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• Robinson (1981): If the multi-valued mapping
F : X ◆ Y is piecewise polyhedral, then F is calm at x

0.
• Robinson (1980): showed that the strong second order

sufficient condition and the LICQ imply the strong
regularity of the solution to the KKT system.
Interestingly, the converse is also true, see Jongen et al.
(1990).
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• Robinson (1982): showed that the second order sufficient
condition and MFCQ imply the upper Lipschitz continuity
of KKT solutions.

• Dontchev and Rockafellar (1997) showed that the strict
MFCQ and the second-order sufficient optimality
conditons are equivalent to the robust isolated calmness
of the KKT system.
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!!!¬¬¬ 1.1
A set-valued mapping � : <n ◆ <m

is called polyhedral, if its

graph is the union of finitely many polyhedral sets, called

components of �.

e„'uı°8äN#"!n5%u©z[15].1

!!!nnn 1.1
!S : <n ◆ <m¥òı°8äN#, KS3zá:x̄ 2 dom S

?˛¥˛Lipschitz ÎY!.

1
Robinson S M. Some continuity properties of polyhedral

multifunctions. Mathematical Programming Study, 1981, 14: 206-214.
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⁄⁄⁄nnn 1.1
Let P : <n ◆ <m

be a polyhedral set-valued mapping with

components Gi ,i = 1, . . . , k. Suppose that x 2 dom P and

define the index set

J(x) = {i 2 [k] : x 2 ⇡1(Gi)},

where ⇡1 denotes the canonical projection of <n ⇥<m
onto

<n
. Then there is a neighborhood U of x such that

(U ⇥<m) \ ghp P ⇢
[

i2J(x)

Gi .
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Proof

The affine subspace {x}⇥<m and the components Gi ,
i 2 [k], are nonempty polyhedral subsets of <n ⇥<m. If
j /2 J(x), the intersection of {x}⇥<m and Gi is empty and
these two sets can be strongly separated. Hence there are
neighborhoods Ui of x such that

(Ui ⇥<m) \ Gi = ; for i /2 J(x).

Thus U := \i /2J(x)Ui is also a neighborhood of x and

(U ⇥<m) \ gph P ⇢
 

k[

i=1

Gi

!
\

0

@
[

i /2J(x)

Gi

1

A ⇢
[

i2J(x)

Gi ,

as required. ⇤
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⁄⁄⁄nnn 1.2
Let G be a nonempty polyhedral set in <n ⇥<m

. For

z = (x , y) 2 ⇡1(G )⇥ ⇡2(G ) define

dx(z ,G ) = min{kx 0 � xk : (x 0, y) 2 G}

and

dy (z ,G ) = min{ky 0 � yk : (x , y 0) 2 G}

the “horizontal" and the “vertical" distance of z to G,

respectively. Then there exist nonnegative real numbers ⇠,⌘

such that

dx(z ,G )  ⌘dy (z ,G ) and dy (z ,G )  ⇠dx(z ,G ) (1)

for all z 2 ⇡1(G )⇥ ⇡2(G ).
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Proof

The convex polyhedral G can be represented in the form

G = {(x , y) 2 <n ⇥<m : Ax + By  c},

where A 2 <l⇥n, B 2 <l⇥m and c 2 <l . By the standard form
of Hoffman’s theorem there are reals ↵ and � such that for
each a 2 R (A) + <l

+, b 2 R (B) + <l
+,x0 2 <n and y0 2 <m

one has

dist
⇣
x0, {x 0 : Ax

0  a}
⌘
 ↵k(Ax0 � a)+k

and
dist

⇣
y0, {y 0 : By

0  b}
⌘
 �k(By0 � b)+k. (2)
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Put ⇠ := �kAk,⌘ := ↵kBk and choose any
z := (x , y) 2 ⇡1(G )⇥ ⇡2(G ). Then we get from (2) that

dy (z ,G ) = dist
⇣
y , {y 0 : By

0  c � Ax}
⌘

 �k(Ax + By � c)+k.
(3)

For x̃ closest to x in the set {x 0 : Ax
0  c � By}2 one has

k(Ax + By � c)+k  k(Ax + By � c)� (Ax̃ + By � c)k, (4)

which yields

k(Ax + By � c)+k  kAkkx � x̃k. (5)

2kkx � x̃k = dx(z ,G )
13 / 56
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But kx � x̃k = dx(z ,G ) by construction and thus, combining
(3), (4) and (5), we get

dy (z ,G )  �k(Ax + By � c)+k  �kAkkx � x̃k = ⇠dx(z ,G ).

The first inequality in (1) is proven in the same way. ⇤

!!!nnn 1.2
[13]3 Let P : <n ◆ <m

be a polyhedral set-valued mapping.

Then there is a constant � such that P is locally upper

Lipschitz with modulus � at each x 2 dom P.

Proof. Let Gi ,i 2 [k], be the components of P . With the
constant ⇠i associated with Gi according to Lemma 1.2 we put

� = max{⇠1, . . . , ⇠k}.
3
Outrata J, Kočvara M and Zowe J. Nonsmooth Approach to

Optimization Problems with Equilibrium Constraints, Theory, Applications

and Numerical Results. Kluwer Academic Publishers, 1998.
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Now consider some arbitrary x 2 dom P and the index set

J(x) = {i 2 [k] : x 2 ⇡1(Gi)}.

By Lemma 1.1 there is a neighborhood U of x such that

(U ⇥<m) \ ghp P ⇢
[

i2J(x)

Gi .

For x
0 2 U with x

0 /2 dom P nothing has to be shown. Hence
let x

0 2 dom P and y
0 2 P(x 0). Then we have

(x 0, y 0) 2 [(U ⇥<m) \ ghp P] ⇢
[

i2J(x)

Gi ,

which implies (x 0, y 0) 2 Gi for some i 2 J(x).
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For this i we get

dist(y 0,P(x)) = dist (y 0, {v : (x , v) 2 ghp P})
 dist (y 0, {v : (x , v) 2 Gi})
= dy ((x , y 0),Gi)  ⇠idx((x , y 0),Gi)

= ⇠idist (x , {u : (u, y 0) 2 Gi})
 ⇠kx 0 � xk  �kx 0 � xk.

Since P(x) is closed and y
0 was arbitrary in P(x 0), it follows

that
P(x 0) ⇢ P(x) + �kx 0 � xkB

and we are done. ⇤
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min
x

f (x)

s.t. hi(x) = 0, i = 1, . . . ,m,

gi(x)  0, i = 1, . . . , p,

(6)

Ÿ•f : <n ! <, hi : <n ! <, i = 1, . . . ,m, gi : <n ! <,
i = 1, . . . , p¥#gÎYåáºÍ.
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ØK(6)"LagrangeºÍ!¬è

L(x , ⇣,�) = f (x) + h⇣, h(x)i+ h�, g(x)i.

&x¥ØK(6)"å1:, ^M(x)Px:?"¶f8‹. X
JM(x) 6= ;, K (⇣,�) 2 M(x)øõX (x , ⇣,�)˜vKKT^
á

rxL(x , ⇣,�) = 0, �h(x) = 0, � 2 N<p
�
(g(x)). (7)
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KKT^á(7)å±&d/L´èe„ö1wêß|

F (x , ⇣,�) =

2

64
rxL(x , ⇣,�)

�h(x)

�g(x) + ⇧<p
�
(g(x) + �)

3

75 = 0 (8)

$ˆ 2

64
rxL(x , ⇣,�)

�h(x)

�� ⇧<p
+
(g(x) + �)

3

75 = 0.
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KKT^á(7)èå±&d/L´èe„"2¬êß

0 2

2

64
rxL(x , ⇣,�)

�h(x)

�g(x)

3

75+

2

64
N

n
<(x)

N<m(⇣)

N<p
+
(�)

3

75 . (9)
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-Z = <n ⇥<m ⇥<p, D = <n ⇥<m ⇥<p
+. !¬

�(z) =

2

64
rxL(x , ⇣,�)

�h(x)

�g(x)

3

75 ,

K2¬êß(9)åL´è

0 2 �(z) + ND(z).

È⌘ 2 Z , !¬

SKKT(⌘) = {z 2 Z : ⌘ 2 �(z) + ND(z)}. (10)
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2¬êß"{N#(normal map)!¬è

F(z) =

2

64
rxL(x , ⇣, y � ⇧<p

�
(y))

�h(x)

�g(x) + ⇧<p
�
(y)

3

75 . (11)

K(x , ⇣,�) ¥2¬êß(9)"))Ö=)

F(x , ⇣, y) = 0,

Ÿ•y = �+ g(x), � = ⇧<p
+
(y).
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Lipschitz ”””"""

⁄⁄⁄nnn 1.3
:(x , ⇣,�)¥2¬êß(9)!r"K)%Ö=%F3(x , ⇣, y)N
C¥Lipschitz ”!!.
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"""KKK 1.1
!x¥ØK(6)!å1:˜vM(x) 6= ;. -(⇣,�) 2 M(x),
y = �+ g(x). "ƒe„^á:

(a) r#%ø©^á3x§·, Öx˜vÇ5$'#Â5â.

(b) @F(x , ⇣, y)•!?¤$É¥ö¤…!.

(c) KKT:(x , ⇣,�)¥2¬êß(9)!r"K).

K(a) =) (b) =) (c).
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⁄⁄⁄nnn 1.4
!x¥ØK(6)!"":. !MF#Â5â3x?§·. XJ

3x?'uIOÎÍz!òó#%O$^á§·, Kr#%

ø©^á3x?§·.

25 / 56



"""!!!555"""èèèxxx

!!!nnn 1.3
!x¥ØK(6)!¤‹Å`). !MF#Â5â3x§·, l

&xè"":. !(⇣,�) 2 M(x), @o(⇣,�)˜vØ
K(6)!KKT^á. -y = g(x) + �. Ke„^á¥&d!:

(a) r#%ø©^á3x §·Öx˜vÇ5$'#Â5â.

(b) @F(x , ⇣, y)•!?¤$É˛¥ö¤…!.

(c) KKT:(x , ⇣,�)¥2¬êß(9)!r"K).

(e) òó#%O$^á3x§·Öx˜vÇ5$'#Â5â.
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Dontchev and Rockafellar 1996
• Consider

S(z ,w) = {x : 0 2 z + f (w , x) + NC (x)}

where C is a polyhedral convex set. Dontchev and
Rockafellar (1996)4 showed that the strong regularity of
S is equivalent to Aubin property of S around a point
(z0,w0, x0) 2 ghp S .

• öÇ55yKKTX⁄"r$K5&duAubin5ü.

4
A.L.Dontchev and R.T. Rockafellar, Characterizations of Strong

Regularity for Variational Inequalities over Polyhedral Convex Sets, SIAM

J. Optim. 6 (1996), 1087-1105.
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SN%gDontchev and Rockafellar(1997)[3]5. Ãá(ÿ
èNLPØK"KKTN#""Ë(·#"5&duÓÇMF(
Â5âÜ#%ø©5^á§·.

5
Dontchev A L and Rockafellar R T. Characterizations of Lipschitz

stability in nonlinear programming. In: Fiacco AV, editor. Mathematical

programming with data perturbations. New York: Marcel Dekker, 1997:

65-82.
29 / 56
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min g0(w , x) + hv , xi s.t. x 2 C (u,w), (12)

Ÿ•C (u,w)L´e%(Â:

gi(w , x)� ui

(
= 0 i = 1, . . . , r ,

 0 i = r + 1, . . . ,m,
(13)

Ÿ•gi : <d ⇥<n ! <, i = 0, 1, . . . ,m¥#gÎYåáºÍ,
ï˛w 2 <d , v 2 <nÜu = (u1, . . . , um)T 2 <m¥ÎÍ. Úß
Ç(‹Â5Pèp = (v , u,w), PX (p)è(12)"¤‹Å`)
8, °N#p 7! X (p) è)N#.
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Kurash-Kuhn-Tucker^̂̂ááá

• °x 2 X (p)¥(·"XJ3x",á&çUS

kX (p) \ U = {x}.
• PC (p)èå18, °N#p 7! C (p)è(ÂN#.
• !¬LagrangeºÍ

L(w , x , y) = g0(w , x) +
mX

i=1

yigi(w , x),

• ˘òØK"Karush-Kuhn-Tucker^áè
(

v +rxL(w , x , y) = 0,

�u +ryL(w , x , y) 2 NY (y),
(14)

Ÿ•Y = <r ⇥<m�r
+ .

31 / 56



• Èuâ!"p = (v , u,w), KKTX⁄")8(x , y)P
èSKKT(p), °N#p 7! SKKT(p)èKKTN#.

• PXKKT(p)è"!:8, =

XKKT(p) = {x |9y s.t. (x , y) 2 SKKT(p)},

°N#p 7! XKKT(p)è"!:N#.
• 'ux⁄p"Lagrange¶f8‹P
èYKKT(x , p) = {y |(x , y) 2 SKKT(p)}.

Ü(v0, u0,w0, x0, y0) 2 gphSKKT(p)ÉÈX"{1, 2, . . . ,m}"
çI8‹I1, I2 ÜI3!¬è

I1 = {i 2 {r + 1, . . . ,m} | gi(w0, x0)� u0i = 0, y0i > 0} [ [r ],

I2 = {i 2 {r + 1, . . . ,m} | gi(w0, x0)� u0i = 0, y0i = 0},
I3 = {i 2 {r + 1, . . . ,m} | gi(w0, x0)� u0i < 0, y0i = 0}.
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ÓÓÓÇÇÇMangasarian-Fromovitz^̂̂ááá

°ÓÇMangasarian-Fromovitz (MF) ^á3(p0, x0)?§·X
J$3Lagrange¶fy0 2 YKKT(x0, p0)¶+:
(a) i 2 I1•"rxgi(w0, x0)Ç5)';
(b) $3ï˛z 2 <n¶+i 2 I1ûrxgi(w0, x0)T z = 0,

i 2 I2ûrxgi(w0, x0)T z < 0.

33 / 56
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Èâ!"p0 = (v0, u0,w0), &(x0, y0)˜vKKT^á(14).
PA = r2

xxL(w0, x0, y0), B = r2
yxL(w0, x0, y0),

(14)3(v0, u0,w0, x0, y0)?"Ç5zL´èe„Ç5C©ÿ
&™:
⇢

v +rxL(w0, x0, y0) + A(x � x0) + B
T (y � y0) = 0,

�u + g(w0, x0) + B(x � x0) 2 NY (y).
(15)

È?¤(u, v), P§k˜v(20)"(x , y)"8‹èLKKT(u, v).
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• -P = <d ⇥<m, "ƒN#

⌃(p) = {x 2 <n|y 2 f (w , x) + F (w , x)}, p = (w , y),
(16)

Ÿ•f : <d ⇥<n ! <m, F : <d ⇥<n ◆ <m.
• &Èp0 = (w0, y0) 2 P , x0 2 ⌃(p0),f (w0, ·)3x0?å

á,Jacobian(èJx f (w0, x0). "ƒf"Ç5zN#:

L(p) = {x 2 <n|y 2 f (w0, x0)+Jx f (w0, x0)(x�x0)+F (w , x)}.
(17)
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!!!nnn 1.4
[2]6 b!#3x0!$çU, w0!$çWÜ~Íl¶'È?

¤x 2 U, w 2 Wk

kf (w , x)� f (w0, x)k  lkw � w0k. (18)

@oe„(ÿ&d:

(i) L3(p0, x0)?¥&·#"!;

(ii) ⌃3(p0, x0)?¥&·#"!.

6
Dontchev A L. Characterization of Lipschitz stability in optimization.

in Recent Developments in Well-Posed Variational Problems, Lucchetti R

and Revalski J (eds), 1995, 95-116.
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ÌÌÌÿÿÿ 1.1
b!"n1.4•!b!^á§·Ö!F : <n ! <mèı°N

N#, @oe„(ÿ&d:

(i) #3x0!$çU¶'

[f (w0, x0) +Jx f (w0, x0)(·� x0) + F (·)]�1(y0)\U = {x0};

(ii) N#⌃3(p0, x0)?¥&·#"!.
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yyy$$$

N#L = [f (w0, x0) + Jx f (w0, x0)(·� x0) + F (·)]�1¥ı°N,
œdd[15]*L 3<m˛¥#""(¥¤‹˛LipschitzÎY"),
K(i)åÌ—L3(y0, x0)?¥(·#"". A^!n1.4+
⌃3(p0, x0)?¥(·#"". 2A^!n1.4å+(ii)åÌ
—(i). ⌅
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duNY¥ı°N8,ÈKKTX⁄(14)A^Ìÿ1.1å+(ÿ:

ÌÌÌÿÿÿ 1.2
e„(ÿ&d:

(i) (x0, y0)è8‹LKKT(p0)!&·:;

(ii) N#SKKT3(p0, x0, y0) 2 gphSKKT?¥&·#"!.
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⁄⁄⁄nnn 1.5
b!x0¥%p = p0û(12)!&·¤‹4$:, !(p0, x0)?
!MF#Â^á§·. @oN#X3(p0, x0)?eåÎY, =È

?¤x0!$çU, #3p0!$çV¶'È?¤p 2 V , 8

‹X (p) \ U öò.

(·¤‹4*:+ (p0, x0)?"MF(Â^á§·

=)N#X3p0?eåÎY
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yyy$$$

d[12, Ìÿ4.5]7å*(ÂN#C3(w0, u0, x0)?‰kAubin
5ü)Ö=)MF(Â^á3(w0, u0, x0) ?§·. &a,
b⁄�èN#C"Aubin5üÉ'~Í, =Èp1, p2 2 B(p0, b),

C (p1) \ B(x0, a) ⇢ C (p2) + �(kp1 � p2k)B.

-Uèx0"?ø&ç. ¿%↵ 2 (0, a)¶+x0¥)p = p0û

(12)3B(x0,↵)•"çò4*:ÖB(x0,↵) ⇢ U.

7
Mordukhovich B S. Lipschitzian stability of constraint systems and

generalized equations. Nonlinear analysis, 1994, 22: 173-206.
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Èd+!"↵⁄p 2 B(p0, b), "ƒN#

p 7! C↵(p) = {x 2 C (p) : kx � x0k  ↵ + �kp � p0k}.

w,N#C↵3p = p0?¥˛åÎY",eeeyyyŸŸŸèèè¥¥¥eeeåååÎÎÎYYY
""". ¿%x 2 C↵(p0) = C (p0) \ B(x0,↵). dC"Aubin5
ü,È?¤p0NC"p,$3xp 2 C (p)¶kxp � xk  �kp � p0k.
Kk

kxp � x0k  kxp � xk+ kx � x0k  ↵ + �kp � p0k.

œdxp 2 C↵(p)Ö)p ! p0û, xp ! x . §±C↵3p = p0?

¥eåÎY".
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duC↵(p)¥öò;ó", KØK

min
x

g0(w , x) + hx , vi s.t. x 2 C↵(p) (19)

È?¤p0NC"pk), øÖd↵"¿Jå*x0¥p = p0ûd

ØK"çò4*:. dBerge!n8, (19)")N#X↵

3p = p0?˛åÎY; ÜÛÉ, È?¤� > 0, $3⌘ 2 (0, b)
¶+È?¤p 2 B(p0, ⌘), (19)"((¤)Å`)8¥öò"Ö
ù,3B(x0, �)S.

8"ƒ

val (y) = inf
x
{f (x , y) : x 2 A(y)},

S(y) = argmin{f (x , y) : x 2 A(y)},

Ÿ•A3y0?˛åÎY,3y0eåÎY, A(y0)¥öò;ó8‹, f3A(y0)⇥
{y0}"zò:?¥ÎY",Kval(y)3y0?ÎY,S(y)3y0?˛åÎY.
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œèX↵(p0) = {x0}, N#X↵3p0?ÎY. &�0˜v0 < �0

< ↵, K$3⌘0 > 0 ¶+È?¤p 2 B(p0, ⌘0), ?¤
)x 2 X↵(p)˜vkx � x0k  �0 < ↵ + �kp � p0k. œd,
Èp 2 B(p0, ⌘0)(Âkx � x0k  ↵ + �kp � p0k3ØK(19)•
¥)-". §±?¤p 2 B(p0, ⌘0), k

X↵(p) ⇢ X (p) \ B(x0, �
0).

y.. ⇤
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###%%%øøø©©©555^̂̂ááá

#%ø©5^á3(p0, x0, y0) 2 gph SKKT?§·X

J8x
0 2 D\{0}k

hx 0,r2
xxL(w0, x0, y0)x

0i > 0,

Ÿ•ID = {x 0|rxgi(w0, x0)x 0 = 0, i 2 I1;rxgi(w0, x0)x 0 
0, i 2 I2}.
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KKTXXX⁄⁄⁄"""(((···###"""555

!!!nnn 1.5
e„^á&d:

(i) N#SKKT3(p0, x0, y0) 2 gph SKKT?¥"Ë&·#"

!, Öx0¥ØK(12)'up0!¤‹Å`);

(ii) ÓÇMF#Â^á⁄#%ø©5^á3(p0, x0, y0)?§
·.
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yyy$$$

b&(i)§·, Ky0¥YKKT(x0, p0)•"(·:. 5ø
,YKKT(x0, p0) ¥‡", KkYKKT(x0, p0) = {y0}. œdÓ
ÇMF(Â^á§·9. ?ò⁄, dÌÿ1.2, ÿ$3(x0, y0)N
C"(x , y)˜v(x , y) 2 LKKT(p0).10 ÿîòÑ5, b
&I1 = {1, 2, · · · ,m1}, I2 = {m1 + 1, · · · ,m2}Ö©O
PB1⁄B2èBÈAçI8I1⁄I2"f›(.

9
J. Kyparisis, On uniqueness of Kuhn-Tucker multipliers in nonlinear

programming, Math. Programming 32 (1985), 242ı246.
10e„¸á5ü&d:

(i) (x0, y0)è8‹LKKT(p0)"(·:;

(ii) N#SKKT3(p0, x0, y0) 2 gphSKKT?¥(·#"".
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ÿÿÿ$$$333(x0, y0)NNNCCC"""(x , y)˜̃̃

vvv(x , y) 2 LKKT(p0)

• p0 = (v0, u0,w0), (x0, y0)˜vKKT^á(14).
PA = r2

xxL(w0, x0, y0), B = r2
yxL(w0, x0, y0).

• X⁄
⇢

rxL(w0, x0, y0) + A(x � x0) + B
T (y � y0) = 0,

g(w0, x0) + B(x � x0) 2 NY (y).
(20)

kçò)(x0, y 0).
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@o(x , y) = (0, 0)èe„C©X⁄"(·):

Ax + B
T
y = 0,

B1x = 0,
B2x  0, yi � 0, yi(Bx)i = 0, i 2 [m1 + 1,m2].

(21)

*),duy0i > 0, i 2 I1, KÈui 2 I1•"yiŒ“vkÅõ.
Ø¢˛, œè(21)")8¥òáI, K(0, 0)è(21)"çò).
dx0?"#%7á5^á, å+

hx 0,Ax
0i � 0, 8x

0 2 D\{0}.

êIy˛„ÿ&™"&“©™ÿ§·. b&$3ö"ï
˛x

0 2 D¶+Ax
0 = 0, Kö"ï˛(x 0, 0)èè(21)"), g

Ò.
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áÉ, b&(ii)§·, Kx0¥(12)'up0"(·¤‹)Öy0è

ÉA"çò¶f. b&(p0, x0)ÉA"çI8I1¥öò"

ÖU⁄W©Oèx0⁄w0"&ç¶+È§k"x 2 U , w 2 W
krxgi(w , x), i 2 I1¥Ç5)'". d⁄n1.5, Èp0NC"p,
X (p) \ U 6= ;. @oÈ§kp0NC"p, x0NC

"x(p) 2 X (p), $3+Cy0i , i 2 I1"yi(p), i 2 I1¶+

v +rxg0(w , x(p)) +
X

i2I1

yi(p)rxgi(w , x(p)) = 0.

5ø,8i 2 I1, yi(p) > 0, Èi 2 I2 [ I3, %yi(p) = 0, +
,y(p) = (y1(p), · · · , ym(p))¥6ƒØK"Lagrange¶fÖ+
Cy0. œd, XJUè(x0, y0)"&çÖpø©+Cp0, K
kSKKT(p) \ U 6= ;.11

11"Ë5
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XJI1 = ;, @oy0 = 0 = YKKT(x0, p0). d⁄n1.5, Èx0"

?¤&çUÜø©+Cp0 "p, kX (p) \ U 6= ;. ?ò⁄, MF
(Â^á-yÈp0NC"p, x0NC"x , Lagrange ¶f
8YKKT(x , p)öòk.. b&$3↵ > 0, S%pk ! p0

⁄xk ! x0¶+8y 2 YKKT(xk , pk), k = 1, 2, · · ·kkyk � ↵.
¿%S%yk 2 YKKT(xk , pk), KTS%k., $3‡:ȳ 6= 0.
3KKTX⁄•Èk%4Åå+ȳ 2 YKKT(x0, p0), ˘L
$YKKT(x0, p0)ÿ¥¸:8, ˘ÜÓÇMF(Â^ágÒ. œ
dÈy0 = 0"?¤&çY , )pø©+Cp0Öx 2 X (p)ø©+
Cx0û, kYKKT(x , p) \ Y 6= ;. @o, È(x0, y0)",&çU9

ø©+Cp0"p, èkSKKT(x , p) \ U 6= ;.
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b&N#SKKT3(p0, x0, y0) 2 gphSKKT?ÿ¥(·#"",
@odÌÿ1.2,12 (21)13kö")(x 0, y 0)ÖT)åÜ(0, 0))
Å+C.

12e„¸á5ü&d:

(i) (x0, y0)è8‹LKKT(p0)"(·:;

(ii) N#SKKT3(p0, x0, y0) 2 gphSKKT?¥(·#"".

13=X⁄

Ax + B
T

y = 0,
B1x = 0,
B2x  0, yi � 0, yi (Bx)i = 0, i 2 [m1 + 1,m2].
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b&y
0 2 <mÖÈi 2 I3ky

0
i = 0. XJx

0 = 0, Ky
0 6= 0. 5ø

,XJÈ,0i 2 I2ky
0
i 6= 0, Ky

0
i > 0. œè

Èi 2 I1ky0i > 0, Öy
0ø©+C0, ï˛y0 + y

0è'

ux0Üp0"Lagrange¶f. ˘ÜÓÇMF(Â^ágÒ. œd,
x
0 6= 0, .¥x

0 2 D. 3(21) "1òáêß¸>”û¶±x
0,

+,hx 0,Ax
0i = 0, Ü#%ø©5^ágÒ. y.. ⌅
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!!!nnn 1.6
!MF#Â^á3x0 2 XKKT(p0)?§·,p0 = (v0, u0,w0). @
oe„^á¥N#XKKT3(p0, x0)?&·#"!ø©7á^
á: ÿ#3x

0 6= 0Ü,ò¿J

y0 2 arg max{hx 0,r2
xxL(w0, x0, y)x

0i|y˜v(x0, y) 2 SKKT(p0)}

˜v8IºÍèh0(x 0) = hx 0,r2
xxL(w0, x0, y0)x 0i, #Â^áè

8
<

:

hrxg0(w0, x0)� v0, x 0i = 0,
hrxgi(w0, x0), x 0i = 0, i 2 [1, r ],
hrxgi(w0, x0), x 0i  0, i 2 [r + 1,m], gi(w0, x0)� u0i = 0.

!fØK!KKT^á.
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yyy$$$

dLevy⁄Rockafellar[11]14•"!n3.1⁄3.2, ˜vfØ
KKKT^á"x

0/§(03Ü(p0, x0)?XKKTÉÈX"„/Í

N#e"î. A^[8]•""K2.1, å+T8‹•˘*
"x

0 6= 0"ÿ$35ÜN#XKKT3(p0, x0)?¥(·#""
&d. ⌅

DXKKT(p0|x0)(0) = {0}

14
Levy A B and Rockafellar R T. Sensitivity of Solutions in Nonlinear

Programming Problems with Nonunique Multipliers. in Recent Advances

In Nonsmooth Optimization, 1995: 215-223.
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ƒu⁄n1.5⁄!n1.6å±+,e„Ìÿ:

ÌÌÌÿÿÿ 1.3
!x0¥(12)!&·¤‹4$:, Ÿ•p0 = (v0, u0,w0). b
!MF#Â^á3(p0, x0)?§·Ö!"n1.6•!^á§·.

@o(12)!)N#3(p0, x0)?¥"Ë&·#"!.
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