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1 ADMM with wider applications

Let us consider the general two-block separable convex optimization model
min {61 (z) + 62(y) | Az + By =b(or > b),z € X,y € Y}. (1.1)

The linear constraints can be a system of linear equations or linear inequalities.

We define
A R™ it Az + By = b,
R, if Ax + By > 0.
The projection on A is denoted by Py [-].

For such special A\, the projection on A is clear !

The only difference: ~ Prm(A) = A, Prm(A) = max{\,0}.




1.1 Primal-dual extension of ADMM with wider application

A Primal-Dual Extension of the ADMM for (1.1).

From (Az®, By®, \*) to (AzkT1, Byk+1 N\Ftl):
1. (Prediction Step) With given (Axz* | By*, A¥), find W% = (&, 3%, \F) via

(

" € argmin{ 61 (z)— 2T ATNF + %BHA(QZ —z®))? |z € X},

L gk e argmin{ 02 (y) — yT BTk %BHA(fk —zF) + By —y*)|I* |y € Vi,

| A= Py [\F — B(AzF + BgF —b)].
(1.2a)

2. (Correction Step) Generate the new iterate (Ax*T1, Byk+1 A\r+1) with v € (0, 1) by

Agktl Azxk vl,, —vIl,, O Axk — Azk
Byt | =By | —| 0o wvI., o0 || By —Bgk|. (.2
Akt Ak —vBlym 0 I Ak — Nk

X —RKIUN-RIERZE. FEHFIMNIKIE, BRIELFR!



1.2 Dual-Primal extension of ADMM with wider application

A Dual-Primal Extension of the ADMM for (1.1).

From (Ax®, By®, A\*) to (AzFt1, ByFt+1 AFt+1):
1. (Prediction Step) With given (Axz* | By*, A\¥), find w* = (&, ¢, \F) via

"

N = Py [)\k — B(Aa:k + By — b)},

q ZF € argmin{61(z) — zT AT Nk 4 %BHA(:{: —zR)|]?2 |z € X},

| §F € argmin{02(y) — yT BTA* + 38||A(E* — 2*) + B(y — y*)|I? |y € V}.
(1.3a)

2. (Correction Step) Generate the new iterate (A$k+1, Byk+1, )\k’+1) with v € (0, 1) by

Axhtl Axk vlp, —vil,, O Axhk — Azk
Byftl | = | By* | — 0 vip, 0 By* — BgF | . (1.3b)
A+l Ak — Bl —BIm Im Ak — 2k

FIUNSK R A BT, KRIEANEREAE. KIERFE R/



2 p-block separable convex optimization problems

In the following we consider the multiple-block convex optimization:

1=1 1=1

The Lagrangian function is

p p

L(zy,. .. wp, A) = Y Oi(x;) — AT(ZAM —b),

1=1
which is definedon Q= []}_,; X; x A, where
§Rm’ if Zle AZZE,,, = b,

A =
%T, if Zle AZZCZ Z b.



Let (27,...,x,,\") € € be a saddle point of the Lagrangian function, then
Lyea(xys- o xp, A) S L(x], .., 20, A") < Lyex; (1, -+, Tp, A7),
The optimality condition of (2.1) can be written as the following VI:

w* € Q, 0(x)—0x*) + (w—w)'Fw*) >0, YVwe, (22a)

where

(@) o) [ 4

w=| - , x=1 |, Flw)= :T . (2.2b)
Tp —A, A

Y, \7»/ \ 37, A — b

and . .
O(z) =) 0i(z;), Q=]]axA
i=1 i=1

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



2.1 Primal-dual extension of the ADMM for p-block Problems

A Primal-Dual Extension of the ADMM for (2.1) Prediction Step .

k+1 k+1 k+1
From (Ala:’f,Aggcg,... 7Apxll"j,)\k)to (A1x1+ 71423,324- e Apxp-l- AR,

With given (Alx’f, AQCCS, e ,Apa:];, M%) find WF € Q via
( 53]1“ € argmin{@l(xl) — m?A?Ak + §||A1(a:1 — aslf)||2 | z1 € Xl};

75 € argmin{fs(z2) — z3 ATNF + 2| A1 (&F — %) + As(za — 25)|1? | 22 € A2}
{ ZF €argming, cx, {0i(z;) — xl ATNF + g” Z;;ll Aﬂi? - zc";) + Ai(z; — zP)|1? };

- ) 1 -
a:l; € arg mlnxpexp{Gp(a;p)— :chgAk -+ g” Z?:lAj (;U;6 - x?)—FAp(xp - :c’;)HQ};

| M =Py [\F - B( i Aj:ig? —b)].

TN S [RGB XS, XA o ERRIGEE = (o) ) ; 2




A Primal-Dual Extension of the ADMM for (2.1) Correction Step .

From (Alx’f, Agxg, e ,Apx’;, AF) to (A1x1f+1, A2x§+1, e ,Apxg+1, A+
Generate the new iterate (A1x1f+1, A2x§+1, e ,Ap:c];_i_l, Nt D) with v € (0, 1) by
(AN (At (ol vl 0 0 (Al - At

Agahtl Agak . - || Az —A2ih

— N —vl, O

Apa:’;"'l Apxlg 0 0 vin 0 pr’ﬁ—Ap@IS

k e+l ) \ Ak ) \_Vﬂ]m 0 0 ]m) \ e _ Nk )
(2.4)

XTER—TRATIAL IR, §2.1 REVFIE, Bl 11T AR ERHHET




REFFER TEEHRR)D. ERELRNTHARERZ:

(Ala:]erl\ /Alx’f\ (I/Im —vl,, O 0 \ (Auc’f — Aljg’f\

Agzhtl Asxh 0 vl . 0 Az — Aa@s
—viy,
\Apxl;rl) \Apxl;) \ 0 0 vin ) \Apxl; - Apfl;)
(2.5)

AL = N L uB(Aah — A ER). (2.6)




2.2 Dual-primal extension of the ADMM for (2.1)
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A Dual-Primal Extension of the ADMM for (2.1) Prediction Step .
From (Alzc’f, AQLCS, e ,Apx’;, %) to (Alajlf+1, Aza:g—i_l, e Ap:cp+1 A+
With given (Alx’f, Agm%, e ,Apa:]g, AF), find WF € Q via

y

X = Py [Nk - B(XT_, Ajah — b))

7% € argmin{01 (v1) — 2T ATNF + 2| Ay (21 — 2F)[? | 21 € A1 )

ik € argmin{6s(x2) — I AT Nk 4 §||A1(:E’f — k) + Ag(zo — xb)||? | 22 € X}

% € argming, e x, {0i(zi) — T ATNe + 5| 32027 Ay (&5 — 2%) + Ay(ai — 2)]12 )5

| 7% € argming, ex, {p(ap)— T ATNS + B ST21 A5 (3 — o) + Ap(ap — 28)]2).
(2.7)
T EBIRE. XA 9 ERNIRIET S FRRE—1F KA.




A Dual-Primal Extension of the ADMM for (2.1) Correction Step .

From (Alzc’f, AQZCS, e ,Apxlg, %) to (Ala:]f+1, A2x’2"+1’ e ,Apxlg‘i'l, AfeF1Y:
Generate the new iterate (Alazlf“q, Aga:ngl, e ,Apa:];Jrl, A1) with v € (0, 1) by
(Alxlf+1\ (Ala:]f\ (l/[m —vl, O 0 \ /Alx’f — Al.ff:’f\

A2x§+1 Agzh 0 v, : Az — AT

— - —vl,, O

Apzpt? Apzk 0 o0 vlm 0 || Apzk — Apzk

R N A LRI O SV ANNEAEP U
(2.8)

WER—TRAT UKL, §22 HEIFE, B2 §1.2 AR BRI
EERN. BRIELADF
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k .
Ax, +1 (Z =1,..., p) The correction form of the primal parts are equal. '

/Alxllﬂ-l\ /Alx’f\

k+1 k
A2$2+ AQCEQ

\Apml;+1) \Apxl;)

(u[m vl 0

0 vl,

0

0

: : . —vi,
\ o0 0 v,

(Alxlf — Alflvflf\

Agﬂﬁg — Agfg

\Apx]; - Apa?l;)
(2.9)

The correction form of the dual parts are slightly different. '
- p

R E AR

(2.10)

AL — \F + I/B(Alaflf — A1.53]1€) = AL = \F + BZle(AZZC,]f — Asz)
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