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Convergence of Optimal Control for Quasilinear

Elliptic-Parabolic Variational
Inequalities with Time-Dependent Constraints

Noriaki Yamazaki ([Lil&F#keR)
Department of Mathematical Science, Common Subject Division,
Muroran Institute of Technology, Muroran, Japan

(EMTHRAE - THHE)

1 F

CEMTH, RO > ZEEMURTERIN A b A S R S R

& (P) Find a function u : [0, T] & H'(f) satisfying the following:
(a) u € L*(0,T; H'(R)) and b(u) € W23(0,T; L3 (R)).
(b) u(t) € K(t) for a.e. t € (0,T).

(c) For a.e. t € (0,T), the following inequality holds:

(b(w)eru — v) + /n a(z, b(w), Vi) - V(s — v)dz < (F(t),u - v)

for all v € K(t).
(d) b(u(0)) = by in L2(Q).
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(1.1)

SIT, TREEETHY, QIXRY (N> 1) 0OFREIFEETHS. b: R R 15
ZONTHBOBIKTHS. a(z,s,p) I quasi-linear elliptic vector field TH bV, i

a(z, s, p) = G A(z, s, p)

ERBIWRT VAV A QX RXRY - R BFET B LEETS. (1) i% L*(Q)-
MTHD. RHMEFEHN K@) 12 H(Q) OMBBSBEEeTHY, f(¢ z) 1% (0,7) xQ ko

EXONBRETD. ¥, by REXSHTHMETHS.

EHAREX (L1) i3, SR {¥(u) = 0} KBV TMARTH Y, B {V () > 0} =%
WTBEHETHZDT, (1.1) IMA-BHBEHRSR LS. M2, (1.1) i2ME-%

YR HEX
b(u): — V - a(z,b(u), Vu) = f(t,z) in (0,T) x Q
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DFPFHATHY, EBE, #L7R2 Y porous media NDKDIBE %Rk 3 EEF /N CFl
FENTNS (cf[1, 2]).

ARTIE, T, FREEFEHBE S OMAO-HRE S HE (P) \[ox 5 Bk RE
*ERTH. BEECIE, ROMEL2EZ2S

#E (OP) Find an optimal control f* € F such that
J(f*) = inf J(f)-
zzT, J(f) it

1) =2 [ o) = baPat+ 2 [ 1Pt + 2 [ Vet (12)
2/ L3(9) 2 Jo HY(Q) 2 Jo tiL2(n) :

EEBSNIEaR NEETHD. by i L2(0,T; L2(Q) PEXOLREBEETHY, u ixHl
B f ot 2R ERE (P) 0—BBETHB. £, Fit

F:={f € I}0,T; H'Q)) ; f: € L*(0, T; L*())} (1.3)
CEHSNEa Pr— NV ZBHTHB.

—HRHIC b(-) DMBIKIIBMETH 5%, RIE (P) % (OP) it 5 MIEEBITRE L\,
T T, WIEMFONEH S, I (P) % (OP) iAH 5L ELZx5. ¥ (P)i
L, ROELEEEELS :

F38 (P). Find a function u, : [0, T] — H'(f) satisfying the following:
(a) ue € L=(0,T; H*(Q)) and be(ue) € W2(0,T; L*(Q)).
(b) ue(t) € K(t) for a.e. t € (0,T).
(c) For a.e. t € (0,T), the following inequality holds:
(be(t5e)e, e — 1) + /n (3, be (ue), Vite) - V(e — v)dz < (F(2), e — v)
for all v € K (2). |

(d) be(ue(0)) = b, in L2().

22T, € (0,1] FEBLST A—5—ThY, be() 2b(-) DIEHLBMTH B, b() O
Rl br T e
be(r) := b(r) +er forallreR

TH B,
KiZ, (OP) T34 2B LB EHEME L B 2 5
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I8 (OP). Find an optimal control f* € F such that

T, Je(f) X

1 T 9 1 T 9 1. T
Je(f) == 5‘/0‘ |Be (ue) — bal7a(qydt + 5/0 |f 5 @yt + 5/0 | felZa(ydt (1.4)

LERBSNTUELIZ R FEAKTH S, by ik L2(0,T; L2(Q)) OEXONEBETHY, u,
IR f 1235 DR EURIBRE (P). 0—BABETHD. T, F i (1.3) TEHESHh:
ayhg—LZERTHS.

FROFA HHIIL, MIRE (P) LELIRIRE (P). DB, XU, REHIEMIE (OP) L 20D
IT{IRARE (OP), DBMREBALMNZT A L TH B,
Bs

AMEBLT, H:=L*(Q) &L, Wﬂa/zu\&%na} (v)s |+|g TET, R
iZ, Vi=HY Q) &L, EDI VL% 2ly = (2|4 + |V2|%)? &35,
¥,

u Vv :=sup{y,v}, uAv:=inf{u,v}

&5 BT, [ut:i=uvo &T 5.

2 RELEEHE
9, B (P) T 2MoEHEL 5 5.

EX 2.1 fe?(0,T;H),bc H LT3, ZDL%, RD4%M (a)-(d) 2HWTL %,
B3 u: [0,T) = V iZ5—% {by, f} 2 boRE (P) PMETHB L\ H:

(a) v € L*(0,T;V) and there exists u* € W¥2(0,T; H) such that b(u(t)) = u*(t) for
a.e. t € (0,T) (cf. Remark 2.2).

(b) u(t) € K(t) for a.e. t € (0,T).
(c) For a.e. t € (0,T) the following inequality holds:

(uf,u—v)+ ‘/Qa(:c, b(u), Vu) - V(u — v)dz < (f(t),u —v)

for all v € K ().
(d) u*(0) =bp in H.
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Remark 2.2. E# 2.1 D&M (2) I8 5B u* & b(u) ZF—BL, 4%, w O
PYIT b(u) LW LITTB.

UTEIRIE (P)e ISR 28R v, OEHIL, EH 2.1 128VT, B u (resp. b(u)) ¥ u.
(resp. be(u.)) TRENZXBZLIZIVEZONB.

ZIZT REERETS

(A1) a(z,s,p) = 8,A(z, s, p) for some potential function A(z, s, p). There exist constants
p >0, C, = Ci(a) >0 and C, = Cy(a) > 0 such that

la(z, 8,p) — a(z,s,p)]- (0= D) > wplp— 5>,
la(z, 3,p)* + |A(z, 3,p)| + |8,A(z,5,p)F < Ci(1+ s>+ |p]?),
|a'($’ 3ap) - a(x’ §)p)l < 02(1 + 'pl)ls - '§'

forallze€ (2, s, §€R, p, p€ RV,
Moreover, a(:,-,) and A(,-, ) satisfy the Carathéodory condition.

(A2) b: R — R is bounded, nondecreasing and Lipschitz continuous.
(A3) K(t) is a non-empty, closed and convex set in V' for all ¢ € [0, T).
(A4) For any z,Z € K(t)kand w,W € V with w < 2z, Z < W, we have
wVZ 2ATE K(t).
(A5) There is a function & € W2(0, T') satisfying the following property (x):
() : Forany0<s<t<T,w€V and z € K(s) there exists 7 € K (t) such that
|2 — 2la < |e(t) — a(s)I(1 + |2]v)
and
/n Az, w(z), Vi(z))ds — fn Az, w(z), V2(z))dz
< lo(®) - o)L+ 2B + lwlvizly + foly).

(A6) There is a constant C3 = C3(K) > 0 such that

[zl < C3(1+|Vz|g) for all z € K(t) and t € [0, 7).

(A7) If 2,Z € K(t) and V[z — Z]* =0, then 2 < Z.
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TDLE, ROEBLE:.

EXE 2.3 (Existence of optimal control for (OP)) (cf. [11, Theorem 2.3]).
&1 (Al)'(A7) #REL, B3 Uy € K(O) 3L, by = b(uo) LEDD. ¥ 7=, by €
L*(0,T;H) &9%. Zor&, BREHEME(OP) i3472< &% 1 o8& (optimal control)
f*eF &bo, oFb,

J(f*) = }gg J(f)
L72B fre F ¥ &b 1 oFETS.

P (P) & (P)e, RTY, BoEHIHRIE (OP) & (OP), DBRL &2 5%, REKETS.
(A8) A family {b.} := {b. ; 0 < & < 1} of functions b, : R — R satisfies that
(1)  |be(r) = b(r)] < e(lr]+ 1) forallr e R
(i) be(r1) — be(r2)] < Cylry — 7o forallry, ;€ R
(iii) be(r1) — be(r2) = €(ry — 19) for all r, ro € R with r; > rs.

where C; > 0 is some constant independent of £ € (0, 1].

IDLE, BBk HERE (OP) & (OP), DBRIZOWT, ROEREE:.

TEHE 2.4 (Relationship between (OP) and (OP),).

& (A1)~(A8) ZIREL, €€ (0,1, bye L*0,T;H) £35. %7, H5 uyc K(0) I
HL, boe = blug) EEDBD. DL %, ELBBEMERIE (OP), 12172< &b 1
(optimal control) f*e F 2%, DFD,

J(f2) = jaf J(9)
k2% fle F B’ &b 1OFETS.

Hig,
ex — 0 as k — oo,
fi — f*  weakly in L*(0,T; V) as k — oo, (2.1)
d d » : 2
—f& — —f* weakly in L*(0,T; H) as k — oo, (2.2)
dt” dt
f* 3ROES R (OP) DR TH B (2.3)

LRRDEIREBDF {ex} C {e} LPAK f* € F BFET S,
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3 FORE (P) &ELIRE (P),

ZOHITIX, FIRE (P) & %D LIRE (P), # #84 5.
=7, Fn'iE (P) EX 2MOFEL —BIEIZOWT, KOBREEB-.

i 3.1 (cf. [21, Theorem 2. 1]) & (A1)~ (A7) i’f&ﬁ@‘é ift, fe W”(O T, H)
J:@ﬁ?u = ﬁk-T‘E b, &@#ﬁﬁﬁﬁﬁﬂﬂ"é ;

T
sup [u(®)}+ sup [b(w)(H)} + / (b(u)e(t) Pydt
tefo,T] t€[0,T]

< M (luolv + | f a0 + | feliaomm + 1) (3.1)

for some constant Ny > 0 independent of uq.

{5E (A5) i3, [21) TIRE LR L D2 B2 DM, [21, Theorem 2.1] & F#EIZ LT,
B 31 2EATHZLENTES. #EoT, M 3.1 ONMARIEH IZEBT 3.

KIZ, (P) x4 2EERIME (P), 2881 5.

(P)e i 2MEDFEL —BMEIZOWT, UTORREA:.

6l 3.2 (cf. [15, 20, 21]). &fF (A1)~(A8) IRET . ¥7%, fe L}0,T;H), ¢ €
(0,1] &L, &% ug € K(0) iZHL, bye=b.(ug) LEDHD. ZDLx, FLFTE (P), i
9% [0,T] EOFE u, B—BIHFEL, ROFMHARITS :

T
sup (Ol + sup Ihue) )+ / il (8) Byt + / e (te)e(2) Pyt
t€(0,T] te[0,T 0

< Ny (Juol} + £ Baormy +1) (3.2)

for some constant Ny > 0 independent of uy and €.

{E (A8) & v, JE{IBE¥K b.(-) iX bi-Lipschitz T3 Z L Bb» 3. #-T, [15, Section
2.8] & [20, 21]) TOMMEMARDLEDZLICZL Y, ME 3.2 ¥ MBEICHBATAI - LNT
5. WoT, M 3.2 OMNMRIERITEKT S,

Remark 3.3. iE{CIFRE (P), TiX, b.(-) 4% bi-Lipschitz B3k CH B DT, f e L2(0,T; H)
THNIE (P) DAL T A LMNTES. LirL, BIE(P) T, b(-) B—BEIC
bi-Lipschitz B3 TR2V\\DT, (P) DRELMRT BIZIX, fe WH2(0,T; H) BLETHS.

FHE (3.2) ERAV5 &, R (P) L 2 DELIRIE (P), OBMRIZOWVWT, UTOREE
BHrLENTEE.
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W 3.4. RIF (A1)-(A8) ZEEL, ¢ € (0,1], w € K(0) £45. 7, {£.} C
W'2(0,T; H), f € W30, T; H) & L,

{fe} is bounded in W2(0,T; H),
fe = f strongly in L*(0,T;H) ase—0

bﬁETé.EK,?H&{m@@ﬁ}%%oﬁﬂﬁg(mewmﬂjtwﬁ&u,&T
5, DLk,

ex— 0 as k — oo,
Ue, — U weakly-x in L*(0,T;V) as k — oo,
be, (ue, ) — b(uw) strongly in C([0,T); H) as k — oo,
u 37 =% {b(u), f} & boORE (P) @ [0,T)] LO—FEMTH S
LD EIREHT {er} C {e} LB v e L>(0,T;V) BEETS.

LI u, OFFAE (3.2) L{RE (A8) @ (i) IZEEL, (17, Section 4] < [30, Lemma 3]
DHMEBEITTHIZ, WEICHE 34 2EATHZLNTES. #£-T, AFE 34 O
HREERRIX AR B.

4 E¥ 2.30NDKEHA
T, FE23EMATS. EE, ROMGKEKEAVT, EHE 23 ZAERAT 5.

##ll 4.1 (cf. [11, Proposition 3.5])). {f,}C W2(0,T; H), f € W42(0,T; H),
{UO,,-,} C K(O), Ug € K(O) EL,

{fn} is bounded in W'2(0,T; H), {uon} is bounded in V,
fn = f strongly in L*(0,T; H), b(uopn) — b(uwg) in H asn — oo

ERETS. BiZ, 77— {b(uop), fn} HOMME (P) @ [0,T) LOME u, £33, =
nLxE,

Tl — 00 as k — oo,
Un, = u  weakly-* in L*=(0,T;V) as k — oo,
b(un,) = b(u) strongly in C([0,T); H) as k — oo,
u 175 {b(w), f} b2/ (P) @ [0,T] Lo—FETH S
ERDED2WHT {n} C {n} LB ue L0, T;V) BHFETS.
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(R7E (A5) 1L, [11) TIRRE L7kfk L 4% B72 523, [11, Proposition 3.5] & FEIZ LT,
@M 41 ZERTHLNTES. ko<, BARERILENT .
&T, EE 23 #HHAT 3.

EE 2308, M 41 ZAVBILICLY, BEIAEHT IS LN TE S, PR,
nli_{go J(fn) = }g; J(f)

&72% X 5 72 minimizing sequence {f,} CF #& 3. ZD& %, 3R MUK J(fn) DOFE
2 (1.2 »5

{f+} is bounded in F
THDHZ NS, #-oT, HAWHF| {u} Cc{n} LHBB% f* e F BEELT

ng — 00 as k — oo,
far = f* weakly in L*(0,T; V) as k — oo, (4.1)
d . d ., N
Ef"" - Ef weakly in L*(0,T; H) as k — oo (4.2)

£72%. ZHLE, Aubin DIy MEOFER (of. [22, Chapterl, Section 5]) @A
35

S — Jf*  strongly in L?*(0,T; H) as k — oo (4.3)

EEZXTHLV (RERHNTZRHFIZ L D 2B EL) |
8T, 7% {bo, fu} & bW (P) © [0,T] LOME up, LT5. ZOLE, Ml
41 ZHERATDL, T—% {b, f*} boRME (P) @ [0,T) LDOAR u* REELT

Un, = u*  weakly-x in L%(0,T;V) as k — oo,
b(un,) = b(u*)  strongly in C([0, T]; H) as k — oo - (4.4)

LR35,
2T, HK (4.1)-(4.4) L /7 NV ADB TR EGME A NS &

J(f*) < Jim J(fn,) = }ggJ(f)

E|5. EoT, J(f) = mEJ(f) ERBOT, f* € F AKHEME (OP) OR
(optimal control) TH 2 Z LAsbhd. Llbky, £E 23 BEHSNE. 0O
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5 EFHE 2.40DFEHA
ZOETIX, BB 3.4 ZHAWT, THE 2.4 RT3,

EE 2.4 O, £, TERE (P), iIcA LTS, M 4.1 &L L ROIEMEE AR
MYHILITEET S, KB, B () % b() LEE#X T, [11, Proposition 35| Dk
S IZEEAY IS, ELIRIRE (P), IZXT 2MONFHERETRT LB TE 5. fE-T, ©H
2.3 OIEH L FIROBMIC X 0, SELUBHEBERIE (OP), 134 72< L 1 oM (optimal
control) f* € F &%, D%Y, |

L2 fleF PR EBIDHFETHIENDMNS.

RIT, (2.3)-(2.2) 7T 0B, EROBEBIKf € FITHL, u, 257 —F {b.(u0), f}
Z b OELRE (P). @ [0,T] EDRRE TS, £7, u 25 —% {b(up), f} % bR (P)
D0,T) EOfRLTS. ZoLE, ABE34ICLY, HEIWIF {) C {} BEEL,
ROIEBRILT S :

Ug, = U weakly-* in L*(0,T;V) as k — oo,
be, (ue,) = b(u)  strongly in C([0, T); H) as k — oo. (5.1)

&T, f!€FILEPRERERE (OP), DR2DT,
1 (T 1 (7 1 [T
I S I0) = [ o) =l 5 [CifRae e 62

BRYUD. ZDEE, (5.1)-(52) £V, HLME, {ffeF;ecec(0,1]} X F CHR
T&)é. %‘O—C!

€x—0 as k — oo,
., — f* weakly in L%(0,T;V) as k — oo, (5.3)
';_tf;u - g—t-f" weakly in L?(0,T; H) as k — 0o (5.4)

LRDXIREAF {ex} C {e} LBIK f* € F BFEETH. ZDL %, Aubin D3
7 MEDTER (cf. [22, Chapterl, Section 5)) ZBWMAT 5 &

f&, — f* strongly in L*(0,T; H) as k — oo (5.5)

LEXTHEN (BESHIIZEATIE L ) REETLL) .

&T, F—% {b,(w0), f2,} % bOULLIRIE (P),, ® [0,T) LOME w2, 25, =0
L&, RE34EEATEE, F—5 {buw), f*} % bR (P) ® [0,T] Lo u* 2%
ELT

u;, — u* weakly-* in L*°(0,T;V) as k = oo,

be, (ug,) — b(u*) strongly in C([0, T}; H) as k = oo (5.6)
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L%,
ST, HE (5.1)-(5.6) & / LV LADF T EIEMEE VS &

J(f?) < limint UL, (£2) < J(f)

/5. IIT, fe FIMEROHBABKAROT, ERORSRLY, f* 13BmEHmE
(OP) Df (optimal control) TH 5 Z &¥bhs. HEXY, TE 24 REHESNE. O

Remark 5.1. (P) ic53 5 M@l #REE (OP) & =D& EHIEIRIRE (OP), OBk %E
WRDJ/IC, MEFOaR MBS (cf. (1.2), (14)) & X7, LaL, iELAIE (P),
BROBFEL —BHELTRTIC, f e L20,T;H) ThifX v (cf Remark 3.3) . 7,
UT{CIBA%% b.(-) A% bi-Lipschitz THZ = LicikE+ 5 &,

fa — f weakly in L%(0,T; H) as n — 00
ThHE, (P), CHTI2MONFMREBI - LNTES. #-T, (P)e DRl #IRY
RE (OP), DA E X S, o ML LTI
1 /T 1 /T
h(f) = /0 e(ue) — balfat + 7 fo I3t

EBZNEHITHSD. ZIT, u IIHEE f T 5 RBAE (P), 0—BETHS.
D&%, FEHE 23 LFARZHMRICLY,
N(f*) = inf Ji(f)

feL?(0,T;H)

72 (P), OREMBERBMORE f+ € [2(0,T; H) DRAERTT = L NTEB,

6 GAM
ZOETIE, EH 2.3-24 OISHEFAIERBMNTS.

6.1 EBAHA M
R Signorini-Dirichlet~-Neumann type DRSHFAMIEEE % 5:

(P1) b(u): — V - a(z,b(u), Vu) = f(t, 1) in (0,T) x 9,
u < g(t), v-a(z,b(u), Vu) <0
and (u—g@)v - a(z,b(u), Vu) =0 on (0,T) x g,
u = g(t) on (0,T) x T'p,
v - a(z,b(u), Vu) =0 on (0,T) x [y,

b(u)(0, ) = bo in Q.
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IIT, vIdER ETERSNIBAANERSZ bV THB. g(t,z) REX Ohi- BT
»Y, &

g € W¥(0,T; V)
BWlT LT D ¥, HIRQ OWATD =00 1XbL2T,
'=T'pul’yUls and meaSF(I‘D) >0

BWMICTEWVCRR3O0OESL T, (v=D,N,S) CTHREATWVWA LT3, Fiz, =2
MV a(-,-,-) EBB% L : R — R IZ{UE (A1) & (A2) 2 hFhil-T21 3.

FIRE (P1) X, #BIANTKD LAIAATE porous media DIEBEFNL2E LTS, &
2, T's,Tp, Iy 1F, TN, ARLET IS, BOMEET IRy, FREELE
THHRAERL, BK ) REHAZELTWS.

T, ERORFM ¢t € [0,T) iTxt L, REEEFEMNES Ki(t) %

Ki(t):=={2€V ; 2< g(t) onI's and z = g(t) on I'p} (6.1)

LEBTD. oL, WMELAHEICKY, (P) IXRAKMME (P1) oBHRIcks
E2bh 3 (cf. [1), [16], [18], [25]).

TIT, REEFORE K () DEE (6.1) 25, BALMS, Ki(t) i35k (A3)-(AT)
BT LICERTD. KB, ze Ki(s) ITRL .

E=12z-g(s)+9(t)

LEHTIT, RE (A5) BRRY S0 T EsbdB (cf. [21, Section 5.1]).
BEXY, (KR (A1)-(AT) BELY STHDT, EE 2.3 2RI (P1) ~EAT 5 = LR T
x5, 2%, THE23 ZEATHILICE, (PL) ICH 2 BostkERIm

J(F*) = inf J(f) (6.2)

BORLEB 1M f* e F /O LMbNB. Z2T, JRFIX(1.2) % (1.3) TE
BINLbOTHD.
Wiz, €€ (0,1] izxtL, BE% b(.) DELZ
be(r) :=b(r) +er forall r € R
CEBL, MM (P1) BT 5B8% b() % b () CREMZ/-AEE (P1), £T5. D
L&, AoHIC, B b() IHRE (A8) 2 LTWBDT, (Pl), i (P1) o4 5iE
CHEIZ 2> TS, - T, Ml 34 2 EATHZLicky, (P1), OIS (P1)

DRRIZPIRT B b5, Bic, EH 24 2 WATHIZ LY, (P1), TxT5E
L0 988 ) 4 S R

B EH 1R fr e F 28D, Thbid (2.1)-(2.2) OB TREHIHIRE (6.2) ©
MRICPURT D2 LB¥o2»d. 2T, J(f) X (14) TEBEBSIhTELOTHS.
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6.2 Time-dependent water levels of reservoirs

I, Alt-Luckhaus-Visintin [2] 12k VBB Sh-RIBLEHETS. %Y, EHHO
ANLAREM & S B(EL, <2 M E LT oz, b(n), Vi) = a(@)[Vu + k(b(w)] DK
R b OROMEEEETS

(r2) b(u)y — V- a(a:)[Vu + k(b(u)] = f(t,x) in (0,7) x Q,
u<g(t), v-a(@)[Vu+k(b(u)] <0
and  (u—g(t))v-a(z)[Vu+ k(b(u))] =0 on (0,T) x I's(t),
u=g(t) on (0,T) x T'p(t),
v-a(z)[Vu+ k(b(u))] =0 on (0,T) x Ty,
b(u)(0,-) = by in Q.

ZZT b:RRIMRE (A2) W= TB%TH 3.
T, RERETS :

(K1) a(z) = (ai;(z)) is a symmetric and positive definite matrix with aij € C1(Q), and
k : R — R" is bounded and Lipschitz continuous. There exists a constant p>0
such that

a(z)[p—p]- (p— p) 2 plp — p
for all z € Q and p, p € RV,

(K2) For each t € [0,T), the boundary I" of the domain € admits a mutually disjoint
decomposition such as

I'=Tg(t)Ulp(t) UTy,

where I's(), 'p(t) and T'y are measurable subsets of T, and Neepo,riI'p(2) has a
positive surface measure. Moreover, I';(t) depends on ¢ smoothly in the sense of
[15, Proposition 3.2.2 (ii)] (j = S, D).

(K3) g € W12(0,T;V) N L>(0,T; H*(Q)).
T, |
A(z,s,p) = a(a:)[%p +k(s)]-p  for (z,5,p) € A x Rx RV
LEERTDHL, ALMMC

GpA(z,8,p) = a(z)[p + k(s)]
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L7229, RE (A1) 2 a(z,s,p) = a(@)[p+ k(s)] & LTRYSIOZ & Rbins.
o, EEORM te[0,T) ICxfL, HUKENES K¢ &

Ky(t):={2€V; 2<g(t) onTs(t) and z = g(t) on I'p(t)}

LEBT DL, (P)IZRAHAME (P2) OBMRAL 25 (cf. 2], [16], (18], [25]). Zd&
&, [21, Section 5.2] IZ& D, K,(t) iHMRE (A3)-(A7) &= = L Bbh5. o7,
EE 2.3 ZRE (P2) ICHEAT A LR TEZNT, (P2) I 3 Rt EmE Mm-S
DTLNTESD,

Eiz, B b() ol LT

be(r) :=b(r) +er forallreR (e € (0,1])

EERIUT, ATHE 6.1 LA, MM 34 CEE 2324 FEAT B Licky, ME (P2)
& X DOELIRELE OBIE, R, (P2) iktd 2 Bl #REE & 2 3L s f R o
BRE/IZ LN TES.
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