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® Bonnans J. F. and Shapiro A., Perturbation Analysis of
Optimization Problems, Springer-Verlag, New York, 2000.

® Rockafellar R.T., Convex Analysis, Princeton University
Press, 1970.

® Rockafellar R.T. and Wets R.J.-B, Variational Analysis,
Springer-Verlag, New York, 1998.
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Berge - &2tk

X 11 weU. Sto s ¥
YU, YRR, T RERES Uy, Suozt

(1) FRE(EWLYT STEuy € UL Berge [ 2EIELEN, X —
MR S(u) C OMTFERO, 17155 > 0, i 2

S(u) C O,Vu € Bs(up).

(2) PREEMEWLS STEuy € XAb 2 Berge N Y- 4:1, X —
MFRS(up) N O £ DIHEEO, F71ES > 0, i 2

S(w)NO #0,Vu € Bs(up).
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Hausdorff3¥ & 22 14

E X 1.2
WU, Y REESE, S TEERNS: U= Y,

(1) REEAEWLYS STEuy € ULLJE Hausdorff & UK L iE 4k
[, ZERe >0, 30 > 0, WL

S(u) C S(up) + B, Vu € Bs(up).

(2) WREAEIRIT STEuy € URL 2 Hausdorff 5 ST T 1 5:
i), #AER € > 0,36 > 0, &

S(up) C S(u) + B, Vu € Bs(up).
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x ate L+ 5[15/ IFGes - ey = 20 x-27]l
— Ml

WF R — REx € %”&i@@_l_lpsc—htzjéi OF (x)
+2Clarke/~ X Jacobian L IR AN

OF (x) = conv{lim JF(x;) : x; = x,x; ¢ Qr}.
Hi[4, 2.6.2 Proposition]?, e 2B iuled
(2) OF () RERmnfty— 25 S A
(b) OFFEXMEREMRMIx, — x, Z, € OF (x.), Z: = Z,
NZ e oF (x). #34%e

(c) OFFExHL A EFIELLI Ve > 0, 36 > 0¥ 2 f’”‘;;j?f *
—_—r Y N 74
OF(y) C OF(x) + €Bpxn, Yy € x + 0B.

LClarke F H. Optimization and Nonsmooth Analysis. New York: John
Wiley and Sons, 1983.
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Berge 5 HuasdorffES2PE )58 &R

Bergei® X IS HausdorffE X HIZESEMAR 41~ Y
K&, M[1).2
(a) WIREEAE M STE upAbHausdorfFE ST b2 iE 4k
HW, M STE upibBerge®m: UK 2 iE 4k
(b) W HEEAE WY STE uphbBerge = K k4L,
NI STE upAbHausdorffE: SR i 4k,
(c) WP WL STE upibHausdorffiE LR T -4k,
M STE ug A Berge i LR R f-iE4E.
(d) WIREEAE WS} STE upibBerge = R &4 H.
clS(ug) & B EUY), W STEHausdorff ST A& T IE 4L 1.

2Bank B, Guddat J, Klatte D, Kummer B and Tammer K. Nonlinear
Parametric Optimization. Berlin: Akademie-Verlag, 1982.
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HHEESMER R R

X’V} nE - e, € Su, x® = o, :) x, € S(n.)

F il lﬁ
TERIE BHIZAE T, 854 M4 LIS S T Bergeit .
TR EELRIN[24, E R 5.19].3 X FAME KSR BGT,
Hausdorffe )R iS5 1)[?&@1(@ %)[24, fiy
5.12(a)].

j%)’”?7ﬁ EZ :; T ny 2 ﬁ1”[7il
7 5;:5 = ff’&* Cj, C~7E%'

Fueu+sB, Suyc(C,

3Rockafellar R T and Wets R J B. Variational Analysis. New York:
Springer-Verlag, 1998.
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E X 1.3
EAEBSTF - X = YVIE(X, y°) € gph FAL R DLk N = IE
M, G SRAFAEARER U € N(x°), V € N(y°) R $ix > 0, 3
i

d(x, F(y)) < kd(y, F(x)), Y(x,y) € Ux V.

EX 1.4

SEAEBLSTF - X = VIEXORT OS2 B 2 R IE (R, 4

B (x%,y°) € gph F, FEAEATIRU € N (x0), V e N(yO)FH
ik >0, W&

d(x, F1(y°)) < kd(y°, F(x) N V), Vx € U.
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min Fa) st &) €k

AT
/u»é‘ ﬁgT
%ﬁgi)i%{xsk: Geerr Y € k}',\ &= _ia’:fo)
Zs43.4% ®={xeX:G(x)eK} G =Y

Hyx 5Y2ARYEHilbert A, K ¢ YRIEZHMES. &
X

Fe(x) = K — G(x),
Mo = FLH0). Bexo € &, M FetE(xo, 0) 435 2 5 5 1E %
BWRE  dist (=, 8) = I O TRilon) < acddd 0 Fyfor)

dist (x, F2'(y)) < rdist (y, Fe(x)) = rdist (G(x) + y, K)

X (x,y) € Bs(xo) x dBEAL.
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EN 15

(Aubinth BT ATEIRL). FREENS © X = X T XTEXO R
KT HAAubinth iz, Hix® e X, u® € S(x°),

#1gphSTE (X0, u®) siAb 2 R ), HAFERRIRV € N (x0),
W e N(u°) FiEHrx € Ry, i

S(X)NW cC S(x) +k||x —x||B, Vx,x' e XNnV. (1)

il LR SR RX 0 VBV, AR Aubintt FTAEX® F5%
TuORAL. B, STEXC R R T uC 1) IR (graphical modulus)
%

lipS(x°|w?) := inf{x : IV € N(x°), W € N(u°), it
S(X)YNW cC S(x) + k||x — x||B, Vx,x" € V}.
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E X 1.6

RIS F - X = YIEXOhb 55T yO )& FA4 ] (calm), 1
By® € F(x0), FFE—HHr >0, xo FI—3BIKV A1 y° f)—
S35 Wi A2

F(x)nWXC F(x°) + kl|x — x°||B, Vxe V.

EX 1.7

PREEMEMU F - X = VIEXCAL KTy O R AP A2 (robustly
calm), WRy° € F(X°), FAE—H K > 0, xo BI—2BBLV Fl
y© W — &R Wi 2

0 #F(x)NW C F(x°) +kllx —x°|B, VxeV.
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E X 1.8
MRERMEMU F - X = YIEXCAb R Ty O RIS RS Y (isolated

calm), WRy° € F(x%), fAE—Hr > 0, xo BFI—2BIKV F
O B —<IA W 2

F(x)NW C {y°} +klx —x°||B, VxeV.

EX 1.9
MREEBINF - X = y&x°&3€?y°%ﬁ&i‘[&i¥ﬁ

(1] (robustly isolated calm), Witky° € F(x°), f#{E—
k>0, xo 4RI VAT yOff— AR W s 2

0#F(x)NW C {y°} +klx —x°|B, VxeV.
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xE X 1.10
FREE(EMES F : X = YTEXOAL & L Lipschitz i, a0 S A7FAE—
Wk > 0Fxg H—20IV 2

F(x) C F(xX°) + &|x —x°||B, ¥xe€ V.

5E X 111
FREEAE IR F - X = YIEXOUL KTy 0@ Bt 1, W SR AFAE
IV e N(xX°), W e N(Y°) 5HEL k e R, 2

F(x +keB) D [F(x)+eBlNnW, Vx € V,e > 0;
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E X 1.12
(RAE WU IR LipschitzZE 2R 1), FRRESS © R" = RMER"H
THEX LA Lipschitz E8:H), 5 BAEX AR A B HAF
fEx € R A Lipschitz HEL, i /e

doo(S(x), S(x)) < |Ix" — x|, ¥x,x" € X,
R . CAB) =nf{2. AsBreR Bs AteBf

¥

S(x') C S(x) + k||x" — x[|B, ¥Vx,x" € X.
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230

%H W)/

£ 113 5 r*“ 1@
ERET X

‘%% BTN

0 f(x,p) + F(x), |
L T e
HepF X 3 Y 22— EB. X
G(x) = f(x°, p°) + D F(x°, p°)(x — x°) + F(x).

MR G120 € YH—N LRI 2 xO (1) — B4 1) H
{8 LipschitziZ SERLST, WIFRT™ U7 FRAE (X0, p°)4b A2 5 1R I 1.

5 € a) ;(g):g.[gr S X+s le ?{5/ grgfg\
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Karush-Kuhn-Tucker & 4t

&2 RARAL 7]t .
BRI N 6= iy
min  f(x) v EN ) & ) @"/k«ES’J
st. G(x) €K,

HAf - Xo>R G: X—=Y, KC YR X, YRS
FR 4k 1 Hilbert =S [A]. Karush-Kuhn-Tucker 2544

D.L(xA) =0, A € Ni(G(x))
R IR

4?5> &) é.T&¥g L>:

0 € F(x,A\) + Ngnxko(x,A), F(x,\) =

18/ 74



Z#Karush-Kuhn-Tucker &4t
% RS HL AR AR AL 1]

min  f(x, u)

st. G(x,u) € K, (3)

Hf XxU—=R G: XxU=Y, KC YNk,
X, Y2H RY4ERIHilbert 23 [A]. Karush-Kuhn-Tucker 2% 4

DyL(x,u,A) =0, A € Nx(G(x, u)).
TR IR

0 € F(x,u,A\) + Ngnxxo(x,N), F(x,u,\) =

19/74



5i8 1E U

o€ F(X()7 Uo,)\0)+DXF(X0, Uo,)\o) |: E);\:);(Z))) :|—|—N§Rn><Ko(X, )\)

1E(0, x0, Ao) ML AT ME— [ LipschitzIE L [FIHRI (x(8), A(9)).
RGVEHE B

6x c DXL(X07 Up, )\0)
Ox

—G(xo, to)
D2, L(xo, o, Ao) DxG(xo, tp)* { (x — x0) }
—D,G(xo, o) 0 (A= o)

+N§EnXKo(X’ )\)
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é :ﬁf«) Lipschitz[&] &

E X 1.14

(JAHB Lipschitz RIE). FROEZREL F: O C X — XfE

x € O &R/ Lipschitz 7K, W RAFAEXH)— AN FFARIEK
N C OfF 3R XA AR LIRS Flay : N — F(N) 22
X H BB WIS R B Lipschitz SRR, FREAEXMIT 2 R
# Lipschitz [RIRHY), G5 FAEXMYIE 2 JRE Lipschitz 7] 1)
I HFEXAL 2 ]R3 Lipschitz 52
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— I R ZIR A

— B AL R A A 17 8

min  f(x)
st G(x) €K, )

Hopf: X >R G X=Y KCYR—MMES X, Y
B IR4ERIHilbert2¥[8]. W U2 —Banach%¥[], f : X x U — R,
G: XxU=Y.
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C- S H

PR(f(x,u), G(x,u)), ue U, felﬁﬂ%i( JI—C2oti 4k,
WMERF(, )5 G(-, )2 IRELE AT, BT € Ui
JBf(,T) =f(-), G(-,u) = () AHXT N ) Z AL 1)
ﬁ?k_ﬂ:/ﬁ

min  f(x, u)
st. G(x,u) € K.

B RARE T (canonical), IR U = X x Y,
(0 0)eXxY, H

(f(x,u), G(x,u) ﬂx!—gu],x ), G(x) + wp),

xeX,u=(u,m)eXxY.
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5l e %€ T

IAEAN2H[2, Definition 5.33]* (1A% E s i A E P A
o, AR )RR ) R ABURE 73 B v e R .

X 1.15

Box* A2 7] R (4) AR E 1. FREEX LR T-C2 i 24tk
(f(x, u), G(x, u))&5mFE I (strongly stable), WFRAFAE x*[1)
LIV STy C U, R E[Tu € Vy, [FIR(5) £
ME— AR six(u) € Vx, x()TEVy FIESE. X —E 5
F—C2OLH S EAL I 2 B, PR R AR E 1.

“Bonnans J F and Shapiro A. Perturbation Analysis of Optimization
Problems. New York: Springer-Verlag, 2000.
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— R Hr KR
IR —E KA e LU E 2, Definition 5.16].
X 1.16
T2 1] R (4) RIS E m. FRIEX bR T2 S
(f(x, u), G(x, u)))—B Mg K KA RGL, a0 RAFAE

a >0, x* ARV 54y C U, 3 25T u € Vy'5
] L(5) RIS SE six(u) € Vx, FIRAZER AL

F(x,u) > F(x(u), u)+alx—x(u)|[%, Vx € Vil G(x, u) € K.

(6)
FRTEx* Ab 1 — B0 BB K 2 T, 01 (6) 200 1 (4)
FEAAIC? 608 B HAL IR R,
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SEH 1.1

[24, Theorem 9.43]° Egpth(X u) € gphS RiAb 2 5 E8
B, TR 38 2% A S A

(a) (I Aubintt): S° fEum Rk TxBA Aubinth i ;

(b) (EEIENME): 3V e N(x), W € N (), k € R, Wi

d(x,S7u)) < rwd(u,S(x)), #Fix € V,ue W;

(c) (ERMEFFPE): IV e N(X), W € N(T), k € Ry, T2
S(x+keB) D [S(x)+eBl|NW, ¥x € V,e > 0;

(d) (FEIFFEEER %) W20 € D*S(x|T)(y) Iy A
Hy=0. o* 57 (&) %) (o) =50}

SRockafellar R T and Wets R J B. Variational Analysis. New York:
Springer-Verlag, 1998.
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FE B UIE N 5 Fadk

TN R S TR P B PR SR ) P T DU S T3 B £
Fatk.

SEH 1.2

[7, Theorem 3H.3|® ZEE(EMGSF : R" = R™, y € F(x). I
L FAEXSE R Ty LA s > 02 FE B IR AE ) 24 HAL S e )
WU F1 R = ROEY AT X AR R A% s > 01
o, - HAcdm(F1; y|x) = subreg(F; x|y).

5Dontchev A L and Rockafellar R T. Implicit Functions and Solution
Mappings. New York: Springer, 2009.
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B AR & B D) HE

wWC CcRE—HES. T, )= {4, 34, dif watd, ) =eth |
e Radial cone/ & ix#E

Re(x)={d:3t" >0,Vt € [0,t"],x + td € C}.
e~

e Tangent cone/ V4 L&) = s

Tc(Y) = {d st N0, d< — d,Z—F tkdk S C}

e Regular tangent cone/1E NI1)HE

b
2
i

{d :Vy* = x,Vt \, 0, Hdk—>dy+tkdk€C}

- ~ = }/m/hf C -
7;.( I= ey
X »
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e G A HE
o Regular normal cone/ iF- U4k
Ne(x) = {veR": (v,x —%) < o(|x — x|) for x € C}.
o Normal cone/i%:4E

k k ~ N k
NC(Y):{VE%”: It € €, 3v" € Ne(x) }

such that vk — v

o UIEIHIK AR

30/74



f\?cf‘oﬂ ={o} ](f\d P2

A 2, —
Lo I\ N, &) :&‘5,,(’1}/ N # L

/ 74

[

C :{DCEX: F (=) GD}/ T.(x) > ?d@ (). OFex) de ﬂl——foc'))}

G € 5}3@7/ SNp(Fers) + N, 5) =D » =0 2?5%

= T s fdeT, ) sP@de T, (Fed) }

2 - * 1
Ké»} [ > N ) 1
= © (77583 (0)
‘L limudf \I/ [/Vnm
X'Z?p('a _a'x_-
Te L= N,



Grapbhical derivatives and
coderivatives
EX 2.1
The graphical derivative of S at X for any U € S(X) is the
mapping DS(x|t) : R” =% R™ defined by
z € DS(x|u)(w) <= (w,z) € Taph s(x, 1),
whereas the coderivative is D*S(x|u) : R = R™ defined by

v e D*S(x|u)(y) < (v,—y) € ngh S(x, 1)
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A S == [Sterew) - 7]

— —/Ms = |y = 'glms d-; DC,M_
= 7 WFASWI><“>?PM/ @?P{i NE

Grh o, Azm) = ?pﬁ zLSm4ey -t ] = 2 [Gph S —(zm)
PhH = trop S [Phs~m) = Ty &)

H = DSx(n)
2¢ D3E@IW) =) 2= (w,eae’(amé’mf)

F W E) I A Vo, we—sW, 2k 2
DRI = Limsuy W (% (Zttews, T+A 86 A )

Wwisw

+ Vo
(/_‘f ‘_,_Jé> M-7L/43kC /S'(":C-Z-'ﬁw)

) ak e (Q(';C\fx‘kwl’)~(/\
KIS




Regular graphical derivatives and
coderivatives
KX 2.2
The regular derivative D(x|G) : R" = R™ and the regular
coderivative D*(x|u) : R” = R™ are defined by

z € DS(X|B)(w) <= (w,2) € Typp o(X,0),
v € D*S(x|0)(y) <= (v, —y) € ngh (%, 7).

32/74



Strict graphical derivatives

For a mapping S : R” = R"™, the strict derivative mapping
D.S(x|u) : R" = R™ for S at x for &, where o € 5(%), is

defined by 4 € )
D.S(xja)(w) = {Z 37\ 0, (37 u) B (%,7), WY — w,
with 2 € [S(x” + 'w") — u"] /7", 2" — z}
or in other words, for A.S(x|u)(w) := S(x+Tw)—u
T

D.S(x|u) := g—IlmsupT\0 gp_hf(;,a)ATS(XW)-

7(X7u)
Note that if F is strictly continuous, one then has the simpler
formula

D,F(%)(w) = {ZBTV N0, x> X with AnF(x*)(w) — z}.

33/74



Mordukhovich# |
Mordukhovich#E M F& 4L | —FRiH R A 5, 7] T 4] W2 1E mk
WRERAADNER. S nwe Smot - B
i’_‘é}i 2.1 X, xe\,

[24, Theorem 9.40] (Mordukhovich#fEl]). %S : R" = R™,
x € domS, 0 € S(X). BgphS TE(X, 1) fAa R .
W STEX KT 0 HAT AubintE )5 24 HAL

Hizly

D*S(x|u)(0) = {0},

HAEME, [D°S(R|D)|F <oo.  &le)
eN 2 %
veptsamy | S T
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% 3 fiE Mordukhovich i

F is strictly continuous at X relative to X if x € X and the

value
|F(X') = F(x)]

X~ x

lipx F(X) := limsup

X _
! !
X, x! S X xF£X

is finite.

9.13 Theorem(subdifferential characterization of strict
continuity). Suppose f : R" — R is locally Isc at X with f(X)
finite. Then the following conditions are equivalent:

(a) f is strictly continuous at X,
(b) 0°f(x) ={0}; hori=n /2 i$s
(c) the mapping Of : x — Of(x) is locally bounded at %,
(d) the mapping Of : x — Of(x) is locally bounded at x.
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o I 7,2;53&:-7‘/’;%;}5_{%; & e =0}
1

Mz = -{(K\J/ o) € NBJ% (=. 3}6?))%

— (v, 0) 6 Neeg (24 = NV o=y

B

7 M&ra/wkiw\r A Vs D¥£@(H)9jz§r\); (v7)e Njﬁj@z,m %
DS ) =10

(er L (v, 0) e [ yﬁﬁ sew) = A =9

w
DYy < D‘*gﬁ (= |4ez)) (6)

m

ap PPUOCf " Ejﬁfx),;éd{&)fa) }/ j%%& té'f&‘f/



i 1 D0 P — 22 it ) 63 R 80 B ) 0

EH 22
! V)@S%ﬂﬁ?ﬁﬁ%?fﬂ,Y—%Z%Pﬁ/l\Banachél‘Eﬂ,Q c X
x Yt g f(a, b)) I—HES, 0 € C(Q; 2) W& o
) i e Z=
() o(a.b) = 0; =
%

(i) ajf(x y) € L(Y: Z)WHEM(x,y) € Q F77E,H

C(2; L(Y; 2));

¢
dy

% -
dy
o

(iid) ay(a b) € L(Y; Z)7& MU, < (a, b)) € L(Z,Y).

"pp.548-549, Philippe G. Ciarlet, Linear and Nonlinear Functional
Analysis with Applications,SIAM,Philadelphia,2013:
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a s
J[: V—%\N

() WAAEX 1R aff—FFARBRLV, 72 Y 0 bl — 740
WS — RS € C(V; Wik

{(x,y) € Vx W :¢(x,y) =0}
={(x.y) eV xW:y=f(x)}

(b) WiRo7E(a, b) € Qe HTHIT, A4 FAE AL AT A4,

VchQ,[

fila) = - (gij(a, b)>_ 90,6y € £(X; V).

37/74



() %o € Cm(Q Z) Jehim > LR MAEEX it aly
—JHAREYV c vE YE%E%E’U*FF@B@W c W i Xt
ET(x,y) € V x W, a—f(x, y) € L(Y; Z) I,

(g—f(x,y)) € L(Z,Y),f € C™(V; V)

SHTEAAx € V,

f'(x) = — (%(X’ f(x)))_ %(x, f(x)) € L(X;Y).
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s AE W PR R E AT A7
HRE B H ST REE S ST

S(x)={ze R":0¢c C(x,2) + Ng(2)}, (1)

—_— _

HPC: A xR — REE—ELET B, ACRE—IFE
A, Q C RGE—IEEMMESR. 457E (x0, 20) € gphS, x € A.
BFRFM, FEX— %M TN — MBI O 2 ) —
ANERIE Vi RO AR — D HAE K LipschitziZ 22t
Sto .0 — VIER

o(x0) = 20, 0(x) € S(x), ¥x € O, (2)

EER LTS
o(x)=S(x)NV, ¥x € O. (3)



AbY20 S0
1§ B & - B 5)

ECx, 90x) =-, ¥V x¢€ (??,(1/7



X

Y(€) ={zeRF :@E C(x0, 20) + T2 C(x0, 20)(z — 20) + No(2) }

(4)
IS
r(x,z) = C(xo, 20) + J.C(x0, 20)(z — 20) — C(x, z).
B O WAE T IR S5 18,
il 2.1

REE R ;(;a: {g., Crx.2) + Ng (2) }

2 € S()LAE @ e X(r(x.0)).
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e
RIEY S rifE L, A
z€ S(x)4HAL 0 € Cx, ) + No(2) (5)
5

zeX(r(x,z))H{HAY
r(x,z) € C(xo, 20) + J.C(x0, 20)(z — 20) + No(2).

o AT A5 (5) 5 (6) ) ST AR e 1, =

(6)
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T CHEA x R* F RSN, 7T LA B0 AR5 U, 20 1)
AV 15— I 0 S M6

1C(x1, 2) — Clxo, 2)|| < Lljx1 — x|, Ve € U,z € V. (7)
.Xz

42/74



EH 2.3

(a) WAFTED € REFILTIRW, A71E HLAH Lipschitzi% 2B
Bt @ Rk, H Lipschitz# BN, i

$(0) = 2z, ¢(&) 65(5), vEe W. (8)
WXt RE—@ > 0, FFEX MBI U, 5 2 IBIK VL, DAL —
Ao U, — Va2 B

o(x0) = 2, 0(x) € S(x), Vx € U, (9)

HWLS o fE U, b2 LipschitzZ 4L 1), Lipschitzi 4%
Ny +e)l, HALi(7)E X.
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(b) MnRIEA AFAE 2o H— <4 Vi 22
) =X(NV, Ve W, (10)
i
o(x) = S(x) NV, ¥x € U.. (11)
UEB] JGiER (a). XHMERREE e > 0, #HL = 0(¢) > 0,
p = p(e) > 05 xMI—2RIKU., LN TV, =2+ pB, 17
70 <e/(y+e),
r(x,z) € W, V(x,z) € U. x V,,

|72 C(x0, 20) — T C(x, 2)|| <. V(x,z) € U. x V.,
|C(0,20) —COn ) < (1—10)of, Wx € U

(12)
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G ="
E(a) R4 PB4 (1) Hito; (i) 4iiEo fLipschitz
LR,
x5 €(U) 52 LRSI O  RE - R,

O:() = o(r(x,")). (13)

TR ATIE W [0 = (Gas) +7; Cot 2y (2-2) ~ (G20

O R Ve LY IRARH, AT VMRSV,
R FIRgE R RAL, W B Banach A3l fi e # v 1547
1z € VL2
(3= 0x(2) = 6(r(x,2)). ~ =:=%
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TR (8),

7 € ¥(r(x.2)).
H 2. 17157 € S(x), BIAXAZ U P EE A, & X
7E U, _Ef e g5

o:x—z¢eS(x) Teres

FAFER]. H
Py (20) = O(r(x0, 20)) = #(0) = 2o

10 (x) = 20, KIEAH(Q). T N A KIF(14)R.
i@)gﬁiiHECD;;EKJlfiéﬁﬁ‘ﬁt)ﬁi, EGTZj, Z> EE(EE;, HH VL’_k:iii)iifﬁjqb
(I Lipschitz &P i il 45

[®P5(21) = Px(2)l] < 7l[r(x,21) = r(X, 2)|

< sup{[|Tzr(x, (1 = )z + p2z)|| - p € (0,1)} - |z — |-
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EB:‘F‘jzr(Ya Z) - jo(X()?ZO) - jZC(77 Z)v Hﬂ (12)ﬂ'/f%[‘
[®5(21) — Px(2)|| < 7ollz — 2|, V21,22 € Ve.  (15)

HIOHEIUE v6 < 1, OxSLhR B — RAgamut. 5,
1®x(z0) = z0] = [l¢(r(x, 20)) — S(0)
< [Ir(x,z) — 0|
=71C(x0, 20) — C(X, 20) ||
< (1 —70)p.
EEWREXN Tz € V(=2 + pB),

[P%(2) = 20]| < [|Px(z) — Px(20)]| + [|Px(20) — ] (16)
NN AN
< 76llz = 2| + (1 = d)p < p,

oMV, FIH 5.
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~EER(15) 5 (16) F B, 7T LA Banach Al fE B, A
UE B o A AE 1
BUEAE Mo 7E U, b A Lipschitzi£ 4L 1), Lipschitz %k
Ry +e)L. AU x V. c Ux V, HU, VIli(7)5E X,
NS R X, X0 € UL,
[o(x1) — o) = [Py (0(x1)) = Pe(o(x))
< 00 (7)) — Pu(o ()] + [0 (7)) — Puslo())]

1 (15) Al 15
[® (0(x1)) = Puy(0(x2))[| < y0llo(x1) — a(x2)]-
HH o FP) Lipschitzid: 22 M n] #53

1@ (0(x2)) = P (0 ()| = [[6(r(x1, 0(x2))) — ¢(rOe, o (x2)))l
<€, 0(x2)) = Clxz, o ()l
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2B IR A THAN(7)15 21

lo(a) = a()ll < dllo(a) — o(x)|
+[[C0a; 00e)) = Clx, o (%))
< 70llo(xa) = o0e)ll + L = x|,

FH S AT

lo(x) —o(x)| < [x1 — || < (v + €)L|x1 — x|,

yL
1—70
Bl o fE U. L 72 LipschitziZE 4L ).
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FRUEB(b). A b E, WTRLGEEE(12)H B p7e 73S, BB
AT V. C V. BEREEX € U., 2z MNS(x) N V.H1E
BIEEUICER. NIEMH(11), RFIEHz = o(x). WG4
216z € X(r(x,2z)) N Ve. H(12)A[1Gr(x,2z) € W, T7H
R (10)MIE L (13)F

z=¢(r(x,2)) = Dx(2).

B ro(x), XIES

o(x)=S(x)N V., Vx € U..
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o 5 1F T 4

E N 2.3 £ e fexpm TP,Lfri,W(‘c—l) T )

R TR Yam
0 € f(x,p) + F(X),“ ?Q f.“g = ’B;ﬁa)

HAF: X = ye—8EmE. € X
G(x) = f(x,p) + Df(x,P)(x — X) + F(x).

G DR MO € Vi BEIRA BB LipschitZiE 4
W JIFR ) ST R (%, p) Ak R SR E T
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figt RS

HZ U TR E IS
S(x) ={zeR":0¢€ C(x,2) + Ng(2)}, (17)

HHC: AxRF = RF 2 IS8 0 , A C RTE—TT4E
. Q C RME—ARA MR
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EH 24

Y57 (x0,20) € gph S, x € A. WK (x0, 20) 72 RGE(17) 5% IE
T i, AT AE X0 FET— N 2F IO R 20 [ —ANEBIk V, il 2 EO
TEAE— /N BAB ) LipschitZESE WS o - O — ViETE

o(x0) = 20, 0(x) € S(x), ¥x € O, (18)

BE S
o(x)=S(x)NV, ¥x € O. (19)
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- fetE ~hEke

o EFXTERAE ML )5 IE W, Klatte and Kummer[13]3F
PR B B B 25 7 5 O DU P 2 i

o FRERMEMLISF : X = YAE(X, y)Ab 2 amIE NI, 25 FLabimk
S (v, x)Ab B Aubin k51, HIE 7 A7 E X HAR
U, ARV, 3%y € V, BUNFY(y)2& R Ein.

o FRIHE I SHD.F(X|y) L Bhf, &H

- v e Xi)
0e DF(RP)(w)=u=0. 7

9

F')n U c Bl ) +=lyyiBy | vyly eV

o

8Klatte D and Kummer B. Nonsmooth Equations in Optimization.
Kluwer Academic, 2002.
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¢€ DiFEE)W) = an= o0

EH 2.5

[13, Lemma 3.1] (58 1 U4 (4 7 4% Pl 3 otk I ) 15 S A

BF . X = Y(RIEZM), z= (%, 7) € gphF. WH

(a) # FAEZALSEBRIEN 1, A D, F(Z) R HiH,

(b) #X =R, W FTEZAL 53R IE N i) 78 B4 D, F(2) =2
ﬁﬁ?ﬂf\j 1E(y, X)4b 2 Lipschitz - 42 1)

S is called Lipschitz |.s.c. at (x, y) with rank L

dist (v, S(x")) < Ldx(x,x") i__g‘,;)—i:g

for all x” in some neighborhood V of x.
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uEH

AV, (a) D, F(2)° A2t W3u £ 0, ff
30 € D, F(2)(u). HIE A, fF7En* € F(x* + t,u¥)
gphF SOEYRY = 2, uk = u, vk = (gk —y)/tk = 0.

Ack _  k ko

FHE(, y). (¢ g)g”h“ﬁ{ @@ oo,

e 1), B p
X5 FAEZAE 2 5 1 7

FARE Pt eFedvhu), Lopog) 5
DF(RIF)(w) == {v]3r N0, (x,y") "B (=, 7), 0" = w,
with v € [F(x” + m7u”) — y*]/7",v" — v}

56 /74



(b) BEX = R". (B FIEZAA SR IE N (1), X ZEAN T
ey  — 7, A3 d(%, F(y¥) > kd(y", 7). (21)
BUAELE(xK, y¥) € gph F, (X, nF) € gph FEATHEBIELE]Z i
= XY )< bl
d(&F, x)
FTATaAY ) > k. (22)
Hr (21) BB FE(y, X) AN Lipschitz I 223848211
5 (22) BT, (R, 24 F 1 (y ) FEXBHIT 2 2 ),
W = ||k — xK|| Huk = (€5 — x*)/ti. (22) SAh T2 LA
N AR I B P B () A7 AT ve DRy (v
nk € F(x* + tiu¥), t, L 0,gphF > (x*,y¥) — 2z, "*°

. Jd 125 gk)
|\|/£1/’i|| =1Lv:=limnk—y")/t, =0. & ey <% v
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HTX =R", W3u £ 0, ek — u, WHIu #£0,
v =lim(n* — y¥)/t, = 0, Hrhinpk € F(x* + t,u®), t, 10,
gphF > (x*,y*) — z, u¥ — u,B13u # 0, f#0 € D.F(Z)(u),
RS RTE.

Rz, D ()T A Bk F 15 (7, RS
Lipschitz FIE4EM), H(a)knEE — P& I 5 FAEZzAb 2 5 1 )
WP &, T2 R i i 5 FAEZAb A2 5 I ) P |
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WX, YN ARYERIHilbert 25 0], (x,7) € X x Y, id

\

T OH(x,y) = OH(X,y) FI=[E] X B2

NHEH SRR ER
51E 2.1
WH:XxY = X Z&XYy) e X x YRHE—FFAR 1 R
LipschitzZE &R 4L, H(x,y) = 0. WRm,0H(x,y)H HIR—IT
%%jﬁ@, WAFAEY I —IFREIK Oy 5 — R &h
LipschitzZE Z2 R 5L x(+) : Oy — X #iEx(y) = x A —
y € Oy,
H(x(y),y) =0.

—, WERHAE(X, y) FIT AR 08— mU3 2 (9 ) F 6T

1, WX () FEOy H IR — i 22 (52) 6 Y.
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uEH

445 Clarke% T JRi ¥ Lipschitzid: 45 pR B B R BUE B[4,
Section 7.1)'0H] ELEAT R AT 5070 G50 AL, J& 25673 IE
HIH1 [25, Corollary 2.1]* A1[27, Lemma 2] 2 7] 1,40
RHTE (X, y) BIFARE H 1R — w2002 (9) B I,
Mx()FEOy H I RE— ri A& (58) 1 6TE 1. |

0Clarke F H. Optimization and Nonsmooth Analysis. New York: John
Wiley and Sons, 1983.

11Sun D F. A further result on an implicit function theorem for locally
Lipschitz functions. Operations Research Letters, 2001, 28: 193-198.

2Kummer, B. Newton's Method Based on Generalized Derivatives for
Nonsmooth Functions: Convergence Analysis. In: Oettli, W., Pallaschke
D. eds., Lecture Notes in Economics and Mathematical Systems 382;
Advances in Optimization. Springer, Berlin, 1992, 171-194.
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Nr) 5k =g
- +
CVG) x-zuy 2. ¥x e
S oc¢ ]:@z;sw(\/Kc;Zm)

~—

< Za= Il (e Feze) = o

M{Z;\Aﬁ\%% ﬁ;l&%}

X ~7T(<(a:~|t&)) =

2375 38 _—
[ //K(a(—(lrx%gﬁ—rzo

T => X5
C/v\,fké %SZ‘?@%W/



IS FH 37 5%

BAAEARVI(G, K):3Kx € K jili &
(G(x),z—x)>0 VzeK.
EENT
~6(x) € Nu(x).
L) 7]
—G(x) —y € Nk(x).
FINatural mappingZ& ik il AE G 5 #2:

H(x,y) = x — Nk(x — G(x) —y) = 0.
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ClarkeJ ™ X Jacobian
e HI) Clarke/™ X Jacobian

OH(x, y) = {[I—(I—DG(x)*)V V]: Ve anK(x—G(x)—y)}.
o FX EMHE

T OH(x, y) = {I—(Z—DG(x)*)V Ve anK(X—G(x)—y)}.
o REHIL R K = PP M % T 1

Rty K =P, K= Quar, K =epi - | || [AR31E

|| - (| AEARTEE
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EH 2.6

[24, Theorem 9.54] (FERHERIL). &S : R" = N7,

o€ S(x). WSLANIRE UAEx AN F o2 JA 38 N 2 4L 11,
RIAEAEATIRY € N(X)5W € N(a), 2T

filx € V5e > 0, f4£6 > 0,

Sx)NW C S(x')+¢B }
M x € VN B(x,9).
S(X)NW cC 5(x)+¢eB
(a) STEXALAEXS T H A — Lipschitz S BAE /AL T 4
HAND,5(x()(0) = {0}
(b) wIRSE AR, WS HEDAL A XS T-X LipschitziZ 22 1)
B AL T4 HAY 4 D, S(x|a) 1 (0) = {0} H.m = n.
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HEW® 2.1

[24, Corollary 9.55| (HU{H Lipschitzef %1 m] 15 14).

SO CRBE—FES, F: 0 = RZE LG Xt

Tx e O, F Yt = F(x)&BA — Lipschitzi% 22 1) 5AH J& 56
I FE 53 I LR A2 Fih e AE A S P S SR

[ 1
£*F(i)(w) =0=w= 0./_1 v

UEBH. AHEIR 2R SR W S B 4y BAE WU F ) €
HE2.6(b) B B A%AL. u
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Lipschitz[7] }&

PLF 1) N 28 B Kummer (1991)[14].13
T R AT T Z1 R S Lipschitz il T8 )

E X 2.4
[14, Definition 1.3]% F : R" — R™ & — ALK,
x €R", EXL AF(x)N

I = X,y = X, X" FE Yy

AF(x) =1 z fdi75 F(y”) — F(x”)
ly” — x|

BBKummer B. Lipschitzian inverse functions, directional derivatives, and
applications in CY:1-optimization. Journal of Optimization Theory and

Applications, 1991, 70: 559-580.
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5|3 2.2

[14, Lemma 2.1] #ZERKEL F : R" — REXMHEZ R
B LipschitzP] () 2 HAL = 0 ¢ AF(x).

IEB. (=) M OIEE. BRG0S0 B FAE XTI 2 JR)
#hLipschitz Al Wi, H 0 € AF(x), WAFAE
XV = x, ¥y’ — x,x¥ # y'fifg

[FOy") = FON/Ily” = %" =0

FAL. T F R F(x) A R B LipschitziZ& 2 v 15, f71E 1E
Hfiifs
—

IFTHF(™) = FHFODIN< KIF(Y) = FO
AL, X T RS

@ o
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() 0 ¢ AF(x), MAELE T HeFn i
IF(X") = FOI = wllx" = X", vV X', x" € B(x,€). (23)

H1(23) R F e —Hsp, AL RS RIS, WX T IT 4R

HO C R, AF(O)RITES. TRAFMS > 0ff

3B(F(x),0) C F(B(x,¢)). Frblr(23)]

3F(y) = z,y € B(x, 5)7??””’& fity = FY(2)H. F~'{£

B(F(x),d) b /LipschitziZ 4L 1] |
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51 # 2.3
[14, Lemma 2.2|"* % @ € COL(R, ™), NI

AF(x) = | D.F(x)(u).

[Jull=1

UE. e TR, () DLF(x)(u) € AF(x)RZAAM. B

[luf|=1
WEBAH I AL 5 G &R
" v v FE W)~ F ()
2EDFEIWE TV, X oz WWm, —Fv 3%

(\ v

Zv'f“‘n"'~‘[‘Note that if F is strictly continuous, one then has the simpler formula

Con‘tm7

¥ D, F(x)(w) = {ZETV N0, x7 — X with Ay F(x¥)(w) — z}.
I N0 Xwith A FO)W) &
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fEHL z € AF(x), WAFELE X =X,y =X, XV E Y {45
2V =[F(y") = FO)/ly” = x"| — z

WS 4 N =y = x| u = (= x) N\ (R
Ho8, R 0 — u, W [lul] = L. X

Y

V= (FOe 4+ Xu) = F()) /N, FGes)

M 7850 K v, AR IR k(145 24.—:_&4[;@_«*5‘;)“}:,(_,«)]
l2 = v = () = FOe + )/ (o Ekso.

= ||F(x” + A\u”) — F(x¥ + Au)|| /A"
< R[N (w = u)l]/ A
L. L lim 2 7= lim v € D.F(x)(u): |
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Kummeri¥i pi 3 &
FEF Lok 5] FA] PAAS 3130 pR e PR
EH 27

[14, Theorem 1.1]( Kummeri¥i BREUEHE). W PR 2L
F:0CX — X {E x € Oz & 558 LipschitzZ& SE 1. )
FTE x Fif /2 Lipschitz[a) I =4 HAY 2 R JE A7 5 5% 10 R
S

0¢ D.F(x)(u), YO#ucelX.

& 9 Hgpa AL
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4] AF(-’E) @> F-‘ Ly schitz 5"“"'""“0&} N
[’ ¢ f uEBH

5| F2 2805 #E2 30 41, F 7EXPH T /& Lipschitz[A] IR 1 24 H.
e
0¢ | DF(x)(u).

[Jull=1

- —
M D, F(x)RIEF RIS aFe)  (F]3223)
0¢ | J DF(x)(v)

flull=1

2T 0¢ DF(X)(u), VO #u € X. |
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PRSLP- A 1 1 P e )
4547[15, Proposition 4.1] 1° & [11, Proposition 2.1]*°, 254
(B R SR AL P A 10 P S B 0, D P SR AR S 1) I 5 2
] JRSL AR S nwW e )+ xln-xl [B/M\\;V ifﬁi)
EH 2.8 '
(IRLP RS B B S EOHE ) ¥ X, Y IS BR4E
[ Hilbertzs 0], WAEEMUSF - X = Y. Xt(x,¥) € gphF,
FAEXRE R Ty ISP AR I TR 5612 {0} = DF(x]y)(0).

DRCx|9) (w) = Dsnp ECAwwi) =5
T \vo

st s T

5 evy A B. Implicit multifunction theorems for the sensitivity analysis
of variational conditions. Math. Program., 1996, 74: 333-350.

16King A and Rockafellar R T. Sensitivity analysis for nonsmooth
generalized equations. Math Program, 1992, 55: 341 --364.
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ﬁ.;,ﬂ_r:o iIEEya

WS ENE T HFEAE—v € DF(x]y)(0), WAFFE AV — v,

uk =) t | 0, WREXIVK, BY + tevk € F(X + teu).
RFFEXRE R Ty IS PAR), AXMIARIEY, y AW, &
Bk > 0W2EF(x) N W C {y}+klx — x||By, Vx € V. X7
NREk Hy + vk €y + 5| teu*||By, BIvC BEEFXRE
Fkl|uk|| BIERAF, BT {uk} — 0, Mvis A0,

171 Josq
DS(R|)(#) = limsup X =1 ¥
N0, w—w T _’/
_{v:EitV\,O,W”—>W,@ES()‘(—!—T”W”),U Vu—>v}.
\/ T



DF(XLT’) (“:{ro}
oot R, R FAERAE R Ty AR IR, AT
TEPHIxE — %, Jyk € F(xX), [#i15y* ¢ {y} +k]|x* — x||By,
WA |y* =7l > klix* = x|l 2t = [ly* =7,
vk = (v —7)/te, W|IVK[| = 1, BT YHEIRYE, v £0, fi
Bvk = v. Suk = (xk — x)/t, W
“I'=lx"=x1/ly* =yl < 1/k =0,

1 € DR(Xly)(a)

Eﬂﬁ: Bt 10, (uk, vK) — (0, V)T Y + tevk € F(x + teub),
E%%OyéveDF( \ )( ), G E. u

lu
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