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1 ÚÚÚóóóÚÚÚÄÄÄ:::���£££

·l1997cÒm©'5ÚïÄ�O��{, �C�c, â�Ä^ADMM¦);.��5�åà`

z¯K. ù�!, ·�0��O��a�{�)û�;.¯K, ùa�{I�^�����`z

�nÚÊÏ��ÆêÆ, Ó�)º(�.�©là`z^�O��{¦)k=
`:.

1.1 ���


;;;...���`̀̀zzz¯̄̄KKK

� U ⊂ <n ´4à8, θ(u) ´ <n → < �à¼ê(Ø�½��), Ý
 A ∈ <m×n, �þ b ∈ <m.

ùp¤`��ª�åà`z¯K���/ª´

min{θ(u) | Au = b, u ∈ U}. (1.1)

�O��{ [4, 6, 7, 8]Úå­À,´¯K (1.1)  äk±e��©l(�µθ(u) = θ1(x)+θ2(y),

A = (A,B) Ú U = X × Y, �å5Ò´

min{θ1(x) + θ2(y) | Ax+By = b, x ∈ X , y ∈ Y}. (1.2)

|^�O��{¦) (1.2), `:´�±|^¯K��©l(�.

nnn������©©©lll���fff�à`z¯K

min{θ1(x) + θ2(y) + θ3(z)|Ax+By + Cz = b, x ∈ X , y ∈ Y, z ∈ Z}, (1.3)

��u3 (1.1) ¥� θ(u) = θ1(x) + θ2(y) + θ3(z), A = (A,B,C) Ú U = X × Y × Z. éü��

f�¯Kk���{, í2�n��f�¯K, Ø�½Âñ [3].
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1.2 ���������`̀̀zzz���nnnÚÚÚCCC©©©ØØØ���ªªªLLLããã

·�o3C©Ø�ªµee�Ä¯K. Ïd, k�^���`z�n, r�5�å�à`z¯K

=�¤�d�C©Ø�ª¯K. Äk, ¯K (1.1) �.�KF¼ê´½Â3 U × <m þ�

L(u, λ) = θ(u)− λT (Au− b). (1.4)

XJ�é w∗ = (u∗, λ∗) ∈ U × <m ÷v

Lλ∈<m(u∗, λ) ≤ L(u∗, λ∗) ≤ Lu∈U (u, λ∗), (1.5)

Ò¡§� Lagrange ¼ê�Q:. ¦�
Q:w∗ = (u∗, λ∗), Ù¥�u∗ Ò´ (1.1) �), λ∗ Ò´

�A��` Lagrange ¦f, ùÒ´·�¤I��`z����n. ½ÂQ:�éªØ�ª (1.5)

©�m5´ {
u∗ ∈ U , L(u, λ∗)− L(u∗, λ∗) ≥ 0, ∀u ∈ U ,
λ∗ ∈ <m, L(u∗, λ∗)− L(u∗, λ) ≥ 0, ∀ λ ∈ <m.

�âé L(u, λ) �äN/ª, ±þ�Q:Ø�ª'X�±�d/L«¤´e¡�C©Ø�ª:{
u∗ ∈ U , θ(u)− θ(u∗) + (u− u∗)T (−ATλ∗) ≥ 0, ∀u ∈ U , (1.6a)

λ∗ ∈ <m, (λ− λ∗)T (Au∗ − b) ≥ 0, ∀ λ ∈ <m. (1.6b)

·�2ò (1.6) �¤;n�/ª

w∗ ∈ Ω, θ(u)− θ(u∗) + (w − w∗)TF (w∗) ≥ 0, ∀w ∈ Ω, (1.7a)

Ù¥

w =

(
u

λ

)
, F (w) =

(
−ATλ
Au− b

)
, Ω = U × <m. (1.7b)

l (1.7) � (1.6), ��éÙ¥?¿� w ∈ Ω ©O� w = (u, λ∗) Ú w = (u∗, λ) Ò�� (1.6a) Ú

(1.6b). C©Ø�ª (1.7) �)8, ^ Ω∗ L«. ±C©Ø�ª (1.7) �óäïÄà`z�{, Ò�

^�¼ê¦�gà¼ê�4�, ¬�5é���B. ù«*:, ����5�õ�@�.

1.3 ÊÊÊÏÏÏ������ÆÆÆêêêÆÆÆÚÚÚOOO222...���KKKFFF¦¦¦fff{{{

·�I��ÊÏ��ÆêÆ, ´�|^à¼ê�5�Ú����È©�£, y²e¡�Ún.

ÚÚÚnnn 1.1. � X ⊂ <n ´4à8, θ(x) Ú f(x) Ñ´à¼ê, Ù¥ f(x) ��. P x∗ ´à`z¯

K min{θ(x) + f(x) |x ∈ X} �). ·�k

x∗ = arg min{θ(x) + f(x) |x ∈ X} (1.8a)

�¿©7�^�´

x∗ ∈ X , θ(x)− θ(x∗) + (x− x∗)T∇f(x∗) ≥ 0, ∀x ∈ X . (1.8b)
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ù�y²��Ð�, ��±3·Ì�¤��w [30] �mÞÜ©é�. à`z¯K�ADMMa

�{�Âñ5y², Ä�þÒ|^C©Ø�ª�LãÚù�Ún.

`z¯K(1.1)�O2.�KF¼ê´3§�.�KF¼ê(1.4)��¡2\�� β
2 ‖Au− b‖

2,

Ù¥ β > 0 ´�½(�é�{�J���¯a)�~ê, P

Lβ(u, λ) = θ(u)− λT (Au− b) +
β

2
‖Au− b‖2. (1.9)

¦)¯K (1.1) �O2.�KF¦f{(ALM) [20, 24] � k-ÚS�´l�½� λk m©, ÏL

(ALM)

{
uk+1 = arg min

{
Lβ(u, λk)|u ∈ U

}
, (1.10a)

λk+1 = λk − β(Auk+1 − b), (1.10b)

¦�#�S�: wk+1 = (uk+1, λk+1). Ï�S���k λk Ò�±m©, �ù���¹, ·�r

u `¤¥mCþ, λ ¡�Ø%Cþ. Nocedal Ú Wright �;Í [22] �1�ÔÙéO2.�KF

¦f{�`:k;��Øã. �,, §�´^5¦)' (1.1) �E,�
�¯K.

f¯K(1.10a)�a.Ò´Ún1.1¥�(1.8a). Ún1.1w�·�, \¦)
�oäN¯K, Ò

¬��=
k^�5�. �L5, \I�(1.8b)aq�5�, Ò��E¿¦)(1.8a)@��¯K.

1.4 ������oooJJJ���^̂̂���OOO������{{{¦¦¦)))���©©©lllààà`̀̀zzz¯̄̄KKK

·����à`z¯K~~´k�©l(�� (1.2) ù«a., §�O2.�KF¼ê´

Lβ(x, y, λ) = θ1(x) + θ2(y)− λT (Ax+By − b) +
β

2
‖Ax+By − b‖2. (1.11)

XJ�Ä^O2.�KF¦f{¦)(1.2), �â (1.10), k-ÚS�´l�½� λk m©, ¦�{
(xk+1, yk+1) = arg min

{
Lβ(x, y, λk) |x ∈ X , y ∈ Y}, (1.12a)

λk+1 = λk − β(Axk+1 +Byk+1 − b). (1.12b)

|^O2 Lagrange ¼ê�L�ª (1.11), f¯K (1.12a) �/ª´

(xk+1, yk+1) = arg min

{
θ1(x) + θ2(y)− (λk)T (Ax+By − b)

+β
2 ‖Ax+By − b‖2

∣∣∣∣ x ∈ Xy ∈ Y

}
.

ù«?n�ª, ":´vk|^¯K��©l(�, ¦)ù��f¯Kk�¬ÃleÃ.

�é (1.12) ¥f¯KJ)��¹, �Äò (x, y) f¯KÏLtµ©
m�, Ò��e¡�¦¦¦

fff���OOO������{{{(ADMM). ù��{� k-ÚS�´l�½�Ø%Cþ (yk, λk) m©, ÏL

(ADMM)


xk+1 = arg min

{
Lβ(x, yk, λk)

∣∣ x ∈ X}, (1.13a)

yk+1 = arg min
{
Lβ(xk+1, y, λk)

∣∣ y ∈ Y}, (1.13b)

λk+1 = λk − β(Axk+1 +Byk+1 − b), (1.13c)

�� (xk+1, yk+1, λk+1). �é{`, ¦f�O��{¢Sþ´?n�©l(�.`z¯K (1.2)

�tµ
�O2.�KF¦f{. f¯K (1.13a) Ú (1.13b) ©O´

min
x∈X
{θ1(x) +

β

2
‖Ax+ (Byk − b− 1

β
λk)‖2} Ú min

y∈Y
{θ2(y) +

β

2
‖By + (Axk+1 − b− 1

β
λk)‖2}

ù�ü�Cþ�¯K. ùp� β No�, �´kùÄ. 2009 c 10 �þ°�ÆÌ��uÀ/«$

ÊÆ���ØÆ¬Ø�Sü·��¬�w��ÿ, ·Ò±/&EEâ¥�à`z¯KÚ�O�

�{¦)0�K, ���cÆö5¿�O��{. 1�c, �þÒk
 Boyd ¦�É�9,�'

u¦f�O��{�©Ù [1].
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2 üüü������fff¯̄̄KKK���OOO������{{{���¡¡¡���


===


UUU???

éO2.�KF¦f{tµ, Ò��
¦)�©l(�¯K (1.2) �k��{ ADMM (1.13), �

{��{ü. |^C©Ø�ª, y²²;�ADMM�)�S�S� {vk} = {(yk, λk)} ÷v

‖vk+1 − v∗‖2H ≤ ‖vk − v∗‖2H − ‖vk − vk+1‖2H , Ù¥ H =

(
βBTB 0

0 1
β I

)
. (2.1)

ù�y²��N´(�[30]½[31]�1��ù), �ç�·�IsØ�����. âd�±����

∞∑
k=0

‖vk − vk+1‖2H ≤ ‖v0 − v∗‖2H . (2.2)

ùo¤�q{ü�ó�4<[�¤
. ~6�{, g,�¯, ·��U�:�oºÑuù«�Ä,

éü��f�¯K�O��{��, ·�Ì�JÑ
: 1) PPA ¿Âeòÿ�¦f�O��{; 2)

é¡�¦f�O��{; Ú 3) Ø½¿Âe��5z¦f�O��{.

2.1 PPA ¿¿¿ÂÂÂeeeòòòÿÿÿ���¦¦¦fff���OOO������{{{

PPA ¿Âe�±òÿ�¦f�O��{uL3[2], äN�{´ k-ÚS�l�½�Ø%Cþ

(yk, λk) m©, ò²;� ADMM (1.13) ¥¦) y-f¯KÚ�� λ �^S��, òÏL
xk+1 = arg min{Lβ(x, yk, λk) |x ∈ X},
λk+1 = λk − β(Axk+1 +Byk − b),
yk+1 = arg min{Lβ(xk+1, y, λk+1) | y ∈ Y},

(2.3a)

��� wk+1 = (xk+1, yk+1, λk+1) ��ýÿ:, ,�2�tµòÿ{
yk+1 := yk − γ(yk − yk+1),

λk+1 := λk − γ(λk − λk+1),
(2.3b)

ùp  � γ = 1.5 ∈ (0, 2). D�Ò /:=0L« (2.3b) mà� (yk+1, λk+1) ´d�{�c�Ü

© (2.3a) �)�. (2.3b) �àâ´�e�ÚS�m©¤Jø� (yk+1, λk+1). éõê¯K, ù�

�  U\¯Âñ.

2.2 ééé¡¡¡���###¦¦¦fff������OOO������{{{

¦) (1.2) �²;�¦f�O��{´ (1.13). l¯K (1.2) ��w, �©Cþ x Ú y ´²��.

3�{�Oþ²�é� x f¯KÚ y f¯K, �´�g,ØL��Ä. Ïd·�æ^é¡��O

��{ [13]. §� k-ÚS�l�½� (yk, λk) m©, ÏL

xk+1 = arg min{Lβ(x, yk, λk) |x ∈ X},

λk+
1
2 = λk − µβ(Axk+1 +Byk − b),

yk+1 = arg min{Lβ(xk+1, y, λk+
1
2 ) | y ∈ Y},

λk+1 = λk+
1
2 − µβ(Axk+1 +Byk+1 − b).

(2.4)

��#�S�: wk+1 = (xk+1, yk+1, λk+1),Ù¥ µ ∈ (0, 1) (·�Ï~� µ = 0.9). ù��,�{

Ün, ¯¢þ�\¯Âñ. �5¿�´� µ = 1 �, (2.4)Ò¤
Peaceman-Rachford�{[21, 23],

éd, �±ÞÑØÂñ�~f.
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2.3 ���555zzz���OOO������{{{þþþ���???ÐÐÐ

ADMM �{ (1.13) ¥, f¯K (1.13a) Ú (1.13b) �äN/ª©O´é®��pkÚqk, ¦)

min{θ1(x) +
β

2
‖Ax− pk‖2 |x ∈ X} Ú min{θ2(y) +

β

2
‖By − qk‖2 | y ∈ Y}.

3�
¢SA^¥, duÝ
 A ½ B �(�, Ù¥¬k��f¯KJ). ·�Ø��ù�'�J

)�¯K´ (1.13b), ,�3§�8I¼ê�¡\�AÏ��K�, r�{ (1.13) U¤

(L-ADMM)


xk+1 = arg min

{
Lβ(x, yk, λk)

∣∣ x ∈ X}, (2.5a)

yk+1 = arg min
{
Lβ(xk+1, y, λk) +

1

2
‖y − yk‖2DB

∣∣ y ∈ Y}, (2.5b)

λk+1 = λk − β(Axk+1 +Byk+1 − b), (2.5c)

Ù¥

DB = sI − βBTB. (2.6)

duUC8I¼ê¥�~ê�ØK�), Ïd (2.5b) ÒC¤
/X

yk+1 = arg min
{
θ2(y) +

s

2

∥∥y − [yk − 1

s
BT [β(Axk+1 +Byk − b)− λk]

]∥∥2 ∣∣ y ∈ Y}
ù�{ü�
�f¯K. ù~~�`¤´/�5z0?n. ¢Sþ´

^
s

2
‖y − yk‖2 ��O

β

2
‖B(y − yk)‖2.

�
nØþ�yÂñ, éu�½(ØU�¿C�)� β, <��¦ (2.6) ¥�ëê s ≥ β‖BTB‖
[26, 27]. �[Ó���, L�� s > 0, ¬K�Âñ�Ý.

2017 c, ·�3ù�¡k
��?Ð. 3 [14] ¥, ·�y²
�± �ù�ëê s. �

� s > 3
4
β‖BTB‖ �{ (2.5) Ò�±�yÂñ. � s < 3

4
β‖BTB‖ ÒkØÂñ�~f.

�é{`, 3ù��¡, ·���
�`, ·�Q²�dgÍ.

3 ééénnn������fff¯̄̄KKKJJJÑÑÑ


===


���OOO������aaa���{{{

¦)n��©l�f¯K(1.3)�ADMMa�{, ±cv<?ØL. ·�P¯K (1.3) �O2.�

KF¼ê�(�ü��f�ÎÒk«O)

L3β(x, y, z, λ) = θ1(x) + θ2(y) + θ3(z)− λT (Ax+By + Cz − b) +
β

2
‖Ax+By + Cz − b‖2.

æ^��í2�¦f�O��{, k ÚS�´l�½�Ø%Cþ vk = (yk, zk, λk) Ñu, ÏL
xk+1 = arg min

{
L3β(x, yk, zk, λk)

∣∣ x ∈ X},
yk+1 = arg min

{
L3β(xk+1, y, zk, λk)

∣∣ y ∈ Y},
zk+1 = arg min

{
L3β(xk+1, yk+1, z, λk)

∣∣ z ∈ Z},
λk+1 = λk − β(Axk+1 +Byk+1 + Czk+1 − b)

(3.1)
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¦�#�S�: wk+1 = (xk+1, yk+1, zk+1, λk+1). 3 [3] ¥, ·�y²
�¯K (1.3) ¥�Ý


A, B, C ���þ�mkü��p����ÿ, �{ (3.1) ´Âñ�, Ï�ù�§��uü��

f�¯K. 3@�©Ù¥, ·���Ñ
^ (3.1) ¦)n��f¯KØÂñ�~f.

3Ø�Ù��í2� ADMM (3.1) ´ÄÂñ�c, ·�ÒXÃén��f�¯KJÑ�
?

��ADMMa�{. ?���K´¦þ��UÄ, �± ADMM Ð¬5. é¯KØ\?Û�	^

�, é²; ADMM ¥I�N'À�� β, Ø�?Û��. �é{, �é�{��Ä:�Ãâ�

3.1 ÜÜÜ©©©²²²111©©©��� ALM ���ýýýÿÿÿ���������{{{

�
��C (3.1),�´r x�¤¥mCþ,S�l vk = (yk, zk, λk)� vk+1 = (yk+1, zk+1, λk+1),

²1?n y, z-f¯K2�# λ. äN`5, Ò´ÏL
xk+1 = arg min

{
L3β(x, yk, zk, λk)

∣∣ x ∈ X}, (3.2a)

yk+1 = arg min
{
L3β(xk+1, y, zk, λk)

∣∣ y ∈ Y}, (3.2b)

zk+1 = arg min
{
L3β(xk+1, yk, z, λk)

∣∣ z ∈ Z}, (3.2c)

λk+1 = λk − β(Axk+1 +Byk+1 + Czk+1 − b), (3.2d)

)¤� (xk+1, yk+1, zk+1, λk+1) �¤ýÿ:. y, z f¯K (3.2b) Ú (3.2c) ²1
, �gd, �)

âd�#� λ, ÑI���. ��úª´

vk+1 := vk − α(vk − vk+1), α ∈ (0, 2−
√

2). (3.3)

�X`, ·��±� α = 0.55. 5¿� (3.3) mà� vk+1 = (yk+1, zk+1, λk+1) ´d(3.2) Jø

�. �é{`, ùp���Ò´rr��/�0� vk+1  £.�:. ýÿ-��, ´·�lÝKÂ

 �{m©��{µe. ýÿ�´JøÂ ��, ���O�Ú�, �±(�3�½� H-�e,

‖vk − v∗‖H eüÂ . �{ 2009 cuL3 [10], X�ùÂ [31] �1�Êù¥�k�[Øã.

3.2 ���pppddd£££������ ADMM ���{{{

��í2�¦f�O��{ (3.1) én��f�¯K (1.3) ØU�yÂñ, ´Ï�§�?nk'

Ø%Cþ� y Ú z-f¯KØú². æ�ÖÍ��{´ò (3.1) Jø� (yk+1, zk+1, λk+1) �¤ý

ÿ:, du�e�ÚS��I�O� (Byk+1, Czk+1, λk+1), ��úª�Byk+1

Czk+1

λk+1

 :=

BykCzk

λk

− ν
I −I 0

0 I 0

0 0 I


B(yk − yk+1)

C(zk − zk+1)

λk − λk+1

 . (3.4)

Ù¥ ν ∈ (0, 1), mà� (yk+1, zk+1, λk+1) ´d (3.1) Jø�. ù��{uL3 [15]. �{´ (3.1)

?n y Ú z f¯Kkk�, Øú², Ò��éÖ, N�. ¯¢þ, ��±��� y Ú z (ÃI�

�λ). �Ò´`, �' (3.4) �{ü�(
Byk+1

Czk+1

)
:=

(
Byk

Czk

)
− ν
(
I −I
0 I

)(
Byk −Byk+1

Czk − Czk+1

)
. (3.5)

Âñ5�{üy²�±l·Ì���wS� [30] ¥é�. ù�?nn��f��{, 3��í2

�ADMM (3.1) a�{�Ä:þ��?U´��Ù��.
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3.3 ÜÜÜ©©©²²²111¿¿¿\\\���KKK������ ADMM ���{{{

§3.2 ¥��{ò (3.1) �ÑÑ��ýÿ:��, ´Ï� (3.1) ?n y Ú z f¯Kkk�, Øú².

ùp·��Är�ú², ²1¦) y, z-f¯K, Ø��?n, 
´�ùü�f¯KýkÑ\��

K�. �{�å5Ò´
xk+1 = arg min

{
L3β(x, yk, zk, λk)

∣∣ x ∈ X},
yk+1 = arg min

{
L3β(xk+1, y, zk, λk) + τ

2β‖B(y − yk)‖2
∣∣y ∈ Y},

zk+1 = arg min
{
L3β(xk+1, yk, z, λk) + τ

2β‖C(z − zk)‖2
∣∣z ∈ Z},

λk+1 = λk − β(Axk+1 +Byk+1 + Czk+1 − b),

(3.6)

Ù¥ τ > 1. þã�{��u

xk+1 = arg min{θ1(x) + β
2 ‖Ax+Byk + Czk − b− 1

βλ
k‖2 |x ∈ X},

λk+
1
2 = λk − β(Axk+1 +Byk + Czk − b)

yk+1 =arg min{θ2(y)−(λk+
1
2 )TBy + µβ

2 ‖B(y − yk)‖2 | y ∈ Y},

zk+1 =arg min{θ3(z)−(λk+
1
2 )TCz + µβ

2 ‖C(z − zk)‖2 | z ∈ Z},
λk+1 = λk − β(Axk+1 +Byk+1 + Czk+1 − b),

(3.7)

Ù¥ µ = τ + 1. ùauL3 [16, 25] ��{g�´: 4 y Ú z �gd, ±�qØO���, @Ò

^\�K�4§�Ø¬r���. [16] ¥��{ (3.7) � UCLA Osher �Ç��K|¤õ^5¦

)ã�ü�¯K[5]. ·��¦ µ > 2, ¦�Ïd� µ = 2.01, AT´ù�ëê��
ØÐ.

2017 c, ·�3ù�¡k
��?Ð. 3 [19] ¥, ·�y²
�± � (3.6) ¥�ëê

τ , ÷v τ > 1
2
, �é τ < 1

2
�Ñ
ØÂñ�~f. ù��u3 (3.7)¥, ��� µ > 1.5

Ò�±
. XJ·�@kù�(J, Osher �K|3[5]¥½NÒ� µ = 1.51 
.

4 ààà`̀̀zzz©©©���ÂÂÂ   ���{{{���ÚÚÚ���µµµeee

ù
c���Ì�¤J´é¦)üNC©Ø�ª (1.7) ��{ïá
��Ú�µe. r�{Ñw

¤ýÿ–���{[11, 30, 29], zÚS�Ñ©
¤ýÿÚ��.

[ýýýÿÿÿ] �{� k-ÚS�l vk m©, ÏL¦)�
f¯K, �)�ýÿ: w̃k ∈ Ω, ¦�

θ(u)− θ(ũk) + (w − w̃k)TF (w̃k) ≥ (v − ṽk)TQ(vk − ṽk), ∀w ∈ Ω, (4.1)

¤á. Ù¥ QT +Q �½.

[������] ·�^��úª

vk+1 = vk −M(vk − ṽk), (4.2)

�)#�S�:.

c¡J���{, Ñ�±8?ù�µe. �
#��{, [[©Ûå5,   Ø´3ýÿÝ


Q þ\:/û0, Ò�3��Ý
 M þ\:/p0. éýÿ-���{ (4.1) – (4.2), ke¡�A

ON´uÿ��yÂñ�¿©^�µ
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ÂÂÂñññ555^̂̂��� XJýÿ-��úª¥�Ý
 Q ÚM ÷v

H = QM−1 � 0, (4.3a)

Ú

G = QT +Q−MTHM � 0, (4.3b)

S�S�Ò¬Âñ���):, ¿�äk O(1/t) �Âñ�Ç.

I�rN�´, �{¥ØI��� H, �ØI� M−1 �&E. éÚ�µe¥�ýÿ-���

{, �yþã^�÷v
, Âñ5��
n�5�ÒÑk
.

4.1 ÚÚÚ���µµµeeeeee���ÂÂÂ   555���

éÚ�µe��{, ·�y²
±e��
Âñ5�.

½½½nnn 4.1. � {w̃k}, {vk} ´¦)C©Ø�ª (1.7) �ýÿ-���{ (4.1)-(4.2) )¤�S�. X

J^� (4.3) ¤á, @ok

θ(u)− θ(ũk) + (w − w̃k)TF (w̃k)

≥ 1

2

(
‖v − vk+1‖2H − ‖v − vk‖2H

)
+

1

2
‖vk − ṽk‖2G, ∀w ∈ Ω. (4.4)

·~~!3�>�/¥Æ�ênÄ:0, ´�þã½ny²Ì���e¡�Ð�ð�ª

(a− b)TH(c− d) =
1
2

{
‖a− d‖2H − ‖a− c‖2H

}
+

1
2

{
‖c− b‖2H − ‖d− b‖2H

}
.

ò (4.4)¥?¿� w ∈ Ω �� w∗, |^üN5, ��S�S�Â 5½nAO{ü.

½½½nnn 4.2. � {w̃k}, {vk} ´¦)C©Ø�ª (1.7) �ýÿ-���{ (4.1)-(4.2) )¤�S�. X

J^� (4.3) ¤á, @ok

‖vk+1 − v∗‖2H ≤ ‖vk − v∗‖2H − ‖vk − ṽk‖2G, ∀v∗ ∈ V∗. (4.5)

4.2 SSS���EEE,,,555

Ú�µe4·�99W��, ´|^§y²H{¿Âe�Ú:�¿Âe�S�E,5ÒC��

�N´. é²;�ADMM (1.13) �)�S�S�, ÏL½Â

x̃k = xk+1, ỹk = yk+1, λ̃k = λk − β(Axk+1 +Byk − b)

|^Ú�µe, ·�3© [17] ¥y²
H{¿ÂeS�E,5µ

½½½nnn 4.3. � {w̃k}, {vk} ´¦)C©Ø�ª (1.7) �ýÿ-���{ (4.1)-(4.2) )¤�S�, ^

� (4.3) (d�G��¦��½) ¤á. P

w̃t =
1

t+ 1

t∑
k=0

w̃k. (4.6)

@o, é?¿���ê t > 0, w̃t ∈ Ω ¿

θ(ũt)− θ(u) + (w̃t − w)TF (w) ≤ 1

2(t+ 1)
‖v − v0‖2H , ∀w ∈ Ω. (4.7)

8



d	, ·�3© [18] ¥y²
�O��{�)�S� {‖vk − vk+1‖H} �üN5.

½½½nnn 4.4. � {vk} ´^�O��{ (1.13) ¦) (1.2) ���S�, @ok

‖vk − vk+1‖2H ≤ ‖vk−1 − vk‖2H . (4.8)

d (2.2) Ú (4.8) ��, é?¿���ê t > 0,

‖vt − vt+1‖2H ≤
1

t+ 1

( t∑
k=0

‖vk − vk+1‖2H
)
≤ 1

t+ 1
‖v0 − v∗‖2H . (4.9)

Ø�ª(4.7)Ú(4.9)��à^5uÿØ�, mà�þÑ±S�gê�©1, ù´·�Ò��S�E

,5(Ø�Ì��â.

5 ���:::aaaqqqÚÚÚNNN¬¬¬

�©Qã��C�c·ÚÆ)�9*l3�O��{�¡��
Ì�ó�. Ø
ü��#�¤

J[14, 19], Ù¦Ñ3·�nã©Ù5·Ú¦f�O��{20c6[29]¥^Ú�µe�Ñ
y².

�5�õ�Æö5¿�, ·(Ú·��)�ïÄó�, AT�g¤��NX. lC©Ø�ª�Ý

KÂ �{�±ADMM��L�à`z�©�Â �{[9, 12, 28], ���ª, �^Ì�. Ù¥�

Ì��{, ÑQ�¦<^5¤õ)û¯K. �{�U�<æ^, {ü²
´7L�.

�O��{Ccùo»9, ·��ó���Nõ¶[�@�, ù´ 20 cc·m©��O��

{vk�L�. XJ`·3ÆâïÄ��´þz�
A���, @o�:²�Ò´�ÆâïÄÃ

I�º. Ø�4ºóº�Ä~
gC�;5, Ï�§öØr·�¤õ���.

·�þp¥����1��, P�w�·�42�Ó�ÓÆ¥kl�3Ð¥�L��(vk·).

l@��ÿm©, ·Ò��, ù�­., Ø"+�<Ô. UZgC�Z�, ØÉZ6, ½öÐ��

êÆïÄ�{, ·�Ö
sÖ. �´c��
, PØ4Aé. ó�Ö�ó<�^¦���ó,

L�
·õc�L�
vkL�Ñ(½övkUåL��)�¿g, �¬ûÃ�ý. óÆ[±I²

`:/ý��¦·aÃ�´égCÀ½¿��l¯�ó���«9Ov
. ��ù��<, ·�

É��UÒ¬r¦�@�·��730. ùAé·ú�ék�n.
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