 (5.5), AE (5.3) AT LA B Ak

LR G [ A [ T (= e
— Hv — ||H — ||M(v — D )H%{, Yo© e V.
BIRBEREAT (5.2), SEIEBLEIL (5.6). O

BanEin, 8 TMmEE (5.5), —EEMNE XD BEZEIE1 MEE 21418,

I 8 BT 551 (4.3) BN SR (5.5) BYIF /L TUERARY. RE R faiEEtthén e ?
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BE! HFUNEME QHE QT + Q » ORIBHME. | FAATLIE Q" + Q kA

D=0, G=0 ™M D+G=Q"+0q, (5.7)
BS
M=Q 'D 1 H=0QD 'Q". (5.8)
A
H>0, HM=(@QD'Q")Q '"D)=Q
A
MTHM = (DQ™)(QD™'Q")(Q™"D) = D. (5.9)
Elitt

G=Q"+Q-M"HM =Q"+Q-D=G 0.
&1 (4.3)% 8, (5.3) %1 (5.4) VAR AL.
HINEA—H RN DMG, 15 D=G=1(Q" +Q), M4, GI3)FMKT

(0" — 0|5 < |0° — o™ ||F — ||v° = 5" ||D, Vot e V. (5.10)
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RIED = MTHM (DL(5.9)) F1 M (vF — 3%) = o* — 0" (I (5.2), B

" = *||D = IM " — ") 5 = [|v° — "%
XBT, (5.10) ®EAK T
(0" — 0|5 < [[0° — o™ |3 — ||[v" = "3, Vot e V* (5.11)

BN LA D TERE L T EHEE.

EIE 9 AWM EAERBTHAER(21), &M (5.1) & B9 70 %8
EQHEQ +Q - 0.5

D=3Q"+Q), M M=Q 'D

ME&EAt52#i%ﬁmLﬁﬁﬂﬁﬁAsmﬁw4E¢
H=Q[2(Q"+Q) 'Q". | MR (5.11) # (5.4) 2 PPA EXFT A BT H .

KT DAFLN (2.1), AV EKFFIEB MR (5.11) 7 (5.4) BIFIUN-#L1E
T35 MR X PPAE. HEEZRTER, HINHAEXREREL H BIFRIEK.
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6 ZRAISEOMLEEIMBNTE S AFA
N1 EBSE—IEZENE R X PPA B LK p- 3R AT 43 B3 L1k [a) jR

min{i 6;(xi)

CftfCin)ER (6.1) WRMBSEAHRBRENXE Q=][]_, Xi x A EH

p
ZAlZEz :b(oer), Zi EXz'}. (6.1)
=1

p p
L(z1,...,2p,A) = _Oi(zi) = AN () Aiwi —b),
1=1 1=1

H

p
§Rm, if Zle A;x; = b,
A = <

\ T, if Zle Azxz Z b
& (z1,...,25,\") € Q =2 Lagrange ER¥ ¥z =, B

Lyxea(xi,...;xp,A) < L(x7,...,2p, A") < Lyex, (T1,...,Tp, A7).
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Lftitialdt (6.1) NE R FNT TEZE T ANFNRHE:

w* €, Oz)—0z")+ (w—w)" Fw*)>0, YweQ, (6.2a)
Hen
A (o
Z1
w = : , T = |, Fl(w) = : , (6.2b)
Tp —AlN
\ A N \ S A b

HE
O(z) =) Oi(z:), Q=]]xxA

i=1
BAMLAR Q" "RRTDAFN (62 EE. [FF XEMAHET
B(w—-—0)"(Fw)-F@W@) =0 BEit, Ho e QB #E

0(%) —0(z*) + (0 —w")" F(w) >0, Yw" eQ. (6.3)



%Z 3R a) 8 (6.2) B PRIMAL-DUAL 7550 I

MEBTER (A2, Aol -, Ap

) EIJTEI)HIJ:“\ — (x17x27 e 7ajp7 \

50

Prediction Step. With given (Ala:’f, Asxh oo

(&% € argmin{6y(z1) — 2T ATNF + 2| Ay (2
75 € argmin{fa(x2) — x3 ATN* + 2| A1 (2

Apxl N, find 0% € Q:

D)2 |21 € X1}

¥—ah) 4+ Ag(za — 25)[]? | 22 € Ao };

4 :Ef € argming ¢ x, {Qz(azz) — :E;TA;[A]“ + g” 23;11 A; (53"5’ ) + A |2}
CE]; € arg minxpeXp{ep(mp)_ nggAk + §|l Zﬁ;llAj (53]; — x?)"‘Ap(xp — 37];)||2};
| AP =Pa[MF - (320, Az —b)].
(6.4)
NSRRI B XB. XAl 7 ERR AT EF ol E —I F K.




] Primal-Dual 750 B9 7 0 28 53 A~ F X

Analysis for the P-D Prediction | FX{{15c& (6.4) & = T[o)f&

6.1 XK

1—1
if € arg min{Hi(:I:q;)—a:fA;-‘F)\k—l—gH ZAJ(if—xf)+Az(mz—xf)|]2]xz € X}

J=1

RIERMMERIBGEES, &MMEEHE 77 c X

0: () —0: (&) +(zi—27) " {—ATN +8A]( ZA i —x¥))} >0, Vr; € A

71=1

TCRIKERK zF ¢ X; FaMRBE = € X #E

0i(x:)—0;(20)+(xi—27) {=A] N +8AT ( ZA 75— )+ AT (A =)} > 0.

71=1
TMERHEES 3 = PA[NF — B(S7_, At )}, EHHR
S\k—argmm{H)\— [)\ —6( _, A b)}H2|)\€A}.

(6.5a)
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RILMERG R
e A, A=XHT{(ZP A4;8F —b) + 5 (W =M} >0, VA€ A (6.5b)

1% (6.5a) F (6.5b) tHEHE—E, (1B

517 AKRBETERAFN (6.2, N4

%, B (6.4) £ERHI 0" € QiFE

0(z) —0(Z")+ (w—a") " F(@") > (w

H

[ BATAL 0

BAS A, BAL A,

BATA, BAT A,

\ 0 0

EE@ (Alxlfa A2xl2€7 e 7Apxlz{3:7 Ak) 'I:I:I'

— ") Q(w* —w®), Yw e Q, 6.6a)

0 AT
A;
0 (6.6b)
BASA, A
0 Lo,/

A E YL BE TN, HASE— A o" ARNESITER 6.6).
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6.2 TE{XHLTRYTM%EPE
HA1E Rk elER (6.1) iR T S AZER (6.2), Bl

w* e, 0x)—0z")+ (w—w)" Fw*) >0, YweQ.
AFESH, HATEX:

0 +/BA: VBA222
| - . . . . = Pu— _
: Vv BA, 0 VBApTy
\ 0 0 (B \ (VBN
(6.7)
[E]A & X
==1{¢| &= Pw, weQ},
il

= = {5* | £ = Pw™, w™ € Q*}



FIF (6.7) B E X BIEERE P, Xt (6.6b) FHYKERE Q, I 1B

(Im 0 --- 0 Im\

L, In. - o In
Q=P"'QP, Hf Q= ; 9 | 8

L, I, - I, In

\0 0 - 0 I.)

Eltk, (6.62) A IRPILABERE | %8/ © B— /N5 5 R RISEREFI— /N Rk — 5B RE A9 70

(w—
= (£-&9"9(" -

FIFAZ# 6.7), ZIE TN (6.4) FIE S AF (6.6) AT LA G R
" € Q, 0(z) —0E") + (w— T F(w")
> (-7 -&"), vwe. (89

HpiEfE O (6.8) 5. (QT + Q) RIEEH.

7/
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7 TEFHTAITM-FLL

E Rk

AR 286 LM LIRAY B R AT o7 B ALIB)RE (6.1). 73 7ARYEE k-5

ERMNBER (Aray, ...,

O(x) —O(Z") + (

w—w

k

w — W

L8 R & RTINS o € QO E

) F (i) > (w—0")"Q( “), YweQ. 7.1

EAERBTN, EdhpiEE Q! + QEFERRAREEEN. A E—BH
4 (6.7), FLFUM (7.1) BB 0F € O,

0(z) — 6(z") +

HehQ =P'OP. FIRIES

(1,

(w—w

V' F(@") > (6 -€919(¢" - &), VweQ, (72
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1 x pHRARFERE

AJLASE (6.8) P HYKERE Q B X

L €& T+ EET E
Q—( > ES]lia QT+Q—< i ) (7.5)

0 In T 2 0m
FH
Z 0 E
QT+Q< >+< ><5T Im>>0. (7.6)
0 In Im
£ Q IEXHFRIE (7.6) iH B HIBHE, A KAV EMKRIE. BAILUEFHENE
BEDFNG, F15
D-0, G~0, 1 D+G=0"+0Q. (7.7)

AR QT REFKITM.

I N A
o 7T — R G | (7.8)
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BB — R D, N BUTHEIE.

EI 10 &M S HERE (72, Hbh o7 + QRIEE M. tMREAD
IEEFEPEDFNG, (158 (7.7) BLAL.

M=90 "D (7.9)
AR, FIFR4ERE (7.9) K IE
=" — M- &Y, (7.10)
FEHE Y CF T R
€5 — €15 < 116" — €713 — 11€" = €¥llg, V& e =T, (7.11)

HrpsEREH = oD 10",

BEBBNS—FEEMR: FH{|¢" — & n )} RRIBRIG.
THHEEMEE7 EW, IR A2 HEME.



B 11 MBS HRE KM (7.2), B4, BARKRIE (7.10) FFEHFTHIER
= EMTHE

k
[T — 5213, < 11€F — €513, (7.12)

WEBR. & 5%k, BATERRIA R F 5w &
(6" —€")THI(ER — ") — (€M =)
> Il ) — (€ — 8 iEr, o) 7.13)
B (7.2 PRIE B Kk + 1, FA1B
()0 )+ (w—a" T F(@) > (€8T Qe -8, Yuweq,
8 ER AP ERRY w2 0, 3

0(z") — 0(" ) + (" — &) F@") > (€8 - £FTHT Qe — &5,
(7.14)
¥ (7.2) NP EEN wIRA G, mA

O(z" ) = 0(@") + (@™ —a") F@") > (€7 - €)1 Q" —€F). (7.19)
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% (7.14), (7.15) E—, FIAB (@° — " HT(F(a*) — F(@*)) = 0, B3
(" =" - - (" =g >0
Xt £
{(€" =) = (" =&Y o - &) — (" =&y
HAA Q¢ = 1¢T(QT + Q)¢ #ABE
(6" =T Q{(eF —&F) — (" — ")
> I~ ) — (€ ) Pgr g
#FEEREWHFIA Q = HMFMKZIELR (7.10), BLSE] (7.13).
RIS, BRANEEZR ||al2, — |62, = 20" H(a —b) — |a—b|2, HB
a=(E" =" b= (" - M), 1BE
le" — €55 — 1™ — €M1
= 20" —"HTH{(ET - — (M =M
—[| (" = ") — (" = "5



F (7.13) B LEFAGImAVE I, 152
" — "M F = 11€7T = M5 > (€8 =€) = (6" = " D lar 10
o (G A El (R S | AN VATS
ARIELQI (7.10) &3 EXNAImISE
1(€F = €%) = (€ =" Dl{arioy — (€7 = €77 — (671 —"7)|I5,
— ||<€k - §k> - (ka - gk+1)‘|?QT+Q—MT%M)'

BF Q' +9) - MTHM =G =0, (7.16) GimdEs, EELILEFIE O

BT (W (7.5))
T4+EET €
QT+Q—< ' )
er 21,

A LA S 7R H SRR AR A IE E XB RE. 514N

T
QT—I-Q—(VOI IO>+<(1—I/)SIT—|—55 IS>.
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AILMEREFRZ—R"D. BT

(I ~Im O 0 )
P R P-V e (A
L —I,
\0 0 [m)
RR
(In —Im O 0 )
_ Lot 0 0 Im
QT_<8T£T Im>_ —Im O
0 0 In. O
\~I. 0 0 In)

RRIE (7.10) B
ol — gk L Tk &%)
RS 5 KIRY. STHK[9, 16] 4/ T —& BTG E.
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8 TENMTHI XPPARZE

BANIXTE (7.2) RERSEBIFN, G T NS EZ AR IEA.
&S =N BN = vir
D=G=1(Q"+9) (8.1)
B, (7ANRTRRT
15 — e 5 < €8 — €15 — 1€° = Xp, Ve e E"

SHEER D, IRIED = MTHM, FFIA (7.10), ERFK T

15 — &3 < |1€° — €75 — |1€° — "3, Ve eE. (82
£ N4k s EH % (Generalized PPA)Fh, #1E 2B PF M 2 H (7.2) YT %R
BE QME—RERY. INF (8.2) F(7.12)

1EFFE — 54213, < |16 — €513,

WA, TEBMRTH X PPARERIH B & PPARE AR R (2.4) F1(2.6).



A 195 X L 2253 TN - 42 1, iIZ (R FHIX B F PPA
MR (2.4) #1(2.6) IE L, FrRAT XSRS & E.

MAR—HEER L, & Fa

L ¢
(o 1)
0 In

BT

(LO

I O 0 )
. .
—In O
0 In O

0 0 Inm)



64

B=HESE

0 )
| . | 0 . . 3
M = §(Ip-|—1 +Q77 Q) = 5 0 o I, —I, O (8.4)
I, e Iy 21, I,
\—Im 0 0 In)

FE (7.10) FRA XN M MIIE, LA B — LR, RIEFAT S RFMHY

(Ala:’erl\ (Ala:’f\ ( Im —Im 0 0 \ (Alxlf — Alflf
Agghtt Asxh 0 ' Aszs — A2Ts
0 o I, —-I. O
Apxptt Apy L, --- L, 2I, %Im Apyy — Apy
LS A AP UR SR ) S R R A A NP U S,

(8.5)

BE (Ari ™ Asab ™t o ApE TN BRI LA IR — IR FTAI TN (6.4).
EH (6.4) T, (8.5) K IEMI /535 =— Generalized Proximal Point Algorithm .



9 Conclusions

B EoAFANMBESFEEZZRRNNEZET A, A —ARXTHEMEHS, &
RAEZINHREZEDAFR V), BARRENRTIELEE (PPA), REKMELARLMN
L) A& HAR B H 3k 7% (ALM) 3k F A B PPARDE. AT TIEE B CRIFE&.
o BT, HABELMARMNOMUEIRRGERE— N FNMNERRRBPTETAFN, A

FEREAHARZE S AFXNRI PPARIE, 1R T PPABARVISTSUME R,

o THAFAWPPARZERNE—D, SAAER D EE, SHER—LEERNE

PAFN, KEXL YY" B AFI, XA LUSEE KA R B L [e] B sc L.
o ETVINFUN-RIEFENGE—HELR, BLr] LLA BRI MEBARTESE, AT LA

E “BER KEAoBELMERRENEE XMEXNS X ERIEZE
o RIBHE—IER, BNELNGFAEZZL—NFHZE B THAEZIE—ERFEE.

o FATNXRIZIRFEEER KX, BlfE 2 ADMM, EHEMRT THIALM, X TFFF A

HYPPARE. FIRS AT LGSR, KR M AR KEIE, AAMASETERZSEN

HEF 7 0%,

o XAECIE A AIRZE? BRI EHFIIN? EHFRS—M A ARNIREERE ?

R M ARERNSERERENN S, SHEEE, AXTaERITELE.
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