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ARGHIELRY
° N o mr‘a—f,_
(5'7%'{:{71(/) 15 {I«t. q((:)ék ﬁ ?Sjﬁ (k) = Sa,)
Glagn.) = Ge)

AT A (R (P TE UL ) 2 q*fmm—»saw;%ﬂ
ne
S(u)={xe X :G(x,u) e K}

Hh X RARYEHibert 8], K ¢ YRIETHMES, Vi f
BReEHilbert 2B ) o nmmar P2 Eeh7e
o K ={0} C VHITHHL, 28 Ui iR e HUE B AT 0] 35 fe 1] £
I DL
o Kt ML P AR B TS L, Robinson 24 SR Vi 21 i J5
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LEfE WS I P 5 1

o FEAHBLITWIEX € X AW AR M, #x, — x,
Yo EV(x,), H yo =y, Wy € W(x). FRVZHK], £#E
FEX TR — SRR, 4 3415

o VERFIVEMMN Y HICY BRI Egph(W)Z&X x YHI—
Zilie =S

o FRUIE I (convex), 2 E I Elgph(W)RX x Yol — 1
T BEET L, W 1 78 o Db AR R AT AT

x1, xp € X, t €[0,1], (Gw,m—ef;/,]:
Ii.!:.‘.,a

tW(x) + (1 — t)V(x) C V(txg + (1 — t)x2)~_ (1)

Az i mire a7 ?%Jr;:am—k
AL
) MR G se Ganelk ) mh Fa) s Flaa )

X, S, L e
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S & R"'_
: S B

E: L)xéyz‘; g’rz)so§ / 3 -r™
q"‘(z) = 36‘)—581 )&J&\,«ﬂ :> /EE_S&%

9
& J58-5in. Y X, % <P, wte,rj/'tE&"”m?ja")
° &E‘]ﬁ%1ﬁl¥li& < B Cex+ Gtpt, )
éf {_Jé‘:) __;k"’l} +O-7) Dcf,_):g%m_ 3
< 3 “R™

o MESEREERE O W% r-9e) € 96 R
© 3berr e 856 + O-Ager,) :j‘ag)-\»g

é—> ,j‘r‘té) < ﬁ{aﬁ,) + (I"t)\f_(ia_) , l\éf—mj
& 3; k& 32 i€y

§={ie—yf: 5(132,0} J}E

S G kwiria telnd -

(o= 5% -RYy A(Asw
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cﬁhﬁ»%fﬂ’?i%
F=(xB. Gy po ) @R

y
9@&) = Q& - S+/ C}%i[ﬂ&w [J(,}J(L@(Pﬂ) 460 13)
S MH(x) 2 bR @ (0 P Gy
S Q6 S, 2 £ Gur-) 10t Ges -5
&) CNCH “St = +6&) —|-(/~7636}6€z]

L Thes, cAxo) 3k

Sty <A = TGE) + (FG)
Ay st 4t

& 676(@ % Z &6, ) + (1=T) &rdy) /(L”L,D)

4 :JIGUQ‘[.
- Qe <°i Al ) = A (1=F) 6 (x5 (&)



A L%.}; (orte) & AX=Y FLXﬂ:ly%EﬂLﬁﬁ

HA X = YRIESEHEHE T, AR EREES0n T
2 0 € intA(X). KT i BT 2 B A T B 4R
HEHR B RIS TE.

=] Ulg) 2 oy b))+ A% ) o]
(X W e BE) WX 5 Y A& BanachZS (8], W : X — 2Y &[]
E‘]ﬁ@%fﬁ@ﬁ. 4y € int(range V). NI -
XIx € W=i(y) &Vr > 0y € int W(Bx(x,r)).

) n
By, Yoo 2o y +4 By & HlerrBe)

5 j’ & openness ﬁh?ﬁ%
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SR WU HO TP

E X 1.1 4, € ¥x)

FREZMEBREV - X — 2Y7E(x0, o) € gph(V) PAZRHERy > 0
NI, A E tmax > 08 (X0, yo) AR Vi 22
X$Y(x, y) € gph(W) NV, Vt € [0, tma], TIREEIRRMAL:

y + tyBy C V(x + tBx). (2)

v 1.1
25 20 ROV R B, TN EE 15 (%0, o) € gph(W) A0 AFFIA 76
o B RATAE IEE D, vii 2

Yo+ 1By C V(xo + vBx). (3)
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ik B

AR, B = tia, 1 = Ymax, H(2)TT1F(3). MM, B WVAE
T, B (3)AAL. Aitixg = 0,y = 0. B

V = I/BX X %’I]By, (4)
4 (x,y) € gphW N V. HWHIMNHE K (3),Vt € [0, 1],

_—

(v +3tmBy) = (1—-t)y +t(y +31By) g

v’ C (I-ty+tB, 41 2B, < % (4108, )
t’=22t C (1 =tV £tV (vBx)
= lb by s, C W((1-—t tvB ;
= 1t _%/,_L 9 (( )X + tvBx) Carwe)y/

C(V(x+ 2ty B:px

ES &7 (2) GV B € ¥t
7= 4i= tmax = 2V, ¥t € Lo tmey]

» :
o , X,
VT S, T (2). @ .
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ZAE R B A T

v 1.2

WEEREY - X — 2V MR, 8. MWL (xo, yo) 42T
)24 HAY Hy, € int(range V).

HEBR. R R, FEEMURW R4 EES R, N, RYET X
TEu SR E 311, HIEWTESF Ay € int(rgeV) ATHEH A7 AED
Egl/ iﬁﬁ -‘!E,’ )J\Tﬁj[iﬂfﬁfﬁgil.l, v %ﬁi}ﬁi(>q” yb) € g[)h‘Uﬁd:j#J}q:
(. AR AH S 2518 I8 AL n

Y. +2B, C ¥l o, )
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FF4: S T B 5 2 D)4
EX 1.2
FREMEREV - X — 2Y7E(x0, yo) € gphWV LAE c B & 1E M| 117,
T4 (x0, yo ) 2B BT B (x, v ) B

dist (x, V"1(y)) < cdist (y, W(x)). (5)

EH 1.2

ZEREV - X — 2Y7E(x0, Yo) € gphV LR A & IE 1)
M HACHVIE (X0, yo ) AEBhy = c PN R IT Y.
— ~ ¥ Gy) e\ vt €G3 tnan ]

€ IVeNtp), Itmyro (K
)’ 19 [BT ¢ ’,lﬁ(J(vthX) .
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= VE)‘((%,B‘,)/ ;'é;mx 7o, V(St’,)) (=] \/ﬂ‘ja}h ";‘(/
\l']-b?{'lBY < Y(x+t B ), Y £ e Co, tmax] iEEﬁ

&WE(Xo,yo)ﬁ%BL%’Y > OE‘J%E%ETJ‘ é'\tmax > 05 Vy\j%
ML, ARt T3V EA MR
V = €XIBX X €yEy.

AT LB P oy, FE

1
tmax'y S _5y- (6)

2 (x, y)ii /2
I = xoll <& lly = yoll <&, (7)
Hrpel, e, e NI
€ < €x, Ve €, < tmax)- (8)
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FERE LR AR, < Lo, BUERIEX R
d(x, W(y)) < cd(y, ¥(x)) (9)

fEc =y U RISLE. Hi b, B Te, <e,
HWHE (xo, yo ) b AT,
Hy € yo+ |ly — %l By C V(xo +77 1y — ol Bx) 1421

V) € xo+ 77y — yol[Bx.
X € WL(y)il 2
Ix* = xoll <77 Hly = yoll-
NIIEE]

d (x, W) < [l < x—xoll+7 ly—yoll < ety e,
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o R
d(y,V(x)) > el +e, =y + 7 'e,)
(T3, BW(x) = 0IX 2L, T

d (x, W7 (y)) < vd (v, ¥(x)),

~

UE3 4518,
o I.d(y,V(x)) < el +e, H(8), MFET/Ma >0,
i1y, € W(x), 2

ly = yall < d (¥, W(x)) + @ < 7€l + ¢, < tmaxr- (10)
Tl 41 (6)~(8) T 1

Hya_yOH < HYa_y”"i_”y_yOH < tmax’}/"i_s;/ < Ey. (11)
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o A, (x,y.) € gphW N V. 45E(11) 5 VLE (X, yo) I
THEAFAE X' € VHy)i 2 X — x|l <77y = yall- F
pax e

d(x V7 y)) < Ix¥=x[l <77y = yall
<A (y, V(x) + 7 e

HTa > 01EER, Xc ="t &, (9)ZALH.

o FHICHE, BWVTE (X0, yo) R Lhe > 032 FE & IR,
2(x,y) € gphV, z € Yisi Ly — z|| < tc™t. WX T
BT (x0, y0)M(x,y) SR/t >0, A

d(x, W z)) <cd(z,V(x)) < cllz—y| < t.

RXEREFEw € VL (2)H 2w — x| < t; Btk
Hz e V(x+ tBy). XHtubf3 e, |
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P o B A R 1) 2 O DU

EH 13

(Robinson—Ursescufa & P E B ) W - X — 2V 2 i 25 bR
. NWWTE (X0, yo) € gph(V) AbFE & IE N 75 % E )
&AMy € int(range W) AL, SERGAAHE, 5 (3)AL, (x, )il
A

1 1
Ix = x| < §V7 ly — wll < 577- (12)
M = du/nitB(5)RE. Bafy, V= Ba,) XLy, 3)
¢ =4Y

jo <€ int (\rﬁng"\:k) & (). ;é”/ V>0 ((_5
i, S Y Ltk )
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- é. kf s 7lo G:EE; Gty e K
L 3{xeX: e Yk / = il .5.-"’*“%)2/
e T ARRGMILEEN:
BRIELWHG : X — Y, HINEK C Y, SHNIEAEB
55t
ey, Folx) = G — K. (13)
KEyo € Fo(x)BHEG(x0) — yo € K. B yo € Fo(x) %
Fe TE(x0, yo) b2 R IE NI, BRI (x, y)7E (xo, yo) HI—4T
B, A
d(x, Fg'(y)) < cd(y, Fo(x)). (14)
= c d/af(é(;()-;l K)

M%%?/ P& sy & J 0l L © 4 € itfharget )
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(z,5%.) &5k W Wl = beo-fk RATE| S, Fa 17 Ghy IS¢ ;f; iz») g7 7

Lipschitzizh T [ B & 1 W) 4
EH 1.4 %,

v
(|1, Theorem 2.84]). &G : X — Y& L. BAHMN K
AL F1E (x0, yo) M LAZ e > 0 JE R IEN, Z (At
ETD( ) ( ) ( )EXOE/J—‘?BiEZuE%K< c!
LlpSChltZLQ M EEAE WS Fry 7E (x0, yo — D(xo)) AL LA
Holr) = c(l— o) RN, B T

d(x, Fiy'(y)) < c(r)d(y, Fu(x)) (15)

Xﬁ?ﬁﬁ?ﬁﬁ?(xo, Yo — D(Xo)) £ (X, y)EJZE
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Taylor & 2 6H M. ) 5 A5 B 5

WG (x) 2T H DG (x) &R T xS it 25 &
xo € PFNEEH W G <) ’57[” He) = Gan+pg6) be—4,)

(nd

=% F*(x) = G(x0) + DG(x0)(x — x0) — K. (16)
H B E B, 22 R
G(x) = [G(x0) + DG(x0)(x = x0)]

TE xo HIAR 35V N 72 LipschitziZE 2L 1), HAH B #Y Lipschitz
Bl LL7e sy /N, 56 w14, X alHEH 2 2o A B2 E
$F F*7E (x0, 0) Ab A& BE R IE Y, WU Fo 7E (xo, 0) AL 7R A& FE & 1E
ET. AHRCHE, F o 7E (X0, 0) Ak 10 B 2 15 DUl 4 AT 4 S 7 () B
1E DU
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T RobionsonZ) K #LyE
HE
F*(x) = G(x0) + DG(x0)(x — x0) — K,

5 T A2 e o(.,o]&}\ziw-l‘\\‘{/@> 0 €t (rmnge &~ )
range F* = G(xo) + DG(x0)X — K.
-

AR oy 1. 20, 2R A0 S A W B 7 (xo, 0) Ak A2 8 Y U 1)
047 B AT & Robinson 2 WU Al A7

0 € int (G(x0) + DG(x0)X — K)*

e 1 (0, 0) AL I8 Bt TE U HE 25 4 F Robinson 1 s JL .

L2 RS AEHRV X — 2V AW, Bas. MV A (X, yo) b &
Frag 5 BAR E yp € int(range V).
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35 Pobirsen ca O € 5§ 66k) 49560X ~ k|
& Ok, e x, 18577 Lar|]
S 355,955, 3c>0, 7
cug],[(x/ ?F;/y)) < c d.}/(/\)/c{%(m)/ v Gf,y)f\%(d,)x g
= cdid (5, qeo-k )
= c dH (G0, ) :>0/127{/x)§)

b
P2 4% G R racls G Rl a2 T S e dik (5o, k)
75& ) = {dex, Dé(pcwd@ T, (5’@”)} —

12'- v ¢ & 4 6
1% 23 c i, 2 o Blakiy, < il VIEX PG i €T (qow)

3%, A (‘Q’ dfy((@c:m +TaPat (<) Lo lh) .



E(;C,} =/ {L@)(\_ 34, Mo ('ﬁ cfcr[fqdukkfi ) = =(+,J}

e A
dif (144 3) = cdd(Grash k) @)ooy

= cdit(qe) thrsend »0) k)

S e dit (Gay shpaand, k)

foefloc|
= c)(ﬁ)
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AR R
I8 EA N IE — OB A A AL 1]
(P) minf(x) st. x€ Q. (1)

Hrpf R — RANCPH)NEEL, Q C R NI
A FE 7 B0 RS R RBL(P) S5 1R 5 R IE 20 R4 i) R

min f(x) + do(x). I () ={G/ e s

xERN o, x¢ & .

BT (x) + do(x) ek s, Hf “RESEA L, W Aete
AU(P)IKKT R GL AT LS ik SO RE I

0 € O(f(x) + do(x)) :zﬁx) + Ng(x). (2)

—
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(=.y) Gjﬁg T 8¢ T)
Ti&*;‘?ffﬂ &) <7_ -y 3-ﬂ>7/° ¥ Gl )g%k$‘ﬁﬁ¥

E X 2.1

FRERES T - R" = R A& B I (monotone), U1 XY
TweT(o)vieT(a)H

(i —vo, x1 — Xxg) > 0;

TR T A2 P4 5.9 [1] (strictly monotone), UIARXT T xp # xq,
IR NS AT B TR, R
Elgph TAH A& 7EHAMEM R HRIHE T T R = RH
Elgph T+

IETR) & (2,9 2o 5 o VA €Ty, b cdoT
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RTRHINE, CFVF2 BRMISEE, B, TN
IR RO I, X TR AR AT B
B CH# 0, IEHEYS N2, R TAA NidE A

_ J To(x) + Np(x), x €D,
T(X) B { 0, X ¢ D,

HiD c Rr2 =M TEE, To: D — REHREIH
A RS, MR FE IS 7RO R . 2588, X5
ST T, I TR IR .

Td(y)b é,{ GJOW,T', %'GT(tik
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Md%%kﬁ;’ll);b%}b/lﬁ O€e 7T(>x) /:1; :}j(

i OC; () Ordinan /—ﬂém’g’r‘a/\ B - Dj [E[])
$.8, 3(;/‘/:6) S, L€ [m) / T ‘ZQJX p
P) o 06 4) e
N n
JJG/z)i’g; ZLL-:CZ&)/ X e Cfgeﬁ{“'\*
— =)
%) “w, XeC 4R I
£ e xd C 734
Z 3 - (- = S gﬁc) =
(P) Q> DCC—‘;E“@ )F /) —Q

m
(D) ):’;O;_Xd ja(y) =4 ;?;EC 7Ca[;c)+ zé;gtggff@) é> M4X@:§D(y)-gkm+{)‘)
29’)2 i‘f /C(k/)/)

#y  E Gy



i A2 Aubin 5 IR OK SR BT

Kt A H[2, Proposition 5.1k 4% [a] @ (P) KK T R 4L 1)
o 1F D)4 55 Aubin P 5 AR S50 14

fin ik 2.1

[2, Proposition 5.1] ¥ X A& Banach=*[H], F : X = X* N H.i]
H%Eiﬂ?f(xo,yo)ﬁi‘ﬁﬁAubin 'Iﬁfﬁ, ﬁK/A F%EXOE/\]—‘%BjﬁZW
FEHAH ).

-

F() N W e Fto 44 x-x) fB)ee/ X, x'¢ U/7

Nty Ue Nee)
L~q\/\/ )/)/U){Cx ’
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ik B

18 ¥ F7F xo (AT ART &1 355 P9 50 AS & BB ). IR AAFAE T
lx — xo HEE—y, € F(xk), k=1,2,..., 17
fEz € F(x), k =1,2,..., 13X Bk, YAz # yi.
HFAE (X0, yo) b FAT Aubin T, FTIEHRy, € F(xk) i
ey — yo. SHF—ANKAEAE—DNRNE BB H B Sy 24,
RE Ak = 1,2, A#(ER € X, | hi| = 1'5%%1@ >0,
#15 e S

(Ze he) > b+ i hi). (3)
W F LIS R AR U W B A Aubin PR . BL—5081 ¢ 3 2

te >0, t, — 0, Hte < bi/27. (4)
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NIXS 7R Kk, Fixe € U, xic + tuhe € UHy € W IR
P& FAAubinth: )i, A A =)

w € F(x) N W C Fx + tihe) + 788,
K, FEEE S uy, € F(xi + tihe) 75 @,ek;ejy/ﬁ,;
llue = yill < vt/ Gradehe n) e 3h (5)
FH F 1) B 1,

<Uk — Zy, Xk + tihy — Xk> >0

%603), A & Miohe) 2< 2, he)

<_“£hk> > <ﬂk> >
=L, m@ME), - %&ﬁ}/z

B+ by <o) < {3 )+ 185 < b2+ (s ),

BT E. B, BIARAL, FIEx P —4REe fEr. m
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ot 1F 4 5 Aubin i i 22400 1

EH 2.1

XTI AR AL R (1), T S F2(2) 1 xo P 35 A2 5 1E U
E"J(Eﬂxﬁ?@ﬁ_—i—_@x) 1) 5 1 DU i ) ) 78 0 o B A
T HExohb B A Aubinth i, HABGT - R" = RN
T(x) := Vf(x) + V2 (x0)(x — x0) + No(x).
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uEH

DN EH g OB N e SRR S 3
M. BT HExpAb B A Aubin PE. BT ™R
B f B HessianFF A& 1@ 1, WA kAL

(V2f(x0)(x1 — x2), x1 — X2) > 0, Vxy, % € R". (6)

Rl BRI T (x) := VF(x0) + V2f(x0)(x — xo) A& H- 1 [ H 5
ELRS, DU B S T BRI, B0 T SRR, FH A A2, L,
T~ ExoIh)— <RI N A HAE I, B R IENE AS 4510 BT
|
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Z AR AE WU Y _E LipschitzZE 221

EN 2.2
A set-valued mapping T : R" = R™ is called polyhedral, if its

graph is the union of finitely many polyhedral sets, called
components of .

IR T 22 ThI SR A WS 1 SRR T SR [4].2
EH 2.2

WS RN = R — L HEEBS, WSTER S € dom S
b5 72 & Lipschitz ZESEH].

2Robinson S M. Some continuity properties of polyhedral
multifunctions. Mathematical Programming Study, 1981, 14:- 206-214.
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53 2.1

Let P : R" = R™ be a polyhedral set-valued mapping with
components G;,i = 1,..., k. Suppose that x € dom P and
define the index set

J(X) = {I = [k] X E 7T1(G,')},

where 71 denotes the canonical projection of R" x R™ onto
R". Then there is a neighborhood U of x such that

(UxR")Nghp P C U G;.

ied(x)
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Proof

The affine subspace {x} x R and the components G;,

i € [k], are nonempty polyhedral subsets of " x R™. If

J ¢ J(x), the intersection of {x} x R™ and G; is empty and
these two sets can be strongly separated. Hence there are
neighborhoods U; of x such that

(U,' X §Rm) N G,' = @ for i §é J(X)
Thus U := Njg(x)Uj is also a neighborhood of x and
k
(Ux R™)Ngph P C <UG,-> UJalcl e
i=1 i¢J(x) ieJ(x)

as required. O
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5|3 2.2

Let G be a nonempty polyhedral set in R" x R™. For
z=(x,y) € m(G) x m(G) define

dy(z, G) = min{||x' — x|| : (x',y) € G}

and
dy(z, G) = min{|ly’ — y|| : (x,y) € G}

the “horizontal" and the “vertical” distance of z to G,
respectively. Then there exist nonnegative real numbers &,n
such that

d(z,G) <nd,(z,G) and d,(z, G) < £d(z, G) (7)

for all z € m(G) x m(G).
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Proof
The convex polyhedral G can be represented in the form
G={(x,y) e R" xR": Ax + By < ¢},

where A € " B € R™*™ and ¢ € R'. By the standard form
of Hoffman's theorem there are reals o and 3 such that for
eachae R(A)+ R, be R(B)+ R, x €R"and yo € R™
one has

dist (xo, X AX' < a}) < af|(Axo — a)*||

and
dist (yo. {y' : By’ < b}) < ll(Byo—b)*l.  (8)
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Put & := B||All,n := «||B]| and choose any
z:=(x,y) € m(G) x m(G). Then we get from (8) that

d,(z,G) = dist (y, {y/:By' <c— Ax}> (9)
< Bll(Ax + By — o).
For X closest to x in the set {x’ : Ax' < ¢ — By} one has
I(Ax+ By — c)"|| < [|(Ax+ By — c) — (A% + By — ¢)||, (10)
which yields

I(Ax + By — o)™l < [|Allllx — %]I. (11)

ilx = X[ = du(z, G)
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But ||x — X|| = dx(z, G) by construction and thus, combining
(9), (10) and (11), we get
dy(z,G) < Bll(Ax + By — c)"|| < BJ|Allllx — %]l = {di(z, G).

The first inequality in (7) is proven in the same way. OJ

EH 23

[?]* Let P : R" = R™ be a polyhedral set-valued mapping.
Then there is a constant \ such that P is locally upper
Lipschitz with modulus A\ at each x € dom P.

Proof. Let G;,i € [k], be the components of P. With the
constant &; associated with G; according to Lemma 2.2 we put

A =max{&, ..., &}

4Qutrata J, Ko¢vara 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 € dom P and the index set
J(x)={i € k] : x € m(G))}.
By Lemma 2.1 there is a neighborhood U of x such that

(Ux®RMnghpPc | G

ied(x)

For x' € U with x” ¢ dom P nothing has to be shown. Hence
let X’ € dom P and y’ € P(x’). Then we have

(xX.y) el(Ux®R™)nghpPlC | G,
ied(x)

which implies (x’,y’) € G; for some i € J(x).
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For this i we get
dist(y’, P(x)) = dist (y',{v: (x,v) € ghp P})
<dist (y',{v: (x,v) € G;})
= dy((xd/)? GI) < gidX((Xuy/)7 GI)
= &dist (x, {u: (u,y’) € G;})
< €l — x| < Al — x|
Since P(x) is closed and y’ was arbitrary in P(x’), it follows

that
P(x") € P(x) + A||x' — x||B

and we are done. O
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