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Abstract. In this paper, based on the Bregman distance and the proximal Peaceman-Rachford splitting
method (PRSM), we propose a Bregman proximal Peaceman-Rachford splitting method for solving a
separable convex minimization model. We establish the relationship between two parameters under
which we prove the global convergence of the algorithm. The O(1/¢) convergence rate of the proposed
method in the ergodic sense is also studied. Preliminary numerical experiments are included to illustrate
the advantage and efficiency of the proposed method.
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1. INTRODUCTION

We consider the constrained convex programming problem with the following separate struc-
ture:

min{6;(x)+ 62(y)|[Ax+By=b,xe Z,yec ¥}, (1.1)

where 2" C R™ and % C R™ are closed convex sets, 6; : 2 — R and 6, : % — R are closed
proper convex functions, A € R and B € R**™ are given matrices, and b € R!.

The alternating direction multiplier method (ADMM) is one of most powerful and successful
methods for solving (1.1), and it is a general framework for optimizing composite functions;
see, e.g., [1,2,3,4,5,6,7,8,9]. During the years which have been elapsed since its discovery,
ADMM has been gathering much attentions because it has a broad class of applications in the
fields of image and signal processing, and machine learning [5]. A number of algorithms have
been established for ADMM as well as its varieties. Some of these variants included proximal
terms in the subproblems of the ADMM in order to make them easier to solve. Recently,
there has been an increasing interest in the study of ADMM by adding a step size parameter
in the Lagrangian multiplier updating to improve the performance of the method; see, e.g.,
[10, 11, 12, 13, 14, 15]. Recently, various inexact of ADMM have been suggested; see, e.g.,
[16, 17, 18, 19] and the references therein.
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The augmented Lagrangian function of (1.1) is defined by
L(xy. ) = 04(x) + 0(5) A7 (Ax-+ By~ b) + b [ ax 4 By~ |1,

where A € R/ is the Lagrange multiplier, and 8 > 0 is a penalty parameter. Some operator
splitting methods [8, 9, 20, 21, 22] were developed for solving the dual problem of (1.1). The
Peaceman-Rachford operator splitting method (PRSM) [23], which is also a splitting method
and different from the ADMM, updates the Lagrange multiplier twice at each iteration. Based
on PRSM, He er al. [24] proposed a strictly contractive PRSM by introducing a parameter
o € (0,1) to the update scheme of the dual variable, yielding the following procedure:

¥ =argmin {Lg (x,)*, A¥)|x e 27},
ARz = Ak — @B (AT 4 Byk — b),
V! = argmin {Lg (41 y, ARy e o}
AR — g hty 0B (AXKT! 4+ By*H —p).
Inspired by [24], Gu et al. [25] proposed a modification of the Peaceman-Rachford splitting
method by introducing two different parameters in updating the dual variable, and by introduc-
ing semi-proximal terms to the subproblems in updating the primal variables. From a given
wk = (xk,y% A%) € #, the new iterate wkt! = (x¥+1 Y1 AKk+1) i obtained via solving the
following:
X1 = argmin {Lﬁ (x,y%, %) + %Hx—xkﬂﬂx € 3&”} ,
AT = Ak — B (AX* + By —b),
. 1
Y+ = argmin {Lﬁ(xk+17y77t"+2) +3ly =y IFly e @} :
Akl — kg YB(AXH! 4+ Byl — ),

where L and T are two positive semi-definite matrices. The global convergence is proved under
I—o++/(1—0)2+4(1—0a?)
2

o< (0,1)and y € (O,
Recently, He ef al. [26] proposed the strictly contractive PRSM with the step-size enlarged
by Fortin and Glowinski’s constant in [27, 28, 29]. Its iterative scheme is as following:
X = argmin {Lg (x,y*, A%)|x € 27},
Ak+s = 2k — o (AxKT1 4+ Byk — b)),
y**1 = argmin {Lﬁ (xk“,y,lk“L%)]y € @} ,
AR — g hty YB(AxKH + Byk+l — ),

in which o and 7y are independent constants that are restricted into the domain

1+v5

@:{(a,y)kxe(—l,l),ye(o 5

),a+y>0 and |af< 1+y—y2}.

Recently, the Bregman modification of ADMM (BADMM) has been adopted by several re-
searchers to improve the performance of the ADMM algorithm; see, e.g., [30, 31]. More
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specifically, BADMM takes the following iterative form:

x’]:“ = argm%n {Lp (xlzyk,lk):B¢(x,xk)k|x ex},
Yt =argmin {Lg (", y, A+ By (y,y") [y e 7'},
Al — lk—i— (Xﬁ(Axk+1 +Byk+1 —b),

where By (x,x") and By(y,y*) are the Bregman distance with respect to functions ¢ and v,
respectively.

This present work is impelled by the research going on this field. The main contribution of
this paper is to show that the recently proposed the strictly contractive PRSM [26] can be well
integrated with the Bregman distance for solving problem (1.1). Since the choice of the step
size selection strategies is important for the algorithms efficiency, we establish the relationship
between two parameters under which we prove the global convergence of the algorithm. Our
results can be viewed as significant extensions of the previously known results.

2. PRELIMINARIES

We state some preliminaries that are useful in later analysis. Let R" stand for the n-dimensional
Euclidean space. For any vector u € R”, ||u||?> = u"u. Let D € R™" be a symmetric positive
definite matrix. We denote the D-norm of u by ||u||3, = u' Du.

2.1. Bregman distance. The Bregman distance, which can be viewed as a generalization of
the squared Euclidean distance, was proposed by [32]. For a convex differential function ¢, the
associated Bregman distance is defined as

By (x,y) = 9(x) = #(y) =V () ' (x—).
In particular, if we let ¢ (x) = ||x||, then By (x,y) = [lx —||?, i.e., the classical Euclidean dis-
tance. If ¢(x) = x' Qx with Q a symmetric positive definite matrix, then By (x,y) = ||x — y||2Q,
i.e., Mahalanobis distance.
Let us now collect some basic properties of the Bregman distance.

Proposition 2.1. [31] Let ¢ be a convex differentiable function and By (x,y) be the associated
Bregman distance.

® By(x,y) > 0and By(x,x) =0 for all x,y.
e By (x,y) is convex in x, but not necessarily in y.

Proposition 2.2. For differentiable convex functions ®, it holds that
(a—b) " (V®(c) —VP(d)) = Bo(a,d) — Bo(a,c) +Bo(b,c) —Bo(b,d), forall a,b,c,d.
Proof. Using the definition of Bg, we have

Bo(a,d) = (a) — @(d) —VO(d) ' (a—ad),
Bo(a,¢c) = ®(a) = D(c) = VP(c) ' (a—c),
Bo(b,c) = ®(b) — D(c) = VP(c) ' (b—c),
Bo(b,d) = ®(b) — ¢(d) —VP(d)" (b—d).
By simple manipulations, we obtain
Be(a,d) — Bg(a,c) +Be(b,c) —Beo(b,d) = (a— b)T(Vq)(c) —V&(d)). (2.1)

This completes the proof. U
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Using the Proposition 2.2, we have the following proposition.

Proposition 2.3. For differentiable convex functions ¢ and y, it holds that

(x—5) (VO () = Vo () = By (x, %) — By (x,2") + By (,2)

for all x, x5 7 and

=3 (VY (") = V(") = By (r.7) = By (ny") + By (5*,)")

forall y, yk,ik.

2.2. Variational inequality characterization. Let the Lagrangian function of (1.1) be

L(x,y,A) = 61(x)+62(y) — A (Ax+ By —b),

which is defined on # = 2" x % x R'. We call w* = (x*,y*,A*) € # a saddle point of the

Lagrangian function if it satisfies
L(x",y",A) <L(x",y",A") < L(x,y,A") V(x,y,A) e ¥ .

Accordingly, for any(x,y,A) € #', we deduce the following inequalities

{ 01(x) + 61 (y) — (B2(x*) + 0200")) + (x —x*) ' (=ATA") + (y—y*) ' (-B'A*) >0,

(A —A%)T (Ax* + By* — b) > 0.

Then, problem (1.1) is equivalent to the mixed variational inequalities: find w* € # such that

O(u)—0(u*)+(w—w")"F(w*) >0, Ywe¥,

where

u:(x), 6 (u) = 61(x)+62(y), vz(i), w= % , and F(w) =

y
Clearly, F is monotone, i.e., (F(wi) — F(w2)) " (wg —w2) > 0,Ywi,wy € #'.

2.3. Some notations. Our analysis needs several matrices defined by
B'B —aB'
M= Ii’l2 0 s Q = ﬁ 1 ’
—YBB (a+7y)l -B gl

__a
oty (a+7)B

I

g Tam BB g\ . _((1-1BBB (y- 1B
— 1 “\ o-vs gy,

Lemma 2.1. [fy>0,a € (—1,1), and o+ 7y > 0, then

(1) the matrices M,Q and H,G defined respectively in (2.3) and (2.4) satisfy

HM =Qand G := Q+0" —M"HM;

(2) H is positive definite.

(2.2)

—ATA
—BTA
Ax+By—b.

(2.3)

(2.4)

(2.5)
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Proof. (1) holds evidently. Next we prove (2) only. Since y >0, a € (—1,1), and ot +7 > 0,
we have (1 —a)(a+7) > 0and o +y— ay > a?. Then, for any v = (y,A) # (0,0),

v Hy = o+ y—ay)B|By|* —20By B A+ |2]2)

1
w7
> g (PP —2apy B A+ A P)

_ 1 a2
> 0.

Thus H is positive definite. This completes the proof. 0

3. THE PROPOSED METHOD

Let ¢ and y be convex differentiable functions. We propose the following PRSM with the
Bregman distance for solving (1.1).

Algorithm 3.1. Step 0. The initial step:
Givee>0,B8>0, € (—1,1),y€(0,1),a+y>0,and w® = (x°,y°,10) € 2" x # x
R/, Setk=0.

Step 1. Compute wkt! = (XK1 (k1 2541y € 97 9« R! by solving the following system:

= argmin{@l (x) — (AT (Ax+ By* — b) + §||Ax+Byk —b|?

+By(x,25), ¥x € %} (3.12)
ARF2 = Ak — o (AT + Byt —b), (3.1b)
Y = argmin{@z(y) — (AFF2)T (A 4 By —b) + gHAka +By—b|?
+By (), vy e ¥ |, (3.10)
AR Z ARFS B (AT Ykt ). (3.1d)
Step 2. If max{||By* — By*t! |2, || Ax* ! + Byk+! — b2} < &, stop; otherwise set k = k+ 1 and
go to Step 1.

Remark 3.1. According to their first-order optimality conditions, the minimization problems
in (3.1) can be characterized as: find (x**!,y¥*1) € 27 x & such that, for any (x,y) € 2" x ¥,

01(x) = 01 (471 + (r— )T (—AT K = BT By — b))+ Vo ()~ Vo)) > 0,
(3.2)

6:() ~ 6" )+ (=3 )T (<BT AR - BAT! 4 By < b)] £ VY (F) - y(ph)) 20,
(33)
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Throughout this paper, we make the following standard assumptions:
Assumption A. The matrix B is full-column rank.
Assumption B. The solution set of (1.1), denoted by #*, is nonempty. We use ¥ to denote
the set of v* for all subvectors of w* in #*.

Our analysis needs some sequences defined as follows:

#* k1 »
= 7 | = yht1 and 7= ( /{k > (3.4)
Lk Ak ﬁ(Axk+1 —i—Byk —b)

AL = ARtz yB (AR + B —b)
= A'—(a+7)B(AT +BY —b) +vB(BY —B)
= A= [(a+7)(A* -5 —yBB(* - ).
Thus V¥+1 = vk — M(W& — %), where M is defined in (2.3).

Lemma 3.1. Ler w* be generated by Algorithm 3.1 and Ww* be defined by (3.4). Then, for any
v=yA)EY,

1 1
~k k ok k+1)12 k2 ko2
(v =77 Q0* =) = S (Il = vl = [y =" l7) + S IV = 7l

Proof. From (2.5), it follows that (v — )T Q(vk — ) = (v — )T H(v* — ¥ +1). Using the fol-
lowing identity (a —b)"H(c —d) = 3([la—d|z — lla—c|f) + 3(lc = bl — ld — blF), for

k k+1

a=v,b=v c=vd=v"1 we obtain

- 1
(v=9)THW =) = 5(||v—vk+1||%1—||v—vk||§)
1 . .
+5(Hvk—vk\|%1—\|vk“—ka%z)- (3.5)
For the last term in (3.5), we have
V=07 = I = = IV = R = 0 =) =M =)
= Z(Vk—ﬁk)THM(v — ) — (=) MTEM (K -5
= (F=HT(Q" +o-MTHM)() )
= =z (3.6)
Combining (3.5), and (3.6), we can obtain the assertion of this lemma. [

In the following, we prove some properties which are useful for establishing the main result.
The first lemma presents a lower bound of 0 (u) — 0 (") 4 (w —Wwk) T F(wK) + (v — ) TQ (v —
Vvh).

Lemma 3.2. Let w* be generated by Algorithm 3.1. Then, for any w € ¥/,

0(u) — O(@) + (w— ") "F () + (v =) T (7 —F)

> (u—") " (Vo(u') - Vo(d")), (3.7)
where ¢(u) = ¢ (x) +y(y).
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Proof. 1t follows from (3.2) that
0; (1) — 6y (x) + (! _X)T{_ATAk_i_BAT(Axk-H By —b)}
< (= x D) (VM) — Vo (x)),
and it can be written as
01 () — 01 (x) + (F —x) T (—ATA") < (x =) (VO (&) — Vo (F)). (3.8)
From (3.3), we have
6:(*1) = 02(3) + (FF1 =) T{ =BT (A1 — B(Ax+1 4 By*+1 — )] |
< =y T (VY =V (h).
Using (3.1b), we obtain
0>(7) — 62(y) + (7 =) { BT (A + (@ — 1) (A* — 24) - B(A% + B b))}
< (=) (V) - V("))
Thus
62(7) — 02(5) + (7 —3) " { =BT A + (= 1) (AF = 1)+ (k=A%) + B(By* — BT*)] |
< (=5 (Ve () = Vv (),

and
92()7]() - 92()7) + (yk _y)T[_BTik - OCBT<Z’k - Ak) - ﬁBTB(yk _yk)] (3 9)
< (=) (VY () - Vy(h). '
It follows from (3.4) that
AF + BY* — b+ (BY* — Bf) — %(A" —AH=o. (3.10)

Combining (3.8), (3.9), and (3.10) and using the definition of the matrix Q, we can obtain the
assertion of this lemma immediately. 0

With Lemma 3.1 and Lemma 3.2 at hand, we can find the result below.

Theorem 3.1. Let wk be generated by Algorithm 3.1. Then, for any w* = (x*,y*,A*) € #*,
Ca(w*,wh) =T (w*, wkt) > T (wh, wk) > 1{|vk — 3%(|%. where T (w,w') = By (u, ')+ lv—
V3,7 € {H,G}.

Proof. Setting w = w™ in (3.7), it follows from Lemma 3.1 and Proposition 2.3 that

0 (u*) —6(i) + (w* — ") T F ()

1 % * 1 ~ * ~ ~|
S U™ =V G =1 = VA lE) + S I = PG + (u" = @) T (Vo () — Vo (i)

Vv

1 1
= (v =V = v =R + Ellvk — V)G + Bo(u*, @) — By (u*,u) + By (i, ")
= Tuw* W) —Tu(w*, wh) + T (wF, wh). (3.11)

Setting w =W in (2.2), we obtain

0 (i) — 0(u*) + (W —w*)TF(w*) > 0. (3.12)
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Combining (3.11) and (3.12), we have
(w* =) T (F(Wh) = F(w*)) > Ty (w*, Wk =Ty (w* ,wh) + T (05, wh).

In view of the monotonicity of F, we arrive at

T ) = T (0" wH1) > T k) > 2k — o3
The assertion of this lemma is proved. 0J
Remark 3.2. It follows from (3.1b) and (3.1d) that
AR = A 4 (1) B(AXT 1 By —b) + aB(ByYF — Byft).

In view of (3.10), we have Ax* ™! + By**1 — b+ (Byf — By*t1) — 4 (AF =A%) = 0. 1f

k=,

By — Byt =,

A 4 Byl _p =0,
then, it follows from (3.7) and Assumption A that

0(u) — 0 + (w—wHTEWA Y > 0,vwe 7,

which indicates that (x**!, yk+1 2%+1) is a solution point of (2.2). Hence, the stopping criterion
adopted here is reasonable: if it is satisfied with a small €, we can regard the current iterate as
an approximate solution.

4. CONVERGENCE OF THE PROPOSED METHOD

In this section, we prove the global convergence for the proposed method. Before proceeding,
we need the following lemma.

Lemma 4.1. Let wk be generated by Algorithm 3.1 and w* be defined by (3.4). Then there exist
constants C11 > 0 and C1p > 0 such that

IV = TMIE = Cur[By* — By |2 + Cra | Ax 4+ By — b
Proof. By using the definition of the matrix G, we obtain

IV —HIE = (1—?’)ﬁHByk—I?yk“Hz—z(l—Y)(ik—ik)T(Byk—Byk“)
+(2—g—7) Hlk_lkuz.

Since AX — K = B(Ax*t! + By*+1 —b) + B(By* — By**1), we have

IV =901& = (1—a)BlBY =By + (2 — = Bl AXT + By —b||?
+2(1 _ OC)ﬁ(Axk—H +Byk+1 _b)T(Byk _Byk—H)
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and it can be written as

k k(2
v =5
-
_ BYf — By**! (1-a)pl;  (1-a)B; By — By**!

AxX*Lp ByRtl (1-—a)B, (2—a—y)BI AxKHL L Byk+l —p

Byk_Byk-H 2

= k+1 k+1 )

AxX*T' 4+ By b g

where

(1-o)Bl; (2—a—7)Bl
Since o € (—1,1),y € (0,1), and o+ 7y > 0, then S is positive definite. Therefore, we obtain
the assertion of this Lemma. UJ

S < (1-a)Bl,  (1—a)Bl, )

Combining Theorem 3.1 and Lemma 4.1, we can obtain the result below.

Theorem 4.1. Let wk be generated by Algorithm 3.1, and let W* be defined by (3.4). Then, there
exist constants C; > 0 and Cy > 0 such that

Tu(w' W) < Tu(w'wh) = (CrlIBY — By 2+ ol 4 By ! — b))

4.1)
Now we are ready to prove the global convergence of the proposed method.
Theorem 4.2. Let wk be generated by Algorithm 3.1. Then,
Tim (|[By" — By | 4[| A1 + By — ) = 0. (4.2)

Moreover, {V*} converges to a point v°> € ¥*.

Proof. 1t follows from (4.1) that
Y (CullBY =By 2+ Coflad ! + By —|?) < Ty (w',w0),
k=0

and then
Jlim (y|Byk—By’<+1||2+ 1At 4 Byk+! —b|y2) ~ 0.
—>00

Moreover, it is easy to know from (4.1) that {T'y (w*,w¥)} is monotonically non-increasing, and
hence is bounded. Thus it is convergent. Since {||Tg (w*,wk)||} is bounded, then {|[v* — K|z}
is bounded. From Lemma 2.1 and the fact that H is positive definite, the sequence {1} is also
bounded, and it has a subsequence {V*/} converging to a cluster point, say v*°. Due to (4.2) and
the definition of ¥ in (3.4), we have limy_., ||[v* — #*|| = 0. Let #° be induced by (3.1a) with
given (y,A*). From (4.2), we have B(y* — ) = 0 and A — 1*° = 0. Since B is full column
rank, we can obtain y* = 7. Hence, taking limits in (3.7) along the subsequence {wki}, it
follows that

O(u)—0(i°)+(w—w™) F(W*) >0, Ywe¥. (4.3)

Therefore W™ = w™ is a solution of (2.2). Since {T'y (w*,wk)} is convergent and £ ||k —v=||%, <
Ty (w>,wk), then the sequence {||v* —v>||z} is convergent. Since v/ — v*, it follows that



138 A. BNOUHACHEM, M.TH. RASSIAS

vk — 1™ In view of w® € #* and (4.1), we have ['y (W™, w*t1) < Ty (w™,wk). Then, for any
other stationary point w{’,

Cy(w™,wy) < hmi%frﬂ(w“,w") < limIy (w™, wh)
J
= Ty(w™,w*) =0,

which indicates that w™ = w7 from 3||w™ — wT||> < Ty (w™,wT). That is also to say that the
sequence {v} cannot have another cluster point and thus it converges to a solution point v*° €
¥*. The proof is completed. OJ

Combining (3.11) and Lemma 4.1, and using the monotonicity of F, we obtain the following
results.

Theorem 4.3. Let wk be generated by Algorithm 3.1, and let W be defined by (3.4). Thus
0(u) — 0(i) + (w— ) TF(w) > Ty (w, W™ =Ty (w,wh),Yw e #. (4.4)

5. O(1/t) CONVERGENCE RATE

In this section, we show that the proposed method has the O(1/t) convergence rate. Recall
that #* can be characterized as (see (2.3.2) on pp. 159 of [33])

W= (1 {we¥ :(0u)-0@)+ (w—w) F(w) > 0}.

wew
This implies that W is an approximate solution of (2.2) with the accuracy € > 0 if it satisfies
we# and sup {(©(ii) —Ou))+ (w—w) F(w)} <e. (5.1)
wew

In the rest, our purpose is to show that after ¢ iterations of the proposed method, and we can find
aw € # such that (5.1) is satisfied with € = O(1/1).

Theorem 5.1. Let wk be generated by Algorithm 3.1, and let W* be defined by (3.4). Then

0(i)) — 0(u) + (% — w) T F(w) < ILFH(W, WO) V€ H

+1
where
~ 1 zt" ~k d i 1 zt: ~k
We=——)Y W and i;=——Y 0.
SRR Y= SRR
Proof. From (4.4), we have
0(i*) — 0(u) + (W —w) TF(w) < Ty (w,wk) =Ty (w,w 1, vwe #. (5.2)

Summing the inequality (5.2) over k =0, - - -,#, we obtain

3 t T
Y o(i)— (t+1)6(u) + (Z WE— (1 + 1)w> F(w) <Tu(ww’),Ywe # . (5.3)
k=0 k=0

The convexity of 6 indicates

zzk> < L Y o(id). (5.4)
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Substituting (5.4) into (5.3) and using the definition of w;, we have

6 (ii;) — 0(u) + (W, —w) F(w) < H%FH(W,WO),VW e,

which proves the desired result. Indeed, W, € # because it is a convex combination of WO, wl ,e e

-,w'. The proof is completed. O
For any compact set 2 C #/, let d = sup{T'yz(w,w?)|w € 2}. For any given & > 0, after most
d
t=(=—1)

€
iterations, we have 0 (ii;) — 0 (u) + (W, —w) ' F(w) < &, Yw € 2. That s, the O(1/t) convergence
rate is established in an ergodic sense.
6. PRELIMINARY COMPUTATIONAL RESULTS

In order to verify the theoretical assertions, we consider the LASSO model in [5, 34]
1
miﬂ{§||x_b”2 +ol|y|lix—Ay=0,x e RM,y e R”Z} , 6.1)

where ||x||; = Z;|x;|. Applying the proposed method to the problem (6.1) with By (x,y) = 3 [|x—
y||2 and By (x,y) = 3||x—Y||3, where C =riI,, — BATA, D = trl,, — BB B with r; > B||ATA],
r, > B||BTB||,7 € (15%,1), and B is full column rank. r > B||ATA| implies the positive semi-
definiteness of matrix C, and T < 1 indicates the indefiniteness of matrix D. Note that similar
matrices was tested in [7]. The iterative scheme is given as

. iﬁ (b+ X+ BAY + (ry — 1))

Akts — qk af (T — Ayk),

AT )Lk-f—l _ k+1 —A k
)’kﬂ = shrink (yk - ( bl ) ) =
Tr Tr

AR g kts _,},ﬁ(xk—i—l _Ayk+1>
where the shrink is the soft thresholding operator (see [35]) defined as

(SS(I)),' = (1 — 5/‘Z‘i|)+ =12, no.

We use the same notations as in [7]. We compare the performance of the proposed method
(BPRSM) with CADMM in [5], IDSADMM in [36], IPGADMM in [37], and GLADMM)
in [38]. In all tests, we take r; = 1.001,r, = B||ATA|| +0.001 and (y°,A°) = (0,0) as the
initial point. We compare the results of each algorithm when the parameters are optimal. The
parameters in each algorithm are listed as below.

CADMM: B =1,6 =0.1||ATb||ee, T = 1.001, ¢ = 0.3,y = 1.618.

IDSADMM: B =1,6 =0.1||AT ||, = 0.3,7 = 0‘3‘22_*20;145 +0.001,y=1.

IPGADMM: 8 = 1,6 = 0.1[|ATb||w, ¢ = 0.3,7 = 3% +0.001,y = 1.

a - T . _ 4a+7)>=5(a+y)+10 o
GLADMM: B =1,06 =0.1||A ' b||w,x =0.3,7 = Tty —8(aty) 116 +0.001,y=0.4.
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Comparison results for problem (6.1)

BPRSM: B = 1,6 = 0.1||ATh||w, @ = —0.4,7 = 5% 4+0.001,y = 0.9.
The iteration is stopped as soon as

”karl _Ayk+1|| < eP and HA(ykJrl _yk)H < 8dual

where P!l — \/ﬁeabs + grel max{|x*+1|, |4y*+!||} and gdual _ \/ﬁgabs +8rell|yk+1”7 with
£2D8 and el set to be 1074 and 102, For a given dimension m X n, we generate the data ran-
domly as follows. p = 1/n,x° = sprandn(n, 1, p),A = randn(m,n),b = A % x° + sqrt(0.0001) *
randn(m, 1). All codes were written in Matlab; we compare the proposed method with those in
[5, 36, 37, 38]. The iteration numbers, denoted by k, and the computational time for problem

(6.1) with different dimensions are given in Table 6.1.

Table 6.1: Numerical results for problem (6.1)

CADMM IDSADMM IPGADMM GLADMM BPRSM

m n k  CPU(s) k  CPU(s) k  CPU(s) k  CPU(s) k  CPU(s)
900 300 34 1.67 31 1.58 30 1.53 28 1.67 18 0.92
1050 3500 36 2.49 32 2.40 32 2.44 29 2.38 19 1.38
1200 4000 32 2.80 29 2.57 28 2.48 26 2.88 18 1.76
1350 4500 35 3.92 31 3.88 31 3.61 28 3.92 18 2.16
1500 5000 29 3.97 25 3.57 25 3.58 24 3.96 17 2.40
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FIGURE 6.2. Sensitivity tests on different & of BPRSM for problem (6.1)

Figure 6.1 reports the comparison between the methods in [5, 36, 37, 38] and the proposed
method for solving problem (6.1). Tables 6.1 and Figure 6.1 show the high efficiency and
robustness of the proposed method. We observe that the proposed method is faster and need
fewer iteration.

Figure 6.2 shows the sensitivity tests of the proposed method for solving different dimen-
sional with different o values. When o takes the value between intervals [-0.5, 0.1], the number
of iterations under different dimensions is not more than 24, of which the minimum value is 17.

7. CONCLUSIONS

In this paper, by using the Bregman distance and the the proximal Peaceman-Rachford split-
ting method, we proposed a Bregman proximal Peaceman-Rachford splitting method for solv-
ing a separable convex minimization model. The new algorithm only needs to solve two un-
constrained subproblems at each iteration. We proved the global convergence of the algorithm
under standard assumptions. Finally, we reported some numerical results, indicating the effi-
ciency of the proposed algorithm.
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