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�å�`z¯K���/ª

�å�`z¯K���/ªXeµ

min f(x), x ∈ Rn,
s.t. ci(x) = 0, i ∈ E = {1, 2, · · · , l},

ci(x) ≤ 0, i ∈ I = {l + 1, l + 2, · · · , l + m}.
(4.1)

¯K(4.1)��1�

D = {x | ci(x) = 0, i ∈ E, ci(x) ≤ 0, i ∈ I}.
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ÛÜ)!�`)

½Â4.1.1
éu�å�`z¯K(4.1)§eéx∗ ∈ D,�3ε > 0,¦
�x ∈ D�‖ x− x∗ ‖≤ ε�§ok

f(x) ≥ f(x∗),

K¡x∗��å¯K(4.1)�ÛÜ)§½{¡x∗��`)"
e�x ∈ D�0 <‖ x− x∗ ‖≤ ε§ok

f(x) > f(x∗),

K¡x∗��å¯K�î�ÛÜ)"
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ÛÜ)!�`)

½Â4.1.2
éu�å�`z¯K(4.1)§eéx∗ ∈ D,ok

f(x) ≥ f(x∗),

K¡x∗��å¯K(4.1)��Û�`). e�x ∈ D, x 6= x∗§ok

f(x) > f(x∗),

K¡x∗��å¯K(4.1)�î��Û�`)"

w,§�Û�`)7´ÛÜ�`)§���Ø,"AO/§
eD = Rn,K±þk'�`)�½ÂB´Ã�å¯K�A�`)
�½Â"
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~K4.1.1
Á(½�å¯K

min f(x) = x2
1 + x2

2,

s.t. c1(x) = (x1 − 1)2 − x2
2 − 4 = 0,

c2(x) = x2 − 1 ≤ 0

�ÛÜ)Ú�Û)"

dã4.1.1�±wÑ¯K�ÛÜ)x∗ = (−1, 0)T
Úx̂∗ = (3, 0)T ,

Ù¥x∗´�Û).
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�å¯KÛÜ)���7�^�

1! �x∗´�å¯K(4.1)��1:§{x(k)}´�å¯K(4.1)��
1:�§¿÷vx(k) → x∗(k →∞)�x(k) 6= x∗P

x(k) = x∗ + δkd
(k)

Ù¥d(k)k�½��§
δk > 0,dux(k) → x∗§Ïd
kδk → 0.(~X§d(k) = x(k)−x∗

‖x(k)−x∗‖ , δk =‖ x(k) − x∗ ‖)

2! e{d(k)}k4�§=d(k) → d§K¡{x(k)}����1:
�§d(k)���S�§
¡d�x∗?��1��(Feasible
Direction)"

3! P
FD∗ = FD(x∗) = {d | d´x∗?œ1}

��N�1���8Ü§Ïd§d½Â��§ed ∈ FD∗�
¿©7�^�´µ�3�1:
�x(k) = x∗ + δkd

(k), ‖ d(k) ‖=‖ d ‖,d(k) → dÚδk → 0"

(þ°ã²�ÆA^êÆX) �`znØ��{ December 26, 2008 6 / 46



�å¯KÛÜ)���7�^�

1! �x∗´�å¯K(4.1)��1:§{x(k)}´�å¯K(4.1)��
1:�§¿÷vx(k) → x∗(k →∞)�x(k) 6= x∗P

x(k) = x∗ + δkd
(k)

Ù¥d(k)k�½��§
δk > 0,dux(k) → x∗§Ïd
kδk → 0.(~X§d(k) = x(k)−x∗

‖x(k)−x∗‖ , δk =‖ x(k) − x∗ ‖)

2! e{d(k)}k4�§=d(k) → d§K¡{x(k)}����1:
�§d(k)���S�§
¡d�x∗?��1��(Feasible
Direction)"

3! P
FD∗ = FD(x∗) = {d | d´x∗?œ1}

��N�1���8Ü§Ïd§d½Â��§ed ∈ FD∗�
¿©7�^�´µ�3�1:
�x(k) = x∗ + δkd

(k), ‖ d(k) ‖=‖ d ‖,d(k) → dÚδk → 0"

(þ°ã²�ÆA^êÆX) �`znØ��{ December 26, 2008 6 / 46



�å¯KÛÜ)���7�^�

1! �x∗´�å¯K(4.1)��1:§{x(k)}´�å¯K(4.1)��
1:�§¿÷vx(k) → x∗(k →∞)�x(k) 6= x∗P

x(k) = x∗ + δkd
(k)

Ù¥d(k)k�½��§
δk > 0,dux(k) → x∗§Ïd
kδk → 0.(~X§d(k) = x(k)−x∗

‖x(k)−x∗‖ , δk =‖ x(k) − x∗ ‖)

2! e{d(k)}k4�§=d(k) → d§K¡{x(k)}����1:
�§d(k)���S�§
¡d�x∗?��1��(Feasible
Direction)"

3! P
FD∗ = FD(x∗) = {d | d´x∗?œ1}

��N�1���8Ü§Ïd§d½Â��§ed ∈ FD∗�
¿©7�^�´µ�3�1:
�x(k) = x∗ + δkd

(k), ‖ d(k) ‖=‖ d ‖,d(k) → dÚδk → 0"

(þ°ã²�ÆA^êÆX) �`znØ��{ December 26, 2008 6 / 46



�å¯KÛÜ)���7�^�

~4.2.1
�Ä�1�

D = {x = (x1, x2)
T | x2 − x3

1 ≤ 0,−x2 ≤ 0} (4.2.1)

�x∗ = (0, 0)T , {x(k)}�­�x2 = x3
1þ÷vx

(k)
2 > 0���ª

ux∗�:�§K

d(k) =
x(k) − x∗

‖ x(k) − x∗ ‖
→ (1, 0)T ,

�d = (1, 0)T ∈ FD∗.
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�å¯KÛÜ)���7�^�

½Â4.2.1
�x̂´���å¯K(4.1)��1:§�i ∈ I�§é,��å
kci(x̂) = 0§K¡ci(x) ≤ 0�x̂?�k��å(Active
Constraints)§eci(x̂) < 0,K¡�åci(x) ≤ 0�x̂?��k��
å"

½Âk��å�I8

I(x̂) = {i | ci(x̂) = 0, i ∈ I}

{¡I(x̂)�x̂?�k�8(Active Set)" �x∗´�å¯K(4.1)��
1:§½Â

LD∗ = LD(x∗) = {d | d 6= 0,dT∇ci(x
∗) = 0, i ∈ E,dT∇ci(x

∗) ≤ 0, i ∈ I(x∗)}

w,§LD∗ ∪ {0}��I§¡�x∗?��5zI"
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�å¯KÛÜ)���7�^�

Ún4.2.1

FD∗ ⊂ LD∗

y²: �d ∈ LD∗,K�3x(k) = x∗ + δkd
(k)´�1:§

�δk → 0,d(k) → d. dTaylorÐª

ci(x
(k)) = ci(x

∗) + δkd
(k)T∇ci(x

∗) + o(δk) (4.2.2)

�i ∈ E�§ci(x
(k)) = 0, ci(x

∗) = 0,¤±(4.2.2)ªz{�

δkd
(k)T∇ci(x

∗) + o(δk) = 0 (4.2.3)

3(4.2.3)ªüàÓØδk,¿-k →∞§��

dT∇ci(x
∗) = 0
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�å¯KÛÜ)���7�^�

�i ∈ I(x∗)�§ci(x
(k)) ≤ 0, ci(x

∗) = 0§¤±(4.2.2)ªz{�

δkd
(k)T∇ci(x

∗) + o(δk) ≤ 0 (4.2.4)

3(4.2.4)ªüàÓØδk§¿-k →∞§��

dT∇ci(x
∗) ≤ 0

Ïd§d ∈ LD∗.
�·K��¿Ø¤á"
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�å¯KÛÜ)���7�^�

~4.2.2

UY�Ä~4.2.1¥��1�D§�1:x∗ = (0, 0)T
§

K∇c1(x
∗) = (0, 1)T ,∇c2(x

∗) = (0,−1)T
§�

LD∗ = {d = (d1, d2)
T | d 6= 0,dT∇c1(x

∗) ≤ 0,dT∇c2(x
∗) ≤ 0}

= {d = (d1, d2)
T | d1 6= 0, d2 = 0}

= {(d1, 0)T | d1 6= 0}
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�å¯KÛÜ)���7�^�

w,§d = (−1, 0)T ∈ LD∗§�dª(4.2.1)(½��1�Dé
u¤k��1:x(k)kx

(k)
1 ≥ 0§�Ø�3ù��:

�x(k) = x∗ + δkd
(k) = δkd

(k)§¦�d(k) → d = (−1, 0)T
§Ï

d§d 6∈ FD∗.
Ïd§�¦LD∗ = FD∗§I�é�åN\^�§Ï~¡?Û

���yLD∗ = FD∗¤á�^���å��^�£Constraint
Qualification¤.
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�å¯KÛÜ)���7�^�

½n4.2.2
ex∗´�å¯K(4.1)�ÛÜ)§K

FD∗ ∩DD∗ =

y² ?�d ∈ FD∗§K�3�1:�x(k) = x∗ + δkd
(k)§¿

�δk → 0Úd(k) → d.kTaylorÐª

f(x(k)) = f(x∗) + δkd
(k)T∇f(x∗) + o(δk) (4.2.5)

Ï�x∗´ÛÜ)§�3XK§�k ≥ K�§kf(x(k)) ≥ f(x∗)§
d(4.2.5)ª��

δkd
(k)T∇f(x∗) + o(δk) ≥ 0, (4.2.6)

3(4.2.6)ªüàÓØδk,¿-k →∞,��

dT∇f(x∗) ≥ 0

�d 6∈ DD∗.
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�å¯KÛÜ)���7�^�

½n4.2.3 FakarsÚn
�A ∈ Rm×nÚw ∈ Rn. XÚI:�3d÷v

Ad ≤ 0, wT d > 0.

XÚII: �3�K�þy = (y1, y2, · · · , ym)T§¦�

w = AT y

KüXÚk�=k��k)"
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�å¯KÛÜ)���7�^�

y²: e¡©ü«�¹5?Ø"
(1)eXÚIIk)§KXÚIÃ)"
�XÚIIk)§=�3y = (y1, y2, · · · , ym)T

�yi ≥ 0, i = 1, 2, · · · , m§¦�

w = AT y

eXÚIk)§Kk

0 < wT d = yT Ad ≤ 0.

gñ§ÏdXÚIÃ)"
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�å¯KÛÜ)���7�^�

(2)eXÚIIÃ)§KXÚIk)"�XÚIIÃ)§�E8Ü

C = {v | v = AT y, yi ≥ 0, i = 1, 2 · · · , m},

w,C´��4à8"XÚIIÃ)L²§w 6∈ C, d½n1.4.9§K
�3d, β÷v

dT x ≤ β < dT w, ∀x ∈ C

5¿�0 ∈ C, lþª�β ≥ 0,Ï
dT w > 0. dd��µ

β ≥ dT x = dT AT y = (yT Ad)T = yT Ad, ∀y ≥ 0
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�å¯KÛÜ)���7�^�

duy ≥ 0�±?¿�§�Ad ≤ 0. q

0 ≤ β < dT w

�

dT w > 0

¤±d´XÚI�)§�)gñ"
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�å¯KÛÜ)���7�^�

½n4.2.4
��å¯K(4.1)¥f(x), ci(x)(i = 1, 2, · · · , l + m) äkëY�

�� �ê§ex∗´�å¯K(4.1)�ÛÜ)§¿�3x∗?�å�
�^�¤á£=LD∗ = FD∗¤§K�3~
êλ∗ = (λ∗1, λ

∗
2, · · · , λ∗l+m)T

§¦�

∇xL(x∗, λ∗) = ∇f(x∗) +
l+m∑
i=1

λ∗i∇ci(x
∗) = 0,

ci(x
∗) = 0, i ∈ E = {1, 2, · · · , l},

ci(x
∗) ≤ 0, i ∈ I = {l + 1, l + 2, · · · , l + m},

λ∗i ≥ 0, i ∈ I = {l + 1, l + 2, · · · , l + m},
λ∗i ci(x

∗) = 0, i ∈ I = {l + 1, l + 2, · · · , l + m},

(4.2.7)
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�å¯KÛÜ)���7�^�

Ù¥L(x, λ)�Lagrange¼ê

L(x, λ) = f(x) +
l+m∑
i=1

λici(x)

y²:Ï�x∗´�å¯K(4.1)�ÛÜ)§d½n4.2.2�
�FD∗ ∩DD∗ =§2d�å��^���LD∗ ∩DD∗ =§Ïd
XÚ 

∇ci(x
∗)T d = 0, i ∈ E,

∇cT
i d ≤ 0, i ∈ I(x∗),

∇f(x∗)T d > 0

Ã)
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�å¯KÛÜ)���7�^�

�
|^Farkas Ún§ò1���ª∇ci(x
∗)T d = 0U��µ

∇ci(x
∗)T d ≤ 0,�−∇ci(x

∗)T d ≤ 0, i ∈ E.

KXÚ(I)�±�¤

Ad ≤ 0, −∇f(x∗)T d > 0

Ù¥A´±

∇ci(x
∗)T (i ∈ E),−∇ci(x

∗)T (i ∈ E),∇ci(x
∗)T (i ∈ I(x∗))

�1�Ý
§dFarkasÚn�§�3�þ

y = (u∗+
T
, u∗−

T
, σ∗T )T

÷v
AT y = −∇f(x∗)
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�å¯KÛÜ)���7�^�

=

−∇f(x∗) =
∑
i∈E

ui
∗+∇ci(x

∗)+
∑
i∈E

u∗i
−[−∇ci(x

∗)]+
∑

i∈I(x∗)

σ∗i∇ci(x
∗)

�=

∇f(x∗) +
∑
i∈E

(ui
∗+ − u∗i

−)∇ci(x
∗) +

∑
i∈I(x∗)

σ∗i∇ci(x
∗) = 0

-
λi
∗ = ui

∗+ − u∗i
−, i ∈ E

λi
∗ = σ∗i , i ∈ I(x∗)

λi
∗ = 0, i ∈ I \ I(x∗)

w,÷vª(4.2.7)§�½n�y.

(þ°ã²�ÆA^êÆX) �`znØ��{ December 26, 2008 21 / 46



�å¯KÛÜ)���7�^�

K-T^�
duù�½n´KuhnÚTucker£1951¤�Ñ�§Ïd¡þã��
7�^��Kuhn-Tucker^�£Kuhn-Tucker Conditions¤§½{¡
�K-T^�"¡÷vª£4.2.7¤�:�Kuhn-Tucker:§½{¡
�K-T:§¡λ∗�Lagrange¼ê§¡λ∗�x∗?�Lagrange¦
f£Lagrang Multiplies¤"

�5¿§3½n4.2.4¥O\
�å��^�§eÃd^�§
KÛÜ)Ø�½´K-T:"
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�~1
�Ä�å¯K

min f(x) = x1,
s.t. c1(x) = x2 − x3

1 ≤ 0,
c2(x) = −x2 ≤ 0,

Ï�x3
1 ≥ x2 ≥ 0§¤±x = (0, 0)T

´�å¯K�ÛÜ)"d
~4.2.2�LD∗ 6= FD∗§�å��^�Ø¤á§e¡�yx∗Ø
´K-T:. �ÄLagrange¼ê

L(x, λ) = f(x) + λ1c1(x) + λ2c2(x)
= x1 + λ1(x2 − x3

1)− λ2x2,
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�å¯KÛÜ)���7�^�

Ïd§é��λ = (λ1, λ2)
T ,

∇xL(x∗, λ) = ∇f(x∗)+λ1∇c1(x
∗)+λ2∇c2(x

∗) =

(
1

λ1 − λ2

)
6= 0

¤±x∗Ø´K-T:

(þ°ã²�ÆA^êÆX) �`znØ��{ December 26, 2008 24 / 46



�å¯KÛÜ)���7�^�

�~2
�Ä

min f(x) = x2,
s.t. c(x) = −x2

1 − x2 ≤ 0,

K-T:A÷v�§|

−2λx1 = 0, (a)
1− λ = 0, (b)
−x2

1 − x2 ≤ 0, (c)
λ ≥ 0, (d)
λ(x2

1 + x2) = 0, (e)

d(b)��λ = 1,d(e)��x2
1 + x2 = 0,2d(a)��x1 = 0,Ï

dK-T:�x∗ = (0, 0)T ,�A�¦f�λ∗ = 1. �x∗ = (0, 0)T
Ø´

�å¯K�ÛÜ)"
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�å��^�

½n4.2.5
e3�å¯K(4.1)�ÛÜ)x∗?eãü^���¤
áµ(1)ci(x)(i ∈ E ∪ I(x∗))´�5¼ê¶
(2)∇ci(x

∗)(i ∈ E ∪ I(x∗))�5Ã'¶K3x∗?k

FD∗ = LD∗

y²:dÚn(4.2.1)k

FD(x∗, D) ⊂ LD(x∗, D),

��I3(1)(2)ü«^�ey²

LD(x∗, D) ⊂ FD(x∗, D).

·��y²�¹(1).
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�å��^�

?�

d ∈ LD(x∗, D) = {d|d 6= 0, dT∇ci(x
∗) = 0, i ∈ E;

dT∇ci(x
∗) ≥ 0, i ∈ I(x∗)}.

-

xk = x∗ + αkd
k,Ù¥dk = d, αk > 0, αk → 0(k −→∞).

duci(x)(i ∈ E ∪ I(x∗))��5¼ê§òci(x
∗)3x∗?���VÐ

m§B��xk´�1:§�

d ∈ FD(x∗, D).
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½n4.2.6
�x∗´¯K(4.1)���ÛÜ�`)§ci(x)(i ∈ E ∪ I(x∗))´�5
¼ê½∇ci(x

∗)(i ∈ E ∪ I(x∗))�5Ã'§K7�3λ∗¦�K-T^
�(4.2.7) ¤á.
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~4.2.3 �ÄXe�å¯K

min f(x) = x2
1 + x2,

s.t. c1(x) = x2
1 + x2

2 − 9 ≤ 0,
c2(x) = x1 + x2 − 1 ≤ 0

®�x∗ = (0,−3)T´þã¯K��`)§KI(x∗) = {1}, �
þ∇c1(x

∗)w,´�5Ã'§��å��^�¤á§e¡�±�y
�λ1 = 1

6
, λ2 = 0�§e¡K-T^�¤á

∇f(x∗) + λ1∇c1(x
∗) + λ2∇c2(x

∗) = 0
λ1, λ2 ≥ 0,
λici(x

∗) = 0, i = 1, 2

�x∗�K-T:.
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~4.2.4 �ÄXe�å¯K

min f(x) = (x2
1 − 3)2 + (x2 − 2)2,

s.t. c1(x) = x2
1 + x2

2 ≤ 5,
c2(x) = −x1 ≤ 0
c3(x) = −x2 ≤ 0
c4(x) = x1 + 2x2 = 4.

®�x∗ = (2, 1)T´þã¯K��`)§KI(x∗) = {1}, �
þ∇c1(x

∗)w,´�5Ã'§��å��^�¤á§e¡�±�y
�λ1 = 1

3
, λ2 = λ3 = 0, λ4 = 2

3
�§e¡K-T^�¤á. ∇f(x∗) +
∑4

i=1 λi∇ci(x
∗) = 0

λi ≥ 0, i = 1, 2, 3, 4
λici(x

∗) = 0, i = 1, 2, 3

�x∗�K-T:.
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½n4.3.1 �å¯KÛÜ)���¿©^�
�Ä���å¯K(4.1)§�f(x)!ci(x)(i ∈ E ∪ I)äkëY��
� �ê§e�3x∗÷ve�^�µ(1)K-T^�¤á§=�
3λ∗ = (λ∗1, λ

∗
2, · · · , λ∗l+m)T

¦�

∇xL(x∗, λ∗) = ∇f(x∗) +
l+m∑
i=1

λ∗i∇ci(x
∗) = 0,

ci(x
∗) = 0, i ∈ E = {1, 2, · · · , l},

ci(x
∗) ≤ 0, i ∈ I = {l + 1, l + 2, · · · , l + m},

λ∗i ≥ 0, i ∈ I = {l + 1, l + 2, · · · , l + m},
λ∗i ci(x

∗) = 0, i ∈ I = {l + 1, l + 2, · · · , l + m},
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�å¯KÛÜ)���¿©^�

�λ∗iÚci(x
∗)(i ∈ I)ØÓ��0£¡�î�tµpÖ^�¤.

(2)éu?¿�d ∈ M ,k

dT∇x
2L(x∗, λ∗)d > 0, (4.3.1)

Ù¥

M = {d|d 6= 0,∇ci(x
∗)T d = 0, i ∈ E ∪ I(x∗)},

I(x∗)´x∗?�k��å�I8§Kx∗´�å¯K£4.1¤�î�Û
Ü)

y²:�y{.ex∗Ø´�å¯K�î�ÛÜ)§K�3�1:
�{x(k)}, x(k) −→ x∗, ¦�

f(x(k)) ≤ f(x∗). (4.3.2)
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-

x(k) = x∗ + δkd
(k),

Ù¥

δk = ‖x(k) − x∗‖,d(k) =
x(k) − x∗

‖ x(k) − x∗ ‖
,

Ïd§‖d(k)‖ = 1Úδk −→ 0.
Ï�d(k)k.§7kÂñf�§Ø�EP�d(k)§=d(k) −→ d.
dTaylorÐmªÚª(4.3.2),��

0 ≥ f(x(k))− f(x∗) = δk∇f(x∗)T d(k) + o(δk), (4.3.3)

3ª(4.3.3)üàÓØδk,¿-k −→∞,��

∇f(x∗)T d ≤ 0. (4.3.4)
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aq��{�±��

∇ci(x
∗)T d = 0, i ∈ E, (4.3.5)

∇ci(x
∗)T d ≤ 0, i ∈ I(x∗). (4.3.6)

(4.3.6)L²§(1)é��i ∈ I(x∗),∇ci(x
∗)T d = 0.½ö§(2)�

3g ∈ I(x∗),¦�∇cg(x
∗)T d < 0.

e¡y²(1)!(2)ü«�¹þØ¬Ñy"
e(1)¤á§Kd ∈ M .�ÄLagrange¼ê

L(x, λ) = f(x) +
l+m∑
i=1

λici(x),

3x∗?�TaylorÐmª

L(x(k), λ∗) = L(x∗, λ∗)+δk∇xL(x∗, λ∗)T d(k)+
1

2
δ2
kd

(k)T∇x
2L(x∗, λ∗)d(k)+o(δ2

k)

(4.3.7)
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5¿�

L(x(k), λ∗) = f(x(k)) +
l+m∑
i=1

λ∗i ci(x
(k))

= f(x(k)) +
∑

i∈I(x∗)

λ∗i ci(x
(k))

≤ f(x(k))

Ú

L(x∗, λ∗) = f(x∗) +
l+m∑
i=1

λ∗i ci(x
∗) = f(x∗),

Ïd§£4.3.7¤ª��¤

0 ≥ f(x(k))− f(x∗) ≥ L(x(k), λ∗)− L(x∗, λ∗)
= 1

2
δ2
kd

(k)T∇x
2L(x∗, λ∗)d(k) + o(δ2

k)
(4.3.8)
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3(4.3.8)ªüàÓØδ2
k,¿-k −→∞,��

dT∇x
2L(x∗, λ∗)d ≤ 0,

�(4.3.1)ªgñ"
2b�(2)ª¤á"d��7�^�Ú(4.3.5)ª��

∇f(x∗)T d = −
l+m∑
i=1

λ∗i∇ci(x
∗)T d

= −
∑

i∈I(x∗)

λ∗i∇ci(x
∗)T d

≥ −λ∗g∇ci(x
∗)T d > 0,

�(4.3.4)ªgñ"
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~4.3.1
^�å¯KÛÜ)���7�^�Ú��¿©^�¦)�å¯K

min f(x) = x1x2,
s.t. c(x) = x2

1 + x2
2 − 1 = 0,

)µd�å¯K�Lagrange¼ê�

L(x, λ) = x1x2 + λ(x2
1 + x2

2 − 1)

�â�å¯K���7�^��
x2 + 2λx1 = 0 (1)
x1 + 2λx2 = 0 (2)
x2

1 + x2
2 − 1 = 0 (3)
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¦)T�§§©�¹?Øµ1)�λ = 0�§kx1 = x2 = 0§
�(3)gñ
2)�λ 6= 0�§d(1)�(2)�{

(1− 4λ2)x1 = 0
(1− 4λ2)x2 = 0

)�§��λ = −1
2
,½λ = 1

2

�A�K-T:�(x1, x2) = (−
√

π
2

,−
√

π
2

), (x1, x2) = (
√

π
2

,
√

π
2

),

(x1, x2) = (−
√

π
2

,
√

π
2

), (x1, x2) = (
√

π
2

,−
√

π
2

)
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e¡�y��¿©^�:
(a) λ = −1

2
�, Lagrange¼ê3(x∗, λ∗)?�HesseÝ
�

∇2
xL(x∗, λ∗) =

(
−1, 1
1, −1

)
Ø´�½Ý
.�Ä8Ü

M = {(α, β)T |(α, β)T 6= 0,
√

2α +
√

2β = 0}
= {(α,−α)T |α 6= 0}

éud ∈ M ,k

dT∇x
2L(x∗, λ∗)d = (α,−α)

(
−1, 1
1, −1

)
(α,−α)T = −4α2 < 0,

Ïd(x1, x2) = (
√

π
2

,
√

π
2

), (x1, x2) = (−
√

π
2

,−
√

π
2

)Ø´�å¯K�Û
Ü).
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(b)λ = 1
2
�,Lagrange¼ê3(x∗, λ∗)?�HesseÝ
�

∇2
xL(x∗, λ∗) =

(
1, 1
1, 1

)
´��½Ý
,�Ä8Ü

M = {(α, α)T |α 6= 0}

éud ∈ M ,k

dT∇x
2L(x∗, λ∗)d = (α, α)

(
1, 1
1, 1

)
(α, α)T = 4α2 > 0,

Ïd(x1, x2) = (
√

π
2

,−
√

π
2

), (x1, x2) = (−
√

π
2

,
√

π
2

)´�å¯K��`
).
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à5y

éu�����55y(4.1)§e8I¼êf(x)´à¼ê§�å8
ÜD´à8§K¡��55y(4.1)´à5y"w,§3(4.1)¥X
J�¹Ø�ª�å§qci(x)(i ∈ I)´à¼ê§K�å8D´à
8"éu·Ü�å¯K§eci(x)(i ∈ E)´�5¼ê§ci(x)(i ∈ I)
´à¼ê§KD´à8"
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½n4.4.1
à5y�ÛÜ�`)7´�Û�`)"

y²µ�x∗´à5y���ÛÜ�`)§dÛÜ�`)�½
Â�§�3x∗���δ > 0��Nδ(x

∗),¦�

f(x∗) ≤ f(x), ∀x ∈ Nδ(x
∗) ∩D

¤á"b½x∗Ø´�Û�`)§K�3x̄ ∈ D,¦�

f(x̄) < f(x∗).

-x̃ = αx̄ + (1− α)x∗(0 < α < 1),d�å8ÜD´à8�x̃ ∈ D.8
�α÷v0 < α < δ

‖x̄−x∗‖ , Kk

‖x̃− x∗‖ = ‖αx̄ + (1− α)x∗ − x∗‖ = α‖x̄− x∗‖ < δ.
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l
x̃ ∈ Nδ(x
∗), �kx̃ ∈ Nδ(x

∗) ∩D. 2df(x)´à¼ê§k

f(x̃) = f(αx̄ + (1− α)x∗)
≤ αf(x̄) + (1− α)f(x∗)
< αf(x∗) + (1− α)f(x∗)
= f(x∗)

ù�x∗´ÛÜ�`)gñ§½n�y"
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½n4.4.2
�8I¼êf(x)Ú�å¼êci(x)��ëY��§eà5y��1
:x∗´K-T:§Kx∗7´�`)"

y²µ�x∗´K-T:§λ∗´�A�.�KF¦f.df(x)´à
¼ê§�â½n(1.4.5) k

f(x) ≥ f(x∗) +∇f(x∗)T (x− x∗),

dci(x)(i ∈ E)´�5¼ê§Kk

ci(x) = ci(x
∗) +∇ci(x

∗)T (x− x∗), i ∈ E,

dci(x)(i ∈ I)´]¼ê§=−ci(x)´à¼ê§Kk

−ci(x) ≥ −ci(x
∗)−∇ci(x

∗)T (x− x∗), i ∈ I,
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éu?¿�x ∈ D,
m∑

i=1

λ∗ci(x) ≥ 0,¤±

f(x) ≥ f(x)−
m∑

i=1

λ∗i ci(x)

≥ f(x∗) +∇f(x∗)T (x− x∗)−
m∑

i=1

λ∗i [ci(x
∗) +∇ci(x

∗)T (x− x∗)]

= f(x∗)−
m∑

i=1

λ∗i ci(x
∗) + [∇f(x∗)−

m∑
i=1

λ∗i∇ci(x
∗)]T (x− x∗)

= f(x∗)−
m∑

i=1

λ∗i ci(x
∗)

= f(x∗),

=k

f(x) ≥ f(x∗),∀x ∈ D,

¤±x∗´�Û�`)"
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~4.4.1
¦Xe�å¯K�K-T:§¿�y§´Ä�T�å¯K��Û�
`)"

min f(x) = 2x2
1 + 2x1x2 + x2

2 − 10x1 − 10x2,
s.t. c1(x) = x2

1 + x2
2 ≤ 5,

c2(x) = 3x1 + x2 ≤ 6

)µ®�x∗ = (1, 2)T´¯K��1)§Ó�÷vK-T^�§
�T:��å¯K�K-T:"qdu8I¼ê�à¼ê§
�å
¼êc1(x)Úc2(x)��ëY��§l
d½n(4.4.2)��§
:x∗ = (1, 2)T�´�å¯K��Û4�:"
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