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VI -
1 M ADMM %2
ADMM LT84 5] fi 2

min {01 (z) + 02(y) | Ax + By =b,z € X,y € V}. (1.1)

22 B ADMM SK##(1.1) : From (v*, A\¥) to (y* 11, AF 1)
("1 € argmin{6: (z) — T ATNF + 21| Az + By" — b|)*|z € X},

§ "t € argmin{fa(y) — yT BT \* + §||A£Uk+1 + By —b|?|y €Y}, (12

\)\k—l—l — )\k . B(A$k+1 i Byk—l—l . b)

ADMM Y z 0 y-FIo]@ 53 Bl 7l LA S AX:
zF Tl ¢ arg min{ 6 (z) — e TATNF 4 gHALU + By® —b||?|x € X}

= argmin{0; (z) — 2TATXF + Z||(A2" + By* — b) + A(z — 2¥)|]?|z € X}

. 01(x) — xTAT[NF — B(Ax® + By* — b)]
= arg min F g reX
+5 1Az —2%)]



VI -

F0

y* Tl € arg min{Hg(y) — yTBT Nk 1 gHAxk’Jrl + By — b|? |z € X}

= arg min 5 L 3 k+1 k )12
+ S|1(Az* + By* — b) + [A(zF T — 2F) + By — "))

yey}

. { 02(y) — y"BT\* — B(Azk + By —b)] ' }
— arg min yey
+ S| ARt — 2k) + By — y*)|12

(= itk, ADMM 2 8] L 5 BX

f

AR = £k B(Azx" + By* —b)
21 € argmin{6: (z) — 2TAT\F 3 4 SIA(@ — 2™ |z € &},
02 (y) — yTBT)\kJr% (1.3)
B k+1 k eypz | Y€ Yoo
+ 5[ A@E —2%) + By —y°)|
)\k—l—l — )\k—B(ACUk+1 i Byk‘—i—l . b)

yszrl € argmin{




Hehwt \F 2 fast
Atz =k B(Az" + By" —b)

(EEIIY ST
N3 = Prm [\ — B(Az” + By* —b)].

AT RBREAIEERE R ER ADMM BY KX &,
HKAIELR A ADMM 2B BEENHY (1.3).

EEFKAIEEAIBEFRARMAZFAL RO, RIFEAR RO, 12
A=R"  ZFE A=Y
SHATEREE a € R,

Pyrm(a) = a,  [Pgrm(a)l: = max{as;, 0}.

VI -



2 p-RAI G EOEALEIRE B TN IE 5 3%
RS BO LT

min{i 6;(xi)

The Lagrangian function is

p p
L(z1,...,2p,A) = Oi(zi) = N () Az —b),
1=1 1=1

which is definedon Q = [[/_, X3 X A, where

p
%m, if Zle A;x; = b,
A = |

T, if Zle Aziﬁz Z b.

\

iArLCEZ =b (or > b), XT; € XZ}
1=1

(2.1)

VI -
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Let (z7,...,2,, A") € () be a saddle point of the Lagrangian function, then
Lxea(xy,...,2p5,N) < L(x7,...,2p, A") < La,ex, (T1,...,Tp, A").
The optimality condition of (2.1) can be written as the following VI:
w* e Q, 0(z)—0z")+ (w—w) Fw*)>0, YweqQ, (2.2a)

where

& [ -4l )

Z1
w = : , T = |, F(w) = : , (2.2b)
Tp —ALN
\ A N \ S A b
and
0(x) :i6i<$i), Q:ﬁXi x A.
i=1 i=1

Again, we denote by 2 the solution set of the VI (2.2).



i Prediction I

MEEW (A2, Aszs, - - -

Ay, AF) TS @

VI -

= (zh, 2k, - 2k \F):

Prediction Step. With given (A 2%, Asxh, - - ,Ap:c];, )\k), find 0" € Q:
(&% cargmin{0;(z1) — 2T ATNF + 5| Ay (21 — 2¥)[]2 | 21 € X1 )
ik € argmin{fs(z2) — 22 ATNF + gHAl(cE’f — k) + Ag(zo — 2b)||? | 22 € Ao };
) :if € argminwiexi{&(xi) — x,LTA;.T)\k B 5 | Z’L LA, ( ) + A;( |2}
3k € argming, e x, {0p(zp) — 2L ATNe + 5| STPZ1A; (35 — 2k)+ Ay ( )12}
| AP =Pa [N — B (320, Az —b)].
(2.3)
TN ST R 4a B XS, XAl BmAY R IR E & F 0]/ B —1% 5 K .
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VI -

Correction Step .

AT—IR

—|-17 )\k—|—1)

(Ala:]f\

k

Apxk

(I/Im —vl,, O

Lp
k

\ A

0 vin,
0 .. 0
\—v8Lm 0

AR ER (A133]f+1, A2$§+1, S ,Apa:];
Generate the new iterate (A1x1f+1, A2x§+1, e ,Apa:];

L NEFY with v € (0, 1) by

° )

(Ala:]f—Alfélf\

Ao :1:’2‘3 — Aza?g

k ~k

Uy

(2.4)




REFFER TEEHRR)D. ERELRNTHARERZ:

(AliUlf—H\ (Amz’f

Agghtt Aoz

\Apxlzfrl) Kpr’S

(Im —Im 0 0 \ /Alxlf—A153]f\

o I, . 0 Aszs — AoFs
_ |
—I,
) \o 0 L. ) \Apk— A,k
(2.5)

~

)\k — [—VB(A1$If — Alflf) + ()\k — )\k)]
M+ vB(Azh — A zY). (2.6)

VI -



3 SEF Primal-Dual 730 4 75 50 %6 b&

Analysis for the P-D Prediction | ¥{/15t& (2.3) F = FIo)i

1—1
:'f:f € arg min{é’i(xi) — az,LTA;;F)\k + §|| Z A;j (53? — a:?) + Aj(x; — w,]f)||2|$@ € XZ-}.
j=1

IRBRMMES IR, |RIEMEHER 25 € &
j=1

EAIINERK ¥ € X; M EM =, € X; BB

0i (i) —0:(&F) + (xi —2]) T {—ATN + BAT (D~ Ay (@5 —ah)) + ATV =2F)} > 0.
j=1
(3.1a)

FMHITHERS F = Py [\ — (3P, 4,35 —b)], BB

N = argmin{H)\ — [)\k — B( ?ZlAjié? — b)} H2 | A E A}.

VI-10
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&R E

- - i -
ANoe A, A=XOT{(Zh_ 488 —b) + 5(0F =XF)} >0, VA€ A @1b)

Summating (3.1a) and (3.1b), for the predictor wk generated by (2.3), we have ok € Q,

0(x) — 0(&") + (w — D) TF (@) > (w — ) TQ(w* — wF), Yw € Q, (3.2a)

where
([ BAT Ay 0 s 0 AT
BATA, pBATA, . f AT
Q= f . 5 . (3.2b)
BATA, BATA, ... pATA, AT

\ 0 0 . 0 %Ln)




3.1 TENRTANFERE
The optimization problem (2.1) has been translated to VI (2.2), namely,

w* € Q, O(x) —0(x*) + (w—w)'Fw*) >0, Ywe .

For the easy analysis, we need to denote the following notations:

(\/BAl 0 0 \ /\/BAlxl\
0 +BAy E VBAzzo
P= , §=Pw=
. \/BAP 0 \/BApr'p
Lo o 0 B \ (VB /
(3.3)

Accordingly, we define
=={¢|¢{=Pw, we}

and
= = {¢" | & = Pw*, w* € Q).

VI-12
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Using the notation P in (3.3), for the matrix () in (3.2b), we have

(]m 0 : 0 I, \
I, Inm " ; I
Q=P"'oP, where Q= 0 ' (3.4)
Iy I, -+ I, Iy
\ 0 0 - 0 In)

Thus, for the right hand side of (3.2a), we have
(w—)QW" — ") = (w—a""PTOP(W" — &%)
= (£-&9"9(¢" - &Y.

Then, it follows from (3.2) that we have the following VI for the P-D prediction:

W* e, 0(z)— 0" + (w— ") F(a")
> (E-E9"0(" =¢"), vwe. (85

where Q is given in (3.4).




3.2 TERMTHFEAG—HELR

Prediction-Correction Framework for VI (2.2).
1. (Prediction Step) With given w” and f’“ = Pw"”, find @* €  such that

~

E—EMTQ(Er —€F), Yw e Q, (3.6a)

with @ € REPFmMX(p+1)m anq the matrix Q7 + Q is positive definite.

+ (w — T F(w")
(

2. (Correction Step) With the predictor w* by (3.6a) and ék — Pw", the new
iterate £#11 is updated by

ghtt = ¢F — M(eh - &€F), (3.6b)

where M € REHDMX(p+1)m ig 5 non-singular matrix.

ViI-14



Theorem 1 For the matrices Q and M in the algorithm (3.6), if there is a
positive definite matrix H € REP+DMX(p+)m g ch that

HM = Q (3.7a)

and
G:=0" +9— MTHM 0, (3.7)

then we have
JeFHt — )3y < N6 - €73 — liE" = €M, vEreE @B
Proof. Setting w in (3.6a) as any fixed w* € {)*, and using
(0" —w*)' F(w*) = (0" —w*)" F(w*),
we get

(EF—e)TQ(eF %) > 0(aF) —O(u*) + (@F —w*) T F(w*), Vuw* € QF.

VI-15
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The right-hand side of the last inequality is non-negative. Thus, we have
(" —€)TQF €M) = (6" —€)TQE" —¢Y), Ve eE. @9
Then, by simple manipulations, we obtain
l€" — &7l — 1" — €711
= -y~ NE € - MEE =)
o2t )T Qe - &) — M€ - Il

w

(3.9)

> 206" = N7 - &F) — IM(EF - Ny
= (- + 9 - M HM|E" -EY)
et - Mg

The assertion of this theorem is proved. []

We call (3.7) the convergence conditions for the algorithm framework (3.6).

The inequality (3.8) is the key for the convergence proofs, for details, see [13]



4 KIEFFZE
For given Q which satisfies O + Q = 0, we chose D and G, such that
D-=0, G0, D+G=0"+0.

Then, the correction matrix M in (3.6b) is given by

M=9 D

EETRERN 0 < D, WEMABEME! THEEMNBLIRIE[13]F “1E” HEH M

First, we give some correction examples which satisfy conditions (3.7) in Theorem 1.

In order to simplify the notations to be used, we define the following p X p block matrices:

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

L= mo I . I = h . (41)

0 . 0

\];n I ]m) \0 .0 ]m)

We also define the 1 X p block matrix

5=(Im ... [m>. (4.2)

VI-17
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Using the notations (4.1)-(4.2), the matrix Q in (3.4) has the form

L &T - T+&Ere £F
Q = and Q@ +Q= . (43
0 Inm E 21,

In order to construct a convergent algorithm, we need only to give the matrices M and H

and to verify the convergence conditions (3.7)

By setting

vt 0
M = : (4.4)
—vELTT I,

For the above matrices @ and M, the remaining tasks is to find a positive definite matrix

‘H., such that the convergence conditions (3.7)are satisfied.

(4.4) FEY M ZFRAAE[13] 5 “iE=" HRAY.




How to improvise a correction matrix M 2?2 | BEHX HM = O,

H=0OM 1L

BRE— “RT=A%EE" MiEEWSEIESFMYe? EART =AML
R T =A%, % M BEzERER K

M1 X 0
Y I, |

H = OM ! NiZ2 X FREERE

» L &7 X 0 LX +ETYy €7
H=0OM = — . (4.5)
0 In Y I Y Im

EB Y =X =517, 5 B—MFERIEEIERE. Frid

S—1cT 0 L£-Ts 0
M1 = HE M= ,
E I, &£ Ts 1,

HREE E” TR, KIS = vIFATLATY, HATELEER T H.

3

VI-19
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T - ct o £-Ts 0
MTHM = QT M =
E Inm —EL7TS I,

EShs
£+ &7 z+&te &7
Q'+ 9= =
£ Im £ 21,
S =vI meefE 0+ Q- MTHM = 0.

LY =& X=8"12Tf1 S =vZ K\ (45), 7B

LX+ETY &7 Lot +eTe g7
H = — ,
Y I, £ I,



Lemma 1 For the matrices Q and M given by (4.3) and (4.4), respectively, the matrix

1ect+ete g
H = with v € (0,1) (4.6)
E I,

is positive definite, and it satisfies HM = Q.

Proof. It is easy to check the positive definiteness of H. In addition, for the block matrix Q

in (3.4), we have

leet 4 eTe g7 vC™T 0
HM =
£ I, —vELTT I,
£ &t
0 In
The assertions of this lemma are proved. ]

XEEHROMMH, EEBHE Q" + Q- M HM - 0? EFERE—T.

Lemma 2 Let Q, M and H be defined in (3.4), (4.4) and (4.6), respectively. Then the

VI - 21
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maitrix

G:=(Q"+9Q) - M"HM (4.7)
is positive definite.

Proof. By elementary matrix multiplications, we know that

- - £ 0 v T 0 vI 0
M HM =QO " M = — = D.
E I, /\-veEL Y 1, 0o I,

Then, it follows from £ + £ = T + ET € (see (4.1)-(4.2) ) that

G = (Q"+9)— M"HM

B £+ £7 vI 0\ [ (1-v)I+&T¢ &7
£ 2L, 0 Inm £ In |

Thus, the matrix G is positive definite for any v € (0, 1). L]
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Finally, correction step can be written

Pt =P — M(€F - €. (4.8)

Lemma 1 and Lemma 2 have verified the convergence conditions (3.7) and thus the key

convergence inequality (3.8) holds. The algorithm (2.3) & (4.8) is convergent.

Recall the respective definitions £ and £ in (4.1) and (4.2). We have

(I, —-I, 0 0 )

T _ 0 I, - 0
: : . =1,
\ 0 0 I, )

and
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Thus
(VI —vIp 0 0 )
0 vl :
v~ T 0 m
K—I/Im 0 0 [m/

(b [ Ak (vIm vIm 0 0\ [ Agek - Ak

A2x§+1 AQQ;S 0 v, . 0 A233]§ — A2£§
' : —vim
k+1 k 3
\Apxp ) \A'pxp) \ 0 e 0o v, ) \Apxlg _ Apxl;
(4.10)
and

AL = 2P 4 vp(Ara} — A1aY). (4.11)



5 More Choices based on the predictions

RE O " MR, MERKIEEN MG EHT ! 2IEESHH.

The matrix Q in (3.4) has the form

L &r . T+ETe £T
Q = and thus Q" 4+ 0 =
0o I, E 21,

To further analyze the correction steps associated with the correction matrix M,

let us take a closer look at the matrix Q_T.

According to the primal-dual prediction (2.3), the matrix Q in (3.4), we have

—1
. LYo Lt 0
o T = = : (5.1)
E In ~&L~t 1,

VI-25
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and
(I, —In O© 0 )
PP 0 I,
e o1 | ~Im 0
0o -~ 0 I, 0
T O - 0 Iy

The calculaton M = Q1D is essentially very easy for different D |
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Since
. T+&Ere &
Q"+ Q= ,
E 21,
it can be decomposed as
- vl 0 (1-v)ZT+&Te &
Q" + 9 = +
0 I, E I,

The both matrices in the right hand side are positive definite. If we chose

vl 0 (1—-v)IT+ETE ET
D = andthus G = :
0o I, E I,

it is just the correction in Section §4.
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Conversely, we can also choose

1—-v)ZT+ETE & vl 0
D = andthus § =
E I, 0o I,

and thus get the another correction method.

There are many positive definite decompositions of ol + Q, for example,

- (1—-v)Z 0 v+ ETE Er
Q" +Q= +
0 (1 —v)ly E (14 v)ly,
and

Q"+ 9=D+G=a(Q"+9) +(1—-a)(Q" +Q), ac(0,1).



6 FITAIEFRIRE G A
6.1 PPA 753&

FAFTEE (3.6a) FHIFUMEE Q =XTFRIEERY

(Im 0O --- 0 Im \
I, ) I,
H— 0 (6.1)
0 0 I, I,
\ I In Im  (p+8)Im )

Ip e . ; =
Ho = . (e A p-EE1FE=E)
[
yUR=Y

= IEE M. XA RE & R

I I, — I
p 0 ¢ R )
—el' 1 el p4+6 0 1 0 &

'EN

VI -

29



HF (3.6a) FHITMEEFE R (6.1) RXFRIEER H, 2454 (3.3) AV, FKAT R Eigit
T E AT,

PPA /52997l Prediction '

VI -30

MEBER (Arxh, Ao, - | Apah NF) BIFU S 0% = (35,25, , 28, \F):
Prediction Step. With given (Alx’f, Aok . ,Apa:];, )\k), find W% € Q:

(k€ argmin{ 01 (z1) — el ATNF + gHAl(CEl —af)? |z € X1}

T € argmin{0a(x2) — L ATAF + gHAg(a:g —zB)||? | 22 € Xa};
! @k cargmin{f;(x;) — 2T ATNF + DAy (i — 2P| | 2 € &)

€ arg min{Op(zp)— xp AgA* + gHAp(CUp —zp)|I? [ p € Xp};

| M= B - L B(Sh, A2e - o] - 0) b
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Analysis for the PPA Prediction | F%1{/15¢%& (6.2) # x FIo)@a

i¥ € arg min{0;(x;) — el AT NF 4 §||A@(a:2 — 2P| |xs € X;}.
RBRMMS IR, REMRGE IF e A
0;(x;) — 0;(35) + (z; — #F)T{—AINF + pAT A;(2F —2F)) >0, vz, € A;.
EALINERK ¥ € X; MMETEM =, € X, BB
0;(x;)—0; (Z8) 4+ (x; — 2T {—ATNF 4 BAT A (25 — 2By + AT(NF —XF)} > 0. (6.3a)

TOMEIRHEESS N = PA {0k — Log(Sh_, Aj[20% — 2k - b) | HRR

~

N = argmin X~ [AF - 18 ZA 234 — 2k — )Hf\/\eA}.
mMEFRER

AF e A, (A—X’f)T{X’f [ p+552p: (23" —x’f]—b]}>o VA € A.
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p
e A, (A — Z\k)T{(xk — ARy 4 o Lp (3 A2k — ah) - b)]} >0, VA€ A.
=1
2 ] o
AF e A, (A—S\k)T{(Z AGES—b)+ ) Aj(iﬁ—x§)+pTﬁ(ik—Ak)} >0, VAEA.
j=1

j=1
(6.3b)

Summating (6.3a) and (6.3b), for the predictor wk generated by (6.2), we have wk € Q,

0(x) — 0(z") + (w — ) TF (%) > (w — *)TH W — o%), Yw € Q, (6.4a)

where

([ BAT Ay 0 " 0 AT

0 BAT Ay . E AT

FIFE (3.3) FRYZTHE, (6.1) P HYKERE H FA (6.4b) REVKERE H i#E H = PTHP.
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6.2 HK-KIEWAZE

X— /NI R [9] P RVFX ZIRIE 5 7&. W E (3.6a) FAIFUMEEFE Q 74

( I'm 0o - 0 Im\
0 I'm g I
Q= 0 (6.5)
\ =L, —In, - )

B Ip e - B 2I, O
Q0<_€T 1)7 QO+QO< 0 2)

Hhe ZpEx 15EE XBHM “KZ” |, 25

(5, e\ (I, 0 0 e
QO_(—eT 1)(0 1>+(eT 0>'

hEEED ‘BRI &



BT (3.6a) FRIFUNFEFE R (6.5) PRYAEXTFRIEERT O, 2454 (3.3) HAIZS#, T 1R
Wi T ERI TR,

“B” RIEFZEHHFM Prediction

MEATER (Arzh, Asah - Apak \F) BTGNS oF = (&%, 2%, 2k, \F):

VI -34

Prediction Step. With given (A1zF, Axxh, -+ | Apxl, \F), find @ € Q:
( élf € argmin{@l(azl) — a:lTAf)\k - §||A1(:U1 — az’f)”z | z1 € Xl};

75 € argmin{0s(v2) — x5 ATNF + 5| Ag(z2 — 2§)||? | 22 € X2}
{ #F € argmin{f;(x;) — 2T ATNF + DAy (2 — 2F) |2 | 25 € &3}

€ argmin{6p(zp)— a?}ng/\’“ + gHAp(xp - x’;)IIQ | 2p € Xp;

Ao = PA{NF —B(32F_, Ajzh —b)}.

(6.6)




Analysis for the Prediction (6.6) | F{[15c% (6.6) = F o]

5:’; € arg min{@i(xi) — a:;-fAiT)\k + §||Az(a:z — .ﬂzzf)||2|31:Z € Xi}.

RI\RMMESIE REMERGRE 28 e X, A0
0;(x;) — 0;(FF) + (z; — )T {—AIN + BAT A;(3F — 2F)} >0, vz, € A;.
ERAIUKER #F € X; MBN 2, € X; BB
0i () — 0 (EF) + (ws — &) T{—ATN + BAT A (&F —af)+ AT(NF=2F)} > 0. (672)

7

TMERHEHS 3 = Py N — 8(50_, Ajak —b) b HiRR

j=1

~

N = argmin{”)\ — [)\k — B(i Ajac"; — b)] H2 ‘ A€ A}.
j=
mMEFRER

Men, (= TR - |AF —B(i Ajzk —b)|} >0, VA€,

j=1

VI-35



p
e A, (- Xk)T{(Xk — A 4+ 800" Ajak - b)” >0, VA€ A.

AF e A, (A—XK)T{(i Ak —b i —ah)+1 (/\k—/\k)} >0, VA€ A.

(6.7b)

Summating (6.7a) and (6.7b), for the predictor ¥ generated by (6.6), we have WF € Q,

0(x) — 0(&") + (w — D) TF (@) > (w — *)TQ(w* — w*), Yw € Q, (6.8a)

where

[ BAT Ay 0o - 0 AT

0  pATA, - f AT
Q= ) : 3 : : (6.8b)

VI -
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XA (3.3) PRI

0(z) — (") + (w — &%) TF(@F) > (¢ - €")TQ(EF - &F), YweQ,  (6.92)

where
( I, 0 0 Im, \
Q= : 0 ; . (6.9b)
0 . 0 Im Im
\ Lo~ I Im )
EAEZF

27 0 Z 0
QT+Q—< R ), FAITAT LABY D—a( ),aE(O,Q).
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HF M =0 1D KEAR
ghtl = ¢F — M(gF - €F) (6.10)

AR T
st =68 —aQ T (" — &) 611)
EME—TREARTS O T AFFEARH 4.

Lemma 3 X7 (6.9b) 1 E X BIFERE O, K fi15B

(Im 0 - 0 0) ((Im Im - Im —In
. S Im  Im Im —Im
1
Q™ = 0o o0 | p+1|
0 0 Im O Im  Im Im  —Im
\ 0 0 0 Im ) \ Im In I plm )
(6.12)

HEAR JFEF O B— 1N RAFEMESRIITHR (Skew-symmetric) X [&HYFN, FFHB

Q:QO®Im7
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i

[ 1 1)

. : Iy e
QO . ) — )
1 1 —eT 1

\ -1 o1 (p+1)x (p+1)
e € NP Bp- L 1ME, QFkxKroneckerfl. ;FEE| Qg 2R FEMES— 1A 5B

HIFA.
(1 0 )
I, —e Ip ' o --- 0 -1
\0 1)
%
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FA £ 144X 3 B BY Sherman-Morrison-Woodbury 23 2,

Q" = (Ipp+UvVT)!
= L, —UL+VvVio)~tvT

—1
ep O 1 -1 0 —1
= Ipt1—
0 1 p 1 eg 0
_ Ip B L epeg —ep 6.13)
1 p+1 eg D

F1 FB Kronecker FRRYE AR MR, 316
O T =(Q®In) T=0"21,7=07" ®In,
X5 (6.12) hRIFBI—E. 513BAIE. O

BT Qo BN 5— Mk BRI, #EAT (6.11) FAY
O T =9, ®In.
R AERAHE 75 56 I s T~ X IR 534,



FIF € ((3.3)F1 O~

(Bt
VBAsxEt!

\/BApx’;+1
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7 Conclusions

o RMFEARIREPERN— B R “MWELMUE S R E A BT VI 1 PPA
MAEE", BREEUMET TN EFAENTHPPAR L WEEHHRARE[S). BERX
i 7 —Le A o ttd 3 AR BE 1S T BT AR IE BB FERY /734 [2, 3], BLFEF A1 2021 A
R R A RIS T KRB H IR F A [18]. AR HANTEIRX RN G EARERE
#l#Y PPA - (Customized PPA).

o XIFUMFERE Q AIEXFREVFUN-ZIEFF7E, FIA S —HEZRRE R UER S, F 47
H IR 7E F AR FERA (Xiaoming Yuan) 2012 £ SIAM & S ARV SCE [14] 1, B E A
AIFE—LEIRIL[1, 8, 10, 11, 17], BRAXNERIEFRL S . HEVAE A5G —HELR,
EHEERAFTIS L, FPEEFK 2013 FEIFRAZH, UEEEELEIAER
B “BE SR X TR &8I PPT |,

o FRAEEREMMEBIRBXNGE—IER, 27 2016 F (SR ERFFR) W
KPR CILE 4] . 2018 FERAE(EEFFIR) NEATE “BMFFREHE
52057 (5] higH, I AREI G EER A LA X AMEZRIEE & S HhuE AU S, &
SRR ER I G —HESE A = T AN R EEER 2018 S 7E COAP BUSZE [16].

o M2018FHin, HMEBCHIREMLX (7|4, EEHASZ —IEREAMERLEE
B RIRW & “E” .t IR B E BTN Q &1 i B WS & H IR IESE
BE M. {\F45 N — Tt LA B 1 Fb B it



o 2022 FH)IKARMITAMIRER A ARE. FIAFZXAEFRAMBERME ERSE &
FHEK SR -LHNEER RSV EROEEER THNM R SITAREE.

o IATMFUNEEHE QT +Q - 0k, RIFEFHHM = Q, H1E
H=QM '

EJ9 H RIEERER, wIxfir. N ERXNEER, H ANMEET Q. BELIETER
FQT, PlER—NFFER” EEHEMR. HANGXANEEEMER DL NEAF

H=QD Q7.
tbi EEAR, ®158 M~ = D17, At
M=Q Th.

EAFRATABAE 10 FRTRLANE. HEHMEEZRIERER D iz 2 MR AR
o Elit, HAVEAFIERER D AFFARM A HE—TUWSEFAFEI MTHM,
MTHM = (DQ™ Y (@D~ 'Q") (™' D) = D.
EXEL LA 2018 WIZHAMH IMRH X F, RERRIHE—L.
e FIFRERXFG=0QT +Q - MTHM > 0, IMFERNIEEIER D AFEHE
0<D=<Q"+Q (ER<G=QT+Q—-D)
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AT LAT . BAIX —5%, 15m T A 2022 F LKA @K, Efn A X iR, 18
EBRNES, B EMHRR.

o 7Lk TR LR ZMHHIEERE D LIS, tRIBHER Q F1 D, ¥R EZERE H £1 M £15
HM=Q ® MT'HM =D,
BB RRIEZIT.
o XHHIM A H: AJLUBIEK#F T EBIEMHIEESE).
HM = Q, HM = Q, H = QD 'Q7,
{MTHM = D. = {QTM = D. = {M = Q TD.
o EFEANENHEFMIERE D (XIEERS) MBAERNRESE. BNk,
D=alQ" +Q], ac(0,1).
o IREMIFE 2T FIA, I —RRE M LR R L BIRE, KA primal-dual T, F el Y

K#EFH N ADMM R ZE N ERL. RMNFEN QT HXIEEHR. 20 ER
ZEHINIRIE. AIEMRE, RIEERRD, XiFal 55 £ !

o FMVHFAMER “FUN-RIE”, XEZAFMUMNMRNBIEIE. EHZIZHHRIRM, 125050
=IRIE. M RREBHE—MIRIE, HARWB B! 3B R FN, BT 5]
E; £ REARKIE, BiE TS [E.



TR IE 73 7R B AT LA Sk AR SN A SR A9 im) R, AT AR SRR R SR 29 5R B ]
#. &N —RBIEE SR AT o &inRl, FIASMMSEIERRT 2% —.

EREE WEESTSEMER? 328 ADMM EERHART] 7 EHNEFRY
ROALEEE, I 2- TAIRB|IWERIENRZ B R EIEE KM SM Lt AR
%89 ADMM KABLEES, & I FIIEIL R RAY.

Question A. In the prediction step, how to arrange a “good” prediction matrix whose matrix Q

satisfies

oT + o+ 17T.

Question B For the given prediction matrix O, what are the criteria for choosing matrix D

which satisfies
0<D=<0T+0.

B B M UARESERSEERERNY R, SHEEE, AXTaEHIHELE.
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