x 3] AR

T 5 K6 #5002 B & 2] ADMM
75 RFE B SRR 5 AL %E H ok

N A A T 5] A

\:3*\

AT KE KFEFE
o J/m A
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BLEA.

3] x

CA-F AN
D B Lo ARF X RS F AR

 B-¥ 73 A
KM An Ik B BT AR XM YR ok
C-% 75 A

XH T &k (ADMM) Fe &AL B 7 8 ik
.D-#2x34

AR B Sk (PPA) K A48 AR AL 1) A B — e 57
E-#2A398

ARG —AE B2 5 5% ADMM £ 5 3% % Glowinski 7 %
F-#A43%

ARAE % —AE 228 % ADMM £ 25 & Glowinski 7 %
G- A

AABNC SR S G S P i — SR 7 ok

CH-# 1384

Y —AE L2 T HUN-A% IE 689 ) LARIE & H

FHRBINFAHRE IRSFERY, TUREREZ.

11

13



ABRIE OERY R BOAFN SUEEH FEMAN

5 >0 R 1-2 D 18 i /IN— 5L )RR g /NG 5 A ) RRUER e P AR 2 AN R R 2R
f /N 3 ) min || Az —bl| o S AN ZMEARER L, A BLETTVE W] BLRAR. /AR @ min || Az—b][,
BN TR R min (| Az — bl|oo AN, EATHERBAG A& 108 AR, — MR TR R AR T V2K A
1A eR™ " b e R™. DK EN A min || Az —bl|; ME/NCTIE R min [|Az - bl &
A PRI
2. fe/N—H A E (Least absolute deviations) /& — N EYaIg MLk im &5, & e g
min ||Az — b1, (A1)
H e FRBATEHZ 1 m-4EFIE. 12 Boo = {y € R™ | — e <y < e}. FRH AT T RALIR.
(a) HUHH, XHMTATH) d € R™, ||d||1 = max{yTd|y € B}
(b) VA /IR ) A RSORE E F) B 0 2 1 2 73 A3 X
u €, (u—u)(Mu*+q) >0, Yue.
5 I BARI w, M, g 1 Q.
S5 F 3-4 DHBTEAR 73 AN S PR i 72 o 22 3 ) — e 5 i Mot
3. BQ C R, IR R A2 5| BHER]
(@) ||Pa(v) — Pa(uw)] < |lv—u]l, Yu,v € R™.
(®) |Pa) —ull < v —ul, Yo e R™, u e Q.
© [[Pa(v) —ul? < [lv—ul* = [Jv = Pa(v)[?, Yo € R",u € Q.
4. HFBHAER u € Q, (u—u)TF(u*) >0, Yue Q EMTRe(u,B) =0 KEH, Hrp
e(u, B) =u — Polu — BF (u)]
FEFFI -5 T 3R A A2 53 A S A BEIAE FIE, [le(u, B) || WHHIRERIRZE.
SEBRHE EHE I w € RS > 5> 0, BAiTA
le(w. )| _ lle(u. B)]

leCu, D)l = lle(u, B)II - A0 R (A2)
@) Ht=e(,B)|l/|le(z, B)|, (A.2) LR HAT AT EAEW ¢ A— Tt KA
t—1)(t—B/B) <0 HIfiR. (A3)
(b) AR A P R iE )
{e(u, B) — BF(w)} {e(u, B) — e(u, B)} > 0. (A4)
A o
{e(u, B) — BF(w)} {e(u, B) — e(u, B)} > 0. (A.5)
(©) FIH (A4) R1(A.5), iEW]
Blle(u, B> = (B+ B)lle(w, B - lle(u, B)I| + Blle(u, )[|* < 0. (A.6)

AR R (A2).

Y5.2] 1L 5-6 L LA )R PPA F)— 254 5
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5% f(z) : R™ = REZOEKE, Q C R ZHNE. fEEDNEE QIITFE A iR E 2 A3
z* € argmin{f(z)|z € Q} HHMNY 2*€Q, (z—2%)"Vf(z*) >0, VzeQ, (A7)
EW] (A7) S5 R T (AL8) AAFH

" = Polz™ — Vf(z")]. (A8)

6. 4B rHLVE (Proximal Point Algorithm). 1% 3 > 0245 € M AL, f /& AT 0™ R 8. 045 5E 11 o, i

a**l=zngnﬁn{f@ﬂ4—§%nm——xﬂﬁlxe&?} (A9)
(2) W (A9) Hfty o+ R T EEEITRE oF 1 = Pola® — BV f(a*+1)]. Kl PPA 7T LAE{E
— ol U R P
(b) iEHI (A9) P2 RIFF {2F) 62
[+t — 2| < fla* —2*||? = [|a* — 2FHP, vat e Q. (A.10)

(©) & % =1, 2" =0, P A %M (A10) B FVEI SR A 11,
S5 ) R T-11 35 B EAZE [0 i — 8 ™ PR Ak SR AR D7 32 b 7 B R A B R
7.8 f(x) : R — R CA—Z ) B, A e R™77, b e R AR o AU A
min{f(z) | Az = b, z € #"}
MR BARME, MIAFAE y* € R™, 15 (oF, y*) R AL RN

Vi) = ATy, (ALD)
Ax = b ’

HofiR. $m: F C(AT) Fm AT BBIZ10), Y N (A) 7 AIZ A0, FIFI R = C(AT) @ N(A).
8. FIsE FIRAERE HIFK r, K BLAMRIL (6 x ) A (r x 6) KEFEHOTER.

0 0

1 23 45 6 000 1] 4 5 3 1 o o 0
2 00 000 00 0 00 2 200 --- 0 0 0 0o 2
300000 000003 |50 .. o . :
400000 000004 :
500000 000005 S 0 n-l
600000 123456 00 08 112 n-l n

9. TVENGERE A € R [ISHERE AL U,V € R W e R ¥ m < n. 154 H

M=T+w’, M=A+w", M=I+UV"', M=A+UWVT %

I u
o 1|’

11. logz 7£E Xz > 0 L1 FEZ % 2 det(X) > 0 W}, iE4 H V(logdet(X)) HIAEFER .
PeoR: W Xy 2wy IAREAR T 3K

10. THEHERE

A u

UT a

I, U
vl I,

A U

or | MR,

) ?

S X = det(X) ifi=k, X Xor o0 Xm
A I ifi # k. b e | K Kmo Xu
XX* =det(X)I, X1n Xon -+ Xnn

2 % [Ex.A-2]



BEITIE ZMMIELERRATSIAFANBWETE R

A3 KT HIHEHEB S AZER: u* € Q, (u — u*)T(Mu* +q) >0, Vu € QFIRAENIE

1. % QC R NHINE. F(u) = Mu+q. M € R, MT + M = 0,q € R". X4 ERIHE B > 0,
i* = Poluf — B(Mu* + q)]. 4N

uFtt = uF — (I 4+ M)~ LWk — ), a € (0,2), (B.1)
IEBTEAFEA {uh} W2

[+ — |G < o =l — a2 = ) Jut = @), (B.2)
Hrp G =T +pMT)(I+ BM).

2. W Q C RS F(u) = Hu+q. H € ST, q € R WHEMHELS > 0,08 = Po[u —
B(Hu" + q)]. ftn

utt = uf —yaj(ut —a¥), o) = R 02, @)
(uF ) (I + FH) (u* —iF)
HIZEE]
Il — w1 gy < N = w1 gy — (2 = Y)agllu® — a2, (B.4)

3. # B AR 0F = Po[uf — B(HUF + q)] B2
(u* — aMTBH (u* — %) < vljuf —aF |2, v e (0,1) (B.5)
M2, EIEEC wb = aF BI R RIS, 154 TER.
4. N f BRI L PE A AN, ISR of T = Pouf — B(MuF + q)] REASRERIEYSIIN. i,

(o0 1 (o B ,
M—<1 0>7 (1—<0>7 Q= {ue R[] <1} (B.6)

BIEH] () w* = (0,0)7 & Al BRI E—#; (i) w® = (1,0)T I s, Bk 5 — e Ak
25 2] 1 5-6 CHEAEL MBI S AZENX: u* € Q, (u — uw*)TF(u*) > 0, Vu € QIR
5. W QC R ANMINEE. Fu) : R® — R Z2REFT. 8> 0 RERS T MF L
% = Poluf — BF(uk)]. % ub+1 2 AR g b fedl
u+ BF(u) = u* + BF(F) — a(u® —a*), o€ (0,2) (B.7)
. VI B
(W —u*) +BF (W) = F(u)]* < || (u* =)+ B(F (u*) = F(u) [P —a2—a)||u* —a"|*. (B.8)
VLB PR MR VAN EER L, LRSS 81 Z &,
6. X — IR MR R BN AER, v € Q, (u—u)TF(u*) >0, Yue Q.
KRR ubtl = Polub — BF(ub)], 5 SEIEI AR RIS
FABRIERE bt = Pouf — BF(WFY)],  BERAEIRSEI AN A 5 S,
R R AT VETR, BRSO R, gt it
ik = Pofuf — BLF (u")), (B.9a)

[Korpelevich] kel _ - &
Wt = Polub — B F (i) ®-50)

3 % [Ex.B-1]



R
BellF(uk) — F(a®)|| < v|uf —a*||, ve(0,1). (B.10)

THIEI S {uh} W2

bt —u*)? < |luf —u|* = (1 =)L’ —aF)? vut € QF (B.11)

YR 2) L T-10 W VR SRAR S 2 A8 2 AN S R T 5 B0 — e 5

10.

B ab = Polub — B(Mu” + q)]. SRS LRIEAR 53 A B IR 7 A4 BOBE A A i 77 208

(LVI-Alg-1)  uft =uF —yaj (1 + M) (u" — @), (B.12)
(LVI-Alg2)  ulf! = Polu® —yafBIMT (u* — %) + (M + q)]} (B.13)
[u* —a*||?

Hp af = ~v € (0,2).

I(I + BMT)(u — ak)|[>”
Wk Al @k = Pouf — B(Mu” + q)]. T4, FHEM u, N2
(u— @) B(Mu+q) > (u—a*)"B{(Mu* + q) + M" (u* —a")} — [[u* —a"|3 (B.14)

SR, For D = 1R(MT + M) R4 1E 52 FE R
YR ER uk, 4 = Pouf — B(Mu* + q)]. w1 7715 (B.12) A2 pR. EB

vag(u =) B(Mu+q) > §(lu—u"H? — flu—u®|?) + 572 = yaillu® — "> (B.15)
YR w e Q #RAL.  ($a: FIAHZE®R (B.14)).
XERER uF, 0F = Polu® — B(MuF + q)]. w1 f177 1% (LVI-Alg-2) £ B iE#]

vag(u =) B(Mu+q) > §(lu— P — flu—u®|?) + 572 = yaillu® — "> (B.16)
YR w e Q #RAL.  ($a: FIAHZE®R (B.14)).
H (B.15) F1 (B.16) 7] LA4F 3| 2k 1148 73 AN S 2 Ik 75 V2 S S50 6 (R PR . SRS IS 38 A5 1 7 il

||uk+1 — u*H2 < ||uk — u*||2 — (2 - v)aZHuk — ﬁk||2, Vu* e Q. (B.17)

Y52 1113 1R SR AR AR AR 2 AR 70 AN A Ik TR I — S8

11.

12.

13.

Bk = Polu® — BeF(u)] & Br|| F(u*) — F(@")|] < vilu® —ab||. s Ltk 2200 A 55 ik
IR IR A OIS A R 77 2O

(NVI-Alg-1) u’f“ = uF — yajd(u®, "), (B.18)
(NVLI-Alg-2)  uf™ = Po{u® — yaj B F(i¥)} (B.19)
k_ ak\T d(uk . ok
St d(u, ) = (= ) = B (F() = F@), ap = it e 0.

XEETE M ub € R, BRI (B.18) T ot

(= Y 0t BB (@) + 3 (e — b~ = w1 2) > 292 = ) (gt a2, Vu e 0.
(B.20)
Hint: FIfH (AL7), BI (v — @®)T B F(aF) > (u — aF)Td(u, a*), Yu € Q.

X ER uk € R, HESHIEE A (B.19) EH K oM T A

(= )0 B F )+ 3 (b — = w1 2) > 2y(2 = ) (ad) 2, a), Ve .
(B.21)

Hint: 535 (u— 09)0q BuF (1) = (0 — 25T 30f BB (0) + (1 — )T B (),

SR J5 PR AL A S S S A 5 ST

1 (B.20) A1 (B.21) W] LAFG B AE LA AR 73 ANSE b IR T AW SO AR PR USRI B

bt — w1 < |lu® —u*]|? = v(2 — y)aj(@w® —a*)Td(Wk a¥), Ve Q.
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CRIE RBEHENEADMM) MLt b3Z B 75 EE

25218 1-3 1T K ADMM FIZEPE(L ) ADMM DL o505 K 2k 11 ADMM

L HJETHH D KK ADMM J5 ik, € 45 20 3% A 1000 RS I B30 2 4. 1 e, 5 4R C1
M (R, NP R, SEIE (CLS) SRAFAY (2hFL, yF 2, NRFL) G0k (2, g, AF), 4T A, B

i% = argmin{0; (z) — (\*)" (Az + By" — b) + 18| Az + By* —b|* |z € X} (C.1a)
§* = argmin{6; (y) — (\*)"(AZ* + By — b) + §B||AZ" + By — b|* |y € Y} (C.1b)
N =2k — B(AZ* + B —b). (C.1c)

T
A 0 51m
")

(a) EEH(C.D MBS ARZERER, IEW (08 — o) H(0F — %) > (% — %) T BT(\F — NF). I
(W — v H(F — %) > ||oF — 3|14 + (vF — §F)T BT (AR — )F). (C.3)
(b) #Hit (v, %) = |[vF — 3*|1% + (¥F — §F)T BT (AN — NF), IEHA
p(u*, o) > Fllv* — "%
(c) WERGHHEN A oM IIRIE R
FR = g ), Jk o= AU e )

[[v*
VLA XA FHESI R A S
2. ADMM J7i, i R 7R BT y-1 In) A e PR AL AR 3.
(a) T IUFEAZ 1 ADMM 7735 y- il AT AR IR ik
y* ! = argmin{a(y) —y" BT\* — B(Az* 4+ By" — )]+ 181By — ") | y € V}. (C5)
(b) LE?I‘@@B@H%&%&*%%&@%&GQ( ), A HAEF LI IR E 381 By — oF)|12. BTELR
EAL ) ADMM, 3 F 80 IR BR B 3slly — oF (|2 2488 3811B(y — y™)II” (s > 81 BT BJ)).
TE B A AH0X 2 2B (1 26 4 ADMM
Mle, 0(u) — 0@ + (w — T F(wh )

_ kT T
> ﬂ( z 3 ;m > ( gT )B(yk“ — ") + (v =" THTH@* — %), Vw e Q, (C.6a)

H

BB+ D 0
v:(i), H:(ﬂ ; b ) Dy = sl,, — BBTB. (C.6b)

Ry
~

(c) UEBAXT ETRIHERE H, f5

(= o) TH(E = o) = (F = X TBE - ), vet et (©)
(d) UEBXFERIZR AL ADMM A2 (751 {oP} SR8 2
(AF = AR T Bk — b1y > Lk k+1HD i y’f||%B, (C.8)

(e) FRULIEWICSICPE IR A S8 2 4Pk ADMM 72 (7 31 {oh}, RHEAT v* € V7, i 2
(™ = oI + lly* =" 1D,) < (0" = o'lf + 1l = 9*15,) = lv" =" . €9)

3. FEIHEDRK ML ADMM 773, & BRI AC TN AR IE P B0 2 2. 856, KA C1vh
M (R, NF) R, SEIE (CLS) SRAFAY (2hFL, yFE, NRFL) G0k (2, g, AF), 4T A, AP

¥ = argmin{0; (z) — (\*)" (Az + By" — b) + 18| Az + By* — b||* |z € X} (C.10a)
§* = argmin{6: (y) — (\*)"(AZ* + By — b) + § 8| AZ" + By = b|* + 5 |ly — v*|D,, |y € ¥} (C.100)
M= \F — 3(AzF + Bk —b). (Dp = sI,,, — BBTB). (C.10c)

5 « [Ex.C-1]



s - — 8 (C.6), A

W e Q, O(u) — 0@ + (w — %) T F (")

z— N\ /AT
> 5( ~k) (BT>B(gk — ")+ (v =" TH@" —5F), Yw e Q, (C.11a)
y—17
Hrp
BTB+ Dy 0
v=(Y), H= b b ., Dp=sl,, — 8BTB. (C.11b)
A 0 L1,

TR IR S 1 B FE BT TH S K IV ADMM, J45 H OGBSI i A E .
5.1 4-5 U 1B RE FF 1Y) Frobenius i BRI S FRHAEFELE ST (4052

4. WA= (aij) e RV Allr = (72, X2y a?j)l/Q. WEBAXHME R ) m x m IEAZHFE U fn x n IEAE

FEE V., 4 .,
|UTAV |5 = | Al (C.12)

5008 ={X eRmn | XT =X}, 97 ={X e R | XT =X, X = 0} XAEMA e S, iEFIH
A=VAVT, 4 H i i
min{|| X — A||p|X € ST} HIfi. (C.13)
255 15 6-8 1516 ] ADMM R fif— SesE R AR AL, 7]
6. 4 5E ST FRHEFE A, 25 R SR ™ e Ak 1) R

min{1||X — A% | X € ST NS}, (C.14a)
Hrp
St ={HeR""|H"'=H, H~=0}, Sp={HeR™"|H"=H, H, < H< Hy}. (C.14b)
Hy, 1 Hy #3545 € (R SERTRRFERE. BLIEERAR A (C.14) A — g WA, D5 et ik
min X — A|3] + 3V - A}

X-Y =0, (C.15)
XeSt, YeSp

(a) 1R H] ADMM K fi# [ (C.15) BISEA L IR

(b) #H
rand (’ state’, 0); A=rand(n,n); A=(A’+A)-ones(n,n) + eye(n);
%$%% A is symmetric and A_{ij} is in (-1,1), A_{jj} is in (0,2) %%

HU=ones (n,n) «x0.1; HL=-HU; for i=1l:n HU(i,i)=1; HL(i,i)=1; end;
RN A, Hy M1 Hy, R T2 S

(c) H%&MRES 1 FRITTIE, X Lii R PP R AR IR 25, EEB— YRS R,

7. W O R X HR SR ARAERE. UE B Tr(CX) & X MR 5L, — logdet(X) /& X 76 ST, ™ k%L 1%
R RS e TRIBE .
8. ZHE SEXSFRHERE C FIHHL p > 0, BRI AR AL 7]
min {Tr(CX) — logdet(X) + pe’ | X|e| X € ST}, (C.16)
Horp e REA RN LI n-gEF M. | X | FonIBHFE X AN 7 &0 A P
ELHOR AR (C.16) H — & WX, PHILH AL
min  Tr(CX) — logdet(X) + pel|Y]e
X-Y =0, (C.17)
Xesr,, Yesm

A ] ADMM SR 7] f (C.17) (AR 2D 3.
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DA BIERFE (PPA) KEHEREMLEIE K —EKTT

25, >] F5 1 1 i ZE 1 ADMM [T R
1. 350 D h AN RS 3R B PPA #REBCR ] wh ! = wh — a(w® — wb 1), a = 1.5 € (0,2). FRIXFhTT
HONFEAR ) PPA J7325. AT 28 3 PPA i 0 B %

(a) TEBT SXHEE LI @ AL

(w® —w)TH(w® — %) > |w* — "%, Yu* € Q. (D.1)
(b) T HIR HISE i PPA [ 53 SCHIE B 77 VR 2 B PP 915 2
[t —w|[F < [lw* = w[f - a2 - a)w* —@*|F, Ve e Q. (D.2)

S5 21 2 AR Bl e PR SR o MR AE SR (R TR B LA A R B A AR S 77 )
2. WHEFE A = (aiy) € R™" IR r. FEFE A& RED EETRAFEm x m IEZRHFEU Mn x n ik
THEV, /4§15 A = UXVT [(orthogonal)(diagonal)(orthogonal)], 3L 1

op 0 - o o0
0 oy :
Y=
or
0 0 0 O

MTE Al = S0, 0, HFREAHERE A IR
() WAETHESMH A=USVT B
first r column of U column space of A  C(A
last m —r column of U left nullspace of A N (AT

)
)
first r columnof V. row space of AT C(AT)
last n—7 columnof V nullspace of A N(A)

(D.3)

(b) Bof,...of RAFRARE AT AMAETRAEE. V = [v1, 02, -+, 0p, Upg1, - -, o] FEARRLFIAR 1
PRFALE ) . HIEBA

Xti=1,...,r U%_Avj s& AAT MARHEARFIEI . Av; =0, for j=r+1,...,n
(c) it (1/o0j)Av; = uj, WFH

AV = Afv1,v2, -+ ,Up, Upg1, - 5 U] = [ug,ug, -+, up, 0, , 0]
op 0 e e o0
0 o2 =
= [ug,ug, -+ ,up, 0, -+ 0] —US. D.4)
: oo, e

HULULIRAMRAERE U 077 %, JRIEI RSS2 He T R MR A R E A .
4521 L 3 1R ] PPA SRR — LSRR 1 7]

3. XEER C € 8™, KSR D1 H 441K PPA S 3K fig 1) 1t
min{§||X — C||} | diag(X) = ¢, X € S}, (D.5)
Hrp e BN EAN 1 n-4E &,
(@) W NAFAZLMEZ R diag(X) = e B8 & T [|ATA| = 1, 35 H H PPA SR 7 @ (D.5) (3 A D

7.
(b) BT ATA| =1, RFEE rs > 134T #HH
clear; close all; n = 1000; tol=le-5; r=2.0; s=1.05/r;
rand (’ state’,0); C=rand(n,n); C=(C’+C)-ones(n,n) + eye(n);

AR C, FEH ETZS E r s, 19 FE SCHLR AR 7] (D.5).
(c) M 1VEMTHE, Wa = 1.5, % LR P2, - FIEoR.
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251 4 5HE R % min{0(x) | Az = b, © € X} i LA A (1) PPA 7572
FMELEL LR min{f(z) | Az = b, z € X} P AL 0 A%

w*€Q, 0(z)—0z")+ (w—w)TFw*)>0, Ywe (D.6a)
FHorp .
w:(x> F(w):<_A)\> and Q=X xR (D.6b)
A Ax —b

» Augmented Lagrangian Method (3<T- e+ ) [ PPA)

2**1 ¢ argmin{f(z) — 2T ATNF + gHAm —b|*x € X} (D.7a)

ML = Nk _ B(Azk T — ). (D.7b)
* Customized Proximal Point Algorithm (3% TZ4F & w [ PPA)

" = argmin{f(z) — 2T AN + L|jz — 2F|? |z € X} (D.8a)

ML=\ — L4227 — 2F] —b). (D.8b)
* Balanced ALM (S5 T78H& w ) PPA)

2" = argmin{0(z) — 2T ATNF + Lz — 2| |2 € X'}, (D.9a)

ML= Z\F — (LAAT +61) 7 (A[22FF! — 2% —b). (D.9b)

Y5211 5 DE R PN PPA SRR AL ) L 5 B B — M Ty

5. RH “¥M” 7 D.9), FETAERZ — &R (LAAT + 61) 1. B AnFRATT AR H 1 /238 i 1] /1 20 3
£hH {Az=bre X} &

Zl‘ijzsi, izl,--~7m; inj:dj, j:1,~-,n; xij ZO (DIO)
j=1 i=1
Hoh) TE I,
el 0 0
0 e; 0
A= : , 0 | € RmEmxmn, (D.11)
0 0 el

Hrb e, RENPEEZE 1A n-2EmE. EED AN EEA miT.
(@) iEBH (m+n) x (m + n) HpE

= nil,, emez nil,, 0 0 em 61
AAT = = + . (D.12)
enel  ml, 0 ml, enel 0

m m

A R A B AR R R 2 R R, T LA (m 4 n) x 2 Fll 2 x (m + n) FEFERISRAR.

0 eme, em 0 0 e
= . (D.13)
ene) 0 0 e,/ \el 0
(b) RTBRAZIE: #HEFE C = B+ UVT, B, C#a]il, W

cl'=pt'-Blug+vriBtUu)y"'viB. (D.14)

PRI IR (5 + LAAT) ! Ak

8 x [Ex.D-2]



EBIE IRIBGE—HEZRHA R ADMM K FH LK Glowinski 574

SR 2RSS y, X EHGF ) ADMM JEX} y-1 i B kAL
1. FEAZ e y, N SRR ) ADMM (WAL E1 [ (E14)) AR A 08

1
2F1 ¢ argmin{6; (z) — 2T ATNF + 56\\1495 + By* —b|* |z € X}, (E.1a)
MAHL = \F _ 3(AzF Y 4+ ByF — b)), (E.1b)
. 1
y* 1 € argmin{fy(y) — yT BT AFF! 4 §B||Axk+1 + By —b|* |y € V}. (E.1c)

(@) A (B.1) T BT DL G
P € argmin{fa(y) — 57 BTN - X+ LoIB - O e V) )

(b) XF y-F il Lkt 2 Ls|ly — (|2 240 18||B(y — v*)|I1? (s > B BT B||). i X Ffik
RIS AERE AL

O(u) — (W) + (w — W YT F (W) > (v — " TH (@Y — o), Yw e Q,  (E3a)
e y s, —BT .
v = , H= N IE 8 R FE. (E.3b)
A -B I,

FR BB A A DLE— 2D SEARAL IE: 0P+l = 0% — a(vF — o* 1), a € (0,2).
SR> 2 THRFE S S ADMM JEA Fo0f 1 10) 8 H bk R 2000 /N 250 E 3T 77 %

2. Z L) ADMM J& NG SE IR oF = (yF, AF) UK, il

2" € argmin{0; (z) — 2T ATAF + 18| Az + By* —b|)* |z € A}, (E.4a)
y*t! € argmin{6a(y) — y" BTAF + 18| A2zt + By — b|]* |y € VY, (E.4b)
AL R B(Akarl + Byk+1 —b). (E.4c)

(a) X T7E (B4) 1) 2, y-F vl B H AR R B0 EIENIE, SEAREE M wh = (2%, o7, A%) KR,

2 € argmin{; (z) — 2T AT + 18| Az + By* —b|*> + %Hx —zF|? |z e X}, (E.S5a)
y* € argmin{by(y) —y" BTA" + 58] A" + By —b|* + S lly — o|* [y € Y}, (E.Sb)
ML — 2k _ g(Az* L 4 ByFt —b) (E.5¢)

RAFwhtt = (@M y N NSRS, > 0 6, > 02 B8 T [ BER AR K 26 A
RS (B.5) g e ti- K2 1E 7732, B

=gt =yt M= - BAM 4 Byt —b) (E.0)

TR R T AR o AN A U5 R

O(u) — (@*) + (w — @")" F(@*) > (w — 0*) " Q(w* —d*), Yw e Q (E.7)
i i (B.7) "PAERE Q.
(b) HIL(E.5) #% (B.0) M IRt J5, HALIEA XN ! = wh — M(w® — @%). 5 HEZIEE
B M R AT

(c) XFF3X5F - B HERE Q 1 M, EA R HM = Q FIEE 5 FME H. UER 1S 21 H,
MMQ,WREG=QT +Q— MTHM = 0, %EF 5 2

™ —w*|[f < Jlw® = wlff — [lw® — @™ E,  Vw e Q.
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4551 B 3 1 47 Glowinski’s ADMM (1 S=Eas $ie ek i
Glowinski [] ADMM ERFEA17E C BTG 1E ) ADMM J57%, 21X B 1) (E.4), 2 5] & Lagrange ¢
FHIERA T —MaghE 7. B2

M1 € argmin{0; (z) — 2T ATAF + 18| Az + By* —b|? |z € A}, (E.8a)
y**! € argmin{0>(y) — y" BTAF + 18| A2F ! + By — b|? |y € VY, (E.8b)
AFFL = AP A B(AzRH 4 ByFt —b), 4 e (0, 15). (E.8¢)

(a) FRAE y- R BARE AR, S k> 1, JATH T e ),
O2(y) — 02 (y* 1) + (y — ") {=B"N + BT (A2™*! + By**! —b)} >0, Vyc V. (E9)
FIF AR = A=Y — A B(Az? + By* —b), iE]
(A"t 4 Byt — )T B(y* — 1) > (1 — 7) (42" + By* — )T B(y* — y**1).  (E.10)
(b) ¥ (E.8) HIIEACH (E.6) %E LI FHMI 73 4 e P AIAL 1E. i B TN AR 1E 73 73 A
* e Q, O(u) —0(i*) + (w—*)TF@@F) > (v —F)TQMF — %), Vwe Q  (E.lla)

A
P = ok — M(WF — o). (E.11b)
Hrp .
_ (BBTB 0 B I 0
Q= ( _B };I> Mo M= (—vﬁB ﬂ). (E.11c)
T
©#sa= ("8 0 wirm
_ ot Ty [A=VBBTB (y-1)B"
HM = Q, G=Q"+Q MHM( (- 1)B 2-mi1) (E.12)
HE
0% — oI — 0" = > o = MG, Yot eV (E.13)
(d) FIH (E.12) FIHEFE G, iE B
1 ~ 1 -
lo* — %13 = (1 - W)EH/\’“ — X = BB(y* - M)|I” + EW — M2 (E.14)

B y € (0, 1] YR8k, %F~ > 1, FIFH AF — XF = B(AzF1 4 Byk — b) EH
[v" = |13 = BllAz" ! + By* —b]* + (1 — 7)8)| Az*+ + Byt —b||. (E.15)
(e) UEM]: M (E.15) H1(E.10) 1532
[o% = 0*[|E =(2 = 7Bl Az™* + By*t = b|* + 8| B(y* — )|
+28(1 — v)(Az* + By* — )T B(y* — y*+1) (E.16)
(f) FIH Cauchy-Schwarz A553, M (E.16) 43 i e Jo 1IAE XA 2] (p > 0 AT SLH)
26(1 —7)(Az* + By* —b)" B(y* —y**)
> 2225 Az + By® —b))> = (v = DpBlIB(y* — "I (E.17)
(8) M (E.13), (E.16) #1 (E.17) R, BLHI A AHL p = ~ 2 NTTIAdi1S
(" = o*|IF + 57 Az" + By* — b)) — (o™ — o™ [} + 52B( A"+ + By*+ —0|]?)
> L= 3| Aak 4 By — b2 +AIIBWF — ). (E.18)

(h) BJEAFEIM y € [1, 150) I R A%
([ =03 + S8 A = 2%) + By —y7))1%)
< (IW* = oIl + S2BIA(* — 2%) + By* —y7)I1?)
— LB B (| At 4 ByR Tt — b)) 44| B(yE - yF ). (E.19)
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FERIE Z—ERT=A2EREEF ADMM RK757%

F LGB 77 ik, B FE 2 QT + Q IEE AR, RIE o = 0% — M(v* — o%) TE4 M
H>=0, HM=Q, G=Q"+Q-M"HM =0
(2R HEAT. X BT ST, RIEF oF Y = oF — aM(vF — oF) 2B, J5R T E
H=0, M HM=Q. HZ G=QT+Q-MTHM K —FIFE.
X B PR TR E BB 1K an, SRR A {[[oF — v* (|5} IR R B (781 {oR} 1] o™ IS4R).

S5 RR1-2 WP 18 = A AT 73 BEEREL T 3B ) BT TI0I ) 7732 23 3l K o S8 KN e AP A AR IE
F1 56T ELEEHE) 19 ADMM K fiff =/~ 7] 73 B il J3 A F5000 AT LA R
ik e arg min{ 6 (z) — T ATNF + 18| Az + By" + C2F — b)) |z € X}, (F.la)
. gk e arg min{6a(y) — yTBTXF + %BHA.fk + By +CzF —b|? |y € Y}, (F.1b)
[T B . . .
2 € argmin{03(z) — 2TCTN" + 18| AZF + B + C2 - b|)? | z € 2}, (F.1c)
N =2F — B(AZ* + By* + C2F —b). (F.1d)
T 438 43 AN S R 2T B A
a* e Q, O(u) —0(i*) + (w— )T F@@F) > (v —F)TQMF — %), VYweQ, (F.2a)
Hrp
BBTB 0 0
Q=| BcTB pctc o |. (F.2b)
—-B —C %Im

L AV E T LR B A A B 7, FEk 1T RS E /.
(a) #I GEER TR IERERE M 555 F19 M R Z 5D

BBTB BBTC 0 I —(BT™B)"'BTC 0
H=| BCTB plcTC +CTB(BTB)™'BTC] 0|, M=| 0 I 0 |.(F3)

0 0 31 —3B —-BC I
WEEH: 4 B, C Bk H IE58, HM = Q. 318 G=QT +Q - MTHM.
(b) KHKIE
N .1 N
R = P —yap M (0F —5%), of = §(||v T o) /(MW" =3")[F), v € (0,2) (F4)
R
[0 — 0¥ (|3 < [Jo* = v |[F = $7(2 = Nag v — 3 (Tor - (ES)
(c) #H (F.3) HHIRERE M Ak IE 23X
VM= ok %VM (W* =%, v€(0,2) (F.6)

UERAT7 WS R B AN
0410 I < ot =0 =22 (BIBG ~7 P +BIC(H -2 P 5 IN-F)IR). )

2. T (F.1) AfLAMGS SE [ (Byk, 28 \F) FF46, RIEH R T4t (ByF T, CZ’“Jr1 AL g (F2)
w BN w*, A (0F —v)TQF — o%) >0, Vo € V*. FilE e, &

By BI 0 0
£=| Cz |, =| B8l BI 0 |, (F.8)
A -1 -1 %I
FATH G EERT IR FE M S KR F1 AR M 250D
I -1 0
¢ =¢F —apM(h — &8 BHTRE, M M:< 0 I o). (F9)

—BI —BI I
gy TS HM = Q IIE B FE H, FE4h AR T 500 K 1AL IE 2 SCR1 S8 IS Sl I
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25,20 18 3-4 WL = AN T ) B HAAL RDEEEE T IR0 by, 2 T 1) AT R BRI 7TV
FE R F2 A A=A R] 2 BB R y, 2 7 1) RPAT AR ER A 7 8. AT AR S AT T
i* € argmin{6; (z) — 2" ATN" 4+ 18| Az + By* + C2F —b|? | 2 € X},

-k . T Tk k(12
e g" € argmin{ba(y) —y B X" + 58| B(y — y")||*ly € Y},
[ {0, 2 }

2% € argmin{3(z) — ZTOT Nk 4 Lp|C(z — 2?2 € 2},
N =2F — B(AZ* + By* + C2F —b). (B3R 1> 2)
SRJE FRREAT I R AR
I 0 0
[FZ1E] Pt =oF — M(F — o), Hth M= 0 I 0 ].
(BB —BC I )

3. QARSI (F.10) Bk
z* arg min{ 6, (z) — T ATNY 4+ 18| Az + By* + C2F —b))? |2 € X},
j* € argmin{6s(y) — y" B"\* + BBy — y") ||y € Y},
#* € argmin{3(z) — ZLOTNE 4+ 8|1C(2 = 27)|?2 € Z},
A= N\F — B(AZ* + By + C2F —b).
4 R AR 7> AR R
" € Q, O(u) - 0(@") + (w — ") TF(@F) > (v - TQW" — %), Vw e Q,
HEITIAERE Q. 5 H (B11) sRERERE M,
P = ok — o M (vF — oF)
SKOUZIE, 4 i 2 HM = Q MIEEFERE H, BEF K5 A SIS S i A 2 X
4. FESR R =APa] 73 BEHUN A IR R, 25 SR IR AR 73 A4 5
" € Q, O(u) - 0(@") + (w — ") TF @) > (v - TQW* — %), Yw e Q,

Hrp ,
$6BTB 0 0
Q= o 2scTc o |.

-B -C 1

|~

VR I 2 AT S LKA T
(a) A E1D) PHFERE M, # 2 HM = Q WIEZERH M H AHA4?
(b) F (F.14) SEEURZIE, 645 DR 5 A S0 S S A4
5. SR =A PR 3 B P AR U, 25 R BN AR 7> A S
" € Q, Ou) —0@@") + (w— ") TF(@F) > (v — )T QMW" — %), vw e Q,
He
BBTB 0 BT
Q= 0 pctc ot |.
-B -C %I
T 1R ] SE PR AN T 158 B SRR FE TN R T 0, y, 2 FO7 i REAR AT SR .

BI 0 0
() XF (F16) 1 Q, 1545 H AR (F.8) N IAZAEFE Q. #HELH = ( 0 BI 0 )
0 0 4ir
B8
W HM = Q HIFERE M ZAH42?

(F.10a)
(F.10b)
(F.10c)
(F.10d)

(F.11)

(F.12a)
(F.12b)
(F.12¢)
(F.12d)

(F.13)

(F.14)

(F.152)

(F.15b)

(F.16a)

(F.16b)

(b) b X FERE Y M, T4 R IE €74 = ¢F — g M(EF — &F) b Kt SR U RIAR SE Wi Sl

A

6. WH FE ) B, C #R AR, AL M = QT M H = QQT, Fi A (F.14) SLILE: IF, 1§54

Kt 5 24 SN S A 2 X
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GHEXIE WREWSFHNFNMHNE—FRGE

5211 3 HTHEBOKR A min{0(x) | Az = b, x € X'} (R LEF- R IETT ik
AT LACL LR min{f(z) | Az = b, z € X} BI# R FEH A 3 AZE
w*€Q, 0(x)—0z")+ (w—w)TF(w*) >0, YweQ

w:(x> F(w):<_AT)\> and Q=X x R™.

Hep

A Az —b
1 BAVGREEHE R AR 40 A% (G 1) MTRIN-RZ 1E 75 2. 5 — A r 3
o* e Q, 0(x) - 0" + (w—"TF@") > (w— ") T Q(w* —o*), YweQ

T
(@) #W Q= (TOI ’I‘; )Jici: Ho = (51 + LAAT), i Bl 52902
0

FREIE wht! = wh — M (wk — @%) PRAE B4R A wh
PRIEFEAT AFER) M, REAETSARIESS 5 S, e HARRIG H A0 G, 3R IFUSC S 2614

(b) #HL Q = ( ; 13 )ﬁﬂlﬂ Ho = (51 + LAAT), i il T ey 502
- 0

FAZIE wht! = wk — M (wh — %) P4 37 1% AR S wh T,
PRS- ARER M, BEAEASAIE R 5 528, Fhan AR H A G, 30 eSSt 261
2521 R 2-3 DHR = AN AT 3 B AR i) RRAR 6 T WS SSUE SR A 2%
2. AbFEZ AN AT Sy B D ARAK il R R, TR AR 3 AN A
" € Q, O(u) - 0@") + (w — ") TF@@") > (v - TQW* — %), Yw e Q.
PAZ=ANA] 73 B i a1, SR A A 46

B 0 0 By
P=|l0 C 0|, Q=P"QP, ¢=Pv=| Cz |,
0 0 I A

(E—enTQEr =) >0, verezr
BB B QT + Q A _LIEE, MM QW e T + 9 - 0.
BTAE QT + Q = 0 MATHE N ISkt 78 4 2 1F. 1 S iE i
(@) M (G.S), 28 H = 0 F HM = Q, KEIEATRI 61 = b — M(ek — &%), gharias)
(€8 — T EF — 9Ty >0, Ver ez,
(&) W CRI (a — b7 H(e— d) = 3(la— d| — b~ dly) — &(le — allf, ~ [le ~ bl3))

P CE

(G.1a)

(G.1b)

(G.2)

(G.3)

(G.4)

(G.5)

(G.6)

€5 — €513, < €% — €713, — €% — €F13,  ver e =, G.7)
Ht g = Q"+ Q— MTHM, ||eF — &F|2 = (&8 — EM)TG(¢k - &b).
() fEQT +Q >0, H >0, HM = Q MFRT, HH
G=0"+Q - MTHM =0, (G.8)

MIBAZIE €5+ = ¢k — M(EF — &F) PR R B RAR ), B {||€F — €13, } ST 20 T B i1
CAEMIE QT 4+ QIESEIATIR N, M H - 0, fifF HM = QF G = QT + Q — MTHM = 0 FEM T

B HL D>0, G0, fiff D+G=090"+0Q. (G.9a)
YR B B .
M=9 "™, H=0D'Q" Kk (G.9b)

A ER e > 0, R DL @ € Q, 0(u)—0(a)+(w—0)TF(w) > —e, Yw € {Q(@) | |[w—b| < 1}.
WAIRRISy e AR AR A H 2 IXREE X e M2 & 3R, JF gt —HESR 4 I A 73 24K
TFIEH IR o L.
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Y5 51R 5 e =TT 45 BB fb ] R 5 T T A AR A R R R T 7 v
5. 7E F 95803 B (F.10) SR L = 1.5, 510 (G.3) MBI 58, 3o
100

0

0 3pI

, KFH ) @b A, B3] Q= . (G.10)
-1 -1 I

0 3pCTC 0

Q:
1
-B -C BI

(gﬁBTB 0 0
(a) IEW] QT + QR IEREN. #id

BI 0 0
D= 0 |, UFBAZM (G.9a) 2. (G.11)

0 pI
0 0 I
1% (G.9b) 45 A FE M AR IE AR ¢+ = ¢F — M(eF — &%) R
261 0 -1
—I |, IEBIZAF (G.9a) i 2.

(b) WK (G.1) FIEMED S D= 0 281
-1 —I &I

14 (G.9b) 4 HAERE M FIRZIE AR €M1 = &8 — M(¢F — &F) BTt
S5 50 1 67 ML 7 TUMIAZ R B2 RIS =N T 4 B8 By 1A ol 0 1) T30 A2 1 ¥
6. X F BICI 18 A =S AT o3 B i B, S50 S AE 7» A S5 (GL3).

F7 25 78 TR RE B AR AZ A6
I 0 I
Q= | pI pI -I |, (G.12)
-1 —I %I

() W] QT + Q IESE, & HiAH L FRIIAE R Q F 15t W Tt i ] 2B 2
8 o0 o 81 pr 21
. G=| BI 3pI —2I |, iEBZAF (G.9a) T 2.

by #WMD=| 0 ipI 0
0 0 %I —2I —2I %I
HIRE M = Q7D HHIEAR ¢:1 = ¢ — M(¢r — €F) R,

(©) ¥ bE—/NEP DR G Bk, BAERIEAR b1 =k — M(r — &F) i AATER.
a € (0,1), BHERIEAR bt =k — M(ek - &F) REKTER.

(d) #HH D = a(QT + Q),
7. [RIFESR Al = AN AT 2 B 1) 8, K (GL12) 25 H PRS00 R oA PO AR R B 5

BI 0 I
o=|p1 1 1 |.

II%I

(G.13)

(@) UEBH QT + Q 1EE, 4 HAHBL I T HE P @ FF: 15t BH F9000 2% dan ] 52 B 2
iBI 0 0 381 BI 21
. G=| BI 3BT 2I |, iEWIZAF(G.9a) WL

(b) #H D = ( 0 380 0
0 0 %I 2I 21 %I
R M = 0 TD AHRIEAR €+ = ¢ — M(eF - &%) MAMAKER.
(© ¥ L—/NEFI DM G B, FAHRIEAR ¢4 = ¢b — M(gF — €F) IR,
d) #HWD =a(QT + Q), (0,1), IBAHRIEAR ¢+ = ¢F — M(eF - &F) R,

BB ST o —MESR R A BT 5 B TR
Yo* e V*.

[o* ! — 0¥ < [loF — ot (|F — Ilv* - 82,
il
[0F — oI < oF T = oM

Ay IR RIZX RETIE RO, A WS T7 1) ] LAGKSE%% 757
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HEXI@E SZ—ERXRTHRN-KRENT XPEFE

252181 R R I 2 AN ] 43 B ER T A4 IR RS T A 1Al BTG ) SO PPA Tk
2R P25 L TR AR A ) B 1) Lagrange BB 3T S 2N FOR A S AR

w* €Q, Ou)—0(u*) + (w—w)F(w*) >0, YweQ (H.1)
55 kA IEA TR )AL 4 AT 8 AT LS R
" € Q, O(u) - 0(@") + (w — ") TF@@*) > (v — F)TQMF — %), YweQ (H.2)
JIT I8 TR 1 (1)) S PPA HR 1 Hy
ot =oF —aM@F —5%), a€(0,2), M=1Q7T(Q"+Q) (H.3)

SEHL. AT U, BURLIE A SCPPA S35 2 i THUI e — A 52 ). 78 SEPm v S, JRATT I SR RE B4 )
AP IEAE.

L HES T i A A R 2 B 8, e NG E 11 (A, - - - Apah, AV) FFAATIN. i i

@ € argmin{0y (z1) — 2T ATNY + 3 8]|Ayay + 320, Ajach —0f? [ 21 € An };

@5 € argmin{fy(z2) — 23 AZ N + 3 8[| ArZF + Agwy + Y0 _gAjal — bl* | 22 € Ao };

¥ € argmin{0;(z;) — 2T ATA* + 1] Z;;ll A+ A + 300 Ay — bIP | i € XifHL4)
Iy € argmin{0,(z,) — xT ATA* + 14 Z;’;llAji;?—i—Apxp — bl]*|z, € X}

A= \F— B(Ayit + Y8, Ajah —b)

RAF " LS AR R (H.2) BT A7) A48 3O K.

(a) UERHHI (H4) 45 B TR0 T LS Bl NGRS TE K (Agah, - - Apah, AF) TFA6
z} € argmin{6 (z1) — a7 ATNF + 1 8]| 412y + Z?:zijf —b|? |z € X1}
Ao = \F— B(Ayi 4+ 30, Ajak —b)

ik € argmin{fa(v2) — 23 AT + L8]] As (22 — 25) |1 | 22 € Ao}

(H.5)
7t € argmin{0:(w:) — T ATM + L8] S0T) Aj (3 — k) + A — )P | 24 € i)
IF € argmin{0,(z,)— ngZS\k + 34 Z?;i Aj(@h —ab) + Ap(xp — )| |2y € X}
FE 5 TR £ 5K 122 AR 7 AN S (R R
(b) #it € = (Ao, -+, Ayl NO)T 3545 HUM L T AR B Q PR AR Q.
() W PR RE
I 0 0 I 0 0 1
R . : 1
| I 0 I oo Moeo | (16)
o o0 . 0 :
I I I 0 0 I I

(e PR A
£t £Te, ETrTe,
HHEMFAZHEREQ, o~ T M L07T(QT + Q).
(d) 45 HHAHRIAR R SUR T SCPPA IRRIE AR, AT —VOEARRHE (Agaft!, o, Apaktt ALy,
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YR 2 FE S5 ST 1 LR b ek SR ) EUIN 1 3 2 FY 1E T 50
2. 0 H L TT IR A5 A 0 2 el B, (B BEANGR E (1 (Agak, - -, Apah, \F) TFIR, 5 (H.5) BS54

FIRITII. X 0 = 2, ., p, FEa;-TF IR E BRI — I 62| A (s — 2)||2.
HARBER, WG ER (Agah, -, Apzk, NF) R, il
&} € argmin{6y (z1) — x{ ATA* + 18| Arzy + Efzzij;? — bl |z € X1}
A= €F— B(Ayih 4+ 30, Ajak —b)

To € Xg};

02(x2) — 2L ATNF + 1| Ay (20 — 25|12
+308|| Az (o — 25)|?

0i(x;) — T ATAR 4+ 15| Z;';ll Aj(EF — k) + Ag(wi — 2F)|?
+308||Ai(z; — xf)|?

Tk € arg min{

(H.7)

xT; € Xz},

xpeXp}.

ik € arg min{

Hp(xp)_ ngf;;\k + %ﬁ” Zi;i Aj(j? - x?) + Ap(xp - 96’5)\\2
+508) Ap(zp — ap)|1?

~ Lk .
LL'p € arg mln{

KA wF. iEA HAHN TR A (H.2) f 32 4 A2 a0 .
(@) #id €7 = (Agah, -+, Apxk AF), 1545 HHAH R FRIIAE B Q MR RE Q.
(b) H (H.6) ForHUERE £, T F1 E Foam T (H.7) P E R Q, UL 9T fi %Q*T(QT + Q).
(c) £t MIRIAE B SUR T SUPPA FUARRIEA R, N T — UIEARIRHE (Ao ™, -+, Apaktl AR,
(d) *Feb (H.7) 2B A0, AN 7 SCPPA, TiiHL

zf(ﬁoj 101>, WH G=0"+0-D JHEW G-0. HEM=Q7TD
B

R TEREFE M RN R — VORI (Agrh !, - Aokl X+) f ELARETE AR
4551883 NG S O TR G th R MO S 4000 /T 20 B O A0 R SR A
3. I (EL6) TP HIE 5, 2 BB i B
Q_(ﬁﬁ ?j, TE QT + Q RIEEM. (H$)
-£ ﬁl
(a) ST (HL8) 4 H R FE Q AORERTTN, LAk S f 77 st A4 2
(b) XHHLHEIE Q. 4t Q7.

get —g\ (o -g\ (BT 0 £
@-(% 5)-6 )0 2)-()e

B A ANERERE. FARIE X “B—RIEAR” At o T.
(0) S MR AE B SUR T SUPPA FUAR IEA R, T —UIEARIRHE (Ao ™, -+, Apaktt AR,
(d) IR p e (0,1),

0 ir
B
(153 BB B ik 2 UE B AERE G > 0.
(e) I URIRIE 641 = ¢k — M(EF — £F) disEpE M.
FUAT —VOEARHR G (AaahTh, - Apaht M) AL fR A K.

D:(Wﬂ 0), S G=QT+Q-D (H9)
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