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ẋ = Ax+Bu, y = Cx,
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ẋ = Acx, Ac = A+BKC, Ac = ((mij)),
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∑
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ẋ = Acx
Ø

‖x(t)‖ ≤ ‖x(0)‖e−σt, σ = σ(Ac).
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n = 2
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ẋ = Ax+Bu, A =

(

a11 a12

a21 a22

)

, B = b =

(

b1
b2

)

, u = Kx, K = k = (k1 k2).
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Ac = A+BK =

(

a11 + b1k1 a12 + b1k2

a21 + b2k1 a22 + b2k2

)

,

Ü
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a11 + b1k1 < −|a12 + b1k2|, a22 + b2k2 < −|a21 + b2k1|.
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b1 = b2 = 1
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a11 − a21 < −|a12 − a22|, a22 − a12 < −|a21 − a11|.b §F¢�¡*¢*·	¹
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τ
.
= a11 − a21 + a22 − a12 < 0.
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τ < 0
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ẋ = Ax+ bu, u = kx, x ∈ R
n, u ∈ R
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b1 = 0
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Ac = A+ bk
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K = ((kij))
Ø

kij ≤ kij ≤ kij , i, j = 1, . . . , n.
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xk = Axk−1 +Buk−1,

yk = Cxk
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uk = Kyk
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Ac = A+BKC

·	¥F�"¨�¦�°h¡$¥F�j§*¦x´�¿L¥F¿
‖Ac‖ < 1
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n
∑

j=1

|mij(K)| < 1, i = 1, . . . , n.
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min q,

∑

j

nij ≤ q, i = 1, . . . , n,

−nij ≤ mij(K) ≤ nij , i, j = 1, . . . , n,
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Ac = A+ BKC
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a(z)

b(z)
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a(z) = a0 + a1z + . . .+ anz

n, b(z) = b0 + b1z + . . .+ bmz
m.
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f(z) = f0 + f1z + . . .+ fF z
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|p0(f, g)| >
l
∑

i=1

|pi(f, g)|, f = (f0, . . . , fF ), g = (g0, . . . , gG),
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ẋ = Ax + Bu
½
y = Cx

 8�jÅj¶b±"´"§F¢* "¢$¹
u = Ky

¦�¡*¢b²�¨"§*¦x´\¿��"¢*¨�¦�¿"¶�§b¥F¿L¢*£\¹<¥F§F "¨"Æ"°
K
½�¤"§F¢.�" "¨�²�¥F³"³"°:µ

A,B,C
¹<¥F§F "¨"Æ�¥

Ac = A+ BKC
¶$¦�§*¢*£L¸

¤"¨"¡$¥"À*Ò<¥*¦j¦j¹<¥F§F "¨"¡$¥c´7Ã�±��	¹
�j³"§F°º¹<¥F§F "¨"Æ"°
K
¿8¥F¿.��¥F �¥*¹
�j§F "°

q
½$�" "¨8µ*¢b²�¨�¹�¿.·	¥c²�¥b¤"��¡WÔA¢* �¹
�5ªD¬jïL®�½*¿L¢*§F¢* �¥c´�½

¦�±���²�¢*¡$¥F§F��±�©*³"¢�½$´"¡F±"´"�j§*¦x´�¢*¯*¢*¯*¼Q�j³"¨"�	¹Í�8 "¢*¯F±��	¹
°�¦�§b¥F¯*¨8±�¨"·	¥FÆ"¨"¨��"¢�¡*°:µ$¢	²�¶*À
03±"´\³"�j¿$¢*§F¢* "°:µ�¤�¥*¦�§F³"°:µ\¦�±�¶L¤�¥F�j¡\ªÐ³"¥F�" "¨�¹
�j �½�¿$¢*Å@²�¥7¹<¥F§F "¨"Æ"°

A0, . . . , A`
¦�¨�¹<¹
�j§F "¨"¤"³"°�®�¡$¦��3Ãj§F¨\�" "¢F¸

¯F±��	¹
°M²�¢*�"¶$¦�¿L¥FÂ�§��" "¢$¦�§F¢*�. "�j»W�j³"¨"�FÀ
�^¢*¯*¼W�	¹�¦�±�¶L¤�¥F�.§b¥F¿"¨"��·	¥c²�¥b¤"¨H´"¡F±"´"Â�§*¦�´
NP
¸ã¦�±�¢b¾7³"°�¹
¨ºªÐ¦j¹:À'« 4c­|®

¨\Ã	Ô3ÔA�j¿"§F¨"¡*³"°h�W¹
��§*¢	²�°U¨8µ�§F¢*¤"³"¢*Åj¢. "�j»W�j³"¨L´�¢*§*¦�¶L§*¦�§F¡*¶LÂ�§bÀ�ÕA�j¿L¢*§F¢* "°h�3¤"¨�¦�±��j³"³"°h�5¹
�j§F¢	²�° ª|³"�Q²�¥FÂ�¼W¨8�*½
¡*�" "¢*¤"�	¹:½8Å�¥F �¥F³"§F¨"¨�¢*§F°�¦�¿8¥F³"¨8´�§F¢*¤"³"¢*Åj¢� "�j»W�j³"¨8´�®'�" "¨"¡*��²��j³"°Ä¡�« c	­ãÀ

iA "¨×�"�j "��µ$¢	²���¢*§H¶*¦�§F¢*£"¤"¨"¡*¢$¦�§F¨×¿�¦�¡*�j $µ8¶*¦�§F¢*£"¤"¨"¡*¢$¦�§F¨×¦�¨"§F¶$¥FÆ"¨8´×·	¥*¹
�j§F³"¢�¶L�" 8¢*¼5¥F�j§*¦�´P¨×·	¥c²�¥b¤�¥H¦�¡*¢F¸
²�¨"§*¦x´�¿�±�¨"³"�j£"³"¢$¹
¶�¨8±�¨.¿"¡$¥c²� �¥F§F¨"¤"³"¢$¹
¶5�" "¢*Åj �¥*¹<¹
¨" "¢*¡$¥F³"¨"Âº¡Q·	¥F¡*¨�¦�¨�¹
¢$¦�§F¨7¢*§Q¨�¦��"¢F±�©*·j¶F�	¹
¢*£.¹<¥F§F "¨"¤"³"¢*£
³"¢* �¹
°3À�Ò<¥*¦j¦j¹
¢*§F "¨�¹ ·	¥c²�¥b¤"¶�¢�³�¥cµ$¢	¾�²��j³"¨"¨�¯F±�¨8¾�¥F£"»W�j£�¦�¡*�j $µ8¶*¦�§F¢*£"¤"¨"¡*¢*£�¹
¥F§* 8¨"Æ"°3½&³�¥F�" "¨�¹
�j �½�¡�¦�±�¶L¤�¥F�
²�¨�¦�¿" "�j§F³"¢*£�¦�¡*�j *µ8¶$¦�§F¢*£"¤"¨"¡*¢$¦�§F¨�¨� �¥*¦j¦�§F¢b´"³8¨8´�¡*¢�ÔA "¢*¯*�j³"¨"¶$¦�¢*¡F¢*£�³"¢* �¹
�*À�iA¶$¦�§F©

aij
ÇÏÃ�±��	¹
�j³"§F°^²�¥F³"³"¢*£

¹<¥F§F "¨"Æ"°
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min

∑

i,j

(aij − xij)
2,

xii +
∑

j 6=i

|xij | ≤ 0, i = 1, . . . , n.
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γ ≤ γ∗
½FÅ�²��

γ
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|aij − xij |,

xii +
∑

j 6=i
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¨" "¢*¡$¥F³"¨8´Q�"¢F±�¶L¤�¥F�j§*¦�´Q¡A¦�±�¶L¤�¥F�
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° Ø ‖A−X‖∞ = maxj

∑
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xij
·	¥*¹
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∑

j

|xij | ≤ 1, i = 1, . . . , n,

¿$¢*§F¢* "°h�3§b¥F¿8¾5�Q¦�¡*¢	²"´"§*¦�´�¿\¦�¨�¦�§F�	¹
�A±�¨"³"�j£"³"°:µ�³"�j �¥F¡*�j³�¦�§F¡�³�¥5Ã�±��	¹
�j³"§F°
xij
À

�P³"�j¿L¢*§F¢* "°:µ�¦�±�¶L¤�¥c´8µ�·	¥c²�¥	¤�¥A¨�¹
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1
¸Ñ³"¢* �¹<¥ Ø ²�¥F³�¥3¹<¥F§F "¨"Æ�¥ A ½ ‖A‖1 ≥ 1

½*³�¥F£"§F¨
X
½
‖X‖1 ≤ 1

½$¹
¨"³"¨�¹
¨"·j¨" "¶LÂ�¼W¶LÂ
‖A−X‖1

ÀFÒ
�j»W�j³"¨"�
Ãj§F¢*£�·	¥c²�¥b¤"¨�²�¢$¦�§F¨"Å�¥F�j§*¦x´�³�¥

X∗
.
= arg min

‖X‖1≤1
‖A−X‖1 =

A

‖A‖1
,

¨
min ‖A−X‖1 = ‖A−X∗‖1 = ‖A‖1

(

1−
1

‖A‖1

)

= ‖A‖1 − 1.
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¹
�j �½�¡*¨8²�¥
xij ≤ xij ≤ xij

¨8±�¨
|xij − x

0
ij | ≤ γ

½
i, j = 1, . . . , n

½�Å�²��
X0 = ((x0

ij))
Ç ³"�j¿$¢*§F¢* "¢*�3³"¢$¹
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 "¢*£\¡*°h¯* �¥F³"³"¢*£
A = ((aij))
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‖q − q0‖∞ ≤ γ
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min
q

max
i,j

∣

∣

∣
aij − a

0
ij −

∑̀

k=1

qka
k
ij

∣

∣

∣
,

a0
ii +

∑̀

k=1

qka
k
ii +

∑

j 6=i

∣

∣

∣
a0
ij +

∑̀

k=1

qka
k
ij

∣

∣

∣
≤ 0, i = 1, . . . , n
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Ak = ((akij))
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q∗
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‖q∗−q0‖∞ = γ∗ ≤ γ
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∑
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|qi − q
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i | ≤ γ, i = 1, . . . , `,
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P(z,Q) =
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p(z, q) = p0(z) +
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i(z), deg pi(z) < deg p0(z), q ∈ Q ⊆ R
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,
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Q = {q ∈ R
` : q

i
≤ qi ≤ qi, i = 1, . . . , `}.
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Ç ¿L¢*ÃjÔQÔA¨"Æ8¨"�j³"§F°Ê¨�¦�¿L¢$¹
¢*Åj¢��"¢F±�¨"³"¢$¹<¥

q(z)
½"�" "¨"³�¥c²"±���¾�¥F¼W�jÅj¢�·	¥*¹
°h¿L¥F³"¨"Â_¹
³"¢b¾5�	¦�§F¡$¥

¦�¡*�j *µ8¶$¦�§F¢*£"¤"¨"¡*°:µ\�"¢F±�¨"³"¢$¹
¢*¡�À�k\¨"³"¨�¹
¨"·j¨" "¶F´� �¥*¦j¦�§F¢	´"³"¨"�7¹
��¾�²�¶
p(z)

¨
q(z)

¡��j¡*¿8±�¨L²�¢*¡*¢*£�³"¢* �¹
�*½&�"¢F±�¶$¸
¤�¥F�	¹Í·	¥c²�¥b¤"¶7¿"¡$¥c²� �¥F§F¨"¤"³"¢*Åj¢��" "¢*Åj �¥*¹<¹
¨" 8¢*¡$¥F³"¨8´

min

n
∑

i=0

(pi − qi)
2,

−|q0|+

n
∑

i=1

|qi| ≤ 0

ª|¿L¥F¿P¨Í¡*°h»W�*½�±�¨"³"�j£"³"°h��¢*Åj �¥F³"¨"¤"�j³"¨8´Í³�¥�¹
¢	²�¶b±�¨Í�"�j "�	¹
�j³"³"°:µÍ¦�¡*¢b²"´"§*¦�´�¿Í±�¨"³"�j£"³"°�¹U¢*Åj �¥F³"¨"¤"�j³"¨8´�¹�³�¥
¦j¥*¹
¨��"�j "�	¹
�j³"³"°h�b®�À � ¢*¡*�j "»W�j³"³"¢�¥F³�¥c±�¢*Åj¨"¤"³"°�¹Í¢*¯* �¥F·j¢$¹�·	¥c²�¥b¤�¥5ÔA¢* �¹
¶	±�¨" "¶*�j§*¦x´�²"±"´�²� "¶LÅj¨Lµ�³"¢* �¹:½"§b¥F¿"¨8µ
¿L¥F¿

1̧
Ñ³"¢* �¹<¥5¨8±�¨

∞̧
Ñ³"¢* �¹<¥"Ó8§F¢*Å@²�¥5�" "¨8µ$¢	²�¨�¹P¿�·	¥c²�¥b¤"��±�¨"³"�j£"³"¢*Åj¢��" "¢*Åj �¥*¹<¹
¨" "¢*¡$¥F³"¨8´�À

ÖA³"¢*Å@²�¥H "�j»W�j³8¨"��³�¥cµ*¢b²�¨"§*¦�´×¡�´"¡*³"¢$¹_¡*¨8²��*ÀRÌ3¥F¿×¨×²"±"´ ¹<¥F§F "¨"Æ�½RÃj§F¢Í¦�±�¶L¤�¥F£
1̧
Ñ³"¢* �¹
°3Ó-¢*Åj �¥F³"¨"¤"¨�¹<¦x´

¹
¢*³"¨"¤"�	¦�¿8¨�¹
¨º�"¢F±�¨"³"¢$¹<¥*¹�¨_ª
p0 = q0 = 1.
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min ‖p(z)− q(z)‖1 = ‖p− 1‖1 − 1.
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ẋ = Ax+Bu+D1w, x(0) = x0,

y = Cx+D2w, ‖w(t)‖ ≤ 1, t ≥ 0.
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ẋ = Acx+Dw, Ac
.
= A+BKC, D

.
= D1 +BKD2,
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σ(A+BKC) ≥ σ > 0.
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xk = Axk−1 +Buk−1 +D1wk−1,
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= D1 +BKD2,
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a(z)yk = b(z)uk + wk,
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a(z) = 1 + a1z + . . .+ anz
n, b(z) = b1z + . . .+ bmz
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|wk| ≤ r, k = 0, 1, . . . ,
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p(z) = 1 + p1z + . . .+ pnz
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=
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‖g‖1/(1− q),

‖ag + bf − 1‖1 ≤ q, g(0) = 1.
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∞
∫
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∞
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(
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)

,

σ(A+BK) ≥ σ > 0

¬*¬



¦�¢*¡*�j "»W�j³"³8¢7¥F³�¥c±�¢*Åj¨"¤"³"¢5§F¢$¹
¶*½"¿L¥F¿�Ãj§F¢5²���±�¥c±�¢$¦�©�¡*°h»W�*À
Á�§*¹
�j§F¨�¹:½�¤"§F¢��	¦�±�¨\¢*§F¯* "¢$¦�¨"§F©.¤8±��j³

α‖u‖
½�§F¢� 8�j»W�j³"¨"�W¡.³"�j¿L¢*§F¢* "°:µ\¦�¨"§F¶*¥FÆ"¨8´8µ�¹
¢	¾5�j§.¡*°h "¢b¾�²�¥F§F©$¦x´�À

Õ3¥F�" "¨�¹
�j �½
�	¦�±�¨×³"�j �¥F¡*�j³�¦�§F¡*¢
σ(A + BK) ≥ σ > 0

¨�¹
�j�j§H "�j»W�j³"¨"���" "¨P±�Â�¯*¢$¹
σ
ª|¤"§F¢�¨�¹
�j�j§�¹
�	¦�§F¢�½<¡

¤�¥*¦�§F³"¢$¦�§F¨�½'�" "¨Ê¹<¥F§F "¨8Æ"�
B
¿8¡$¥c²� �¥F§F³"¢*£º¨º³"�j¡*°h "¢b¾�²��j³"³"¢*£�®�½R§F¢

σ
¹
¢b¾W�j§P¯*°h§F©×¦x²���±�¥F³"¢×¦�¿$¢F±�©P¶LÅj¢	²�³"¢

¯*¢F±�©*»W¨�¹:½&¥
J
ÇÏ¦�¿L¢F±�©�¶LÅj¢b²�³"¢�¹<¥c±�°�¹:À�Á�²�³�¥F¿L¢��" "¨HÃj§F¢$¹

K
¨H¶L�" �¥F¡F±��j³"¨"�

u
¯*¶	²�¶L§�¢*¤"�j³"©�¡*��±�¨"¿"¨�Ó&¤8±��j³

α‖u‖
¢*§F¤�¥*¦�§F¨��" "��²�¢*§F¡* �¥F¼5¥F�j§.Ãj§F¢*§�Ã	Ô3ÔA�j¿"§bÀ��Ê§F¢.¾5�5¡* "�	¹�´� "�j»W�j³"¨"�5¹
¢b¾W�j§�³"��¦�¶L¼W�	¦�§F¡*¢*¡$¥F§F©�²�¥c¾5�W�" "¨

³�¥c±�¨"¤"¨"¨�Ãj§F¢*Åj¢�¤8±��j³�¥"À-Ë�¥F¿�½-¡�¢b²�³"¢$¹
�j "³"¢*£�¦�¨�¦�§F�	¹
�
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−(a0
ii(K) + γ∆ii)−

∑

j 6=i
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ij(K) + γ∆ij | > 0, i = 1, . . . , n.
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∑
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(
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pi(s) = ai(s)f(s) + bi(s)g(s), i = 1, . . . ,m,
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ẋ = Aix+Biu, i = 1, . . . ,m.
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min ‖H‖1,

H = A+BKC.
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L(H,K, Y ) = ‖H‖1 + 〈Y, H −A−BKC〉,
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〈X, Y 〉 = trXTY = trY XT.
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L = ‖H‖1 + 〈Y, H −A〉.
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