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ARBMREMTHESAEALEREMFRELHIEM N RIIHE, sERFI2AA
ENEECHMRIE SFEEAaNERIEEREXIME. (RRATESAFRAIRFE
HWEE) M (DMUNDREBER) RR—EFRNEZEMRIE XNRIIHEE
FENRR—LXITME JIE 10 SERFRAFRB G RIBK R AT RIB R RS
MR EFF BRI

B RAFN (VI) FBIA S EE (PPA) 2RNARLMU T EMRAOAKRAEE. VIZHE
FIRWHFFRERE TSN FERERN, PPARLS S HERILIRITAORBERIE. 7£
ARMAAEIREHRAZE H RN ESNT AN FNNESFNWEM L, RIELT
SK R A B @ B UM IE B AR S —HE SR

XRFFEEFE: (1) AEE LB RIE-51E CP-PPA 73 AN [ Y& HA% BA H
FeTiE; (2): AT EREIB AT X B 75 [E75 (ADMM) R H 2 L7508, LIRS
ER R PPA BUEEFIBHAR TR REMERE VIR 750K (3): KSR oy B O IL[a] =
Y Gauss BUFUM-IRIE /7. NEARGH L, sliSORMREM RIRANSENEERZE (1B
W Z AEHIE) —#, FUNRISIERDE, RIERMEFHE.

RS PPT LU, IRIBEGZHCERNZK, IRICHENEEASMERTRE—T.



AL

1. %E:'{—:_'\I‘EJEFE minwEX maXyey{(I)(an y) — (91 (CIJ) - yTAx o (92 (y)}
2. ZMARBICLILIE)IER min{f(x)|Az =b(or > b), v € X}
3. ZEWBINLIE  min{6,(z) +02(y)|Axr+ By =b,z € X,y Y}

4. ZRAI T EORL min{> ;_, 0:(z;)| > i, Aizi = b,x; € X}

T AFN(VI) BREFRLLINEFRIER
PERFA(PPA) REHAE RILIRITRIREEG .

TAAFAMPIELEZZ IO FENAREE.




1 O EHRHEESAFAER TR

FB XML& FRA17E (33, 34] T 4B, Mtk ]85
min{f(u) | Au =b, u e U}
FRRBHRBERENTE Q=U xR EBY

REA

L(u,\) = 0(u) — A\ (Au — b). (1.2)
R EH (v, \*) e U x R™,
Lxegpm (u™,A) < L(u™, ") < Lueu(u, A7),

MR IRATE T A FN

w* €Q, ) —0u*)+ (w—w)TF(w*) >0 YweqQ, (1.3)
M, Hep

w = < 1;\ ), F(w) = ( ;l:li)l\) ) and Q=U X R™.
Heh MR ET F, iGN SR, BR (v — @) _F@) =0,

T (F(w)
RIMNEXTRBENTER (1.9 WMEREE | H - 0 RAENEEER



MEER v H&k, K5
whFtl e Q, 0(u) — (W) + (w — wFTHT F(wk Tl
> (w— wFtHTHw* —wF ), Yw e Q, (1.4)

wkt Y PPA B3XEE L £ HY48IE & Proximal Point.

SR M EAR AR I R AR R (1.5) REER (1.4) FREY w8 H9 w* 3REL1SE)
™ —w |G < ot —wlff — ot —wt T, Ywt et (1)

#2102 = (essential variable) 4Pk s B 3%
BoEBwHIEHSE (BAIUE v =w) , BT o A LUUHFE—XER. K5

wFtl e Q, 0(u) — 0(uF ) + (w — wFTHT F(wk Tl

> (v —FTHTH@W — o), vw e Q, (1.6)
whk 1 EHEf PPA EARI4RIA .
20T E I R BRI LR B RZH (1.6) PRI w IR w* MEERE] (1.7)

L [ L e [ A VO Ui 2 (1.7)



H

V* = {v™ is a subvector of w™ | w*™ € Q*}.

ERESPIEREE | 1B (1.6) BYIHICA @F, MA

* e Q, 0(u) —0(@*) + (w—a®)T F(a")
> (v — T H@" — o), Yw e Q. (1.8)

BEEMN wdw* XN, 78

(% — o) THWF — %) >0, Yo e V*,
REFMN
[(WF —v*) = (F =)} HW* —5F) >0, vo* e V™.
XHEER
(vF — v TH@W" — o%) > ||oF — 0% |3, Yo* € V*.

WRAE_ £, LA FLEE R IE

vt = ofF —a(® —3F), a€(0,2) (1.9)
BANZOTENHNERS O HE
||vk""1 — ’U*H%{ < ||U"C — U*||%[ — a2 — oz)||v}’C — 17k||%[ Yo* e V*. (1.10)

AR, (1.5), (1.7) F1 (1.10) 2IERR PPA BLEISI A ER 3, 9, 21, 26].



2 HBEHRSEMARM{LEER PPAH X
MBE AT RS H 3 F&

#2705 o] @

min, max, {®(z,y) = 01(z) — y Az — 02(y) |z € X,y € V}. (2.1)
BERNZESAFR
u* €Q, 0u)—0u*)+ (u—u)TF@*) >0, VueQ, (2.2)
Hen
w=(7), 0(u)=01(z)+62(y), Flu)=("2Y), a=xxy
- Y ’ — V1 2\Y), - Ax ’ - :
PDHG 757% [4, 32] 5 B T 1e] R R Y ZOR ek T 8 R
2T = argmin{0; (z) — 2T AT y* + ng —zF|? |z e &}, (2.3a)
: s
y* T = argmin{02(y) +y" 2"+ Dly — v |7 |y € V3. (2.30)



MEHESAEFLR T e #HE
O(u) — O(uF ) + (u — " THT{F T + QT — )} >0, YVue Q. (24

He

T
Q= rln A is not symmetric.
0 slm

X AR T A BEARIEUSTAL.

INREESLIL P T € Q F0 HATE S [21] PIE (2.6) BRREH T ERE PPAR L

O(u) — O(u ) + (u — W THT (P + HW T =)} >0, YueQ. @5
Hep
T
H = < rln A ) HB s> ||AT A

A slm
T MR PPAE L [21]. Jitt, REXT (2.3) BEMUE, TRk :
Pl = argmin{f; (z) — 2T AT y* + ng —zF|? |z e X}, (2.6a)
. S
y" 1 = argmin{0a(y) + y* A[22" T — 2F] + Sy = yeII?ly € V). (26b)



filn, 330 LAFEH#R AKX min max (2] 25 A9 414 (2] 2R
min{f(zx) | Az =b, x € X'}
HNHESTAFAZE

w* € Q, O(x)—0(z*) + (w—w )T Flw*) >0, YueQ,

®

x —AT)\
wz( ), F(w)z( ) and Q=X x R™.
A Ax — b

[

E901, ATLASKER
o z TP IRRBHAEE BE rs > || ATA|| BIZEK.

BRZAGAIE, It AT LUBE SRR IEEFERE  #41E PPARDA

H = , H= , rs> |[ATA]|.

(2.7a)

(2.7b)



o o FEEARIRRBAEAEE, MSHEBERE » >0 1 6 > 08IEK. BERKHFH
BNER IR EEIER (LAAT + 61,,) E—IR Cholesky 73 .

rily AT rln —AT
H — . H =
A LAAT 6L, —A LAAT 6L,

o XBHAF r >0 M 6> 0MEXK KFHWIMNEEH. RE o FialfE P REH
VR

ATA 4+ 61, AT ATA 461, —AT
HZ(B + > HZ(ﬁ T )

o WAILILE NIAIEER M, BERHEF AT =24

s

A] AR #E (0] R R SEPR TR 22 [37], IEIFA RV IEER M H, #E A EIR G A




3 B MEEEEBSEMUERA
FA11F A VI A0 PPA SiEERE ADMM BYYSTEUE, SR A [20, 22] R AYFER..

&7 R A 7 BR8]

min{6;(x) + 02(y) | Az + By =b, x € X,y € V}.

(3.1)

BEAEBAB R L(z,y, \) = 01(z) + 02(y) — AT (Az + By — b) HUERSVALE AFMNIY

THARFANRR:
w* €Q, Ou)—0u*)+ (w—w)TF(w*) >0, YweqQ,
Hh
. _AT)
w=| y |, u—<x>, F(w) = —BT )\ Q=X xYxR™.
A Y Ax+ By — b

(3.2a)

(3.2b)

IR ADMM RYYSTSS 4 UERR, 1R X — TR JLIT PPTELAT LA T .

11



ADMM B k HIERMNBER oF = (¥*, \F) B %

( 2FTl = arg min{6; (z) — e T AT\F 4 gHAx + By — b |z e X}, (3.3a)

¢ Y = argmin{0z(y) — yT BTN + 2| Az* T + By —b]|? | y € Y}, (3.3b)

L NPT = 2P — B(AxR T+ Byt — b)), (3.30)

RIEHRMMESIFE 1, ADMM k- 1ERTFE

\

(01 (x) — 01 (=T + (z — xk‘i'l)T{—AT)\k + BAT (Az* T + By® —b)} >0, Vz e X,

02(y) — O2(y" 1) + (y — y"tTHT{-BTN\* + BBT (Az"*! + By*T! —b)} >0, Vy e,

(A = AP TL(AZ* T + Byt —b) + £ (WP —AF)} >0, vA e ™.

M AL = \F — g(AxF+! + ByF+1 — b)) EEMRFAIUAEERS K

N\

(01(z) — 01 (") 4+ (2 — 2 THT{—ATNT L AT B(y* — " THY >0, vz € X, (34a)

02(y) — O2(y" ) 4+ (y — " THT{-BTAFH! } >0, Vy €, (3.4b)

A= XNTHT{A" T+ By" ™ —b) + 2T A} >0, VAER™. (340)

12



7E (3.4b) KU /E &R N LR AFERI AL, 152

N\

02(y) —02(y* ™) + (y—y*THT{-BIN T ¢ @BTB(yk —y

( 01(513)—€1(33k+1) i ($—$k+1)T{—AT>\k+1 i /BATB(yk . yk+1>

Y 4 8B BT =4} >0,

7

~~

(}\ . >\k+1)T{(ACL'k+1 i Byk—l—l . b) 1+ %(}\k—}—l

- A"} >o.

FIRTSAFEL (3.2,
0(u) — 0(

HITRIEES, 55

ukz—l—l) + (w . wk:—l—l)TF(wk:—l—l)

d
i

T
x—a:k+1> 6<AT)B(yk_yk—|—l)
Yy — yk+1 BT

T
y — yk—l-l 3BT B 0 yk—i—l - yk; =0
A — Nkt 0 1Im Aetl k] =

13



BLEXFRNMEER w, WAER " BH

H(U*) . G(Uk—l—l) + (w* . wk—l—l)TF(wk—|—1)

* k+1\ T T
r —x A k k+1
+1 . B B(y" —y ")
(y —y’““) (BT)

T
A* = AR 0 1Im At Nk ) T

Zii, 52
T
ARTL o\ 0 2L AF — \FTL

pRFL T AT i .
> B(y" — y*t!
> (yk+1_y*) B<3T> S
+[O(u" T — 0(u*) + (T — wHTF(w ). (3.5)

A J/
"

fiRan (3.5) N A ImIFDL, IERARLE AR ESER 7. BT

O(u T —0(u*)+(wF T —w*) T F (w1 = 0(u* T —0(u*)+(w* T —w*)T F(w*) > 0.



X1BA (3.5) NAIH NXIZER7IESa. MM HE (3.5) N5 E|

k41

* T T
k * k k x -z A k k
W =) THE" =" > (yk+1—y*) B(BT>B(y —y*h.

T

:<y>’H:<BBTB 0 )
A 0 %Im

(3.6)

RZE B.6) RMAWIER, BB (v —ov*)TH(WF — okt > 0.

% (3.6) NV A umIFE TR, B

k41 * T T k41
&L - A k k41 k E4+1\T T T
( S e ) B(BT)B(@J —y" ") =(y" —y" ") B B(A,B) _

—y Yy

— X

- Y

)

— (yk — yk+1)TBTB(Aazk+1 + BykJrl — (Az™ + By*)) FRA(Ax™ + By® = b)

(3.7)

15



02(y) — O2(y* 1) + (y—y*THT{-BTAN**1} > 0, Vye,

FIF (3.4b) B =
M O2(y) —02(v%) +  (w—y")T{-BTX} >0, Vye).

(1%&%!3’9,7;%%] ) O2(y") — O2(y* 1) + (v =y tHT{-BTX1} >0.

WRK y* 1 yktl

GFLEEAERAM, ;A WF - THBTOF - XN >0, (@7 RAKIER)

O2(yFth) —02(v%) + (YT —yF)T{-BTXF} >o0.

WERAT (3.7) NG imAES, EMISE (3.6) NAumIES:. FTIA
(,Uk—l—l . ’U*)TH(’Uk . ,Uk:—l—l) > 0.

F—1M Lemma 2 FIFEKA:

b'H(a—b)>0 = ||bll3 < llallf — lla —bl|F.
FEGIHFEa=(vF—v*) M b= (vFT! —v*), IRE (3.8) MEB RN X BAZFR
[P — o |1F < 0* — o 1F — o =R

16



PPA EX TR B HBIA

22 H189 ADMM AL IR AN T RURE A 7T 43 B ER AN U 4K [o] B
min{0;(x) + 02(y) | Ax+ By =b, x € X,y € V}. (3.1)
BINEZLEHRUHRBEENETITFR

Problem: w* € Q, 0O(u) —0(u*) + (w — w*)' F(w*) >0, Yw € Q.

x . —AT )
w=|y |, u= , F(w)= — BT ) : (3.2)
A Y Ax + By — b

Q=X XY X R™,

BE SR ADMM Z7E VI BUHEZE T~ (& B PPAJERH T UWSLEL M, BBl LURIBARRVE K, B
ZEMEARERY TR IE EFEME, & T HE R R PPA 5% [37].

Ehr EBXATEHNBMEREE | FUNEMZIEER, BRIEMNZFFLAVEH.

17



Prediction

oF € Q, 0(w) — 0@ + (w— T F@*) > (v —oF)T H@F —5F), vw € Q.

Correction v = oF —a(vF —oF), a € (0,2).

k k k ~k
[ — o [F < 0¥ = o"||F = a2 = a)|lv® — a1

B ENEIRIEERER H, S8 EIRY PPA BAFNIEHRY PPARE.

ARl #%OLEERv=(y,A\) FIPPARX

o ( B8BTB +6I,, —BTt

/ ) , (asmalld > 0). (3.3)

1
B

18



sl — BT
1{:< e ),s>ﬁﬂBTBw
glm

FEI: FITRE « M y-Fiolfl, 0 TER w = (z,y, \) BPPA ) ADMM.

BATA + 61, 0 AT
H = 0 8BTB +6I,, BT |,
A B 51Im
&
BATA + 61y, 0 —AT
H = 0 BBTB +6I,, —B7T
—A —B 21Im

T HEIREIA PPA B LB T [37) ARk &5

19
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4 OpPiitElE s RN R ARG —HES

(Problem) w* € Q, 8(u) — 8(u*) + (w — w*)T F(w*) >0, Yw € Q. (4.1)

A unified Algorithmic Framework for (4.1)
[Prediction Step.] M#A ERY w BI¥% LR 2 oF FFER, R BI— Mok € Q, FEFHE

0(u) — 0(a®) + (w — )T F(®) > (v —FTQMWF — %), vw e Q,  (4.2a)

HohNsEE Q#HERE QT +Q = 0. (N — UL SR 75 7R o] LA BB EFUm)
[Correction Step.] ILEXAEZF FAIIEZERE M, B
Rt = oF — M(vF — oF), (4.2b)

HEFAZIOEE oF !

Convergence Conditions
For the matrices (Q and M, there is a positive definite matrix A such that

HM = Q. (4.3a)
and

G=Q"+Q—-—MTHM - 0. (4.3b)

20



Hsg, RZFN (4.2a) PEVTUUEERE Q i &

QT +Q 0,

A2 AT LB
0<G=<QT+Q.
3=
D=Q'+Q) -aG,

m Ds=0.%

MTHM = D.
HEPE S IZLHARTS

HM =@, N HM =Q,
MTHM = D. QTM = D.

|

H=QD 'Q",
M=Q TD.

SIS EIH B IS SRR IEREFE M. SEPRITE S, N R ERIERERE M.
H M G AR RIIENE AR, HEEEFIAFE.

21



S —EZR T{ERT 217 [33, 34, 37], RENCEAE A EMM /Y [25).

RIRG—HEZR, BRI IEFR 2 B 2 .

Theorem 1 % {v*} R G—1EZR (5.2) KB AEN (4.1) FFEHFT. anRUTst s

H@4.3)%E, A

e g [ [/ Tl PPN LT SR

Proof {EFM (4.2a) FS w = w*, FiB
O(u*) — 0(a*) + (w* — W®)TF@F) > (v* — P T H@W* — oF 1.

P IA
(% — o) TH WP — o) > 0(a%) — 0(u*) + (@F — w*)T F(wF).

BT (0F — w*)TF(aF) = (0F — w*)T F(w*), ERAIHKIES, HEE

(vF — *TOHT H (5% —v*) > 0.

(4.4)

1 1
(a=b)"H(e—d) = {lla—dlfy —llIb—dllF} = 5 {lla — el — 16— cll7}

22



BT @58k, £ a =" b=v" c=0Ff d=v*, HAIS2

(’Uk . ’Uk—i_l)TH(’ﬁk . ’U*)

1
k 2 k+1 2 k ~k12 k+1
= 5{\\1) — v || — o —fv*HH}—5{Hv — || F — |lv*
RiE (4.5) 7B
k 2 k+1 2 k ~k12 k+1 ~k12
0% —v*||F — 0" — oI > ||0° = 08| — v — 555

BELXWARLE—T,

k _ ~k k ~
™ = %1 — " — 3%

k _ ~kj2 k _ ~k k k+1y)2
= 0" ="l = (" = 37) = (0 ="y

(4.2b) - - ~
=7 P =8 F = (0" = 7)) = M(* - a")|1F
= 20 =M THMWF — %) — (WF — " T MT HM (v*
= (" ="TQT+Q - MTHM)(" — &)

(4.3b)

E o ~k2
v — ||G-

1 (4.7) RN (4.6) ISR EIEBRLEL. O

23
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(4.6)
(4.7)



5 WiIEZG—EREIFN-BIEFR AR —R/E N

AT ER EE 2 A THE S AFN

vy w*eq, 0(u)—0u*)+ (w—wH)TFw*) >0, YweN. (5.1)

KBESAZR VI (5.1) BIFUN-B IEHEZLS
(Fn.) IRIBAER oF, KRBT = 0F € QERS
0(u) — 0(a") + (w — )T F(@F) > (v —F)TQW* — o%), Yw € Q, (5.2a)

HApEME Q AR, 1B QT+Q NIEESME. (FRABR Q IEXTHR).
HRIE] B—1MEEREM M 0T = o HITRIE

Pl =k — M(vk — ﬁk). (5.2b)

G—iEZRTE | FUNREREQ | A | KIERER M.




LE ST S
WG —HER B M TUNERE Q FIAZIERERE M, FFEEE R H, 15

HM = Q), (5.3a)
A
G=QT+Q—-—MTHM - 0. (5.3b)
[N, Fl1H—PIRTRHRRED, S5 (5.3) ATLAE BEFNEY
D=0, G=0, and D+G=QT +Q (5.4a)
REHS
HM=Q f MYHM =D. (5.4b)
FHXErE T TE2H
HM =Q, HM = Q, H=QD~1QT,
<~ <~
MTHM = D. QTM = D. M=Q TD.
fR15
M=Q D (5.5)

S e A LSS SR BB IE B R
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I®IEHE LMY (5.4) B D F G I RiF%, Bk
D=alQ"+Q] and G=(1-)[Q"+Q], ac(0,1),

XA LS Ak

Pt ok = M(5F — oF).
BmirEFQT FBQTM = D, 3%
QT (vF Tl — k) = D(oF — oP), (5.6)
TUMEERE Q {EE R T =A%ER, AMIFTUALLRE 5 il (5.6) KiG oA T,
LUK =7 3 & 0@ A, X RIe T EH#1T Gauss BTN
(#F € argmin{6 (z) — 2T ATNF + 5| Az + ByF + C2% — b))% | 2 € &},

gt € argmin{62(y) — yT BTA* + guAiz’f + By + CzF —b|]? |y € V}, (5.7)

| 28 € argmin{03(z) — 2TCTAF + gHAQEk + Bj*F +Cz —b||? | z € Z}.



HEX
A= \F — B(Az" + By* + C2F —b). (5.8)
FEIFUN A

w* € Q, 0(u) —0(a®) + (w— ") T F@F) > (v—0F)TQWF — %), Yw € Q, (5.9)

7S |

BBTB 0 0
Q=| pCTB pCTC 0 . (5.10)
1
—B ~C  gIm
BT
28BTB  pBTC —-BT
QT +Q=| pBcT™B 28CcTc -cT |, (5.11)
2
—B —C 51Im
AT LAEY
vBBTB 0 0
D= 0 vBCTC 0 (5.12)
1
0 0 51m

27



E
(1-v)8BTB 0 0
G = 0 (1 —v)BCTC 0 , (5.13)
1
0 0 51m
A&
BBTB  BBTC —iBT
1
D=G=2[Q"+Q]=| 36cTB pCTC 10T | 514
~-1iB ~-1c 5 Im

BEERFTIN (5.7) REZE (ByF, C2F, N0 EF, AT LA
QT(,Uk—I—l . ’Uk) — D(ﬁk . Uk)
BHMKEBFIE T —IRIER IR

(Byk+1, CZk+1, )\]{:—Fl)

28



ol

6 —XKEHCEE FMETHN NEBESEE
X— L [19] — MRS EEN AR S E E T BT MBS

Hepy“&Er", AL AR UZF AR, BTN FRANTHFEMNNTE);
“ETHEr RIEGKBL MG IEEMN Gauss IBEZEZIE, FEBLEFZ VA
BIR, IZARRLIE, AL TR T IR ER—HE.

N,

p-BRA] 53 S a4 [a] &t
p p
min{z 91(331) | ZAixi =b (or > b), x; € XZ} (6.1)
i=1 i=1
HENEFRGEBER THNESTFN:
w* €Q, 6(z)—0(z*)+ (w—w)TF(w*) >0, YweqQ, (6.2a)
Heh
[ o . [ Al )
. D .
w=| " La=| 1 | 0@)=D0i(z), Flw)= 3 . (6.2b)
Tp i=1 —ALN
\ A Lp

\ D i Aimi — b)

29



M Q=TI & x A ETFRAMAFAAR, DHEA =R FA =R
B 5, 2 HH) ADMM AT LS X
(A3 — \F _ B(AzF + ByF — b)
zF 1 € argmin{f; (z) — zTATAF 2 gHA(x —zR))? |z € X},
yF+! € argmin{02(y) — yTBTN T 4 D A(eF L — 2F) 4 B(y — yF)|2|y € V),
\ Vel — )\k_B(Axk—i—l 4 Bykt+1 — b)
Xf p BRAT 53 E AV IR, FA IR A TR 77 AT

30

Prediction Step. With given (A 2}, Asxh, - - - ,Ap:c];, )\k), find 0" € Q:

( &k € argmin{01(z1) — 2T ATN + Z||A1(z1 — 2F)|? | 21 € &1 };

A= Py (AR — B(20_ Ak —b)].

< jf < arg minwiexi{@-(a}i) — szAzTAR X 5 |l Zz 1 Aj ( ) + Ai(x; — a: )| }
& € argming, e, {0p(2p) = 2p ATN" + 5 23571 4; (8] — 27)+ Ap(




23‘3 ERNARWERX LG EZNESEN: EEATUNR G Gauss iIHEEAHEER
B FIRSHHRENSIESEFTNNESAFAENE

w* € Q, 0(x)—0(GF)+(w—a0")TF (") > (w—0")TQ(w* —w%), Yw € Q, (6.4a)
Hr

[ BAT A 0 0 AT
BATA, BATA, E AT
Q= 5 0 5 . (6.4b)
BATA, BATAy .- BATA, AT
\ 0 0 0 Sl )
KIEthi& Gauss iHEZHEE E”, BT EMNBEBIORE LK.
[ A\ [ Avak) (L ~Inm 0 0\ A — A}
Aga:;H_l Agxk o I, 0 Azx§ — AxZh
— — Vv , (6.52a)
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AL = NF L uB(Aal — A1EY). (6.5b)
HIL L RATHR

(WBAL 0 0 ) (VB
0 BAz VBA2x2
P= , §=Pw= (6.6)
g Vv BAp 0 VBApTp
Lo o 0 WP \ W)X )
Xt (6.4b) FHUZEFE Q, B
(Im O 0 Im\
Im Im - 1 Iy
Q=P"QP, where Q= 5 N E (6.7)
Im  Im Im  Im

vl
)
(@»)
)
~
3

N—



BARER (6.42) HEHKRS

(w — @)1 Q(w” — ") = (w — @*)'PT QP(w” — @*) = (£ — £F)T Q(¢* — &F).
UM (6.4) BEBE S BX:
" € Q, 0(z)—0(3")+ (w—w")TF@@*) > (£-)TQEF -¢F), vwe Q. (88)
Hb O 2H (6.7)AHaY. it

([m 0 0 \ ([m 0 0 \

L= T = _ (6.9)
0 : 0
\ Im Im Im ) \ 0 0 I )
i
5:(Ln I, - zh). (6.10)
=]

r &T . T+Ete &7
Q= M O +9= : (6.11)
0 Im £ 2Im
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7 0 e i e
ZHEE D= ( Vo ; ) JEUHE 0 <D < QT + Q. iX#, KIESERE
7 £t 0 v 0 vl T 0
M=0Tp= ) — - . (6.12)
—ecTt 1, 0 I, —vELT 1,
BH A 6.6) PFRIXRARLUK
( I, —In, 0 0 \
cr— | O 0 #m e T = (Im 0 0)
S
\ 0 .0 I )
KI1E
ghtl = ¢k — Mm(eF - &F) (6.13)

FIEiT (6.5) SRILAY. (6.5a) BV FZ, FLIG Lkt /5 F22B K R AY Gauss X3 F5.

FAEIEARIE [19] FRIX N EMMERTEE T XETHET /Y ADMM KUK IE 7.




35

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

S. Becker, The Chen-Teboulle algorithm is the proximal point algorithm, manuscript, 2011, arXiv:
1908.03633[math.OC].

S. Boyd, N. Parikh, E. Chu, B. Peleato and J. Eckstein, Distributed Optimization and Statistical
Learning via the Alternating Direction Method of Multipliers, Foundations and Trends in Machine
Learning Vol. 3, No. 1 (2010) 1 - 122.

X.J. Cai, G.Y. Gu, B.S. He and X.M. Yuan, A proximal point algorithms revisit on the alternating
direction method of multipliers, Science China Mathematics, 56 (2013), 2179-2186.

A. Chambolle, T. Pock, A first-order primal-dual algorithms for convex problem with applications
to imaging, J. Math. Imaging Vison, 40, 120-145, 2011.

A. Chambolle and T Pock, On the ergodic convergence rates of a first-order primal — dual
algorithm, Math. Program., A 159 (2016) 253-287.

C. H. Chen, B. S. He, Y. Y. Ye and X. M. Yuan, The direct extension of ADMM for multi-block
convex minimization problems is not necessarily convergent, Mathematical Programming, Series
A, 155 (2016) 57-79.

E. Esser, M. Mdller, S. Osher, G. Sapiro and J. Xin, A convex model for non-negative matrix
factorization and dimensionality reduction on physical space, IEEE Trans. Imag. Process., 21(7),
3239-3252, 2012.



[8]
[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

R. Fletcher, Practical mathods of Optimization, Second Edition, JOHN WILEY & SONS, 1987.

G.Y. Gu, B.S. He and X.M. Yuan, Customized proximal point algorithms for linearly constrained
convex minimization and saddle-point problems: a unified approach, Comput. Optim. Appl.,
59(2014), 135-161.

D. Gabay, Applications of the method of multipliers to variational inequalities, Augmented
Lagrange Methods: Applications to the Solution of Boundary-valued Problems, edited by M.
Fortin and R. Glowinski, North Holland, Amsterdam, The Netherlands, 1983, pp. 299-331.

R. Glowinski, Numerical Methods for Nonlinear Variational Problems, Springer-Verlag, New York,
Berlin, Heidelberg, Tokyo, 1984.

B.S. He, A new method for a class of linear variational inequalities, Math. Progr., 66, 137-144,
1994.

B.S. He, Solving a class of linear projection equations, Numerische Mathematik, 68, 71-80, 1994.

B. S. He, Parallel splitting augmented Lagrangian methods for monotone structured variational
inequalities, Computational Optimization and Applications 42(2009), 195-212.

B. S. He, H. Liu, Z.R. Wang and X.M. Yuan, A strictly contractive Peaceman-Rachford splitting
method for convex programming, SIAM Journal on Optimization 24(2014), 1011-1040.

B. S. He, M. Tao and X.M. Yuan, Alternating direction method with Gaussian back substitution for
separable convex programming, SIAM Journal on Optimization 22(2012), 313-340.

B.S. He, M. Tao and X.M. Yuan, A splitting method for separable convex programming, IMA

36



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Journal of Numerical Analysis, 31, 394-426, 2015.

Bingsheng He, Shengjie Xu and Jing Yuan, Indefinite linearized augmented Lagrangian method
for convex programming with linear inequality constraints, arXiv 2105.02425 [MathOC]

B. S. He, S. J. Xu and X. M. Yuan, Extensions of ADMM for separable convex optimization
problems with linear equality or inequality constraints, arXiv:2107.01897v2[math.OC].

B. S. He and H. Yang, Some convergence properties of a method of multipliers for linearly
constrained monotone variational inequalities, Operations Research Letters 23(1998), 151—-161.

B.S. He and X.M. Yuan, Convergence analysis of primal-dual algorithms for a saddle-point
problem: From contraction perspective, SIAM J. Imag. Science 5(2012), 119-149.

B.S. He and X.M. Yuan, On non-ergodic convergence rate of Douglas-Rachford alternating
directions method of multipliers, Numerische Mathematik, 130 (2015) 567-577.

B.S. He and X.M. Yuan, On the optimal proximal parameter of an ADMM-like splitting method for
separable convex programming. Mathematical methods in image processing and inverse
problems, 139 - 163, Springer Proc. Math. Stat., 360, Springer, Singapore, 2021, and
Optimization-Online 6235, 2017.

B. S. He and X. M. Yuan, Balanced Augmented Lagrangian Method for Convex Programming,
arXiv 2108.08554 [math.OC]

B. S. He and X. M. Yuan, On construction of splitting contraction algorithms in a
prediction-correction framework for separable convex optimization, arXiv 2204.11522 [math.OC]

37



[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

38

B.S. He, X.M. Yuan and W.X. Zhang, A customized proximal point algorithm for convex
minimization with linear constraints, Comput. Optim. Appl., 56(2013), 559-572.

M. R. Hestenes, Multiplier and gradient methods, JOTA 4, 303-320, 1969.

Feng Ma, Yiming Bi and Bin Ga, A prediction — correction-based primal — dual hybrid gradient
method for linearly constrained convex minimization, Numerical Algorithms (2019) 82:641 — 662

B. Martinet, Regularisation, d’inéquations variationelles par approximations succesives, Rev.
Francaise d’Inform. Recherche Oper., 4, 154-159, 1970.

M. J. D. Powell, A method for nonlinear constraints in minimization problems, in Optimization, R.
Fletcher, ed., Academic Press, New York, NY, pp. 283-298, 1969.

R.T. Rockafellar, Monotone operators and the proximal point algorithm, SIAM J. Cont. Optim., 14,
877-898, 1976.

M. Zhu and T. F. Chan, An Efficient Primal-Dual Hybrid Gradient Algorithm for Total Variation
Image Restoration, CAM Report 08-34, UCLA, Los Angeles, CA, 2008.

AE. NESAFRANGE—WHEE LB MM U S BEWGEE L SEFRITER
3R 2016, 38: 74-96.

IR FTRFNFFIRXE A ML 20 F. TEFFIR, 2018, 22: 1-31.

[rmE. QLB IEE D A FARARE AN G —IER. FEMF: 5, 2018,
48: 255-272.

RE. AU —M D REZEZ-TZOPAFRAATENE—ER, RIEZEER:



maths.nju.edu.cn/"hebma ) {My Talk) .
[37] FIAZ—IER T OREN P REGEEZE, SFFERITEHFEEFR, 2022, 44: 1-35.

S MBGEER KBS

BENAFHF —RINHERE

39



