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FFE A-HJ\HIT 20 4P TUE s ) fal o 55 5 3

oo B IR 575, &t SN HEE . 7R IX U R IR e A A, B E
AR AR S A EE R 552 4E (Projection and Contraction) By A1 M AR AL ADMM 254322054 (Splitting and
Contraction) 5%, AR R T (BH—LRPZAEM) B RF CE. XEFESR T AR A — L IF i,
WAREITHE TR SR BT g vk 17— LA AT R n) 8. R0 22 5 5 R DT/ 48, A IS B & — A2 1 TAE,
BEAE TR, ARMAE. IGBARIRME S 45, H PPT 5 R FIYE S HAEN AT, (HA
F IR, IR E e A DS (] 548 1 i, FRABRZT o LA sy 2%, BT . IR 10 24l 2%,
IR A RN A RS AR S, 0 EH O EREREGE, 5 T (Ot Rilkge 55 —
ALEA45], KT, T BAIE N IR B B fE . A SR, R
W EH O, —AHE CRE RN TAERLWE? fe5 M E CEFHE NGRS, R Gk — R4 (B
FEHE T AR) #REH A4 P R fE BRI S K BAR 1) B Rk, S ARG Mk 7, BAH S T4 Rk
BT TAEME RN, A MRIRM L FREN— M7 (RA. SlJURECLE, SRR REs
F, BB R A EREARE . X A-H J\ IR 20 5, XHERE S, e N B & scio M, &4
HRE AT — BRI . S I b R BT 75 BT84 RR, A2 5 0 B B R 1 K 22 50, R
TENT] — AR B . R XTIX 15 4F 2R34T ADMM 2K 73 Z4 45 STk BRI 2 2, tn] DL E
e C e R, Ba i) G A H BT, IR G2 G a5 LT 2 x i,
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A-NEDAFANRBWERZB DM U D RTGEE AL 20134, LM RURZIRIK, & H
19 AR A 25— TR B A A RHISOR, RAREN H O 5 — R “BE8 7, TRMA 17X MR ALK
AIRAS . WA AN SRR S5 TT U6, 2 (B 15 ADMME) Lotk 20 50 DL A0 i 2 20 A 5%,
A RABER AR R, MR JEE BT TS A T AT, 2 AN Lagrange bR B $% A 2 T A2 73 ANGE S

SR SR R, WA BR[3I (4], JE A AL IS — T e 7R AFERESCT D7 20 4s
FOEMI G —HESE, AR T BSOS AN S SO E B . XN —HERE, E (2, 5, 6] h#f A48 K. Ak A2
BT ARSAEXEETEAE, © 5 IR KR 5 X, LA > AL — S B ZET

PERRER K U AL, KBERE & 8 28 S0 e AR B2 AR A ACH MBI R RIS . 5 1 B A C 7
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A1, 310 B2AIB3, 73541 1 S 2 A AR 2 PR AR 7 AN S A BN AR S0 vh 2R AR 7 1) B R, 45 Y
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AL S (1 Bl B TT JE ADMM (WA 78 [12], B F 2006 4F, B 7816 B AR 35 R HLR 22 1) — 2
GER AR Sy ANAE X, JRAE B I ELAEII[13] SR SEIL[14, 1515577 i 1726 T AR, 2009 48, FATA KIL—K
It ADMM IR R, 1808 5 — JE R X G2 25 27 S G LA 2 ARWRIRAE Bl R AT, WEKRS
e H DL AT BRI AR Ak ) R R 52 T TRl SR 7 R R AR AR N 1EE R ADMML. 2010 4F Boyd fil
1155 F ADMM KIZ538 S % [16], il ADMM [ 78 RIS F 76 4t S5 3 74 A8 H M EAL . 2 s 1)
A, FEAE O BOFERH, IR, 5T He 4% ADMM YL SCE %17, 18], Ak i ADMM [19] Al (7£ D B¢
TR PER ) T7 40 T7 T i AR . SR IRATH )2 7E Gowinski [20] LA (£ Al _EHF 7t ADMM, 1A (1)
T SO R A AT e B8 T A KR U 12, 210, 4 T k4] 5 38 58 4 M 3 % ADMM WS SPE T, C1 BAAR
o3 ANGE O HEZE % TR 55 3 2K F () ADMM RRAS 25 1 S BSR4 10 FE VA I E B . C2 4E T
A2 IE 48— HEZL R AIE B ADMM (et 1R a3 7 X6 oS00 56 S S 1 R E B 17, 181k )5 8 5
fEC3 . FH ARRE BRI ADMM 1SR [22], B IR 6 R IX A A, B OGN LL S [
FISESCHk. B BTG BT, YHRHR 2 IRA1ZE ADMM BT 783 FE oh 453 (1 34— 25 10 FE R e SR
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D-C b el B 3 B2 B9 S AN F AN E T EHI8Y PPA B3k, min-max n) 811 i 5R1 28 ME L 30T {4

S, FATIR M T SRIE I M3 2 ) 70 B I R R R 23 ZROR MR Ak 7 1) S B A 4830 s BT [23], 3K
AR LR A R EARAT G BE T HRRE L BATARIZ ST 2309 R 75 5 i 1 4B L 5792 (Customized
PPA) [24, 25]. D A (KN TUAR RO AR R, B85 1 xS LY i B A T #4938 Customized PPA I . A7
BEUEPPA HR I 5 R P 14 70 B 46 4, IS A1 LU 0 R T A SE B, A2 IR B D7 IR AR O 7 R ELVA I TR A
R SRAPFAZ 3 AN XA IE 8 RE MR ORI U SE, BE— B BRI LIS [ (5, 26, 27). Btit PPA thAJIE
5T FEL R, 0051 ] UK A X FRE 1 ) 22 1R <053 2 55035 (Balanced PPA), IX 8 T AJ LAFE (28, 291 £ F.

E- R E SR KBEAAN A5 BRI BADMMEE 75 3£ 1E Fi % C1 b J-ATTHI P9 0T 4845
T ADMM [f) SIS SICME SR AROIE B o 765 FH ) ADMM [ 3k Atk b, FRATI S — 6 ] SR8 25 (R 54 R p 58
A5 By A\ SEH IR ) PPA 78 ADMM 53 [30140 7 VK341 2545 1E 36 T HO X B ADMM S92 [31]), IX S84 Y%
LB E AR IS, AR LPAE I TARRE BT, MR — R # A 30% L B e, B2 Wit 2
W [32]. E ST PN RS A 4R S, #AERL R A1 HI§2 th C 23R R 48— HESREGAE HUR Stk . %
TG HESR SR AP 2% BT BT S EE SRR T, FATT A2 570 G AT H AR rh 4t SE R PR FRE B

F-R g = 3 BR O L I B ADMM 253 RUTHE R K. ADMM 2K fif P34 1] 7 B B e
I KA 285 5, (B BT RIORSR Mg = A WT 23 B e B 8 A 1) B2 O A BE RAEWC SRR [33] AR A
H 94T B A UE SE 2 A, ARAE AL S AR R S HLBE, JRATSE H T PIAMB IE ) ADMM K5I [34, 35],
I HHERAE G —HEZE NI IE T SR Al o 3 B S0 e LU SR MR IE W 5 FF B8 T v B T A R
HH S A U B L SR A LB, W R L [36]. K FL AR [T I3 B 2 B e W] 2
B (3710 F2 & R - PAT I IE WAL 7, A oS e eI MK IR 719 SC 3 [38], A2 ABE PN w] 73 B B I 2k
PEALADMM [22] [F 2 AR f4E ™, AN N A3 BARA A, A PSR 33 7] AS A S STHR -

G-MNFARRSFEL =TT ERBIFH N BENE—FRE IR, LML TR0 1) 8% B H B8 2

T ATRIN-RIERI G HEZR (S, 1, 2], 4 Y T ORUEAE R STEC S 2 AF o X AMHE SRR B8 I SRV e Sh b e
KA KT M8, A I A FATT I RAR WSO 2 1 B 1 25422t — 28759 (5, 6, 3910 B8 22 iR J7 1%, 1
g N — PR RS . B3 2022 4, FATA R SFVEHESR IS S6 A 45t T — A BT RSSO 3, 48
UEAE W] DLIFAS B Shith iy 3 — R 55095 27, 40, 4100 X IR RME TR T i, G4 — USEIEW], SR T
i Glo i G2 LL=ANA] 73 B e L O AL 81, SR a3 T[] — Gauss LI, SR FAS RO
IE, FE — RS N G3 BRI R MR LR, M e A R B T E R £ M — iRk . X R B A 7
W BT E, R ARF B R !

H-K RS M RO AL B RR B FUN- R IE BT YRR R BE. X R AL e A5 ok i A2 7 A2l
D R LN TR E SR PPA L. FEHIT G, FRATHRYE T -1 E 48— HESRWC S SR AR IO S5 2R
71, X E I A A T, 8 e AN [ AR IEFE RS, AT I A e shit b — iR 5k . X B, fER R G 3
fiti b, SR P P I P — 88 R AR R OB IR REL P, 45 3 -2 R )| AR U411, HOE PP R A
T D 22 i PPA SVA I T A S PR . FRATH XA 25 2R % HAIE B 5 R A HL. A0S H2 LA A AT 43 25
B LA L RN AL 1) UM 81, AR S AT A 38— S RTINS IE BT SCPPA B3k e R 2B AR ) U AN A
I, A i i b S A B TR AR U, AN R R I B A T e A R g 7 K b A g
7 I RSB . 24 0R, T 20 SRR L M T R L) LR TR, 5 S0 s D Ak e ) SR e —
e B, X AR SCPPA ) UGE AR, AR T R T R0k 58 BOR Al — AN ME 7 RE AL B A
B, BR G3 AL, K5 T3 T U] M 5 TR 9 A A S SR g 224 vl 7 B B i e ) 2 AL B

ghiE. RIS o ANGEAXMARIT ML IX RV, A F 7 347 B Bk R A Fr e i) TAE. JUAH]
B T IRRAT TAEIRRSE 223, FRBERATHI 7% “ Very Simple yet Powerful” F1 “Elegant” [42, 43], 842
PAAE VIFEZE N RIE T PPA BV, sk b, PR M A e tb inl B, AT S8 —HEZE AR T PPA,
ALM F1 ADMM %5 B 24 BE FE I SR Al v, 10 IX B8 77 v Te vk AR SR A 1) (SN 22 F =5 i) vl 40 B 1 4R
i AL T RVIRE . ARERZ NS —SEL, BENTHNEREAR LA
BN AT I F 2 T H, o REFEFUeE P i) — R/ 1, B R ZEAE . B REFEARAEEF
F 3 AR T R4, B E T ARIR I T 2 [45], R ki AR 2 ok DA IX VR
J6 20 MRS AR Mo XA EE T MR IRIX — AR FE RN T A A R SR, DN — R IR AR e
7, KRR B gnT B 55—, 3R E Bk 1 IX B AR T 2.
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AL-ANTESAFRARZW AT AR ORI 5 R g FJH A8
013 FIRABIEEHNEEMRRTIIE (BTGB, 4,1,2,7])

1 TRAFRANEZWIEEE 113, 4, B R0 iRk WS A 2509 U8 —h
BQCR B—ANETHNE, F &R — R — Wi, 28R i i A8 4 AN g
(VI) weQ, (u—u)TFu)>0, YuecQ. (AL.1)
20 =R, WEALDER AL TTFRA F(u) = 0.
BATH— AN ARER B, 2R EPNET F

2 (u— v)T(F(u) F(v)) > 0. fER AR 73 A5 (ALLT)
(IR S T, o 45 S8 I 2 R uF IR B > 0,

AR H B Q
i* = Po[u® — B F (u")] (A12)
AR AT A ok, R BEER (A1.2) P24 aF IR EU By AEAH ST & ok 3 2
BellF(u®) — F(a®)|| < v|juf —a*||, ve(0,1). (A1.3)

B ak = ok, ub g (ALD) [fE (S 0 A2 T 3 AT K HUER). 750, st 20 T LU R 23 e adh A7 7 1 ik
B, AR EBC A WA EERIPREEER: SRR v € R, ] Po(v) oo 8] Q BRI, A

(v = Po(v))"(u— Po(v)) <0, Yue. (A1.4)

TEBI T L A2 §2 R 51 AL 7E (AL4) 14 v = ub — B F(uF), 1 (AL.2) WA Po(v) = aF, (A1.4) HIFIRAT

(u— @) (@ — [ — BF(M)]} >0, Vuen. (ALS)
7 LI (ALS) RBEIAEIN E (v — a*)Td(ub, @), H
| d(uF, i) = (b — i) — B[P (k) — F(a)) 16 |
AR (A1.2) TAARH] 1 F 1 75 ZLA P 2 1K
[ [T (w — )T B F(aF) > (u—a®)Td(wk, o), Yu e Q. (A1.7) ]
B LR wik il Qi wr, B (08 — w)Td(uk, a%) > (a% — u*)T B F(ak). i tem Ve 3, 53
| (@ —u")Td@h, @) > 0. P (f —u)Tdw, @) > (Wb — @) Tdut,ab).  (A1s) |

i d(u®, o) i IE A (A1.3), B Cauchy-Schwarz A&, 45
(uh — @) Td(h, @) = (@) { (@~ @) = BlF )~ PN} = (=)t =P (AL9)
Muk £ ab B, (ALS) Z5 G (A1.9) BB d(u”, o) PR RS MR 5 ||lu — w*||? 76 u® R —AN BT 7 L AT

[meﬂa [P K EIRIE] M = —d(u®,ab) AR IR AR A (A1.10) ]
H (AL6), 2(u* —a¥)Td(u", ") = [|d(u”, @")|* = |u* = a"|]* = BRI F (u*) = F@@*)|* > (1-v?)[u*—a"|%.
(A1.11)

lH: Hukf *”27“ k+1 *”2 (AL-IO) 2(uk7 *)Td( k ~k)7||d( k ~k)H2
FIFIALS) > 2(ub —aF)Td(ub, ) — [|d(u* ~’<)||2(A1>“) (-2 |uF—a*|2.  (AL12)

Al [ ESKERKIE] W= oF —ajd(ut,ah) PR u TR (AL13)
Hepbl ap #1 of = (u* —a)Td(W”,a")/||d(®, a")|* g (Al.14)
EE@J AL HIRE—MAEREE T 2(uf — a*)Td(u, o) > ||d(u®, a)|2, F of > 5. BE A

k *”2 ” k+1 _ *”2

= Ju* —u*|? = (u* = u*) = agd(u®, @) |* R T (AL13)
= 2a;(uf—u)Tdw®, a%) — ()2 ||d(u®, @) (FIFH (A1.8) Fil (A1.14))

> ap(uf—aF)Td(u”, %) > 11— v) b —a¥|2 FIFT af > L F1(AL9) (AL.15)

4&%T£fﬁ(Al 12) A1 (A1.15) R E B A 5B s 7. 5% fﬁ(Al 7) Wisni ] By F (%) 1 d(u®, @) B
Ay XA T . AR B3 HIEI MR Wb 2 Ak . SRITT IR B F(aF) 1 (AL14) th B o, H

([ HRERIE] ot = Poluf a8 F()] 577 (AL13) A RREIGISIER (ALLS), ¥ B3, |
O ARATT ], MR, BRIR DT, R BOERIERCR B! BATE  Waoro, HAWE ! X

[u” —

1 % [Alx1]



2 SMARGILS RIETENG—IER (2, 1,2, 6])
FATHEAR 73 ANFEF FHELE N IR 2R ML R DL i 73 RIS A S0, A=A AT 20 BB A8 A 1) A
[ min{6;(z) + 02(y) +05(2) | Ar+ By +Cz=b, z € X,y € Y,z € Z} (A1.16)

NBIA2H. W (AL.16) FIRk% B H BB L(z,y, 2, \) = 01(2) +02(y) +63(2) — AT (Az+ By +Cz —b).
BERLMS B H BRBUE R (2, 7, 2%, A7) (L (2, g, 2) R BAZR &, X g AR i), D) i A2
Lyewm (z%,y%,2%,A) < L(2",y", 2", \") < Laex yey, zez(T,y,2,\").
R R w* = (2%, %, 2%, X)) BIBCR IS ok (BRI 22 C1), el 3k i~ 28 73 A58 aC 0 i pi

(VD) w* e, Ou)—0u*)+ (w—w)'Fw)>0, YweqQ, (A1.17)
He, Q=X xYxZxR™,  0(u) =0(x)+ 02(y) + 05(z), HH
x —At A
v ~BT\
u=| v |, w= ZZJ . Flw) = o7y : (A1.18)
z A Ax+ By+Cz—b

FEREE] (ALLS) H F(w) 1A (w — @) (F(w) — F(@)) = 0 (BAIEE> 0). [tk XA F 2 5 .
M2 0(u) 2 R EL €T, TATHR (AL17) MR )22 73 A, fFR I 22 ) A5
AT e A5 B SRS SR A B AR 23 AN S X )R (AL 17) AR IE WA 4 SRR 4 — HE SR

[FUM] 4K oF (w B0 E S, 7 ADMM Ho = (y, \), BEE LT v = w), K155 oF, #115
* € Q, O(u) —0(a") + (w— ")TF@") > (v — ") TQWF — o%), Yw e Q, (A1.19)
WRHERE QT + Q 1EJE (Q A5 WIFR), TA TR (AL1.19) Hy &4 O FLMI.
TR (A1.19) 133 R TR, G LA PR IEB BUHT AR 0 B, | C2 b ), ADMM AT bR ik ) IR E |
AR [BALSKERIE] Hk A EA RN IR G1H (GL3) |
P =k — M(WF - *). (A1.20)
AR T (A1.19) FIEEALB AR IE (AL1.20), ZHA—A> CTR0I-2 IR S —HE AL ) , US4 2
(BTSSR 1F] AATE IR A RS H, Re fife TRRAER G1 i (G14) |
| HM=Q #H G=QT+Q-MTYHM 0. (IE%®) (A1.21)
¥ (AL19) I w IE RS T QIR A w*, FIH (0 — w*)TF(0) = (0 — w*)T F(w*) flw* € QF, 153
@ —v)TQMW* — %) > 0. HME (v —v)TQW" — %) > (v — M TQWF —o%). (A1.22)
[0 — ¥ = [[o* = o*[1F = [I(0* = ") - M(v’“ - (R HEM =Q)
> (0F —M)T(QT + Q) — ) — IM@* —5")|F = ok — ¥ (A1.23)
AN (A1.23) BEIHFT 5 1F (AL.21) W 2, G0 —HEZR S22k i 7 51 {oP } A W I
[0 — 0¥ |3 < oF — o5 = oF —TF5. GRREBIT RS RS R) (A1.24)

R (AL1.19), BT LLAn[E] §1 o 2% 18 H-BEF o SP AR IE, X B H 94 =00 15 6 (dm) BLZ
AR, B (AL22) Fl (0F — 0F)T Qv — o%) > 0, i H 1 Q(v* — 0F) R FE B R AL Lo — v*||%, 16 v% b
—A ETRI7 1AL AlE §1 BB A A T (ALS), TTELHT (AL13)-(A1.14) JRESAT TR D K BRI

W [FEPIKIRRIE] %E —MEERRE H, 85 LU VE A ol kA
P =oF —af MR o), Hh M =H'Q, (A1.25)
SK oap Hoap =" = )TQWN — 7)Y/ IMWF -5 |E A (A1.26)
A B PIAST, T BAS 3R T 0 9% T SE S kg A E

k

RS G (G12) |

lo* — |l -

— o7 — [ = o[ F=l0E = ot 1 = (08— v*) — ep M (0 — 38|17 (FIA HM = Q il (A1.22))
ZOé}Z(”U ) (QT+Q)(U -0 )—ak(akHM(U -0 )”H) *ak”” k”%QTJrQ)‘
N B AFE RBP4 EE B IR R Sk, — SR LR, A —Fh g | ok

v

2 % [Al1%2]



A2-BAAFASMUEBNXREESAFAN—LEERMR
THRER EHEE R AUEABNTS TERER THE

1 BEFAFASABORUREAEITEAIRFR (LS EAN LIRS LT =)
B0 R R AR, F R RN BRI RS 5

VI(Q, F) weQ, (u—u)TFu)>0, YueQ. (A2.1)
BATH— N AE AW, S ET F e -
(u— )T (F(u) — F(v)) > 0. €0 R
ZEAWNRALE R min{f(z) |z € Q}.  (A22) Va
o* R (A22) iR <= 2" €Q JH of e
I o th R HE TR 4775 TSR T BT . 0 ﬁ N
WAAT T Sp(2*) ={s e R" | s =z —z*, z € Q}.
TR Sy(x*) = {s € R | sTV f(x*) < 0}. Ktk Differential Convex Optimization and VI

eV = {1*eQ & Sp(a*)NSu(z*)=0.} <= {z* € Q, (x—2")TV[f(z*) >0, Vo € Q. }

i AT A AT AR B AR B A E ORI IR (2 — )T (Vf(2) = V£(y)) > 0.
BRRE W f () 5 T U HORE AT B B — R R AR AR, T — LS T F () BT BURE A (FAAE) AN — TE XK.
DRI, AT S AR T A Jl AR 7 F) B0 A2 7 AN, (HR AR ) AR AN — € REFE AL — LAk 1) L.

(B AFXSEANEBBIRXFR] TR R ERDSAZEX AR

VIR?,F) >0, (2 —=)"F(z)>0, Va'>0. (A2.3)
AR 5 J7 v — 2R AR E EE B ) R — ARt Bk ) R e
(NCP) >0, F(z)>0, 2TF(z)=0. (A2.4)

Fsk b, HAMAE NCP 5 F SR _E AR 73 ANSE S VIR, F) A4 .

* (A23)=(A2.4). IR z 52 VI(RY, F) (A2.3) [ —AMi#E, 2z > 0.8 o/ =22 fla’ =0 RN
(2 — 2)TF(z) > 0, ®AFH] £ 2T F(2) > 0. Bk 2T F(z) = 0. RFIF F(z) > 0 TEUEH.

SR RAEE. #5 F(x) 3EA D F(z) < 0, AT o/, (515 o) = { Ti, ifi#j

g+ 1, ifi=gj
KPR 2’ > 0.0 (2 — 2)TF(z) = Fj(z) < 0, X5z & VIR, F) T )E.

* (A2.4) = (A2.3). IRz /& NCP (A2.4) I, B2« > OF F(x) > 0. X TAERER 2" > 0,
T F(x) >0, BANERREENARAES, F ()T F(z) > 0. XK 2TF(x) =0, 15

(2 —2)'F(z) = ()T F(z) >0. bl z & VI(R?, F) (A2.3) [f)—AMiE.

2 TRAFAESHRERE RMENFERERT RIS u = Polu— BF(u)))

WATFEA R A NE Q FRIRIE T Po(v) = argmin{||lv — ul|| |u € @} HIHFA.

SIEAEQ C R NHNE, XEER v e R" #A
(v— Po(v))" (u— Pa(v)) <0, Vu € Q. (A2.5)
MERR. %6, R4 Po(v) & X A
[v—Po)[| < [[v—w|, VweQ  (A2.6) Q
ERFIHEE M v € R, #A Pa(v) € Q.
T QCR? ZHE, WX uw e QR ac(0,1), #HH w := Po(v)+a(u—Po(v) € Q. fEA (A2.6),
[ = Po(v)[|* < [[lo = Po(v) — a(u — Pa(v))|*.

xt ERETT, SHERER v e Qo € (0,1), #A \ﬁ%ﬁ@ﬁ%ﬁmzsm%ﬁ%m i) <A1.4>\
[v — Po(v)]T[u — Po(v)] < %|ju — Po(v)||%. Lo — 04, MR (A2.5) fHHE.
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EEBAL % B >0,e(u,B) =u— Polu— BF(u), u* 5& VI(Q, F) FIfE24 HALY e(u*, 3) = 0.

SERR SEAEA IR, F 0t R VIQ, F) B W ut € Q. BT Q C R MR, FIRT (A2.5) 1733
(v— PQ(U))T(U* — Po(v)) <0, Vv € R™.
BRI v = u = BE W), WA (e(w, B) - BE(u")) " e(u”, ) < 0,40

le(u®, B)II” < Be(u*, B)" F(u*). (A27)
T Polu® — BF(u*)] € Q, i H u* A4 R R #, 145 (A2.1)AT LA 5]
{Polu* — BF(u")] —u*}"F(u*) >0,  H  e(u”,8)"F(u*) <0. (A2.8)

A (A2.7) FI (A2.8) W15 e(u”, B) = 0.
FREFE . 72 (A2.5) it v = u* — BF(u*), JFFIH e(u”, B) FRIEA A
{e(u,B) — BF(u*)} {u — Po[u* — BF(u)]} <0, Vue Q. (A2.9)
WHEE I e(ur,8) =0, Hu* = Po() € QR Polu* — BF(u*)] = u*. FRAARE (A2.9), 7] LTS 2
u* €, (u—u)TF(u*) >0, VucQ,
B w* RVI(Q, F) M. EEAUE. O
FEA2 MPAMue R M B >8>0, 0TE | @b HIEmHWSECHEY b 1 e (44
leCu, Ol > lle(w, O 1 {lleCu, B)II/F} < {lle(u. 5)/8}- (A2.10)
WAL (|e(u, B)|| RBIIAIREEL, T {|[e(u, B)||/B} RAMAEEL. |iENIZ R 181 F5 e 12|

3 MDA SERRT O ZURGE EEMBCESE R HoAs B H 5808 S MR + 2 A3)

FEIA3 X C R R, 0(x) 1 f (o) HR DR EL, Jorb f(o) EOE X NI BT
Y
A2 2 € argmin{f(z) + f(z) |z € X} (A2.11)
(1178 3 I LS
z*e X, O(x)—0x*)+(x—2")Vfx*) >0, VreX. (A2.12)
IERR H G, AR (A2.11) B, BaEER 2z € X Al 24 = (1 — a)z* + ax, Yo € (0,1], #E
O(xa) —0(2") | f(2a) = f=7)

a a
KA 0(2) /& o WM e EL, AR @ I SORTM™ bR 0 VA

0(zs) < (1 —a)0(a*) + ab(z) FHEE  0(z) —0(z*) >
B g AN (A2.13) ek, BTk

0(z) — 6(z*) + w >0, Vae(0,1].

EREE B f(za) = f@* + alz —2%)), BT f(z) Wi, 2o — 04, 53]

0(z) — 0(x*) + V(") ' (x —2*) >0, Vo € X.
XFEREA (A2.1D) 153 T IR AERTE A (A2.12). HIEM (A2.12) B (A2.11). f &Mk, SA

flaa) <A —a)f(a") +af(x),  EABER  f(zd) - f(z7) < a(f(z) — f(27)).
Ik, WA o« € (0,1], BAITH
f(l')—f(x*)zf(xa);f(x) = f(LL' +a(x_aw ))—f(!l?)
£ ERPE o — 0y, R f(z) FRIHE, B
fla) = f(z") 2 Vf(z") (z —a).
KA (A2.12) {9730, 19 | FEIR T 2" R (A21) # |
¥ e X, 0(x)—0")+ f(x)— f(z*) >0, VzelX,

SR (A2.12) 8 (A2.11). 5B T AR, O [ B a2 A3 S E BK F R (T

>0, (A2.13)

0(za) - 0(z")
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BI-BFTESAFAPH=ABEAXLFAMBERNREZWET X
EAITEARE SR S E 755 maths.nju.edu.cn/"hebma {AJ§H4E

1 HABEESIN=AEERRFR (VIR EPCHIEENZ AN LT R
wWQCR B NESHNLE, F 2R — R DB, RESRE A A%
[ (VD) weQ, (u—u)TFu)>0, YuecQ. (B1.1) ]
BAT AN AL R, B P ET F e
(u—v)"(F(u) = F(v)) > 0.
TER AR 7 A5 (B 1)13’]&1?/4&9{E§/£43 X E 1)
R R AUE BB > 0, AT 0
¥ = Poluf — BF(u")) (B1.2)
AR AN S aF . R RS A2 T EAAEE: RN aF = oF, uF B (BLL1) AR
AR, RS A2 R FEFECAUE R T N B A W EERPOR I E B TR v e R,

u

(Po(v) —u)T (v — Po(v)) >0, VYueQ. (B1.3)

BT a* € Q, RIL 5 AER B 5T X, SRR B > 0, #H

(FI-1) (@* —u)TBF(u*) >0, Yu* e Q. (B1.4)
fE (BL3) 4 v = uF — B F (u®), T4 H (B1.2) 155] 0% = Po(v), BIBANET QI u BUR w*, 155

(FI-2) (@* —u*)" (uf — BE(WF) —@*) >0, vure Q. (BL.5)
FR A B 1, AT

(FI-3) (@F —u*)TB(F(a*) — F(u*)) >0, Yu* € Q" (B1.6)
FAVREN T AFFMAR FE P 1) = AR

2 HAEFLD+FLI2) £ KRBEMTEFFAFANIES
LM NAER N, F(u) = Mu+ q, o1 M NITFE, g AL R (FI-1) £ (F1-2) 865 3k T
(a* — u*)TB(Mu* +q) >0, VureQ* (B1.7)
" — )T (u” B(MuF +q)} >0, Vu* e Q" (B1.8)
%izﬂﬁiﬁﬁbﬂ%ﬂ%?iiﬂﬁ’] (a* )?ﬁﬁﬁﬁi {( u*) — (uf —a®)}, W
{(u* —u*) — (uk — PN (uk - ﬂk) — BM(u* —u*)} >0, VYu*e Q.
T L B2 B AR 4y AN, PR ST BB i, A (uP — w*)T M (uF — u*) > 0, N Ex(15 3]
[ (WF — u)T{(I + BMT)(u — @)} > |uf — |2, Vu* € Q. (B1.9)

A5 (B1.9) R (FI- 1)+(FI 2) S (T +BMT) (uF —aF) S PE B BB ||u — u*||? 7E u® A b+ T5 .
FATATLOEFEE 2 o > 0, IR AR R IR T b o SE SRR AR I, BT 2K o BT AR

w1 (o) = ub — a(I + BMT)(u* — @), (B1.10)
WHALERUE K o2 A R AR R @ I o S R AIEARIR 2S
() = ||uf —u*|]? — [[uF L (a) — w*||2. FIFH (B1.10) 5
() = |lu* — | = [Ju* —u* — (I + pMT)(u* — @)
20(u® —u*)T (I + BMT) (uF — @)
—a?||(I + BMTY(u® — @))% (FIFH(B1.9))
2afu —@¥|]* — ?||(1 + BMT) (u* — a@")|?

Pl

N

9(a)

q(a)

W m——————
[ S/
¥

v

Xoa* A

g (). IR c
On () T qp (o) H2E o B IR ERHL AERT 5 A R R0 ™. J5 & A2 HTH 1 R S e 3, T g (o) S BORME
() af = [Ju® —a*|?||(1 + BMT) (u> —a¥)[]?, SR)5H | RIS B112) AR o BRIESH Y > 1. |

[ W = — o (I + pMT) (WP —a¥), ye[1.2,1.8] C (0,2)  AEMHIIEICA.  (BL12) ]
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A RS R (FI-1), X 2 A8 o NS5 R iR a2 R A (B1.7), AT LAAS3)
{(WF —u*) — (uF — @)}T{B(Mu* + q) — BM(u* — u*)} > 0. (B1.13)
HRREF ORI, G (uf —u)TM W —u*) >0, HTEEEM (B1.13) 53]
(u* — u)T{B[(Mu* + q) + MT( F_ah)) > (wf = aMT (MU +q), Yur € Q. (Bl.l4a)
Baiur € Q, £ (B1.3) F4 v =uk — BL.F(uF), BT @* = Po(v), AT
(u* — @) T B(MuF + q) > ||u* — @"|2 (B1.14b)

UL (B1.14) 1 (B1.9), jzﬁ%%riﬁﬁazﬁr X, HTFDH—ANEARER (FI-2),
WUPHHE T — AN (1 + BMT) (ub — aF) FHFFE D71 B[(Muk + q) + MT (uk — @*)].
TERG R B2, FRATRUE B SR (B1.12) H [FIFER o, B

M = Po{u® — yai B[(MuF +q) + MT (u* —@¥)]}, v €[1.2,1.8] C (0,2) (B1.15)
A G AR A 7, EE T (B1.12) A 3. By € [1.2,1.8] kit HLss.
3 B (FL-DHFI-)+FI3) & R RIS M TS R ER I &S5

Xof 2 1k B AR A AN AR, 7R AR RTINS aF (RS (B1.2) TR, RS B IS 2

BrllF(u*) — F(@")|| < v|u® —a"|, ve(0,1). (B1.16)
X% SE () B, > 0, H (FI-1)+(FI-2)+(FI-3), 341115 3

{(u* —u*) — (u* =@ (WF = @) = B(F(u¥) — F(@¥))} >0, vu* € Q.
d(u®, ") = (u¥ — @) = B(F(u*) - F(a"), (B1.17)

ML

A (u* —u)Td(Wh, @) > (u* — )T d(®, "), Vet e Q. (B1.18)

HR 4% (B1.16) fl Cauchy-Schwarz N5 58, (B1.18) A3 ) (uf — @) Td(uk, @*) > (1 — v)|u* — @¥||?, iX
W d(uP, k) R H (FI-1) + (F1-2) + (FI-3) 4 B0 R R AL BS B 8K [|u — w* (|2 76 u RbRA_ LTk o7 . 341177
DLE i A58 21 o, AR R b B ST AR (T R AR R

uF (o) = uf — ad(uf, a"). (B1.19)
HRR KR O (@) = ||uF — u*||? — [[uF T (@) — w*||?, BT 9n () FEH TR, FIF (B1.18), TAI15 3]
O(a) = fu¥ —u*|? = [[u** (@) = u*|? = ¥ = u*)? = [Ju* — v = ad(u®, @")|?
= 2a(uf —u)TdW® a*) — o?||d(u”,a*)|?  (FIH (B1.18))
> 2a(uf — aF)d(uk, 7*) — o?|d(WF, aF)|)? = qr(a). (B1.20)

FER B Oy (o) M g (a )%‘BE&E’J DR, BRI & A RME . JFERATE KN S RE, 15 q(a) B
TR o = (u* — a*)Td(u®, @) |ld(u®, @)%, 2805

[ uF T = uP — yagd(uF, ab), 4 €[1.2,1.8] € (0,2)  AHTHIIEAL . (B1.21) ]

W SR 1E R (FI-1)+(FI-3), X ARtk 28 70 A S R U T A5 21
{(uf —u*) — (¥ — @)} B F(a*) >0, Yu* € Q.

HEMA (uF —u)TBLF(a*) > (uf — ™ T B F(aF), Yu* e Q*. (B1.22a)
Biu® € Q, 78 (B1.3) 4 v = uF — BLF(uF), I T @* = Po(v), ATHE

(ﬂk—u) {u —BkF(uk)—ﬁk}ZO,

NIIECES]
(u* —a*)T B F (u*) > (uf — @*)T (u* —a*)
FE S b (u — a%)" B [F(@*) — F(u®)], IR d(u®, a*) QL (B1.17), 135
(W* — T B F(a*) > (uf — a*)Td(u, a*). (B1.22b)

ELAZ (B1.22) 1 (B1.18), jﬁﬁiﬁ#%‘%ﬁiﬁ}‘iﬁf X, T A EAAREX (FL2) LR 7 —4
b d(u®, @) EHFIIT AT B (a"). R B3 B, FATKAED]: KM (B1.21) hFEIFER of,

= Po{u” —yapBF(aF}, ~€[1.2,1.8] C(0,2) (B1.23)
A BHT AR A (792, BTk (B1.21) FEA {34 FIFE, By € [1.2,1.8] BBt HLR%.
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B2-Z T A FA B WHEE EZPHZESE 5 RIS 7E
B MR E L (B SCHRIB, 41,2, 7))

1 &M VIhZEE B EMBER S KR E S003,4, 1, TIRRTIE L8 AT T
BQCR R MEEMNE, M e RV, g € R BRI A5

(LVI) w e Q, (u—u")T(Mu*+q)>0, YVucQ. (B2.1)

R FaC Q = R, LVI(B2.1) 52— ANt B4R iA) @ (Linear Complementarity Problem):

(LCP) u* >0, Mu* +q >0, ()T (Mu* +q) = 0. (B2.2)
Huh)iE L, LCP J& Q = R (1 LVL U—AN LVI S, 248 Hip oA — @ X BRI B MOl 2 (M7 + M) = 0.

TER MR Ay A% (B2.1) MR GE 5k, X
25 E IR 24 1T A P A BB > 0, AR

J

i* = Polu® — B(Mu" + q)] (B2.3)
A TR A k. FERERS (B2.3) EF' X]‘?‘%iﬁlﬁ > 0 b
WA IR (BT KB BIM (uF — a4)]| ~ [l — 3| e:

B a¥ = uF, uF 5 (B2.1) HfE, IX7EE B A2 o CUER]. 750, AL T LR 204 dEAT B s AR,
AR EBCEA A LR PR E LS SHERER v € R, H Po(v) &om v 21 Q BRI, H

(u — Po(v))T (v — Po(v)) <0, Yue Q. (B2.4)
£ (B2.4) H14 v = ub — B(MuP + q), B4 (B2.3) 53] Po(v) = a*, M (B2.4) 15|
@ e, (u—a")T{W" —a") - B(Mu* +¢)} <0, Vue. (B2.5)

ERWLEINE (v — aF)TBIMT (uF — aF) + (Mu® + q)], BIHEFRAT13E T35 (B2.3) 15 31 2 50

FM]  (w—a*)T (I +BMT)(uF —aF) < (u—a*)TBIMT (uF — ) + (Mu* +q)], Yu e Q. (B2.6)

EX 1 (tE VI Rz 5 )RR 50 (B2.3) A2 7 A5 K (B2.6) H, 7 Ak Wi )
(I+BMTYwk —a*y  F BIMT(u* —a*) + (Mu* + q)] FRA—xF 2545 1. (B2.7)

i dr,ah) = T+ M7 (W —ab),  g(uF ) = BMT (uF — @F) + (MuF 4+ q)). (B2.8)
EX 2 (EMk VIR TE) R (B2.7) i — X 2R A J7 [ AT KL (77 12
bt (@) = ub — ad(uF, @) 1 ul™ (o) = Polu® — ag(u®, a")] (B2.9)

N RRIRTTE. Horh o AR KR E 2K

FEN3 G MR, W R4 E IR € 07, RS
(o) = [lu® —w*|* = u™ (@) —u** K Grla) = [lu* —u* = [luf™ (o) — u”|*. (B2.10)
EATRIRBT 5K o 1k JOER I, K o R

BATABE BB R 95 () B G (), BN S AR A w*. R IHPEIE B K R 5L
ar (@) = 2al|uf — @*|? — o?||d(u*, a*)|? (B2.11)
R EATH T A £ §2 b, FATKAERA, X RIFER o, G (o) BT Ok (o). FBRIRTT VL 28 — M 712 8 0 !
IXANGE FLEAE B FE B B3 AR LR S T AOAE B LK 2%, B ok € Q, ARHE LVI 5 X (B2.1), FATH

(@ —u)TB(Mu* +q) >0, Yu* € Q" (B2.12)
ERATME A (uF - u*) — (WP — aF))TB{(MuF + q) — M(uF —u*)} > 0. H MT + M = 0, %5
(u* —u*)TBIMT (uF — @%) + (Mu® + q)] > (uF — @*)TB(Mu” + q), Vu* € Q*. (B2.13)
# (B2.5) FUEE R v € Q &R w*, NIA
(@* — u)T{(u* — %) — B(Mu* +¢)} >0, Vu* € Q" (B2.14)
¥ (B2.12) #1 (B2.14) MR E] {(uF — u*) — (ub — @)} T{(u¥ — @F) — BM (uF — u*)} > 0, #E— L1,
FIF (B2.8) HHic 5 d(u”, a*) 155 (u* —u)Td(u®, a*) > u* —a¥|?, vu* € Q. (B2.15)
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2 WK EMIULGETE BRUERE (=5 (1, 7,9, 101 LR FIVE XL (8] 4 =)

FEFEB1 #ub T (o) Flub (o) k7R Bl % e (B2.10) 5 LHI Ok () A (), B
(@) > gr(@)  F Gla) = grela) + [[uf ™ (@) —ug (@), (B2.16)
Hr g (o) B (B2.11) 45 .
MERR R4 (B2.10) XT 9k (ov) FRI5E X, FIH (B2.15) i A
D) = JJu* —u*|? = |Juf ™ (a) — |
[[u* — U*||2 — [I(w* = u*) = ad(u”, @")|?

20 —u*)Td(u, &) — o2 |d(u*, )|
|2 - a2 [d(u*, 7)) Q

2a|uf — u
qr(c). (see(B2.11)) (B2.17)

WATHEW 7 BAR I — 800, X E IS 3, BN ol (o) = Polu® — afF(aF)] flu* € Q, 1)
PE L5 E’infﬁ’i%ﬂé%%ﬁﬁ(%%ﬁil) H

(@) = w?? < [l — ag(u®, @) — | — [|u* — agut, @) — uly ()] (B2.18)

PRI, FIH Cr(a) B5E LC (B2.10)), FATA

vl

Gla) > Jlu? | = [I(u* = u*) — ag(u®, a®)|* + [|(u* — uf™ (@) — ag(u®,a")|?

= b — b (@) + 20(uly (@) - ) Tg(uF, ). (B2.19)
FHELE PR 1. E56E B2.19) FAmiE — 5 (uf (o) — u*)Tg(u®, @) 2547
(uly (@) — u") T g(ub, @) = (uly (@) — @) Tg(uF, @) + (@ — u) (b, @),  (B2.20)

SET (B2.20) A3 35— H853, B9 ufit! () € O, 5 (B2.6) IR T Q1 u o ufy™ (), T 1435
(™ (@) — @) Tg(uh,a") > (ulH(e) - @")"d(u", ")

(i (@) — uF)Td(u, @%) + (uF — @) TdWb, ). B221)

.

(a* ~ u*)Tg(uk Jit) = (ut —u)Tg(u®,a") — (uf = a*)Tg(u®, a"). (B2.22)
k

(u* —u) gt @) — (b — )T g(u*, )
F—aM)TB(MuF 4 q) — (uf — @) BIMT (uF — @F) + (Mu* + g)]
—Bu* — T MT (uF — ak). (B2.23)

[RIVANT
=

¥ (B2.20), (B2.21) F1 (B2.23) A, 5t h

(ufr () = w)Tg(uh, @) > (up (o) — uh) d(u®, @%) + u® — a¥]. (B2.24)
3) )5, K (B2.24) fE N (B2.19), it — BT LK 1E
o) 2 " i (@) + 200 (0) —u) a7 + 20 i
= lIw" u’fil( ) — ad(u, @")|? = o?|ld(u", @")|? + 2auf — @¥|?
= (¥ = ad(u*,@")) = ujt (@)|* + gi(a).

FEREBIRSE A (0 — ad(ub, aF)) F ot (o), IXPERRTERL T #4ER (B2.16) IUSE#IFH. O
XANEH B, g () 2 O (o) 1 G (@) BT S SRR o, G (o) T Op (). BT qu(a) 7E

ap = argmax{gu(a)} = [Ju” —@"|*/||d(u*, a")|* (B2.25)
AEIUAS I KB X M2 R RS A § 1 P of BIBGE). fESLPr 5T, IATRABIE A3
= uF — yagd(ub, a) 1% uft = Polu® — yajg(uf, a*)] (B2.26)

PEAEBTREAR S oL R o B (B2.25) 4h L, AT T € (0,2), ARy € [1.2,1.8].
B2 2R 1 VIVE 5 (UEBH, LEB3H R 2 158 FR 1215, A TRINB2.3) R EEK B > 0, HeARZRME i 564 FE .
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B3-IE& M TS A FRREZWRAE EPHZTESE SR KT A
EHYIEAE e bR AL (SRS, 4, 1,2,7, 8,9, 10])

1 dEgetE VI chiy e 4 5 EFAERI B KBRS £ (B0 13,4, 1, 71 RIR S [SIAF )
B QC R EANIEEHNE, F 2R — R . 5 SR AR AN

(VI uweQ, (u—u)TFu)>0, YuecQ. (B3.1)
i EaC @ = R AEFRENR), 25045 (B3.1) #ig — A B4 Al & (Complementarity Problem):
(CP) u* >0, F(u*) >0, (u)TF(u*) = 0. (B3.2)

B, AR R AR AN Q = R BT
AT — A28 7y A 2 KA, m?aﬁ*ﬁ’]ﬁ?F%
2 (u—v)"(F(u) = F(v)) > 0. fERfEA 7 /56K (B3.1)
(IR A S0 T, x4 5 K 24 T o 0 BB > 0,
FATHI

Pﬂ(’U) v
@* = Polu* — 8. F(u") (B33) ool
AT A b, B = b, o R (B31) O (%55 LS T AL TENIT 2 WIS ).
B, BRI T-BL R AT AT R AT,

R AL L 50 R 58, fﬁzﬁmuﬂm A IR (B3.3) , TR B 5, UG 2

BellF(u*) — F(@*)|| < vllu* —a"||, ve(0,1). (B3.4)
4R EER ﬁﬁuEJ:lFﬁTE’JEEWﬁ YHERE M v e R, H Po(v) ®nv 3 Q R, f
(u— Po(v))'(v = Pa(v)) <0, Vue (B3.5)
Xl T EE A 4518, 7E (B3.5) 14 v = uF — B F(u), B4 H1 (B3.3) Po(v) = @, 3£ (B3.5) 135
i* e Q, (u—a)"{[uf - pF(uh)] -} <0, Vueq. (B3.6)
EAPLEIN L (v — )T B F ("), HILIRATHE T 15 (B3.3) 3 817 2 X
| [Fua i e, (u—a"Tdwr, a*) < (u—a"TBF (i), Yue Q. (B3.7)
Hrp d(uf,a%) = (¥ — aF) — B[F(u*) — F(a")). (B3.8)
FEX 1 RN VI ZR A J7 ) HE T3 (B3.3) 49 3 I AL 73 AN S5 2K (B3.7) H, 43 A W 3 )
dk,a®) M BF(ab), BRI . (B3.9)

¥ B3.7) HIET Q1w ik AT R A A, B F(w) BB ERD (B3.1), A
(@ — u)Td(ub, i) > (@ —u)TBF () > (@ — u*)T B (u”) > 0,

DR, A
(uf —uTd(u, o) > (uf — a*)Td(u®, a"). (B3.10)
EX2 (TR KA (B3.9)EP—X¢$£E7‘WJ d(ub, @) 1 By F (a*) 5y BT RS IE
k+1 k ak
0 u; (o) = u" — ad(u ), (B3.11)
uk ™ (a) = Pofuf — afp F(a")), (B3.12)

() 75 VR — Rk ik 77 . b o RARIR R E P K.

EX3  GRames0 dMERLS E IR u* € QF, JAiTi

0l () = llu —u** = uf ™ (o) — u”||? (B3.13)

(@) = [[u* = u|? = Juy (@) — w*||*. (B3.14)
EATRKBT K o (9 k DO, 225K o 5.
BATA i BB AR BRI () B G (), BB S AR AN v, FIHPRIER] KR 5
gr(a) = 2a(u® — @) Td(u*, @) — o?||d(u", @")||? (B3.15)

REMIIT I AT IRIE qr (o) > 0, FATEE BT AL 0¥ (3R (B3.3) Y, TSRS B £45 (B3.4) AL
FEIXFVEICH) §2, FATR 2B, X FRIFER o, G(a) ET Ii(a).
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2 Bhk 7T ERIUARTE BGIERR (=51, 9, 101 A FE X (8] =)

EIEB2 ol (o) Mlub (o) b ok 77 vk A pl. Xt 40 5 1 (B3.13) A1 (B3.14) & 3L XL 25 B
Ik (o) T G (), TATH

Or(a) > grla) A (@) > gu(@) + [l (a) — ub ()%, (B3.16)

o gi(a) B (B3.15) 44 H.

JERR ARYE (B3.13) Hoxt 0y () BIFE X, FIFH (B3.10) TATH
Op(e) = [l = |* = [luy* (@) — u*|?

¥ —w||* = ||u* - u* = ad(u*, @)
20((uf —u*)Td(u¥, @) — o®||d(u”, @¥)|?

2a(uf —aF)Td(u®, a%) — o®||d(u”, a*)|? 0
ar (). (B3.17)

I

v

FATER T AR 05— 805, xR BAE SIS 85, BN ubt (a) = Polu® — aB P ()] Flu € 9,
AR PR AR (B4 L), f

[uf™ (@) = u*|* < |u* — B F(@%) — u*||* — [[u* — afp F (") — uj (o). (B3.18)
BRI, FIF Cr(e) BI5E SLOR (B3.14)), FeAilH

Cr(e) [uf = | = [[(u* = u*) — aBRF (@) |* + || (u* = uli™ () — appF(@")|?
20(u* —u*)T B F(@¥) + 2a(ufi (o) — ") B F(@F) + |[uf — it ()2

= lu* = ul (@) + 20wl (@) — w)T B F (). (B3.19)
¥ (B3.19) s A B fa— T (uft! (@) — w*) T BRF(@%) 434Fk
(uf (@) —u*)T B F (%) = (uj ' (o) — @) B F (") + (" — u*)" Bp F ().

FIF BN, (0% — u)T B F(@%) > (% — u*)T B F(u*), L3V = 34 A6, fON (B3.19), HETi135)

v

Gol@) > [[u* — uit (@) + 2a(uf™ (@) — @) B F (@) (B3.20)
BR uf (o) € Q, AR B3.7) FIMER u e Q, 155

(uh (@) — )T B F (k) > (ubi™ (o) — @) Td(u®, a"). (B3.21)
¥ (B3.21) RN (B3.20) [ 45 3, AT

C(@) > |lu® — i (@)|)? + 2a(uf (@) — a®)Td(u®, k). (B3.22)
wf b A, FIF gr(a) BB (RB3.15)), 50T LAE— B0

Gela) > o —upt (@) + 2a(ulf™ (@) — @) Td(*, )
= [u* = (@) + 2a(uf (@) — u*)Td(u®, @) + 20(u* ~’“)Tcl(uk,ﬂ’“)

= [(W* —uf () — ad(u®,@")|? — ®|ld(u", @) + 20 (u* —a*)Td(u", a")
I(u* = ul () — ad(u®, @*)||* + i ().
FIF B3.11), B4R uf ™ (o) — uff ()12 X TER T 451k (B3.16) IAHEY. O

XA EHULE, g (o) 2 Ok (o) TG (o) B 5 RRIFER o, G (o) BT Ok (). BT qr(a) 7E
o = argmax{qy(a)} = (u* — a*)Td(u”, a") /||d koaky)? (B3.23)
A H AR i KB OX 2 RS A § 1425 K) o (00, FESLbritHH, BATRARIEA
WEsEE-1) W = ub — yagd(uF, @) (B3.24)
B
(BHiSE-2) WP+t = Po[uf — yai B F (@) (B3.25)
PEA T REAR S oL R o #H (B3.23) A H, AT T € (0,2), ARy € [1.2,1.8].

KRIE A (B3.24), AL J2 E B Pt A HI IR . Sebrim i, 2] Q ERIEARN AR AN = (1)
Q& — M EENRECEAE T ), B R AR IE A (B3.25). 3 7ER 3 TR T = A 58 Vel
FIBER. AR USSR R A 251 FIE T T LA 25 58 TUk. 400 10335 7 R 31 B3 HOE U B B2 B 56 fi] B
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C1-FI A Z 5 A FUERA TR T 32 75 517 (ADMM) Y X SRS 14 fBR
UESAFXATERUERRSE (SH12. 13, 14, 15] FYE L 8] (955 11 )

1 AN BERNOEARIBEFERNTE S AFR (2512, 1318 (8110 11-15 )
e T35 77 15 (ADMM) b 3 F 2 252 50 440 oK AP 1T 23 B B B o AR A el R

min{6,(z) + 02(y) | Az + By =b, z € X,y € V}, (C1.1)
Hor1 6, (x), 02(y) 2N eREL, A, B, b2 AHRLREREA R &, A, Y 0 P 2R, 1% ) RV s B 1 ek 8

=)
E

L(x,y,\) = 01(x) + 02(y) — AT (Az + By — b). (C1.2)
AT TR A (CL.1) M hAs BT H R B8 2 (o, y, A7) 3 i 2
(", y",\") € Q, L(x,y,\*) > L(z™,y", \*) > L(z*,y", \), V(z,y,\) €Q, (Cl.3)
Hp Q=X x Y x R™. 8P (o, y*) R J R & (CLL1) Bf# R

A LB 2 8 i A (CL3) il K T 2, y, N BIER 2 3 TP R B Al (2%, %, ) € X x Y x R™,

L(z,y*, \*) — L(x*,y*,\*) >0, Vo € X, 01 (x) — 01 (x*) + (x — )T (—ATA*) > 0, Vo € X,
{L(x*,y,/\*) — L(z*,y",A") 20, Vy €, {92(11) —02(y") + (y—y")"(=BTAN) >0, Vy e,

L(z*,y*, \*) — L(z*,y*,\) > 0, VA e R™. (A= )\*)T(Ax* + By*—b) >0, VA€ R™.

PA_E S 5% 22 B RRE B H BR 3 L (2, y, N) MBS R . A D) SR 2 Rom il R 28 7 A% 5
(VD) w* €Q, Ou)—0u)+ (w—w)TFw*) >0, VYweQ, (Cl.4a)

x —AT)
w= ( Yy ) , U= (x > , Ou) =01(z) +62(y), F(w)= ( —BT) ) . (Cl4b)
A y Az +By—b

2 FFRBAMERBETEDPAFART (REREENFER (CLY I0R)

ADMM ] k IS NG iﬂ’]ff%bﬁz = (y*, \%) R, # R RT SRAF (2P, R AR L)
S B AL b le argm1n{91 (z) — 2T ATN* 4 18| Az + By* —b||? |z e X}, (Cl5a)
[ j )\k+1

b o 0 i BT e argmin{6;(y) — y" BT A" + 18(|Az"T + By — b|* | y € Y}, (C1.5b)
S oy A ] B AR —

AR RE R AP — B(AzM T 4+ Byt —b). (C1.5¢)

BTk DIRARNER E I (%, NF) FFIR, oF T R TH AR, JATHE (y, A) FRAEROO AR & FR @ b AL &
FRIE AL A A 1 SR EE (G2 B A3), ADMM k 253 AR (C1.5) (1 = AN 1) 858 () g 10 1 25 1 4 o

{ e X, 01(x) — 01(xF ) + (w — M T{—ATNE + AT (APt + By* —b)} >0, Vo e X,

Y ey, a(y) — a(y*Y) + (y =y O T{= BTN 4+ BBT (A2 + Byttt =)} > 0, Yy €,
Mot ¢ R, (/\ _ /\k+1)T{(Azk+1 4 Byk+1 _ b) + %(}\kﬂ _ /\k)} >0, YA e Rm.

PRATA — A ) YRR BB AR K R B i, B e — AT A S T (AzF P+ Byt —b)+ L (AP —2F) = 0.
R AL = XF — B(Ax* T + Byt —b), BT AT DA U A

Ml e X, 01(x) — 01 (zFY) + (2 — 2" T{=ATN ! 4 BATB(y* — y*T1)} > 0, Va € X, (Cl.6a)
Y e, Oa(y) — Oa2(yF ) + (y — T T{-BTAM! }>0, VyeY, (CL6b)
MNEFL e jm A= AT 4 By* T — b)) + S =AM} >0, YA e R™. (Cl6o)

\. J

FEANEE 3R (C1.6b) (72 3 Jei T N _E AR ZE ) (BBT B(y* — y*+1) + BBT B(yF ! — y*)), Eaek’S ik

W+($i k+1T{M+IBATB( — gkt }ZO,

M+(y Taand) T{M_FBBTB( — Rty 4 BBT B(y* ! — yF) } >0,
(A = NFOT{(Az"! + Byt —b) + 5\ =R} >0

11 x [Clx1]



X E AT RS (R R IR AE ), R A (CLA) L5, 155] ADMM [ VIZR
0(u) — 0(u**) + (w — )T F(wh ) | P BHE B TS B T RIS S |

z— okt IN\T /AT b e y — ykt T BBTB 0 gkl _ gk
+<y_yk+1) ﬂ(BT>B(y -y )+<A_Ak+1> ( 0 [13]>(A,H1_Ak>zo, Yw € Q(C1.7)

3 BT AN AR AR IIAE 7 RSB FIE

[ ¥4 ADMM (754 A2 275 (CL7) R T 11 o, B AT 52 AR A w0, [
( ) ( k+1)+(w* k+1)TF( k+1)

2 gkt T yyr « o k+1\T BBTB 0 k+1 _ .,k
+(y*_yk+1) 6<BT>B(yk_yk+1)+ (i*_z)/\k-sd) ( 0 é])<§k+1_?§\k) > 0.(C1.8)
[ e BB 0
#HHhds v = (i) P H = <B 0 éIm> , (C1.9)

AEEF(CLY) H T A S 1k,
T
TG ) 2 (BT (e ) BOF -
)

H{OWFY) = 0(u*) + (W — w)TF (w1}, (C1.10)

TFHEFATER (C1.10) :0A S #BIE G BT (! — )T F(wb ) = (wkt — w*)T F(w*),
9(uk+1) —6(u") + (wk'|r1 — w*)TF(wkH) = 9(uk+1) —6(u") + (warl — w*)TF(w*) > 0.
Ja TN EE YR T w* 2 W) R R, X2 U, (C1.10) oA 5 58 585 CR RSk REs o) AE 1.

k41 «\ T T
Ik, A (C1.10) 53] (0Pt — o) TH (P —o* ) > (zkil :z> B (;) B(y* —y**1). (CL.11)

RAHEATXT (CLID MARILH, TEEE]) | POREMRSA (A + By —b) = (O — W)

T
karl — AT . . xk?Jrl -
Blv* — o1 = (f — T BTB(A. B
<yk+1y*>ﬁ<BT (W — ") =" — ") B"B(A, B) S

TBTB(Az*t! + By — (A2* + By")) FIFH(Az* + By* = b)
TBTIB(AIIC+1 + Byk+1 _ b) — (yk o yk+1)TBTw- (C112)

= -y
= -y

NHEE (CL12) R4 (v — y" )T BT (AP — ALY > 0, AL E I 31— pi /NS,

02(y) — O2(y™*) (y — —BTXL) > 0, Vyel,

yFrHT( >
R 02(y) — 02(y") (y—y")T(=BTX) > 0,Vyel.

FISH (C1.6b) 4 i

02(yk) _ 92(yk+1) + (yk _ yk+1)T(7BT)\k+1) Z 0.
Oa(y"t1) = O2(y*) +  (yFT —yF)T(=BTN)  >o0.

( ¥ T 2 AR 7 1

y SY B y* Ay ) L

Ch AT, ) (o =y BTO A > 0. (€12 At RS

FHAEB T (yF —y* T BT (AR — Xk+1) > 0, g1 (C1.12) £33 (CL.11) A3 i AE . ATIAS 30 75 2
(R — o) TH(® — o*+1) > 0. (C1.13)

EREEA VT Ha—0) >0 A bl = a3 — 267 H(a—b) — la—bl} < [ally — lla — bl

Foa=(v% —v*) Bl b= (5L — v*), B4R (C1.13) L735) ADMM 8l i S <%

[oF L —u* 1% < 0F = o ||% = |loF = oF Y%, ot € VR (BB AETER)  (C1.14)

12 % [C1x2]




C2-TM-BIEG—HEZR T Fe 32 /5 8154 (ADMM) BS54 iEER
ES BT E LG —HESR TNIERE ADMM WS (2517, 18])

AN B O RIB AR T S AFR (S0 (2,12, 13171 8] 1 11-15 4

P 122 J7 [M)iE (ADMM) AL 2 PRAN BT 43 B R AR A i) it
min{6;(z) + 02(y) | Ar+ By =b, x € X,y € Y}, (C2.1)

Hrb 0, (), 02(y) 2N REL A, B, b2 MM R FEAA &, X, V5. MR CLIRAT S 4 x
TE: AR (C2.1) FOHA% B H BB 3R R w0 = (2%, %, \°) SN T2 0 A A

w* € Q, Ou)—0(u*)+ (w—w)TFw*) >0, YweQ, (C2.2a)
Hofis, 3
T —ATX
w=|v |, u= ( * ) , 0(u) = 0y(2) + 0s(y), F(w)= ~BT\ . (C2.2b)
A Y Az + By —b

.

ngﬁ?wﬁmﬂa&ﬂ{ 2"t € argmin{0;(z) — 2" ATAF + $B||Ax + ByF —b|]* |z € X}, (C2.3a)

ADMM [ k AR NGB TE [ oF = (yF, AF) R, 3% N FIRFRIG whtl = (k1 yh+l AR+

I R K B T

‘ i Sy € argmin{6a(y) — y" BT A" + 18]|Az*T + By — b|)* | y € Y}, (C2.3b)
ANEAS [ R A — 1 R

AL — AP _ 3(AzMT 4 ByRt —b). (C2.3¢) |

2 RFREBHEESIFBRGE—ERTHRN-KIE

TE AL [y §2 A E,'%?m&@a P 2SR A0 0 U A S 58— HEZE, FFUE T 1 WSSO B RO A AN 5

R, BATESE—HEZE ADMM??{E& *ETE(CZ 3)?29519’310’“*1 FAT5E LT 5 o

i = xk“, gt =yt N = X\F - B(A2R T 4 ByF —b). (C2.4)

KRR AT LAE A 7 13 (C2.3) E&%%%ﬁi—ﬁ\?ﬁiﬂlﬂ-ﬁﬁﬁ?i e, R (C2.3) Al (C2.4), T2

ADMM (1 k $5354¢ m%mﬁIJ;EM AEMI R = (yF, AF) R, 3BT SRASFUN 5 o = (&%, §F, \F):

i* € argmin{; () — 2" ATA* + 8| Az + By* —b|]* | x € X}, (C2.5a)
[F5m] §* € argmin{0;(y) — y" BTA\* + 1||AZ" + By — b|]* | y € Y}, (C2.5b)
M =2k — B(AZF + ByF —b). (C2.5¢)

*E%E&Wtﬁ@%ﬁbti)ﬁ@@%%@A3) 5 kBRI (C2.5) () =A>F Wl A 53 AR E 02
e X, 0i(x)—0:(3%) + (. — )T {-ATN} + BAT(AZ* + ByF —b)} >0, Vz e X,
g e, Oa(y) —02(5") + (v — g")" {=B" N + BB (AZ* + By* —b)} >0, Yy e,
Mg jm (A= X)T{(AZ* + ByF —b) + L(\F =AM} >0, VA e R™

R Ne =Xk — B(AZF + ByF —b), EIf T 7T LA 5

it e X, 0i(x) — 0:(3) + (x — 2F)T{-AT)F }>0, VeeX, (C2.6a)
7" ey, bs(y) —02(5") + (y — )" { =B N\ + BB"B(5* — ¢") }>0, WyeY, (C6b)
Newm, (A= M)T{(A#* + Bi* —b) - BI* — ") + 5\ =N} >0, VAeR™.  (C2.60)

9(u)—9(ﬁk)+(w )TF( ) (v—"7 )TQ(U —vk), Yw € Q, ﬁiEF'Q:( _B ) (C2.7)

KRB FHTE— S, FHRHE S AER (C2.2) h LS, BRI (C2.5) 1 VIFER: o € Q,
BBTB 0

7~

1 (C2.3) fil (C2.4) Z A5 2R, Pl = gk, N1 = Xk 4 By — gF), BB 03 & P+ i

HEE] o=t M0t e o= (3), = (_gg §). s

XELE(C2.7) A1(C2.8) 73 I 2 T4 R A1 82 48 —HEZEH (T (A 1.19) AIEZIE (A1.20).

13 x [C2x1]



3 FRM-HZIE 5337 B ADMMUS S04 R IERA

FHECl K HITRIM-EE IE 751 (C2.7)-(C2.8) sRAAZ 7 AL (C2.2), P2 A KIFH {w”}, {d" ) i /2
0(u) = 0(i") + (w— ") F(@*) > (o= = [l = 0" |[F) + 30" = "3, Yw € Q, (C2.9)

T
Hp  H= (5% B 10]>, G=Q"+Q-M"HM. (C2.10)
B

BEMFF {0 — v |13} BA R R

[o#1 — 0" < o — 0" — of = 5, Vet e v (€.1n

WEBH X (C2.10) H g H A1 (C2.8) W M, 154 HM = Q (W, (C2.7)). Ak, e T3 (C2.7) 7] B 1%
O(u) — O(a*) + (w — ") T F(0*) > (v — ) THM (0* — %), Yw € Q.
BT M(o* — o%) = (% — o) (AR IEA R (C2.8)), EA AT LSS R
O(u) — (") + (w — ") TF (%) > (v — ") TH (" — o*+h). (C2.12)

LERIEE 2

(a=b)"H(c—d) = ${lla —d|} = la —c|F} + 3{lle = blF — d - bl|7}
T AR (C2.12) A, i a=v, b=10", c=0" Fl d =01, 153
(v = ")TH@" —o") = $([lo = " = [lo = 0" [[F) + S(I0" = %[5 — (" = 3%F).  (C2.13)

X (C2.13) s, FIF HM = Q 1 207Qu = v"(Q" + Q)v, TeAilH

[ e e [ L [ (| I A a7
= Jlof = H — 1" = %) = M(* - 3| FA HM = Q
= @ =MTQT +Q - MTHM) (" — o) = ||v* —o%|%. (C2.14)

B E— A T (C2.10) HHERE G 1 . K (C2.14) RN (C2.13), FARN (C2.12), 515 3 e # 1 25
1% (C2.9). 15 (C2.9) FYEE M w € QB —/ME S w*, AT
[0F = v* |13 = [0 — o |15 = I* = 3%} > 0(aF) — 0(u*) + (@ — w*)T F ().

BT (0F —w*)TF(ar) = (0F — w*)T F(w*), LR mAESR, BAE 4S8 (C2.11). O

EIEC2 HTRM-12 1E J7 ¥ (C2.7)-(C2.8) KARAS 73 ALE K (C2.2), P AEIF A1 {o* ) F1 {08} A LR

[o% = 3*(1E > [[o* = oM (C2.15)
HETRE (C21) ’(C2‘16)EADMML[&QRE‘JK@E“%&L ‘
Rt — "l < ot =" — ot = o, VT eV (C2.16)

R T G = Q" +Q — MTHM, #i4fi 1 (C2.7) #1(C2.10) 70 7% iy Q #1 H, A TA

0 0 . N
G=QT+Q—MTQ=<O éf)’ BIE 0% — a%([E = 1IN = AF)12. (C2.17)

i (C2.6), F-ATTENIE y-T a8 fe A 14 254 2
ey, 0a(y) — 02(5") + (y — ) {—B N + BBTB(J* — y*)} >0, Vye). (C2.18)

IR IE 2 (C2.8), TfiTAH )
NHL =N = BB(7" —y*) A yE T =gt

PR A 7 AR (C2.18) T LA

YT e, ba(y) — by + (y —oFTHT{=BTN T >0, vye). (C2.19)
IR AR 3 AN G A AT — OEARRIRE AL, B AERATT IR
" eV, Oa(y) —Oa(y) + (y —yF)T{-BTA*} >0, Vye. (C2.20)
K (C2.19) 1 (C2.20) iy S MIBERL y = y* 1y = gL, SRJE FRR S A TR, TS5
(N = MO Bk — 41y > 0, (C2.21)
FIFERK N — N = (A\F — No+1) 4 BB(yF — y* 1) AIARZE (C2.21), BLK (C2.10) 1 H (AR, 155
LIN =M = SIOF = A + BBy — Y|P
> A = MR BBy -y = [oF = oM (C2.22)

MA(C2.17) 1 (C2.22) HLEATENE518 (C2.15). 1 (C2.11) M1 (C2.15) 1324518 (C2.16). & HAFLE. 0
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C3-T-KIE G —HEZE T 32 E 5 BA(ADMM) YL SUR 2R /9 < s 14 R
DR E R G —ER TSR ZE LM FUERR (3503, 4, 1,2, 7))

1 ADMM fFEFN-RIEDHF TR 112,17, 18])
-2 77 A7 (ADMM) Kb FE [ 2 5 AN 1T 20 8 B i) T A Ak ) 7
min{f;(x) + 02(y) | Av+ By =b, x € X,y € V}, (C3.1)

Horh 0y (2), 02 (y) B M EREL A, B, b AR 5 RN R X, Y R PR, AT A CL o 4 B 1)
R (C3.1) Bhks B H BB 8 5w = (2%, v, A*)£1ﬁ3{%7 Ei

w* € Q, Ou)—0(u*)+ (w—w)TFw*) >0, VYweQ, (C3.2a)

s, Hop

x —AT)
w = ( Yy ) , U= ( “ > , O(u) =01(x) +62(y), F(w)= ( —BT) ) . (C3.2b)
A Y Az + By —b

K C2 TP 2 ULHA: B2 B ADMM AR B wh L, JEid
fk _ .’L'k+1, gk _ yk-‘rl’ S\k _ )\k _ B(Al'k-‘rl 4 Byk _ b) (C33)

SESCTRI Ak = (2%, g, NP, sl DAL S 58 B 7 1) i o 4 ke — AN T8 1 7 3%

[Fm] % eQ, 0(u)—0@@") + (w—a")TF@r) >v—")TQW* — %), YweQ, (C3.4)

BRE] oM =0 - M b, (€3.5)

(y _ (BB"B 0 (T 0
o _o() (%) u=( 9)

C2 = BELE S A TIM-K 1E 51 (C3.4)-(C3.5) sRARAS 3 AN (C3.2), FEAE 751 B PE R
O(w) — 0(a*) + (w— ") F(@*) > F(lv—v" 5 = lv = 0" |I7) + 3 llv* = 37|13, Yw € Q, (C3.6)

i BBTB 0 0 0
H:( 0 /13]>, G:QT+Q—MTHM:(O él>'

IANEA (W, (C2.16))
[o* = " < loF — ot |17 = 0P =013, Vot e VR (C3.7)

2 IBAEN TUWHSIERZRRE MR (ZM[2)f1[17] He,Yuan 2012 SIAM Numr. Analysis)
FATIEB] ADMM £ [ 5 SO SR 2 @ € Q, 0(u) — 0(a) + (w — @) F(w) >0, Yw € Q
@ A (C3.2) . BT (w — )T F(w) = (w— )T F(w), K2

weQ, Ou)—0@)+ (w—0)TF(w) >0, YweQ (C3.8)
1 2 (C3.2) (. HEik, 45 1 e > 0, W5 o i 2
e, Ou)—0(a)+ (w—b)"Fw) > —€, Yw € Dy (C3.9)

Horp Dy ={w € Q| [lw — ]| < 1}, B4 @ H T B R (C3.2) A e IR LU FIED: xf
B € = 0. 55 ¢ I, 2B IR0t @ € W, 173

sup {0(@) — O(u) + (0 — w)"F(w)} <e. (C3.10)
wED ()
WEB R A2 (C3.6). FIH (w — @) T F(w) = (w — @*)TF(wk) f1 G = 0, I (C3.6) A 1152
a* e, 0(u)—0(a@F)+(w— ") F(w) + o — "7 > v —o"THF, VweQ. (C3.11)
FEIC3 B {w}, {oP} & R T-REIE 792 (C3.4)-(C3.5) F=AE 741 &
t
Wy = oS, (C3.12)
b1
W2, SHEATIE St > 0, RAVEA @, € QR
Oi) = () + (i — )T F(u) < 3 i Sllv =21, v e, (©3.13)
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UEFR HOE, XAk > 0# 0 € QT MY RN, (C3ID R T dy € QAR =01, 110
A (C3.11) A, FRAT115 2

t

(t+1)0 Za (t+1)w—Zwk)TF(w)+%||v—vo||§qZO, Yw € Q.
k=0
HIFH w, H5E X, U\J::EET?@J
1 k - T 1 02
o) k:OG(u ) —O0(u) + (0 —w)* Fw) < m”v —v |5, YweQ. (C3.14)
BRI 6 (u) 2 i i 80 H ) )
iy = le:: BAE  0(w) kZ::
KN (C3.14), BLEEARE LR O

1581 F C2 T-12 IE A3 2 1 A %50 (C3.11), 1iF FJADMME [ 3 R Y S03 2(C3.13) /2 G L i 2. !

3 ADMM SHEN RSS2 2] #1[18] He and Yuan 2015 Numer Math.)

T C4 ¥ {wh}, {0} & - 1E 7792 (C3.4)-(C3.5) P2 AE R 4. |l

[0 = F2 < o = o, VE >0 (€3.15)

WERR 15k, FATER LL R AR Bh 4S8

(0 —TH{(" = o) = (05 = o)) 2 g0 =08 = (M =0T (€3.16)
16 (C3.4) 4w = oL, JATE
O(a) = 0(a") + (@ — )T R(@h) > (0" = 01 TQ(" - o). (€3.17)

K (C3.4) i) b B4k + 1, A
Q(U) _ 9(ﬂk+1)+(w ~k+1)TF( k+1) > (U _ ’L~}k+1)TQ(vk+1 _ 1~}k+1)7 Y € Q.
£ B A A w B o, A2

9(&’“) - o(ﬂk+1) + (’Lf)k k+1)TF( k+1) > (f}k _ ~k+1)TQ(vk+1 o ,l~)k+1). (C3.18)
¥ (C3.17) A (C3.18) IITE AU (% — o) T (F(ak) — F(a*+)) = 0, Tefilil
(,Dk o ~k+1)TQ{( k 1~} ) ( k+1 ~k+1)} > 0. (C319)

EASR (@19 MpEm L {(vf - %) — 8 - 0T Q{(of o) - (T ot} SFRIA
%R T Qu = 0T(QT + Q)v, FA1HEH
(0F — P TQI(F — oF) — (W1 — GF 1)} > L0k — 5F) — (P — g2 20t 40)-
S B Q = HM A M (vF — o%) = (vF — oF ), A5 31 5 1 2 H B 4518 (C3.16).
(EA S Lol 1A, = 267 Hlo ) oy i = (0F o) A1 = 0570,

k _ ,Uk+1||%{ k+1 Uk+2||%]

— 2(’Uk _ k—l—”ll;TH{( k _ k+1> _ ( k+1 k+2 } _ ||( k _ vk+1) _ (,Uk-i-l _ Uk+2)]||%{.

e CAUEH T M4 (C3.16) FEI b a0A s 058 — ¥4y, AT 115 51
E_ Uk+1H12LI . ||vk+1 . k+2||2
> [l(wF =) = @M = Y| Ror gy — IM[(0F = 3%) — (" — Y]
= (0" —3*) — " = Y2 QT +o-mTHM) = 0;
H i g — MAE RO FHERE (QT + Q) — MTHM = 0. £518(C3.15) 134 o

R [Jo* — oM < JloF — 0¥ [ff — [[0"H! = o[ A [Jof — o [F < Rt — oM, B S E
oM < 2l — o, Wt e V. (C3.20)

535 T C2 M- 12 IE 45 18(C3.6)M1(C3.7), 52 ik B ADMM s 7 8 SR W S0d A 8 B 1 32 22 T L

lv

lv

[[o
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D1-fi ki@t AT S A FRFMEFE EFIA PPA HiE

LRI RRAY VI FEE E B AT PPA (217 [23, 24, 25] F1 [26])

1 TREIEMIIIE (EED OLEEE A2 P IEN A3, a2 0L [8] FF R HIE B ik

EED WX CRZHME 0(x) M f(x) MR (o) RS X BFENFE ERTf. B4
x* € argmin{f(z) + f(z) |z € X}

HHAE
e X, 0(x) —0(x*) + (x —2*)'Vf(2*) >0, Vo € X.

SIIED WHE a,be R, He RV ZLIEEMERE. R vTH(a —b) >0, UH

6117 < llallF — lla — blI%-

WAL flal% = b+ (a— B3 = b3 +257H(a— b) + la — bl[% FDTH(a —b) > 0 ELEEHER.

2 L FAEIM TS DFR (S0 (23,24, 25] Fl [26])
1). min-max [ #. % 6, (x), 02 (y) 2K E, X,V 2R, (o, y*) & min-max A8 & 57 )
min, max, {®(z,y) = 0 (z) — y Az — 02(y) |2 € X,y € V} (D1.1)
(. FIH @(x, y) BRI, BLESSR AT LU R
{:z:* cXx, 01(x)—0i(z")+(x—a9)T(-ATy*) >0, VaeckX,
y ey, ba(y) —0ba(y*) + (y—y) (Az*) >0, Vye.

BE—2, T UL i AR 2 A4 U1 3

[ u* €Q, Ou)—0u)+ (u—u)TFu*) >0, VYuecQ, (D1.2) ]
(= _ _ —ATy _
He y ) 0(u) = 61(z) + 02(y), F(u) A il Q=xxY. (D13)

ERB (DL3) 1 F(u) BAER (u—a)" (F(u) — F(a)) = 0, HILA 5 A% (D1.2) 2 H 1.
2). Z&MARAOE L IEE
RSN LA A LA 1]
min{f(u) | Au="0b, v € U}. (D1.4)
BRI B H U E AEU x ™ B/
L(u, \) = 0(u) — \T'(Au — b). (D1.5)
WER—XF (w*, \*) € U x R™ i 2
L(u, \*) > L(u*, \*) > L(u*, \), (u*,\") el x R™,

{L(u, M) = L(u*,A\*) >0, Yu €U, {0(u)0(u*)+(u —u*)T(—ATA*) > 0, Yu e U, DLE)

L(u*, \*) — L(u*,\) > 0, VA€ R™. A= M)T(Au* —b) >0, VA€ R™.
IR SRR 2, B T LR R R IR AR 7y A

w*€Q, 0u)—0u)+ (w—w)'Fw*)>0, YweQ (D1.7)
T
(i, Hrp w= ( K > F(w) = < A;:l:\b ) M Q=UxR™. (D1.8)

KB F(w) FFEEAER (w—0)7 (F(w) — F(@)) = 0. M40 (D1.4) F 4 il 72 53 A% (D7),
[ & (D1.1) A1 (D1.4) 53 B Fe e 7225y AZE K (D1.2) A1(D1.7). PPA JAET SRAFIZLEAH R )22 ) 455 1
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3 BFTESAEFEANBIES PPA)EL (355, 23,260
LD (PPARIAN KIS 8 H SRERIKERIEH. A A Ik T, KA 0, 6
Le @, 0(w) -0 )+ (w—w )T F (b)) > (w—uw* )T H(wk—w* ), Yw e Q. (D1.9)
A5 (D1.9) Y w BN w*, IR (Wi — w*)T F(wh 1) = (wh ! — w)TF(w*), RAEE]
(W —w)TH(w" —whh) > 0(u* ) = 0(u*) + (! — w*)TF(w*) > 0. (D1.10)
FHEEE A ESRE N w* € Q. HSIHD, %a = (wf—w*) b= (Wb —w*), \ (D1.10) #if3E

(PPA TSR HIRAEAER)  |lw T —w || < Jw®—w* || % —|wf —w* 1%, Yw* € Q. (D1.11)
FH PPA SLiESK AR VI, B SCRF#E— st 7 wh ! o= wb — a(w? — wPt1), a € [1.2,1.8] € (0,2).

4 KIET N AFARHEFE S PPA(C-PPA)F1E 9 PPA(B-PPA) (f11f79:HL(D1.9))

1). 3R f# VI (D1.2) ] Customized-PPA (£ [23])
MEEFE I b R, SRR (D1.9) [ b, Sorp GEFE H A8 NI H BX Ho)

[z _ _[(—ATy _(rI, AT _(rl, AT T
u-(y), w=u, F(w)—< Ao ), Hl—(A slm)’ H2—<A sl , s > ||A" A].(D1.12)

% (D1.12) 4 ST FAIZE —MIESEAEFE H, PPA 17 (D1.9) MUAPRHRE | P b F(w* )
O1(x) = 01 (") + (& — M) T{_ATYF L L (28 — b)) + AT (yFH —yF)} > 0, Vo e A,
{ O2(y) = O2(y™) + (y— v )T {4l + A = 2%) + sIn(y* = y*)} 20, Wy € V.

o — argmin(0)(a) — a7 ATy + 5o — ¥ € ), (D113
y* ! = argmin{0(y) +y" A2z — 2F] + sy — y*II” |y € V). (DI1.13b)

2). 3Kfi# VI (D1.7) ] Customized-PPA fI1 Balanced-PPA (Z:[7] [28, 29])
S ) wh R, SRS 2 (D1.9) 1 wh L, Horp GERE H W3 R Hy 50 Ho)

_AT) BATA+ 51, AT e AT
F(w)_(Aub)’ Hl_( A 1L, ) HQ_(A iAATMIm)' (DL14)

EE I C-PPA. FIFH H = H, (JL.(D1.14)) [fJ PPA (D1.9) [ B4k #% & \ TSRS F (0T \
{ O(u) = O(u 1) + (u — ") TH{ AT+ (BAT A+ 0L,) (WM = ub) + AT (A = AF)} > 0,

(A —b) AW Wby 4 (/B — k) =0,
MR 2 D, FE Rk 2R k-k PPA JEAC AT LLIE I SR T i A
w1 = argmin{0(u) — uT ATN + L (u — uF) T (BAT A+ 61,) (u — uF) [u e U}, (D1.15a)
)\k+1 — )\k _ ﬂ(A[Quk+1 _ uk} _ b) (D1.15b)

I () H B-PPA. RIF H = H, (W.(D1.14)) ) PPA (D1.9) ) B A& % 302 \ TR R F(wh )
O(u) — O(ur 1) + (u — uF ) T{—ATNH L 4 p L (WP — k) + AT (AL =R} >0,
{ (Aur T — b) + AWM — ub) + (LAAT + 61,) (AP — AF) = 0.
MRS 2 #E D, FE R I A -7k PPA GEAR, AT DLdid SR A# T T i in) # 52 B:
{ uF 1 = argmin{@(u) — uT ATAF 4 L |lu — uF|| J 7 T R (D150 | (D1.16a)
AL = AR (LAAT 4 51,) 7 (Al2uMHY — ub] — b). \ Fefffeh L — 1 Cholesky 4% | (D1.16b)

FR (D1.15) ML, B3 (D1.16) B 1 JRAGRAE B ) PR S A MR B2, T S Al om 7 x £1 2 B Py T
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D2-FRER A o B AL BN ST K R R 45 Fis) @ /Y PPA HOX

4743 PRIME F o] @AY PPA (25 [23, 24, 25, 26, 5] 1 [27])

1 B ERAOEACEEMENNESFAFA
PIASTT 7y B R AL A 1]
min{f(z) + 02(y) | Az + By =b, z € X,y € V}. (D2.1)

5 C1LH B ZE I, MRk A B (D2.1) 1 Lagrange A8 55 0] LLR R l— AN o AR

w*€Q, Ou)—0u)+ (w—w)TFw*)>0, YweQ (D2.2a)
Hrp

T —AT )
u:<“> 0(u) = 01(2) +02(y), w= ( y) F(w)z( —B7A ) (D2.25)
Y Y Ax+ By —1b

Q=X xY xR WXEHF, TAVE (w — @) (F(w) — F(w)) =0.
XK ) ] DL C1 R A 23 1) ADMM 75 353K A, 5 BRA 4R @, y 7 10 8UR] DASEAT 3K fif ) PPA LK.
2 KRBLEHAFN (D2.2) B PPA T
FEXD (PPABIEM kUKIEAR) ¥ H NIEERFE. MG E 1wk TR, KRG v, fifg

wPt € Q, 0(u) -0+ (w—wFTHTF(wb ) > (w—w*t)T H(wf =), Yw e Q. (D2.3)
¥ (D2.3) Hty w ¥y w*, R (whtt — w)TF(w*t) = (b — w*) T F(w*), A 1155

(W —w)TH(w" —whh) > (™) = 0(u*) + (W — w*) " F(w*) > 0. (D2.4)

EA R SR A ORI w* AR AL EFER DLEIEED % a = (wb —w*) Flb = (Wbt —w*), 155

(PPA TSR AEAER)  [|w™ ! —w™||% < JJw® —w* |4 —[[w® —w" Y%, Yw* € Q*.  (D2.5)

J

.

FHl PPA BLVESR i VI, GRS bt = wb — a(w — wb), a € [12,1.8] C (0,2).
HE PPATELVE I h-TGS AR I X, A M0 wh H R SRAAE (D2.3) f wh ™+, e

T —AT)
uz(z> w = ,F(w):( —BT)\ ) H = H, 8% H,. (D2.6)
y Az + By —b

Hy A1 Hy #2XFRIE 5 R FE. J9fd S5 PPA SEACH) 7 1) % 53 SR e, FRATHCCA T 19 B4R 3

BATA + 61, 0 AT BATA + 61, 0 - AT
H, = 0 BBTB +6I,, BT |, Hy= 0 BBTB +41,, —BT |. (D2.7)

>

A B 2I —A -B %I

1. R (D2.7) i) H = H [ PPASEvE.  $7 i 1Y (Customized) PPA SRAF 8 A4 R (D2.2).

SRR (D2.7) i) H = Hy, PPA A% (D2.3) 11 ELAA T f: | P LA E R Ft)
91(.’1,') _ 91(1}k+1) + (.’L’ _ mk+1)T{:é£2‘,i—t\1 + (ﬁATA—‘r (5,[”1)( k+1 _ .’L'k) + AT(}\k-i-l _ )\k)} > O,
O2(y) — 02(y* 1) + (y —y* ) T{=BIA ! + (BBTB + 0L, ) ("' — y*) + BT (W = M)} > 0,

(Az™1 4 Byl — b) + (2" = 2¥) + ByM =) + (2/8) WM = AF) = 0.

HRAR LT DR {5 38 D, _ETRIAOSS k-Uk PPA AR, 1R T BEmad SR AR 1610 7 I RSl

2" = argmin{6; (z) — 2T ATAY + %(x — 2" (BATA+ 61,,)(z — a*)|z € X}, (D2.8a)
" = argmin{02(y) — y" BN + $(y — ") (BBTB +61,,,)(y — y")ly € IV}, (D2.8b)
AL = 2P — 18[2(Az T 4 Byt —b) — (A2* + ByF —b)]. (D2.8c)
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2). XH (D2.7) 1) H = Ho W PPA 5% %7 € il (1) (Custormized) PPA SR fif 45 73 A 55 30(D2.2).

ST (D2.7) Wi H = Hy, PPAIEIC (D23) MEKTE SR | R et i ') |
91($) o gl(karl) 4 (x _ xk+1)T{M + (BATA 4 5Inl)(xk+1 _ xk) _ AT(}\kJrl _ )\k)} > 0’
02(y) — O2(y* ) + (y — y" ) T{=BTA ! + (BBT B + 61,,) (y" ' — y¥) = BT(\FH — A7)} >0,

(Azh 4 ByM ! —b) — A(aMh —2F) — ByFT —yF) + (2/8) (\FF = AF) =0.

MRAE AT D1 e B D, RIS k-7 PPASEAR, W TGS SR A 11 Ir) RESE I | Saxd 18, J5 A
AL 3k %ﬂ(Amk + Byk —b), (D2.9a)
aF 1 = argmin{ 6 (z) — 2T AT (2N — \F) - Lz — 2*)T(BATA + 61,,,)(x — 2*)|z € X}, (D2.9b)

1
2
Ny —y"T(BBTB + 61,,)(y — y*)ly € Y}. (D2.9¢c)

Yyt = argmin{ s (y) — yT BT (201 —\F)

4 KRBT HAFRND2.2)RIBIE M B-PPA (315 24, 25] F1[28, 29])
4 (D2.8) F1 (D2.9) H y-T- i R AR LA DR i (g%, SR FE 85 R 7%, 0038 43 SR 92 2 B 81 e 7 5 L.

[ FR 8 PPASLIE I k-UEAR 5 X, B TE ) wh K, SRAFH 2 (D2.3) [ wh !, H
T —AT )
u:(x> w:(y), F(w):< BT\ ) H=H, 5% H, (D2.10)

A Ax+ By —b
Hy F1 Ho #552 X BRIE € R B, Sl SEI PPA sAR I T 1) B2 2 SR e, FRATTHER DA R iy B AR A 2
BATA+6I 0 AT BATA+6I 0 —AT
H = 0 (s+0)I BT , H,= 0 (s+0)I -BT . (D2.11)
A B %Im + 1BBT —A -B §1m +1BBT

D). XM D210 i H = Hy [B-PPARIE. (70 O4F) [ (Balanced) PPA SR #2273 A3 (D2.2).
K (D210 i H = Hy, PPAIKR (D2.3) WAKTE R | Pt e =R Fu'))
01(x) — 01 (zPh) + (x — 2P T{—ATAM 4 (BAT A+ 61, ) (2P — 2F) + AT (AR — \F)} > 0,
O2(y) = O2(y* 1) + (y =y )TH{=BIAT + (s —y%) + BT -AM} >0,
(Azht 4 ByFt! —b) + A(aPT —ab) + By**! — %) + (51m + :BBT) (AWM —2F) = 0.

MRYEFERS D1 E R D, _EHII SR k-IK PPAIEAR, R 2l SR T i 7 ) SE B | JeJsah, a0

{ " = argmin{6; (z) — 2T ATN" + (2 — 2F)T(BATA + 601, ) (z — 2¥)|x € X}, (D2.12a)

y* 1 = argmin{02(y) — y" BTA* + L (s + 8) ||y — ¥* ||y € Y}, (D2.12b)
ANFE =N — (51 + LBBT) ' [2(Az* ! + ByFtl —b) — (A2 + By* —b)]. (D2.12¢)

2). KA (D2.11) %) H = Hy 1) B-PPA 5. ¥ 1) (Balanced) PPA 3K it A5 /3 A2 5:0(D2.2).

SKF (D2.11) i) H = Hy, PPAIEIS (D2.3) AMTERR: [ FRALMAMAE R Fw)]
01 (x) — Oy (xF 1) + (2 — wk“'l)T{M + (BATA+ 61, ) (z*+! — 2F) — AT(AFHL — AF)} >0,
O2(y) — O2(y" ) + (y — " THT{=BTA !+ (s+ 6 —yF) — BT -} >0,

(AP 5 By ) = A — 2 = B =)+ (b + EBBT) (41 - X0 =0,

MRYEFERS D1 E R D, _EHIFIES k-K PPAIEAR, R 75 ZEl SR T 1 1 7] LS BL: | Send 8, J5 J4h

ARHL gk (40 + %BBT>_1(ALU]€ + By* —b), (D2.13a)
2" = argmin{6; (z) — 2T AT (2N — AF) + L(2 — 2F)T(BATA + 61)(z — 2¥) |z € X},(D2.13b)
y* 1 = argmin{02(y) — y" BTN = A + L(s + 8)|ly — v"|Ply € V}. (D2.13c)
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E1-3K AN 1] 5 2RO LB A PPA 38 ADMM 534
X ADMM F53E% y 5 A LHIRFE G ZE  &HR, 300

1 PER RT3 8 AR T X L P AR 73 AN 2
MEL R C1, FATELFE P AN W] 73 B HR A Ze ML A DAL IR R (L b 01, 02 2 MR E, X, Y 2 P R)
min{6,(z) + 02(y)|Az + By =0, z € X,y € Y} (E1.1)
R B BREOR L,y \) = 01(2) + 6a(y) — AT (Az + By — b), I DK & 0B HRAE ) R R

w*€Q, 0u)—0u)+ (w—w)TFw*)>0, YweQ (E1.2)

T —AT)
A, w=|Y |, u= ( * ) . F(w) = —BT) ) (E1.3)
A y Az + By —b

231 ADMM H, JATEL v = (y, ) fENZ O AR, EAMFR A BIITTE, BRI v = (y, \) WIZOEE.

2 AR EI ADMM /53 (217[30] Science China Mathematics 2013)

B IER—Fh B SR ARV R 2 # 40 H ADMM AR oy F0 XS5BT IO el i, FRATT[FARE AN 45 8 B AZ O
Aok = (y*, \F) R, #id

{ 2**1 € argmin{0; (z) — 2T ATA* + 18| Az + ByF — b||* |z € X'},

{:c-)\-y i

E+1 _ yk k41 E
I ADMM Mol = \F _ B(Aght! 4 Byk — p), (E1.4)

y*r € argmin{0(y) — yT BTN + 3] Axt T 4+ By — bl|* [y € V}

BHORA wh T, ZINAIRAE R C1 h 2 ¥y ADMM B R I LFAH 2. BEINSE N (E1.8) I B 24 w2k,

HRAE A B B L IR (S W e 3 A3), 55 K IEATN (E1.4) (0 =7 i LK) A2 3 AN 2 UO1 30
{ " e X, 01(x) — O1(aFY) + (z — PP T{—ATNE + BAT(Az* T + Byk —b)} >0, Vae X,

MAeHL g pm A = AFDT{(A2™ + By* —b) + (A1 =)} >0, YA€ R™,
Yyl e Y, Ox(y) — () + (y — y"THT{ BTN 4 BBT (Azk+! 4+ Byt —b)} >0, Vy € V.

FIF AT = N B(AZR+) 4 Byb —b), EERIA T SEREE R € Q,

01(x) — 01 (x" ) + (2 — 2P T{—ATNEFL } >0, Ve e X, (El.5a)
02(y) 02 (y*) + (y—y* ) {=BA T+ BT By —y*) — BT (W -AF)} > 0, vy € D, (E1.5b)
A= AFOT{(A" 4 By —b) = By™ — o) + 5(F =N} >0, YA € R™. (E1.50)

[ Xt BT T REAT RS GER KA IRE i, R B N RIS 0(u) — 0(uM ), Fiarsk |
A F(wkth), IR A4S (BL2) iic s, R8I R ERER

O(u) — (U + (w — W T F () > (v — *THT Hy (0% — o™, Yw € Q, (E1.6a)
ol BTB —BT
Hy = (6_3 %1 > ) (E1.6b)

X HH Ho 2 1E5E 1), BRE T D H i PPA —FE, (E1.4) P AE 1 {w”} A% AR B 7 51 {0} B4 MR
||vk+1 — 0", < ||Uk — v*||%10 — ||vk — kaH%{O, Yo* e V*. (E1.7)

THELSEER UL, ADMMJS 2% (E1.4) M4 8t (ADMMOT VA TH S BUR 784 — K. BT Ho 22X FRFIEE 1Y), 7]
BLXT 77355 (B1.4) 7 A2 ¥ o 0N ISE -

VP = 0F —a(f —oF ) e [1.2,1.8] € (0,2), (E1.8)

2% 22 LB ADMM 77— 30% FAHR . |5 R R P K o R |
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%t - M-y NG () ADMM J7¥% (B1.4), AT R 51 IS r e 7. B Ho F1E5E, A (B1.7) X155
Z [oF — ", <400 M Jim [0k — o2 = 0. (E1.9)

FH Ho 321530 (Ju(El 6b)) Fl (E1.4) {1 \FT1 = \F — B(AzF T + ByF — b), 193]
[v" = oM, = BIB(Y* —y™ ) — 5N = N2 = Bl Az + Byt — |2
AR P —oF |3 = 0, A ERGE] B(y* —y* 1) — 5(\F =N = 0 RNt Azt 4+ By —b =0,

LA (B1.5) L EHEAGE] wht! = (a7, yh 1 M) AR5 A5 (B1L.2) X — ik

3 B{EIZIESRE H IEER PPA 155K
AT ARRT— 7 A AR R A S IR, RATTH 5 v (B1L4) Ao, JFRe e A B o

i* € argmin{6; (z) — 2T ATN* + 18| Az + By" — b|)? |z € X}, (E1.10a)
(Fu M= \F — B(AZF + By* —b), (E1.10b)
§" eargmin{fs(y) — y" BTA* + 18| Ai* + By — b||*> + 16|y — v"||* |y € ¥}.  (EL.10c)

PR (B1.4) AHLE, 3% B y-T 1) 0 H bR R 22 7 IERIIR L6y — oF |12, 6 A w1 Bad o oF.
FIF (E1.10b) th AP [rI5 2, [ BR(E1.100) (SR | b ik o Bek oy BB SO H b 0 07 |
7" e argmin{fy(y) —y" BTN + 1 8]|(AZ" + By" —b) + By — v")II> + 36lly — v"|1* |y € V}
= argmin{bs(y) — y" B"N\ +y" BTB(AZ* + By* —b) + Ly — v* 351 p5rm |y € V)
= argmin{fa(y) — y" BT[2\" = \] + Ly - Y Esrapprm |y € V)

R Ne = \F — B(AZ* + By* — b), 1 (EL.10) B EI10 @F = (2%, §*, \F) € Q B S A% R

01(x) — 01(3") + (x — #F)T{=AT )\ } >0, Vo e X, (El.1la)
02(y) — 02(5%) + (y — §*)"{ =BT N+ (6T + BBT B)(§* —y*) — BT(\*~\*)} > 0, Vy € Y, (E1.11b)
(A= M)T{(AZ* + BF* —b) = B(7* —¢*) + 5(A" = \")} >0, vA € R™. (El.110)

s ~

Xt EEES GER SRR ), MAZES A% (EL2) HHHL S, /53] (ELL) IR ERR

O(u) — (") + (w — W )TF( > (v =" TH@" — %), Yw e Q, (E1.12a)
ﬁ\:qj T T
H= (M +_%B B gli ) = 0. (E1.12b)

7E (E1.122) £ 4 w = w*, FHFIF 0(a%)—0(u*)+(0F —w*) T F (@) = 0(a*)—0(u*)+ (0F —w*)T F(w*) > 0,
EE
(% — v TH@" —o%) >0, Yo* e V™.

SN
(F — v TH@* — ) > ||o* — %1%, Yo* € V™. (E1.13)
[ [EHHEL IE] V") = o — a0k = oY), a€[1.2,1.8] C (0,2) (E1.14)
XHE R4 58 IR R v € V*, 3AlTE X
Dr(a) = [[v* = v*[3 = 0" (@) = v*|[3- (EL15)
NRHET A o 1)k IEEAREE GE8). FIH (E1.13) 1532
O(e) = [o* —v*[l5 - IIU’““( ) — *IIH S
[v* = o1 F = | —0*) — a(o® = 3")|% gl
= 2a(* —v")TH@" - ") - a2||v ol \
> a2-a)|lvf = %% = qla). (E1.16) | o T e X —

BANTCIE KA — KR EL I (o), BN E & AR v, B (EL16), 95 (a) R IR EE g (o) TE o =
B, A EEFTR, A LE KL IE (E1.8) f1 (E1.14) F— M o = ya*, v € [1.2, 1.8] (15 [A.

22 x [E1%2]



E2- 3K AN  EROEA R E R XTFRE ADMM 534
ADMM 3R ## 2, vy FlOJRAEEBRIIE— X3 T )\ BU55E (312,31, 32))

1 ARA S B O R AR R B A F
LR CL, FRATT LA RE P AT 4 BEIRIZRPE L A R A (B 01, 60 2 R, A, D) PR

min{6:(z) + 02(y)|Az + By =b, x € X,y € Y} (E2.1)
(Rt B H R EUR: Lz, y, \) = 01(z) + 02(y) — AT (Az + By — b), 3 C AT 8% S AL 73 A2
w*€Q, Ou)—0(u*)+ (w—w)TFw*) >0, VweQ, (E2.2)
T —AT)\
P, Kb o w=| v |, u= < v ) , Fw)= —BT) . (E2.3)
A y Az + By —b

2 SRBEREENTN-KIESE—ESR (S5 21201838 % Fh sk L #)
FAT12015 FAE (5] i kB, 2018 FRLRIA S v i I M I S 4 — HE R A B s AR A T 5 4%
[FM 26 k Bk ARG 58 IAZ O AR B of TFIG, SRS T A5 o, 15
a* e Q, 0(u) —0(@") + (w— *)TF@@F) > (v —F)T QW — %), Vw e Q, (E2.4)
L. FP AR QT+ QRIEER. [ E24) ot = 0%, ot AT B22) Mw”, BRI R |
FEIK BRI P 5 B R B AR50, u = (2,9), w = (2,9, 0), v = (5, M).]
[AZIE] MRA4E TSR oF, 45 B0 AR & o BEFHER S 0P AR
P = ok — M(F — o), (E2.5)
FATFR (B2.4) H 16 Q PN FEFE, (B2.5) Hh i) M R IEHE P
(AT S804 SR 1 ] 25 5 B TR HE B Q, WK V2 SR v AR IERE R M6 R 20 A
FEIEEEE H-0 5 HM=Q, }H G:=QT+Q-M"HM ~0. (E2.6) )
T (B2.4) FEZ IE (B2.5) 4352 A1 1 (A1.19) Al (A1.20). WSRPEA A (B2.6) 5 A1 () (A1.21) A [F].
DRI, B AT$2 (R, A (B2.6) WO, A | Fake b H B G 5 515 i ORI 2 40 B |
[ — o < o = o[ = ot - 2 (E2.7)

FEJE T ) G-H ST, A 48— HEZR VARSI RO S VEARIE . E A F o i3 s R Y VA HE 2 B0 U A S

.

3 XFREY ADMM 25355 (207 2] #1[31] He, Liu, Wang and Yuan, 2014 SIAM Opt.)

& IEADMMI) 3 — Bl 5 SR B AB V22 23 0 SR A e, oy 7 IR0 LA, % B S5 [R) O ) 3L S IE — 7K Lagrange 7€
T PR MATERI 1€ (0,1) Flo* = (yF, NF) IR, 3518 TR 7 s0RAG wht! = (a1 yh+L, Ab )

2" = argmin{6; (z) — 2T ATN* + 18|/ Ax + By* — b|)? |z € X}, (E2.82)

C6H K I ADMM] AtE = 2F — B(Azh T 4+ ByF — b), (ne(0,1)) (E2.8b)
& E+1 _ . T pTy\k+L 1 k+1 2

y" T = argmin{fy(y) —y* B* A"z + 56| Ax""" + By — b||* |y € V}, (E2.8¢)

AL — \R+s L 8(AzR ! + ByFt —p). (E2.8d)

AT T AT 55 30 55 (B2.8) M T (E2.4) FIAZ IE (B2.5), SR J5 FH 444 (B2.6) J2 e iF 7 U S k.
D). AT . PEE AT 2 B 0 A Ak i (E2.1), R IR AL OB & oF = (yF, AF) TRU6, ZEAE T
M (B2.4) (45 R v BTG R, WA & o TN B v 44 2 6 5 Rk

FeXx, 0(x)—0.(E)+ (@—T(=ATN) >0, VaeX (E2.9)
XA, 78 T H
it e argmin{ 0y (z) — T AT)\F 4 18| Az + By* —b|)? |z € X}
R, I AE = A — B(AZF + By® — b) AT, ¥4 (B2.8) AL B (KR A w1, 255
@t = (@0 M) = @y N - B(ADTT 4 ByY - b)) dm B,

23 x [E2x1]



i* € argmin{0; (z) — 2" ATN* + 18| Az + By* —b|? |z € X}, (E2.10a)
o §* € argmin{fa(y) — yT BTNz 1 18]|A7% + By — b)) | y € V), (E2.10b)
A= £k — B(Az* + ByF —b), (E2.10c¢)
BEEHE A2, R 28 = o1 (B2.100) H1i AR, (B2.8b) ik A2 B LA R R
Mtz = \F _ B(AZF + By — b) = AF — (AP — M) = 3 — (1= p)(WF — AF). (E2.11)

FIFH (B2.11) 1 (E2.10¢) () AF, (B2.10b) Hh ¢F ] AE R AR,

gk

e argmin{fy(y) —y" BTN 4+ 18] (A7 + By —b) + Bly — y")|? |y € V}
B . 02(y) — yT BT[AF — (1 — p)(AF — AF)]

- argmm{ LT BTR(AR + By — )+ L8Bly — )2 | Y
= argmin{f(y) — y" BTN + u(\* — M)+ 18|By — ") |y € Y} 55

SR, T (B2.10) 9IRS RE AR (iR | T otop IR 2 0(u) — 0(3), BB 2 F ().

i* e X, 01(x)—0:(3") + (z—i")T{=AT)\F } >0, Vo e X, (E2.12a)
7" €V, ba(y)—02(5") + (=) { =B N + BBTB(7* —*) — uBT (N =\¥)} > 0, ¥y € Y, (E2.12b)
A e jm, (A= M)T{(AZ" + BF* —b) = B(7* —¢") + 5(\" = \")} >0, VA € R™. (B2.120)

. J

X BT AT B A QR R — AR — i, R E T RIS 0(u) — 0(uP ), TS
FBA R F(wh ), IR ANGE (B2.2)-(B2.3) HIFIC T, 35 (E1.11) 5= R

"€ Q, O(u) - 0@") + (w — ") TF@@") > (v — ) TQW* — %), Yw e Q, (E2.13a)

ﬁqj T T
BBTB —uB )
- . (E2.13b)
@ ( —B I

2). SRJETHERZIE. HEEHXTRR) ADMM (E2.8) A B wh ™ B4 i (E2.10) 4 i F R EASK 1.
T (B2.10) HH i) 2 A1 g% 2 F (B2.8) ) o1 Fly*+1, %) (B2.8d) HR i) AL, Fefi T
AL = \RFE B[ B(y* — §F) + (AZF + By® — b)]
= A —u[-BB(* — §%) +2B(AF" + By* —b)]. (B2.14)
TR (B2.10¢), H uB(AE* + By* — b) = u(\F — \F), F 6453
AL = Nk [*MBB(y — ")+ 2u(N = AN)].
FA)iE UL, wh T PR ORI oF T = (YR AR

N k+1 k I 0 k_ ~k
[4%IE] (gkﬂ) = (gk ) - ( 8B 2l ) ( ‘;jk _gk ) A (E2.15)
3). EJaSRUECS S, X T (B2.15) A AR TR 4R R
(T 0 . (U =5wBBTB 3BT
M= <uﬂB 2ul ) > H= < -1B 55l ) (E2.16)
ATLABRAIE Y 1o € (0,1) B, H IEE A HM = Q GEFFE Q W, (E2.13b)). 14k, HF%E
G = Q"+Q -M"HM=(Q"+Q) - M"Q
B 28BTB —(1+ u)BT I —uBBT BBTB —uBT
S PR R T [ (e vy
28BTB  —(1+4 p)BT (1+w)BBT'B —2uB” B8BTB —BT
-\ -a+pB 21 B —2uB np ) - =m| _p 2r )

PR S (IADMM—HE, 4 B FIRES, H A G #BIEE, JEIFRE VAR b IESE. Wit 40 (E2.6) i 2.
(s m ke i ik, 2 SR B I G — A0 PSR P, A BT R (B27).

24 x [E2x2]



F1-3k = o B3RO A R A Gauss B {XE ADMM X
EHIZHET 8 ADMM AFUNBEMEREIERN L &R, 34, 36, 37)

1 EIEHET 7 ADMM K =R 1] 43 55 0] B A~ BE PR MEWL S (25 [33] 2016 Math. Program.)
FRATHE R P 2 P 20 B =T 43 B B AR AL B (61, 0, 05 2 R R, X, Y, Z R A )

min{6,(z) + 02(y) + 03(2)|]Ax + By+Cz=b, x e X,y € Y,z € Z} (FL.1)
(IR BT H B L(2,y, 2, \) = 01(2) + 02(y) + 03(2) — AT (Az + By + Cz — b) K0 N2 AR

(VD) w* €Q, Ou)—0(u*)+ (w—w)TFw*) >0, YweQ, (F1.2a)
ffie, Hrp

x N —AT)

_pT
w(z) u—(y) Flw) = —gTi . (F1.2b)
A “ Az + By +Cz—b

ELHEHE] ) ADMM KRB =/N0] 73 B M ARAK IR R (F1L1) %2 -

) 2" = argmin{6; (z) — 2T ATA* + 18| Az + By* + CzF — b||?* |z € X}, (F1.3a)
%ﬁ*ﬁ;ﬁé Yt = argmin{6s(y) — yTBTXF + %ﬁ||A$k+l + By +CzF — b||2 |y € ¥}, (F1.3b)
i (F1.1) M = argmin{f5(z) — 2T CTAF + L8| Az*! + Byt + Cz — b||* | 2 € 2}, (F1.3c)
ML — 2k g(Agk ! 4 ByFtt 4 2R —p). (F1.3d)

ATAE 2016 4 (¥ SCE [33] 45 H, ELIEEHES 19 ADMM SR8 M A6 1) @ (F1.1), 2456 [ A, B, C A A
FERERIBI EARIESS, B ATB=0, ATC=080# BTC =0 M J7 % — @Sl F£—RIEH T, AReORIERSL.

IS

2 AIPLARIEIER ARSI G —HELR (17 [36], 2015 (Fi2 & 2%30)
T-BE IE R St —HEZEFRAT] 2015 FETE I8 F 20 R SR P i kR Y, 2018 45 L& P BRI .

[FUM) 56 kBRGS0 & oF FRIR, SRAG T L oF, 115
" € Q, O(u) —0(@") + (w — ") TF(@*) > (v —")TQ(* — &%), Yw e Q, (F1.4)

AR SRR QT QR IEEN. [ MR (FLA) o oF = 0% b WA T (FL2) 1w, LA AR |
AR PRI F2 A B = 50T 53 3 LIRS, 890w = (2,9,2), w = (2,9,2,0), v = (3,2, \).]

[KZIE] AR 03 00 0F, 45 A% O AR B o TSR oF 1 I AN
P = oF — M(vF — oF). (F1.5)

FATHIFR (F1.4) HE) Q NTRIMFERE, (F1.5) Hh ity M R IEHR FE.
(TSR AR x4 5 O TR AE RS Q, ZERBETH IR IEFERE M 39 2 a1 R 2% A«

FAEIEEME H -0 13 HM =Q, }#H G:=Q"+Q—-M"HM - 0. (FL.6)
[HEPES A PE AR 1% 0 BT 51 {oF } B IRARPERR: | Rkt H A G 5 S0 it SRE M A g 46 |
[t — v < o = o = o = FIIE, et e V. (F1.7)

\. J

AR AT (F1.6) 3 /2, SR IS, 755 T G-H BLC R, 45 40— HEAL SIS SO 1 58 VR IE .

3 X Gauss [ B FM-8Z IE 75 3% (21 [34] He, Tao and Yuan 2012 SIAM Opt. 1 [36])
ZEAT Ay B AR R (FLL1), BEGEAR MAZ AR B oF = (YR, 28 NF) TR, IR AR o BTN A A
i* € argmin{0; (z) — 2" ATN* + 18| Az + By* + C2F —b|? |z € X}
A B (F1.4) B4 R v BT E, BREEK EIA o T i e e 14 2% A e A% 5 Ak
Fex, 6(x)-6,E") + (@ —3)T(=ATN) >0, VeeXx
KPR, FeFFMB A A = A — B(AZF + By* + CzF — b). ik, 3A15EH

25 % [Flx1]



i* € argmin{6:(z) — 2T ATN* + 1B||Az + By* + C2F —b||? | 2 € X'}, (F1.8a)

) §" € argmin{0s(y) — y" BTA* + 18]|Az* + By + C2F —b|* | y € V], (F1.8b)
) k¢ argmln{Hg( —2TCTNF 4+ 1B||AZ% + BjF + Cz — b||* | z € 2}, (F1.8¢)
| N =2E — B(AZ* + By* + C2F —b). (F1.8d) |
PRI 5 ™. AR A o RO B PR e 2 A, 43 B T0IU R 0% 1) (F1.8) (7R 43 A5 R 0
e X, 01(x) — 01(3%) +(x — #F)T{-ATHF } >0, Vo e X, (Fl.9a)
7 €Y, 0a(y) = 0:(5")+(y — §"){=BTA* + BBTB(7" ~y") }20,Vy ey, (F1.9b)

F e 2, 03(2) — 03(FF)+ (2 — 25)T{=CT N+ BCTB(5" —y*) + BCTC(F - 2%)} > 0, Vz € Z, (F1.9)
(AZ* + Bg* + CzF —b)

A e jm A— AP ~ e
— | ){B@’“yk)C(é’“zkHéwm}—’ € R (F19)

~

xf EREES GERIZERRIAE &), IR AR A% (FL2) Piid 5, 133 (FL9) IR ERR
Wt €Q, O(u) - 0(a") + (w — )T F (") > (v - 7")T Q" ), Ywe€Q, (F1.10a)

Hrp
BBTB 0 0
Q=| pcT™B pctc o |. (F1.10b)
-B -C 41
QT + Q A _EIEFER (4 B, C FIHAKI /& 1E 5 ). F I RE R TRIN A, FARS IR AR BOR A% O AR &
vl —v(BTB)"'BTC 0
HRIE] ofF ! = o —M@O*—o%), Hp M= 0 vI 0], (0,1). (FL.1D)
—~BB -BC I
XF 45 5E BT AR B Q AR IEHE R M, A77E 1F 5€ H F
18BTB 1sBTC 0
H=| 1pC™B Lip[CTC+CTB(B"B)"'BTC] 0 (F1.12)
0 0 51

Wie HM = Q. IbAh, 2v € (0,1) B, 55 FE
(1-v)3BTB 0 0
=QT+Q) -M"Q = 0 (1-v)gcTc 0 | =o, (F1.13)
0 0 11
W SIME 25 (F1.6) 3 2. USSR AN SE X (FL7) BROZ. TR RE A, 0 mT DLaEE G AR T A () B =R
F=L b, BT (F1.8) {FE (By, C2F, \F) stn] LLFFGA, #21F (F1.11) th el L@ i

k+1 k _ k o~k
(cfn) = (ete) (0 07 (0 Zi) =t ot st vty e

SEBL, IXFERONIT AR T — KT (F1.8) 4L T (ByF !, C2M 1 A1) JRATTRE X ML B phy i — AT ZE A .
H (F1L.10) ) v B 0%, AR (0% — 0*)TQ(v* — o%) > 0. FHHAR#, ¥

By 3 ) BI 0 0
g::(cz), FeEI EIVALD) (@—fUTQ@k—§H>0,;E¢QL:(ﬂI BI P)‘ (F1.15)
A I -1 I
file T IR LU, X (F1.15) Hhif) Q, | EERE Q P Q %R
lgr 1gr o vl —vI 0 (1—v)pI 0 0
H=|1pr 281 0 ,,M( 0 VI(O MG = 0 1-v)BI 0 |,
0 0 3In —BI —pI I 0 0 51

WA HM=Q MG =0T + Q- MTHM = 0. Xk, BT IER €51 = ek — M(eF — &F) sz,

KRIE e = P M(EF—EF) Bk EATE AR (F1.14). ffd (F1.7), FEH {€*} B4tk i
€51 — €713, < l1€F — €13 — 16" — E¥115,  ver e BT (F1.16)

26 * [F1x2]



F2- K =Aa] s BROEL R E B 92 F1T1EN LY ADMM &%
ity F 2 FIEOREEITRBEHMENINA X (S 0k (2. 35, 36)

1 BEEHEI 7 ADMM K = 7] 93 55 0] B A BE AR IEWBLE (217 [33] 2016 Math. Program)
FRATFE— M R PE 20 R = B ] 733 AR AL (N EER 01, 0o, O3 AT — AN 500 i) /3

min{6; (z) + 62(y) + 05(2)|Ax + By+ Cz=b, x e X,y € Y,z € Z} (F2.1)
FIRLME B H BREL L(z, v, 2, \) = 01(x) + 02(y) + 05(2) — AT (Az + By + Cz — b) KIS AL AR ARZER
(VD) w* €Q, Ou)—0u)+ (w—w) Fw*)>0, YweQ, (F2.2a)
fofi#, Frh
x ., —AT)
w(g) u(y) Flw) = :g;:\\ . (F2.2b)
A & Az +By+Cz—b

FATELLH3E [33], FHEHHE (1) ADMM SR —Hem] 70 B D AL el B (F2.1), — RS TR T, AMPRIEHCSA.

2 AILARSRISIEE RS9 G—4HESR (21 (5]J. Oper. Res. Soc. China (2015))
TH-I2 IE B 28— HESEFRATT 2015 FEAE I8 5 27 4R SCE P B Y, 2018 AR £RIR SCHE (2] Hh R4 %
(UM 55 & $BIEARMGS G B 028 B oF FRER, SRS A& ok, #i75

" € Q, O(u) —0(@") + (w — ") TF(@*) > (v —")T Q" — %), Yw e Q, (F2.3)
FRL. JE SRR QTHQ RAR L IERZH. | M Esteh of = 0%, o 41T (F2.2) thif w”, SR FIBHIAR. |

[#ZIE] ARIE TG B oF, 25 HAZ O T v BB A o AN
P =k — M(F - o*). (F2.4)

TSI A P X245 B TR Q, TSRV VB IEHEE M S 4 26+
FAEEEHIE H - 0 13 HM = Q, JtH G:=QT +Q - MTHM - 0. (F2.5)
SKRE, AU {o") BB 0" 0" < ot ot Il -G, et eV (R26)

WS AT (F2.5) W5 2, FERUR IS, JETH MR G1h i B G, A Gu—HE 2L 5 ik B8 1 4 iiE B

3 ERSE(THMIEMIIE ADMM /33% (214 [35] IMA Numr. Analysis, 2015)
SRR =] 23 B AR 1] R (F2.1) (38 3~ FAT I IE T3 ADMM 73, 138 L v = (y, 2, A) 1E R
AR R, IR MNAEI oF = (y¥, 28, \F) TFIG, SRif « T 10 UG, AT AR B y R 2 i . Jd i
[ (ohle argmin{0; (z) — 2T ATNF + 8| Az + By* + C2F — b|)? |2 € X}, (F2.7a)1
Yt € argmin{6s(y) — y" BTAF + (| Az* T + By + C2F —b|* + FB(y — v")|* |y € Y}, (F2.7b)
A1 € argmin{@3(z) — 2T CTA\F 4 gHAaij + By* 4+ Cz —b|)* + %HC(Z —2M? |2 € 2}, (F2.7¢)
MHL = AP B(AZ L ByR T 4 CF T ) (F2.7d)
EHESRA WP M > I, WA TEX A7 3RS, #98 AP T2 = AF — B(Aab+! 4 ByF + C2F — b)
T3V (F2.7) i)y ar Lhd i
yey}

| 62(y) — yTBTAF + 18||(Aa* Tt + ByF + C2F — b) + B(y — y")|?
k+1 2 2
€ argmin .
Y & { +Z BBy — y")|?
yey}

ar min{ O2(y) — yT BTNk + yT BT B(Ax* ! + By* + C2F —b)
& +3BIIB(y — y*)1? + 38I1B(y — y*)|1?
— argmin{6a(y) — y" BINHE + STBB(y — )2 [y e V) fE
[ 3, (F2.7) Fh ) 21 ] U@

PAARN= argmin{Gg(z) —ZTCT 3 4 B1B||C(z — 2|7 | 2z € Z} 43

27 * [F2x1]



L p =7 4 1, I5iE (F2.7) W] LASCS sS4 A8 T 2 A AL 2 )

2"t € argmin{0; (z) — 2T ATANF + L8| Az + ByF + C2F — b|]* |z € XY, (F2.8a)
A3 — Ak — B(AdMT + ByF 4 C2F —b) (F2.8b)
y**1 € argmin{0s(y) — yT BTN 4 L5 B(y — y*)|? |y € V), (F2.8¢)
2 argmin{fs(z) — 2T CTAN3 4 Lg(IC(2 — 2)|? | 2 € 2}, (F2.8d)
ML= \F — B(AgM T ByFt! 4 C2F T —p). (F2.8¢)

HI A1 §2rP i 48 —HESE, WS RIE B A U T B, DAk BRATHE J7 ¥ (F2.8) MUB AR AR A A AO TN B2 1E T 1%,

i* € argmin{6; (z) — 2T ATN" + 18| Az + By* + C2F —b|? |z € X}, (F2.92)

] g € argmin{s(y) — y" BTN + 58] Bly —y")|*ly € V}, (F2.9b)
N 2% € argmin{03(z) — 2T CTN* + £8||C(2 — 2M)|]*|z € 2}, (F2.9¢)
A= \F — B(Az% + By* + 2% —b). (n=7+1) (F2.9d)

771 (F2.8) H i) w1 FITI (F2.9) o wh Z Al 96 2 -

AR LY - | BED Us s +BB(yk _ gk) +ﬁC(zk _ gk) (F2.10)

)

\.

KR, BTN (F2.9) 75 31 )1 48 fie I 1 2% 1l 22

e X, 01(x) - 0.(FF) + (x— )T {-AT) }>0, Vo e X, (F2.1la)
J" eV, 0:(y) = 0:(5") + (y - §){ BTN + uBBTBG" - y")} 20, vy €V, (F2.11b)
FeZ, 05(2) — 03(2%) + (2 — M) {=CTNF + upCTCO(ZF — M)} > 0, Vz € 2, (F2.11c)
. - AZ* + Bg* + CzF —b)

k m _IK\T (NVWWWQVWWWWW~ > m
AF e jm (A= AF) { B N SO k- Y } >0, VA € R™. (F2.11d)

LA R R R I, FRIZIZ 0(aF), TSR F (o). 53] (F2.11) IR ERER:
a* € Q, O(u) — 0@ + (w— " TF@F) > (v - ") TQW* — %), vw e Q, (F2.12a)

AcA~~l

Hr
uBBTB 0 0
Q= 0 psCtC 0 . (F2.12b)
-B -C 3
A (F2.10), TN (F2.9) 3801 @F 01 5] (F2.8) A% LA i oF L RIE AR
I 0 0
KSIE] P =R M —o%), Hp M= 0 I 0 . (F2.13)
-8B —pC 1
FERE (F2.12) B T HE FE AT (F2.13) H B IR HE R a5
uBBT B 0 0 I 0 0
Q= 0 pBCTC 0 M M= 0 I 0. (F2.14)
-B -C I -BB —BC 1
T U FRAE
nBBTB 0 0
H = 0 ppCtCc 0 |, (F2.15)
0 0 51

ALAAIE HM = Q. 24 B, C Atk H 1E5E. LAk,
(u—1)BBTB  —BBTC 0
G=Q"+Q) -M"Q= —BCTB  (u—-1)BCTC 0
0 0 %I
BT u=7+1>2 % GARLIEE. WSH:24F (F2.5) 5% £. 7€ He and Yuan, Optimization Online 6325
B (S IE R R FRAE [38] Springer Proc. Math. Stat., 360, Springer, Singapore, 2021), A1 C 4 F#A:

[ 5 b K (P28t > 2 B > 15 (RBRUSEIL w K T L), SRR AT . |

(F2.16)
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GI-\NFABGHEH—NFEIHAEZIE—FEE
Z—EZRSI M FHRIFN TR (S FSTIR9, 40, 41, 45))

1 BEWSFSRIGIES A RIEU SR G —HEZR (H AT g s S HES2, 6, 36))
PATHELAEL o N A4 ) B Lagrange 2R 51085 A 25 AR 43 AN

w*€Q, Ou)—0u)+ (w—w)TFw*)>0 YweQ (G1.1)

(M. SR AR ANAD 43 A, FoAl] DV et T R T B TR- e 1F 45— HE 2
[ [FM 5 kIR E RO AR B oF TRIG, SRAB TR A ok, {675

" € Q, O(u) - 0(@") + (w — ") TF@@r) > (v - F)TQWF — %), Ywe Q (G1.2)

L. SUPAERE QT + Q RIE . [ W15 (G1.2) th oF = %, b M1 T (GLI) 9w, B . |

v ATLLS w AR TE, AT L w B4 40 & 140, 7 ADMM 1, u = (z,y), w = (2,4, A),v = (y, A). \
[KZIE] HRAE TSI oF, 45 HAZ O & o FEFNER A 0P T AN
P =k — M(F - *). (G1.3)
PATRR (GL.2) H i Q FyTRUAE FE, (G1.3) HR i) M s IR FE.
(TSI S 1] %45 5 H TIOI AR R Q, 2SRV (A% I RE B MLV SR A F A
TAEIEEMEME H -0 #i15 HM =Q, #H G:=QT +Q - MTHM = 0. (G1.4)

BREA (GL4) W2, SEFLR IS, B8R e — R §3 A 2, RIS FHER 245 5.
PAEBRA TR AT iR (B 7 IR0 T (G1.2) RIZIE (G1.3), 285 ERAUERSICRF (G1.4) BESTH L.
FL b, BATRER QT + Q, H A G A EIEE, XA 4T REREANTIEE, T 2447 7] 7385

) 20 ) 4 P 40 PR A 7 8 ) 20 DR R R B R I A 5 I 5 AR Pl — 3 L.

FRKTR C1rp b BERT ST 23 B8 i B ADMM o, H IE & BERAIERE B R ARk, B) BTB & IEE .
2 Gi—HEZR P 73 AN M X B4 T R RO P

TG KH M- IE J7% (G1.2)-(G1.3) SRR /- A5 (GLL1), IR %4 (G1.4) 35 2, W54
FRIRIEACFE B {vk )} Al {ak )} B R

O(u) — 0(i*) + (w— &) F (") > (o= o" 3 = lv—2"|I3) + 3" =" ||E, Vw e Q (GLS5)
Pl

||1}k+1 _ U*H%I < Hvk - ’U*”%I - H,Uk . f}kHé, Vo* € VX (G1.6)

WERR 7E (G1.2) A4, A Q = HM (W (GL4) Rl 30), 6
O(u) — (") + (w — ") TF (@) > (v — ") THM (v* — 3%).
T Mok — 5%) = (oF — oF 1) LRIEAR (G1.3)), LR LS A
O(u) — 0(a*) + (w — ™)' F(0*) > (v — oF)T H(w* — oF ). (G1.7)
i 25
(a=b)"H(c—d) = 3{lla —d|} —lla—cllz} + 5{lc = 0lIF — lId - bll3} (GL.8)
FAFAER(GLY) A4S, B a=v, b=10" c=0" Fld=o", FHA1F5
(v =) THW" =" ) = S (o = " F = [lo = o*|[F) + 5 (I[v" = "7 — o =%1F).  (G1.9)
X (G1.9) #i%i 55 —#7r, FIH (G1.3), HM = Q il 20" Qu = v"(Q" + Q)v, AH

- - (GL3) - -
[v* = 8% |17 — lo** = a5 lo* = "7 = (" = o%) = M@" =)

= (W"="THM+M"H)W" — %) — (v* — ") "TMTHM (v* — &%)
= (W ="NT(Q+QT — MTHM)(W" —4%) (FIF (GL4) "FHEFE G 5 )
= |o* =33 (G1.10)
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PA(G1.10) 25 RARN (G1.9), #1532

(v—")TH@" — 0" = L(JJo — "5 — [l — 0" |I%) + Sllv* — %1%
XA S RN (GL.7), 5 FI4518 (GL.9).
RAE B s BLAE B AS 5E —ERr, RE (GL.5) I w AT R MR S w*, 5tE
[0 —o* || = [[oFT — o™ (|3 > [loF = 3F(|E + 2{0(@") — 0(u*) + (@F — w*)T F(@*)}. (G1.11)
G (0F — w*)TF(0F) = (0F — w*)T F(w*) k&, TA1E
O(a*) — O(u*) + (W* — w*)TF (") = 0(a*) — 0(u*) + (0F — w*)T F(w*) > 0,
H M (G1.11) 155

k k k ~k
e e i [ Al [

SR E RO (GL6). D | A5 ADMM (UK IEJHAE, 4R C2 M 38 CLUER] T 5 (GL.5) RIFEHOREIR. |

AL IR C3 i & 21 C1 152 ADMM i 7 2 SR WCSS0H 2 14 it ) 58 B C3, &5 (GL.5) [FIFE
W] DAHEAS Gt —HE 2R SR3OS 2 PR . 9% T ADMM (13 77 5 S0 W S 26 if 2 2k
FAZRX (G1.5)UERAM). WL B. S. He and X. M. Yuan, SIAM J. Numer. Anal, 2012, 50: 700-709.
AT (G1.6) HH 1) H NVEEUIERE, G NG FERE. 518 (G1.6) & E B J7 vk S RIS S ) e s A 25 X !

MUE B I 2 7T LIS, 58 3 G 450 Q& (G1L4) b QT +Q, H 1 G 3540 e IE & I ATy SR AL

3 ATLLHSRME—EREENFENIIG—HELR 55 R MIHESL A8 F R TT R 5075
T I (G1.2), S5 RS H 2 241 (GL4) BAERE M, A B8 ST (GL.3).
TRATHE S H— A5 2 St i M e IE AR R MR H 1 77 13

T (G1.2) #2441 Q W 2 QT + Q = 0. D=0, G=0,
WS AT (G1.4) BER I A IR R M — D+G=Q"+Q,
1716 H - 0, {#i1§ HM = Q; MTHM = D,
FHG=Q"+Q - MTHM » 0. HM = Q.
D>0, G0, D=0, G0,
D+G=QT+Q, D+G=Q"+Q,
OTM = D, — M—0-TD (G1.12)
HM = Q. H = QD 1QT.

VAR IEHEE M, BSRAEAE H = 0, 1 HM = Q FRIFE G = 0. ExX5 30 H A1 M 5 /X H 44

BT AT Q. LARTRARNE S H R M. M A (GLA), L AR LA AL,
UL OA A — U T AR RO TR Q. MATLAHE £ R B D, HIGIHZ 0 < D < Q7 + Q.

SRt M = Q7D SR M, SCATREE (G1.3), IS E AR AR A2 T3 QT ORI A L7 5311
BAE v+ = oF — M(oF — %) BT LUBIE QT (v — oF) = Db — ob) S, Q HAHE AU HEBREH.

4 AEEUEFS RS EAEZR B B R TTEIER G (ot BUIR G T 208 2 R IETT75)

SE G T-12 1 T75(G1.2)-(G1.3)FEFAH(GL.4) FIEHI. ARG LI2)AIG.4) 24, ATHAE (G1.12) #
IS, WA TE, §1H AR (G1.4) FIRIGUE TS A, MIs3rh AF v 2 A B R At 7 078

B FER TR ST (G1.2) i 2 QT + Q = 0 ITIAEFE Q, i D, fiifs
0<D<QT+Q, HEW M=Q "D  FFEWMKIF(GL3).
XRE, FR-FEIE 792 (G1.2)-(G1.3) P AE R4 {oF} i 2 8 B G [ 4518, Hor
H=QD'Q" M G=Q"+Q-D,
AR IR E B, TR P AN ER A B R0 H.
FEFE Q — B —A B R = AR b —A 7 SOR— @Rk ) JE R 2 k.
BHEEAH M = Q TD 52 iR IE (G1.3) B K QT (vF+l — oF) = D(0F — v¥) # AN A !
AHICH G2, G3, UL N H H G ) H2, H3 275 A/ -1~ BE G0y B i B A O 25 et S0
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G2-IRIBWHFHNFENRIEAEKRB =" BROEMN—KTE
PABEIEHET B9 ADMM HFUNBIARIRRIEG A (B HSCHR39, 40, 41, 45])

BEWS FRIGUE 7 A RIE SO G —HEZR  (HM AT LS I s E S HE 4
PATTHELAEL o A4 ) B Lagrange B8 5185 A 25 AR 43 AN

1

[ w* €Q, Ou)—0u)+ (w—w)'Fw*)>0, YweN (G2.1) ]
(. SNSRI AN AR 3 AN, FATC LWt T R TR -12 1E (R 48— HEZE
[(FUM] 55 kB IEARNGS 2 BORZ AR & oF FRAG, SRIG TN A& o, f#43
* € Q, O(u) —0(a") + (w — ") TF@F) > (v — ") TQM* — %), Ywe Q, (G2.2)
BT Forp AR QT 4+ Q AR R IEE .
[(FZIE] ARYETME RN oF, 45 A OAR & v FEFNEAR S oF T AR
P = ok — M(F — o), (G2.3)
(TSRO S5 A ] R4 M TR RE % Q, BESR BT MRS IERE R M3 2 4 T 2% A
EIEEEM H-0 §18 HM =Q, }#H G:=QT+Q - MTHM > 0. (G2.4)
X B2 AT (G2.4) 2 FHRIGUE 77U SivE, A0 RS G 9 §3 (SR IE B N T R R vH- 34 1 7%
B AN X T (G2.2) i 2 QT + Q >~ 0 MTRIAERE Q, & D, 130 < D < QT + Q,
RIGEL M = Q~TD XFEHRIE (G2.3).  BuBlRM QT (vFH! —ok) = D(oF —ok) B F| vkt

M Q — U — > B G RIB P = A AERE b —AS 77 SOk — (BFk =) FERE AR, AT 175 5 Ris.

2 EAASROLEEE T BT B ADMM RS 7
=SR] B B IR R FEAH L (Y VIAERE RS FL A Ceqi 7 A48, AR A e i) (F1.8) filt 7Tl

i* € argmin{6; (v) — 2T ATN* + 18| Az + By* + 2% — b|]* | 2 € X}, (G2.5a)
ol gj: € argmin{Qg(y) —y"BTNF 4 18||Ai% + By + C2F —b||* | y € Y}, (G2.5b)
2 € argmin{03(z) — 2TCTN* + 18| A%* + Bg* + C2 —b|* | z € 2}, (G2.5¢)
A= \F — B(AZ" + ByF + C2F —b). (G2.5d)

AR ARAG ) B B AL PR A, A3 BT (G2.5) A2 73 ANAE UK (G2.2), FLHIFEFE Q 9 (3 1L (F1.10))

BBTB 0 0
(TR B R% ] Q=| poTB pctc o |. (G2.6)
-B -C 4l

3 ETF(G.e)fymMiERE Q A RIBIBIE GrEUH 2 QT(v ! —vF) = D(* — v )mvkﬂ)

B 0 0 BB™B 0 0 pI 0 I
#HieP=|10 C 0|, WH Q= BCc™B BcTc o | =P BI BI 0 |P. (G27)
0 0 I -B  -C %I —I I %I

FIFEE R, X QT + @, BATH
28BT™B pBTC —BT 281 BI —I
QT +qQ=| Bc*B 28CTCc -CcT | =pT| BI 281 -I|P (G2.8)
-B —C 21 -1 -1 3I

PATH (G2.7) A1 (G2.8) A7 vty Lol 43 FHE B 20 AR R RERE Q A0 (QT + Q) A%, id ik @ A1 (QT + Q). B
BI 0 0 281 BI —I 51 =51 0
Q=(BI BI 0 Q"+Q=| Bl 28I —I| EEmF Q"=|0 LI I |. (G29
I —JI %1 - %I 0 0 BI

7 (G2.6) Hh 45 5 I T 6 B Q, FRAIT AT LA JE R 3 4% RN [ 1 D, 3 AN — B IR OE J7
PR A - TR 3% AR 45 5 1 (By®, C2%, N0) HEAT T (G2.5), N T F — IRk AR, k-2 ke 1E R 242
fH (ByF L, 2R ML) 3T (G2.6) 45 H A TRUIIHE P42 (00 A% R, BRATT 248051158 B 34 3 A T £ s 2 5%
PERIFERE D, 45215 2 QT (v — v¥) = D(0% — v*) Ity (ByM T, C2M 1 NRFL), S8 subH I (A% .

31 % [G2x1]



3.1 Y585EME QT + QO MR EEEMSE -1 [N F YA TMUES (ByFtt, C2F+1 A1)
28I pBI —I (1+v)BI  BI —I (1—-v)BI 0 0

oTv+o=| pI 281 —I|= BI (1+v)BI —1I |+ 0 (1—-v)BI 0 |, (G2.10)
-1 -I %I -1 -1 %1 0 0 %I

Hd0o<v < 1 XFERAE QT + Q WIZHERE QT + Q /il s/~ IE /& 55 F.
AT (G2.10) A B —ANMEREN D, W D = PTDP, Jif2
QT(Uk-i-l _ ’Uk) — D(f}k _ ’Uk) (G2.11)

HL AT B K
PTQT P(w* ! — %) = PTDP(3F — o). (G2.12)
bliibol
QT P(* ! —vk) = DP (" — )

BRI Por 1 s 2 (G2.12). 48 _E A S Tkt 2

BI BI —I By+tt — Byk (14 v)BI BI -1 Bij* — By*

0 BI —I CF1 2k | = BI (1+v)BI —1I Czk—0ZF | . (G2.13)

0 0 I ARFL - \R —I -1 I Ak — \F
FIH (G2.9) ity QT AL HL D, K15 (ByF 1, C2FHE A1) [l A 308

Byt By* vl —vI 0 B(y* — g*)
Cll=(ck ] -1 o vl 0 C(F-z2%) |. (G2.14)
pLan AF -BI —BI I e — Nk

KGR R R 1AL (F1.14). X6 (7] — 500, BATTAT OB L e 5 AN R HFF & 21 60 D, s R 7.
32 WIRIERE QT + Q AMBRA AN EEIEM T E -1 DA T —UOERBMER (ByF !, C2FH AR

28I BI —I vBI 0 0 (2—v)BI BI —I
of+o= | pr 281 -1 = 0o wvar o |+ BI (2-)BI —I |, (G2.15)
-1 -1 21 0 0 i1 I I 11

Hry € (0,1). FIFE(G2.15)4E QT + Q MIRZIERE QT + Q /M p 1 WA~ IEE R FF, 18 b um it 2 — 4>
FEREE Ny D. [FFER] L
QTP(U]C+1 _ ’Uk) — DP(TNJk o Uk)

133805 2 PTQT PPt — oF) = PTDP(0F — oF) [ty Pub . BARS FF Rt &

BI BI —I By*t1l — Byk vBI 0 0 Bj* — By*
0 BI -I CF+l ok | = 0 wvBI 0 Czk — O | . (G2.16)
0 0 4I AkFL — \R 0 0 I AR — AR
FIH (G2.9) ity QT AL HL D, K15 (ByF 1, C2FHE A1) [l A3 0R:
Byk+! By* vl —vI 0 B(y* —g%)
crl | = Ck | -0 wI &I CzF-2F) | . (G2.17)
e+l AF 0o o0 I B — 2k

33 %R Q7 + O NERLA AL BIRIEEFERE [y T — UGSAATIHE R (ByF+!, C2M 1 AR+

281 BI —I 281 BI —I
QT+ Q=a| BI 28I —I|+0—-a)| BT 28I —I]|, ac(0,1). (G2.18)
Sy - %I -1 —I %1

TAHE (G2.18) A H I H —MHEFEN D, KA (By* T, C2F L N 175772

BI BI —I\ [By*t!— By 2681 Bl —I\ [B(y*—g")

0 BI —I Ctl—Ck | =a| BI 281 —I C(zF—2F) | . (G2.19)
0 0 %I ARFL Nk -1 -1 2I A — )\F

FIH (G2.9) ity QT RIX LK) D, RAF (Byr T, C2F 1 N1 [ A3 0h:

By~ By* I -1 0 B(y* — ")
CHt1 | = ok | —al O I 51 C(F =25 |, ae(0,1). (G2.20)
PUan AF —pI —pI 21 A — Nk
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G3-=AN1] 73 B R e o3 R 4 F R B T RE B v Fn 75 7R SE B

MIZIHEIBRIFUNZIERE B A fE—EE L (S HCHR39, 40, 41, 45])

I G—iERT=NA2ERN S RTAETL
AL MR VLTS = By T 43 80 O DR OSSR 01, 0, O AR (TR i

min{6; (z) + 02(y) + 03(z)|Ax + By+ Cz=b, x € X,y € Y,z € Z} (G3.1)
(R0A% BT H B L(2,y, 2, \) = 01(2) + 02(y) + 03(2) — N (Az + By + Cz — b) M) i AR AN

(VD w* € Q, Ou)—0(u)+ (w—w)TFw*) >0, YweQ, (G3.2a)
(i, Jerh

x - —AT)

_ BT
w=| Y|, uz(y) F(w)( —gTi ) (G3.2b)
A z Az 4+ By+Cz—b

FATC L HE, F EHAE 19 ADMM K i =Hea] 73 B M AR AR 1] B (G3.1), £ — 1 T T FF A Re DRIV S
NRAR (G3.2) IXAF IS A&, BATC LW 7 R I TR 1E (Gt —HEZE.
[T 56 kSRR NGE E HAZ O & oF FRGR, SRAF T AL ok, 15
" € Q, O(u) — 0(@") + (w — ") T F (@) > (v — M) TQW* — %), Ywe Q, (G3.3)
AL Fo R QT + Q AR B IEE M.
(K IE AR FIUAS 2000 08, 45 A% O AR B v TSR T oF I AN
P = ok — M(* — o). (G3.4)

(TSR] X2 QT + Q > 0 MITIIERE Q, R BTH AR IERE R M i 2 00 T 5%

fAEIEERIE H -0 i/ HM=Q, J#H G:=Q"+Q—-M"HM > 0. (G3.5)
ML MR QT 4+ Q >~ 0 TR Q, £ D - 0, G » 0, {3 D+ G = QT + Q, K
QT (vF !t —vF) = D(oF —oF) FEK. (G3.6)

(G333 MG E I (ByF, C2%, NF) s al LLFFIR, A2 1E R ZR BB AL 2(G3.6) 1 (ByM T, C2F 1 AR,
2 PEITFERE T FIRIE 75 AR SEER
TERARAE 3y A (G3.2) IR, R LL v = (y, 2, \) FA%0o A8 &, UL SR T [ F i A2
01(x) — 01(3%) + (x — )T (=ATNY >0 A1 N =P - B(AFF + ByF + 028 —b).
IXFERY 2% W] LUE I X448 1 (By®, C2F, AF) Rl o~ 7 1
i* € argmin{6; (v) — 2T ATN* + 1B||Ax + ByF + C2F —b|]* |z € X} 15FI.

20 WERIERE Q HRE QT + Q- 0 [HlH% «, A, y, 2 KT H#EAT]

261 0 —I 26BTB 0 -B7T
BOEAERE Q= B 281 —I |, BT Q = SCTB 28CTC —CT |.(G3.7)
-1 —I I -B -C 51

AR 5y AN (G3.2) A1 (G3.7) B Q 3k ak, IR F (G3.3) AL AT

01(x) — 01(3%) + (x — #F)T{-AT\* }>0,Vee X, (G3.8a)
02(y) — 02(5") + (y — 7*)"{=B A" + 28B"B(5* —y*) = B"(\* = A"} >0, Wy €Y, (G3.8b)
[ —CTM + BCT[B(§* — y*) + 20 (3% — %))

—CT(M = \F) }
(AZ* + Bg* + CzF —b) }

(A~ X’“)T{ "B = yF) S C(F = 2Ry + S(k = AF)

HRHE TR A3, X B F = (&%, g%, 28, NF) T LI SRR R T A 1 R A R

05(z) — 03(2") + (= — 2") >0,Vze Z, (G3.8¢)

>0, YA € R™. (G3.8d)
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i* € argmin{6; (v) — 2T ATN* + 18| Az + By* + C2F —b||* | 2 € X'}, (G3.9a)
] M= \F - g(AzF + By* + C2F —b), (G3.9b)
et g € argmin{&z TBT(25\k )\k) + BBy — yk)H2 |y € y}, (G3.9¢)
2% € argmin{65(z) JrzTCT[ﬁB( yF) — (20 = \B) + B|IC(2 — 2M)|? | 2 € 2}.(G3.9d)
W IE LA R QT +Q (W, (G3.7)) 43 Al BRHI AN 1E 58 HE R (AN, A6 J0 75 2 B m] BRI, 512, AT TR I 3 A At
481 BT —2I 981 0 I 181 BI -1
o'+ Q= BI 48 =2 |=| 0 98I —I |+ | BI i1 -I]|. (G3.10)
-2 —2I 21 -1 -1 31 -1 -1 31

bR A S P A IESE AR 22— D, T BUE N a8 T — S RIF IR R I (ByM T, C2F L AL

BykJrl Byk B(yk _ gk) %I 0 I
Czl | = | CF | —Q7 "D C(F-2F) |, Hd 9T =| 51 41 21 |. (G3.11)
plan AF AF Ak I I 481

22 WEZIEMRE Q@R QT + Q- 0 [FZ =y, z, A (T EAT]

[\

BI 0 I BBTB 0 BT
DEERIERE] Q= | A1 BT 1 |, MBMBINERE Q= SCTB BCTC CT | (G3.12)
-1 -1 I -B -C 31
M AR5y A% (G3.2) 1 (G3.12) HAERE QRIS X, LI T3l (G3.3) i B AT A2
01(z) — 01 (3") + (x — #F)T{=AT)\* }>0,Vee X, (G3.13a)
02(y) — 02(5*) + (y — §*)"{ =BT\ + BBTB(§* —y*) + BY(\F = \¥)} >0, ¥y e Y, (G3.13b)
. —CTX\k 4+ gCT —yF)+ C(EF -2
03(2) — 05(3%) + (2 — 9T { B@* )+OT(&,€ _Zxk)i} >0,Vz€ 2, (G3.13c)

(/\ _ /\k)T W N
“BF—0F) ~ CEF =24+ S0k -3

AR B A3, XL ok = (2F, gk, 28, NF) BT LAGE SR AR 1 67 1 R

} >0, VA € ™. (G3.13d)

i* € argmin{6; () — 2T ATN* + 18| Az + By* + C2F —b|]* | 2 € X'}, (G3.14a)

K] y € argmln{é?g( —yTBT A 4 2ﬁ||B(y — yk)H2 |y € y}, (G3.14b)

- ¥ e argmin{fs(z) + 2T CT[BB(FF — y*) — NF] + 1B8]|C(2 — 2M)[* | z € 2}, (G3.14c)

A= 2\F — B(AZ* + By* + C2F —b). (G3.144)

W BB RE QT + Q (W (G3.12)) 73 il B /> IE SE HE MR AN, A T0 75 22 (R R, 52, FRATTHE L 40 i At
28I BI 0 i 0 0 361 BI 0
o +9o=|( BT 28I 0 |=| 0 ipr 0 |+| BI 28I 0]. (G3.15)

0 0 2I 0 0 gI 0 0 gI

e Eb RPN IEE R Z — A D, FJETU\L_L iﬁﬁ@ﬂ‘—{/\%ﬁﬂﬁ TRE (ByM T, O AR,

Byht! By* (B =) . 5 11 —5l 0
AR HL AR AR — \K 0 381

23 Jjik I s QERQT 4+ Q - O[F#E , A\, A5 v, 2 ﬂiﬁﬁﬂﬁ’] llﬁf?i&ﬁ]

331 0 0 33BTB 0 0
BREREEI Q= 0 381 0 |, HRKITIAER Q= 0 3CTC 0 ].(G3.17)
N - %1 -B -C %I

B Al BL AT B S AR R A2 7 AR K (G3.2) A1(G3.17) HRERE QINRIA S, FLSEBLTI (G3.3).
K IEERZHRE QT + Q (WL (G3.12)) 43 i A~ IE € HEREROAN, A5 T 55 2 By ml Re k. {81, AT 1K FE 23

36 0 —I i8I0 0 51 0 -1
or+9o=( 0 331 —I|=| 0 4BI O |4+| O 381 —I]. (G3.18)
-1 -I 21 0 0 l] o = %I

(| 0 (G3.1), e e R R OB KB, 3 b e — e O R 0 23 B s
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H1-3k 2 M 29RO im B A FM- B IE B T~ W 4Bk = B A
R U-FUN-#E SE Ao BB PE AR EE FEPE (2 17 SCHR(39, 40, 41, 45])

1 ZMARMOMEEREEET S AEFRR PPA HiE
BATHELAEL o N A4 ) B 1) Lagrange B8 51085 2 A 25 A8 43 AN

w* e, Ou)—0u*)+ (w—w)Fw*)>0 YweQ (H1.1)
FRIR R SRR AN ARy A SR, A TE D ST/ 4 1 AFIE iS5k (PPA)
UL R SE(PPA) 55 k- IR ANGR € I 0 B oF TG, SRAFHT IS AC A wF !, 45

e, 0u) — 0" + (w — W TF (W) > (v — " HTHF —oF ), Vw € Q, (H1.2)

WL Sl HRSFRIESERE. R L E2 AT A u = (r,0) 0 = (2,9.0).0 = (1, ).
A (H1L2) AERE I w € QO w', S EAE] (541 — o) TH(oF —o5+1) > 0.
Boa=(of—0%),b= (oF — ), FAFIED [ H(o—b) >0 = bl < [l — lo - bl

f

(PPA WSt SA 1 57) R — o ||% < |oF — vt |5 — o = 0T, Wt e v (H1.3)

2 FN-KIEE ARG — AR R HU S
& 1 PPA, A TEAERL R A1 §2 F1 G1 /v 43 1 SR AR 73 NS5 (H1L 1) BTN KL IE ) SE G —HESR
[FRUM) 55 k ABIEARNGE E A% 0 & oF TRIG, SRASG TR0 A3 0k, 75

" € Q, O(u) — 0(@") + (w — ") T F(@) > (v — 8T QWF — &%), YweQ (H1.4)
oL, FERE QT 4 Q IEE.
[RZIE] A4 AR B ) oF, 45 A% O A & o IHTEAR Ao A

P = ok — M (R - oF). (H1.5)
AT R (H1.4) iy Q TR RE, (H1.5) Wiy M R IERERE.

(TSI SR 18] X4 52 I T E P Q, SR et AOARS IEHE B M s /Rt 2%

FEIEESEM H-0 §15 HM =Q, 3#H G:=QT+Q - MTHM = 0. (H1.6)
FR ONFARE G B — NEEBIH A TR MiE — R EE) (e B G b, IE B T Sk e 1 R
[ 481 R ] R —v* |3 < o —o*||% = [oF =R ||, Yot e Vr (H1.7)

F-AZ 175 1% (HL4)-(H1.5) FIARIE M50k (H1.2) Z [ fI5C & #7 (H1.4) o AERE Q XTAK, stic i H,
FECH ) @F g wh BRI (HL.2). X WA TAEHLS) PR M = 1, (H1.6) P G5 T H. i
Tob = ot G = H, FN-RIESA ISR (H1.7) 3Rk 1 4RIE s MY ST (H1.3).

3 G—HERP AN S —EE M RAIEH
6 AT SAR P (H1L6) (955 HESR S LB A WS IR (HLLT), 3500 {0 — ob+Y | 32 U AN 1.

TEIBH RFA S AEX (H1L1), B {oF}, {@F} & i Fil-RIEHESE (H1.4)-(H1.5) A2 Ay, Rk sl
PR (H1.6) 5 2, A

o+ — o2 < ok — o — (08— ) — (0 - ) 2, (HLS)

B ] H A,

”karl o vk+2”%{ < ||’Uk o karl”%. (H19)
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JERR 4R (H1.4), TATH

0(u) — 0(a*) + (w — ") TF(@*) > (v — %)T Q" — %), Yw € Q (H1.10)
A

O(u) — 0(a* 1) + (w — P HTF(@*Y) > (v — FHHTQFH — o811, v € Q. (H1.11)

KA H1L10) F1 (HLID) FEE w € Q 2RI oF LRk, 153

O(a" ) — 0(a") + (0" — @) F (%) > @ - oF)T Q" — o)

i
G(zlk) . o(ﬂk+1) + (’LDk k+1)TF( k?+1) > ({]k _ 6k+1)TQ(vk+l _ ,(~)k+1)'

¥ ERFE A LA IR A (0F — oF )T (F(aF) — F(@* 1)) = 0, #iH

(616 . ~k+1)TQ{(Uk i ﬁk) _ (Uk+1 _ 1~)k+1)} > 0. (H1.12)
A% (H1.12) ﬂﬁlﬂﬂﬂl:{(v _ % ) (v k+1 _ ﬁk—o—l)}TQ{(Uk _ @k) _ (Uk+1 — {;k+1)}’ 7]
(F = oMHTQF = %) — (M =)} = JI(F = %) — (W = T |Pgr ).
M HM = Q M M(v* —o%) = (vF — ¥+l (LHLS)), #tH
(W —oHTH{(0" = o) — (M =02} > (08 = 08) — (M =) fgr gy (HLLS)

IR, FIFRMEZER (lall3, — 1613 = 207 H(a — b) — la — b3, 1 (H1.13), RATEE

[ e e
— 2(Uk _ Uk-‘rl)TH{( k-‘rl) ( k+1 ’Uk+2)} _ H(vk _ Uk-‘rl) _ (Uk+1 _ Uk+2)||%[
> H(,Uk _ ﬁk) _ (Uk+1 ~k+1)|| {aT40) — H(vk _ Uk+1) _ (Ulc+1 _ ’Uk+2)||§_[. (H1.14)

it bR E — R (vF — oF ) = M (0% — o) (JLHL.5)), H
[[(% = * ) — (WP — v’““)IIH M (0" — &%) — M (o — 5% ))13, (H1.15)
i (H1.14), (H1.15), HAH QT + Q — MTHM = G, #1535

o — oG — o = o > f ) — (0 - ),

SXHLR (H1.8), LU (H1.9). iEWI5EH. O [k C3MsE M C4, L ADMMOWHFIRER T FIFERITE IR
( sz B R - I 5 0 BEVEAE DTG PPA s — HE AR BERRRORE I, 5 FEH (0% i R R L. )

4 RBESEFHHFNESROTN-BIERNT R EE
RIS AT (H1.6) 4 —HEZL Sy R S M R (H1.7) AT (H1.9). W R —AEZE v 9 A S e s
ﬁﬁ HL7) A5 0P — 0|2 ST |0k — P12, Tk 75 30 5 A 1) PPA (1R (H1.3).
RATCAREI ) Y 24T (H1.4) T T Q 5 QT + Q = 0, FRATA AT LAEL
D=0, G=0 HHE D+G=Q" +Q. (H1.16)
RIG4A MTHM = D, a7 FE A s
—1NT
(=g o (m i

(80 RIS M = Q- TD R H = QD' Q7. FESHATREE (HL5), WSHEIR (H1.7) IhRmr. |

Q, H
p. = {M

Bl-Ke I (0 S PPA. 7E Q xR IO BUI- ke E 77, 12 (H1.16) HBL %455k 0 D I G, {675
D—(C— %(QT +0Q) (H1.18)
T D = G A (HLT) Ay
e A L R (H1.19
%9 D = MTHM (W (HL17), FIF] M (0% — %) = oF — b1 (L (H1.5)), A% (H1.19) A T
ot < ol T et eV L0
SRR (HI1.3) TR M 255, TR TR HSE 0 S 5T B TE 0™ 3L PPA.

[ 7 SCPPA FRZIE R LLE QT (v ! — oF) = 1(QT + Q) (8% — v*) 5 k. {v*} B4k (H1.9) Al (H1.20) ! ]
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HZ-ﬁﬁgﬂ&Tﬁ;ﬁlﬂﬂtﬂﬁlﬁl REY TN -#IE R AR R M E A
I~ XAPA R B A KR IRA] 9 B LRI (S CHR39, 40, 41, 45])

1 RLEENESAFAREEER
F B2 Pn] 73 B AR AL ) R
min{}"_; 0;(z;) | Y0, Aiw; = b, z; € X} (H2.1)
'Eff) Lagrange BAEX L(z1, ..., 2p, N) = >0 0;(z) — AT (X0, Ay —b) EXAEQ =TT, X xR™ L.
B (@], ..., x5, A*) € Q 4% Lagrange BQ A% 1L, AR C1 EP%*EE’J%B# ¥R R AEN

(VD w*€Q, 0(x)—0x*)+ (w—w)Fw*) >0, YweQ

(H2.2a)
MR 4, 3o Q = [T, & x A,
1 —AT X
X1 p ) .
z=| |, 0@)=> 0), w=| ‘|, Fw)= : . (H22b)
x. i=1 Tp —Ag)\
’ A P A —b

\. — .

BATILL Q* FRBHAER (H2.2) FIMREE, G0 —HESL b (1 T A% 1E 77V R e AR Ak il B (H2.1).
[FRM] M E ) wh R, SRAFTRIN AL 0% € Q, (HEH 2

" e Q, 0(x) - 0(F") + (w— ") TF@@") > (w— ") TQ® —w*), YweQ,  (H2.3a)
o Q R ARERAIFR, (IR QT + Q MU R IE5E 1. X ERLERA W = (2,)) |
[BRIE] WA (RIE ) wh ! AR

whtt = wh — M(w® — o*) (H2.3b)
i, Kb M =Q "D, EFEDMHHHED -0, G>0, D+G=QT +Q. |XEESMIIMW

[ B M = Q-7 D, RIE BT LUE R AT QT (! — wh) = D(a* — wh) KB (H24)

2 FRMISEIRAYFF5E 20 (39] Handbook of Numerical Analysis, 24 (2023) 511-557.
ISR (Arah, Agak, - | Ayak, AF) i, @it

&Y € argmin{6; (z1) — a] ATA* + 18]| Ay (z1 — o) ||? | 21 € X1}

&5 € argmin{0a(z2) — 2§ ATNY + L8]] A1 (&} — af) + Ag(zg — 25)[1? | 22 € Xo};

(TR : (H2.5)
5@’; argming ¢ x, {9 (xp)— xTAT/\’C 26\\ Z ( )+A — x )2 }
M=\ — B(3F_ AjEh —b)

Rig ok = (&, 3, ~,’;, M) € Q. | IKRE —FORTHEERY BUN AT AL arXiv: 2107.01897v2 [math.OC]. |

VERE BT (H2.5) dhont i = 1, ..., p, FFAS @~ 1) KB R Be ARk 25 42 P LS Rl
i e Xy, Oi(wi) — 0;(3F) + (wi — B)T{—ATN + B30 _ Ay (3% — ak) + AT(N = M)} > 0, Va; € &,
A o R TRI AR (A AT BLS B
AeeRm (A= M)T{(Th_, 438 —b) + (M = A} >0, VAeRr™,
R L E 23 #r, FUH (H2.2) 5 0(2) A1 F(w) BY5E L, AT (H2.5) FRAT145 31 LLUF A8 53 ANS5 X

SIEEH ¥ a* € Q RMATEN (Arah, Aok, Apxk NF) R, h (H2.5) A st 7l 5. AT
a* € Q, 0(x) - 0@ + (w— ") F(w ) > (w— ") 1Q(w” — "), Yw € Q, (H2.62)
Hrp
BAT A, 0 0 AT
BATA, BATAy 5 A7
Q= : 0 N (H2.6b)
BATA, BATAy .- BATA, AT
0 0 0 +1m
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3 KZIEKHE (H2.4) B (A, ., Apxh T ALY 2L arXivi2107.01897v2[math.OC].

AT 0 - 0 0 281 pBI -+ BI I A 0 - 0
o AT . i 0 BI 28I . : 0 Ay, .
QM+Q=| : .00 7 A : 0
0 0 - AT 0 BI - BI 28I I 0 0 A, 0
0o 0 --- 0 I, - 1 1 2 0 0 - 0 I,
HA v R R 2 QT + Q BIIE R MAZ QR FE. [RIFE L, SR QT 5 A M i
AT 0 - 0 0 BI pBI --- BI 0 Al 0 -~ 0 0
0 A7 . 1 0 0 pr .o 0 A ©0
QT = : .o o . BT 0 : o0
0 0 - AT 0 0 -~ 0 BI 0 0o 0 - A, 0
0o 0 - 0 I, I I I 31 0 0 -~ 0 I,
¥ QT + QM QT ML Al ik QT + Q F1 QT AT
28I BI --- BI I BI pBI --- BI 0
BI 28I : : 0 pI S
Q"+ Q= .. . opr | M QT=| 1 . s o (H2.7)
BI - BI 28I I 0 -~ 0 pBI 0
I . I I %I I . I I %I

I k- UOEAR TR 2 R TE B (Avay, Aok, .., Apag, ) TFERH, IRIE R HR 24T —isfig
B (Aray ™ Agaf T Ayt N B D - 0 R G = QT + Q — D - 0 IRFER LTI

.

AU, D R G BB IE. Mt 8, D = o(QT+Q) M G = (1-a)(QT + Q). a € (0,1).

AT 0 . 0 O\/280 BI --- BI I A, 0 -~ 0
o A7 . i ool pr o210 o 0 Ay o
D=al| : oo ¢ O T : o0 ¢ [H2Y)
0 0 .- Ag 0 gr .- pI 281 I 0 0 A, 0
o 0 ... 0 I I - I I %I o 0 -~ 0 I
WL QT (oM —oF) = D(@F — oF) 1) (Auah ™, Apa ™ Ay TN ATLE R
BI  BI BI 0 Ayt — Aok 261 BI pr 1 Azl — Ay}
0 pI Agay™t — Agah BI 28I Lo AoT§ — Agal
T N7 : e R :
0 e 0BT 0| Akt Ayl BI .- BI 281 T || AZp — Apc}
I - I I %[ ARHL K I I I %] P
-1 1 1
BI BI - BI 0 i -5 0 0
0 pI .o 0 5 . T
Rg BA QT=| " . g oo | =|: .. . _1 » MBS
: L0
0 --- 0 BI 0 0 -+ 0 I 0
I I 1 I -1 0 - 0 BI
At duaf L N e
Apakt! Aok 0 e, e e Agrk — A7k
: =l ¢ |-« o o I -1 0 : (H2.9)
Ayl Apx’; I .. I 2] %I Apx]; — zflp»%];
Ak+L Ak —BI 0 0 I AE— Ak

AT AT A6 BB AR AT 48— HESR (H2.3), XFR M VI(H2.2) () SCPPA ()— UGS AU T 52 BEf i 2%,
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H3-5K % 25 B 7] 53 58 DU 4L 3] et 95 T 4% KB B 1) o7 RN AR &
MR & IR FUNARRERE h & #IE SR I S 3R A 47 B el @ B — R SR

I fREEENEFLAFARERER
R H2 o LK 2 B 5 B AR AL )

min{>?_ 6;(z;) | S Aw;=b, ;€ X} (H3.1)
(1) Lagrange bR 0 1% s )45 28 73 A%
(VD) w* € Q, O(z)—0(z*)+ (w—w)TF(w*) >0, VweQ,
(H3.2a)
e, Horp Q =TT, &G x A,
o) —A?A
o1 » ) :
z=[ |, 0@)=> 0ix), w=|" |, Fw)= : . (H3.2b)
. i=1 Tp _Ag)‘
Tp A le AZ‘.’Ei —b

FATH @ LR A (H3.2) HIMREE, FGE—HEZE P TN -2 IR 7 SRl A2 73 A4 5K (H3.2).
[FUM] MZETE K wh thR, SRAFTI A oF € Q, 2

a* e Q, 0(z)—0E") + (w— " TF(@*) > (w— ") TQw* — ), YweQ,  (H3.3a)

Horh Q HABRMFR, (HER QT + Q HIRHFERIEE . [XEBLERN W = (2,)) |
[AZIE] H A0SR A (REIE A wh !l AR
k+1 _ wk _ M(wk _ wk) (H33b)

e, b M =Q TD. #®EDHEHHLED -0, G~0, D+G=QT +Q. XA S ME
[ KA M = Q- T D, RIEH A UB I SRR M 7 24 QT (wht! — wh) = D(w* — wF) 2B, (H3.4) ]

FEATMBE I (Arak, Asak, ..., Apah, \F) FFEh, KRR HARHAE (A2t Asahtl, L, Apaktt Ak+L),
XFE, BATHE BT RMIEHE QT + Q= 0/ (p+ 1) x (p+ 1) A HIZHFE Q.

2 TR R & TR A R RN TN A SEIE

TERMRAE 53 A5 5 (H3.2) (LR, AT LA w A0 BB 3 p A~ AT BSR4 A il R, A2 — 24
I A7 B PRI RO RE R 91 . O 1 TR RE AL 5, FRATRE S p x p 73 BAEFERI p x 1 SY Y

I 0 - 0 I 0 - 0 I
.. : . : 1
L= I I o, 7= 0 I Co moe=1 1. (H3.5)
I I I 0 0o I I
FIA EmEE S A
LT+ L=T+¢EET. (H3.6)

WATAT ARG Z R ZRERH R QT + Q > 0 IYTRIIN () REFE, H LE T2 &) Sl

T
L. EXQlZ(g f)v Wiy Q?—'_Ql:(I—;ig 25[) ( ) (
T _
(e ) mm emee= (P55 1) = (5 )+ (5) 6 n)
T
. ng(g% 5’5[), i Q§+QS(I;5§5 ?;) (z o> <2> (7. 21)
2

L -¢ s (T4+EET 28\ (T 0
e 31), nH oy +Q4—( _9gT 5]) < )+

5TI

> ET 21
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T+e" o>:<g ?>+(5I) (7. 1),

5. ES(QS:(‘ST i) JUES) Q§+Qs=< 0 o7
IR AP 2238 2 LU S DD IR 2 B % AL TERE, BL S, IAZHERE Qs o, T EL S FAZIERE
T
Q= <_6(§T ff) , 9'+9= <BZ +Oﬁg‘€ 5]) : (H3.7)
FALL (H3.7) TR EOAZAERE A5, e G ) 738 TU00 7 42k 1, B (H3.7) HR A Q, AR IS A T 6 B
BATA, 0 - 0 AT
BATA, BAJAy : A7
BATA, BATAy - BATA, AT
-4, %]m

—A —A

MR AR 7 A5 (H3.2), Gi—HEZEHh (H3.3) Tl f 2k =X, FOF0AE B (H3.8), F (H3.3a) 1 B Ak N 255
0y A @i 1) R R T B S A AR A2

) + (@ — F)T{=AT N + BY i Aj(EY —ak) + AT(AF = AF)} > 0, Va; € X,

TR Xi=1,...
~k
) + (A=)} >0, VAeR™

Iy e X, 0i(x;) — 0:(Z)
PE AR AF #2830 AT DA R
e rm, (A= NO)TL(ST0_) Ak —b) — 0 A (@ — oF
TR AR AR A AT — R F (%), AR LA_E 43 Hr, TR AT LU R i 8 (H3.9) 52K

DI [z € X}

MEEERT (Ara, Ao, -, Apay, A*) R, L

¥ € argmin{6; (z1) — a7 ATA* + 1 ]| Ay (21 — f
5 € argmin{0s(z2) — xT ATNF + L8]] Ay (&} — af) + Ag(mg — 25)[1? | 2 € Xo};
(FoT] 5 (H3.9)
i"; € argming, cx, {0p(zp) — ngZ;)\k + 3] Zf;llAj(i‘f — x?)—l—Ap(xp — x’;)HQ};
A= \F— B(30_) Ajak —b).
R @k = (@, &5, 5,0 e Q. | B TR (413}, Aadf, -, A2 35 |
3 EEFEM D FSSHELIE
X (H3.7) i QT + Q, I L 0 < D < QT + QDA L Fhikik. WHRI o € (0,1),
T 0 1—a)BT+BEET O
D=<a§ 1I>, Q=<< a)ﬁoJrﬁ 11) e D+g=9" +Q. (H3.10)
5 B
W IEE R DA G 35 B/ IR SR, 6 (H3.7) F ity Q, B3 i 28 M A B U IR T+ 515 5
LT —Llp-Teer-T)y Llro-T¢
o= dl Cor ) 2] (H3.11)
~1eTr 181
Ehﬂ: 1 1
I -1 0 0 0 ER !
0 :
cr=|0 1 R T O I RV G
L -1 0 —LT o i1 o
0 -~ 0 I I 2P LA
i1 0o 1pI
FIH Q=T M1 D, W R (H3.12) ELEAFH] (Arah T, Ao, Apzhtt AR+,
Ayzh Tt Ak ol —af 0 - 0 Ak — A b
A2z§+1 Agk 0 ' : Agxk — A7k
[HRIE] =  |-1 o 0 al —al 0 : . (H3.12)
APIZH Apx’; 7%0‘ T 0 al %I Apx’; B 141@2
Pl AP —2af 0 - 0 i AR — K
RIER H3.12) A i) (p+ 1) x (p+ 1) S HUERERZ O~ TD. =7 D 435l H (H3.11) Fl (H3.10).
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Splitting and contraction methods for convex optimization

If I have only two pages, then I will write the following © Bingsheng He

1 Convex optimization and its related variational inequality

We consider the linearly constrained convex optimization

min{f(u) | Au="b, u € U}. (D)
The Lagrangian function of the problem (1) is
L(u, A) = 0(u) — AT (Au — b), )

which is defined on U x R™. A pair of (u*, \*) € U x ™
is called a saddle point of the Lagrangian function (2), if

Lycyi(u, A*) > L(u™, A*) > Laepm (u®, \). 3)

The two inequalities in (3) can be written as (u*, \*) € U x ™,

“4)

L(u,\*) — L(u*,\*) >0, Yu e lU, — O(u)—0(u*)+(u —u*)T(=ATA*) >0, Yu €U,
L(u*, X*) — L(u*, \) > 0, VA € R, (A= X)) (Au* — b) > 0, VA € R,

Combining the above two inequalities, the saddle point is equivalent to the solution of the VI :

(V) w* € Q, Ou) —0(u*)+ (w—w)TFw*) >0, YweQ, 5)

A Au—0b
Please notice that (w — ) (F(w) — F(w)) = 0. The problem (1) is translated to VI (5).

T
where w= (u ), F(w) = ( —ATA ) and Q=UxR™. (6)

For the multi-block separable convex optimization, we take the three-block problem
min{6; (x) + 02(y) + 03(2) | Az + By+ Cz=bz c X,y Y,z € Z} (7)

as an example. Its corresponding variational inequality has the form (5), where 2 = X x Y x Z x R™, and

x —AT)
v Y —BT\
u=1Y 1], 0u)=0i(z)+02(y) +65(2), w= I E F(w) = T .8
z A Az +By+Cz—b

For the F'(w) in (8), we still have (w — @)7 (F(w) — F(w)) = 0, for any w and % in the space containing (2.

2 Algorithmic unified framework for monotone variational inequalities

We focus on how to solve the variational inequality (5), following is our algorithmic framework.
Algorithms in a unified framework (Each iteration of the method consists of a prediction and a correction)

[Prediction Step]. Start from a given v, find a predictor @ € Q, which satisfies
* e Q, O(u) —0(i*) + (w— )T F@@F) > (v —F)TQF — %), VYweQ, (9a)

where the prediction matrix @ is not necessarily symmetric, but the kernel of Q7 4 @ is positive definite.

v is called the essential variable in the iteration which can be equal to w, or a part of the whole vector of w.
k

[Correction Step]. Find the correction matrix M which satisfied (10). New iteration v**1 is given by

P =k — M(WF - oF). (9b)

Convergence Conditions (It is easy to find the matrix M which satisfies the conditions, see the details in §4)

~

[Convergence Conditions]. For the prediction matrix () in (9a) and the correction matrix M in (9b),
there is a positive definite matrix H, such that
HM=Q and G=QT +Q - MT"HM - 0. (10)
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3 Convergence proof of the methods in the algorithmic framework

Theorem A. For solving the VI (5), let {v*}, {@"} be the sequences generated by (9). If the conditions
(10) are satisfied, then we have

€0, 0(u)— (@) + (w— )T (@) > (llo—o* o~ oF () + ok~ ¥3, Vw € 0
(11)

||Uk+1 _ U*”%I < Hvk _ ’U*”%{ _ ||Uk _ ,DkHé’ Yo* € V*. (12)

and

Proof. Treating the term Q(v* — %) in the RHS of (9a) by using Q = H M (see (10)) and the correction formula
(9b), we obtain Q(v* — %) = HM (v*F — %) = H(v* — vF*1). Thus we get

o* e Q, O(u) —0@") + (w — ") F(@*) > (v —*)THOW" —oF ), vwe Q. (13)
Applying the identity
(a=b)TH(c—d) = 5(la—dlh —lla—clE) +5(lb - ¢l — b —dll) (14)
to the RHS of (13) witha = v, b = 9%, ¢ = v* and d = v**', we obtain
(0= )THWF — 0¥ = Lo = 0¥ 3 — o — o [3) + S (0" — 33 — 0" = 3¥3).  as)

To the second part of the RHS of (15), by using HM = @ and 207 Qv = vT(Q™ + Q)w, it follows that
N N (9b) ~ N N
ok = 54 — o = 4 2 ot — 1 — 0 — %) - M — )
= (" =" T(QT + Q — MTHM)(w* — %) ‘L vk — %2 (16)

Substituting (16) in (15), and then in (13), we get the assertion (11) directly. Setting the w €  in (11) by any
fixed w*, then using (0% — w*)T F(@*) = (0% — w*)T F(w*) and 0(a*) — 0(u*) + (0% — w*)T F(w*) > 0,
we obtain (12) and the theorem is completely proved. O

[This theorem is proved under weak conditions: Q7 +Q >0, H >0, HM =Q, G=QT +Q - MTHM > 0.]

[Assertion (11) is useful for the convergence rate proof of ADMM, see SIAM Numer. Anal. 2012, 50:700-709.]

4 The equivalent convergence conditions and the generalized PPA

Under the condition that the prediction matrix () is nonsingular, it is easy to construct the correction matrix M
which satisfies the convergence conditions (10). In fact, because QT + @ » 0, we can take

D~0, G=0 and D+G=Q"+Q. (17)
Afterwards, we let
HM=Q and MTHM =D. (18)
HM=0Q, Q™ =D, M=Q~ "D, :
Because T 17 We get the matrices M, H and G,
M*HM=D. HM=Q. H=QD Q",

which satisfy the conditions (10). ‘ There are infinite combinations of D and G which satisfy conditions (17). ‘

Choosing matrix D that satisfies condition (17), we get M = Q=7 D, and H = QD~'Q7 is positive definite.
The correction v**! =¥ — M (v — &%) can be achieved by solving Q7 (vF+1 — o) = D(vF — o¥).

The generalized PPA by choosing a special D. We can take a special pair of D and G in (17) by

D=G=3Q"+Q). (19)
In this case, M = %QfT(QT + Q). Because D = G, the contractive inequality (12) becomes

[ =0 [F < flo* = ot |[F = 08 = B, Wt e VE (20)
Moreover, since D = MTHM (see (18)) and M(vk — ﬁk) = vF — v+ (see (9b)), it follows that
[ — v |[F < o = vl = foF = o, et e VR 2D

The inequality (21) is just the main convergence result of the classical PPA, a favorable formula !
Because the each iteration consists of a prediction and a correction, we call it as a generalized PPA.

In practice, in the generalized PPA, we suggest to take D = a(QT + Q) and a € [0.5,1).
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