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1. k@

The Leray-Schauder theorem [5] &, H#]IZ Banach Z¢[H THm 11 Nagumo [8] 12 & - CT/amh2E M
IR S NE L7z, ZOFEIHIZ I degree theory 2MHH X NTWE T Lloyd [6] ¥4 2. Z OEHITK
BEHLREHD 1 2THY, Z<DIGHZRD £9. #IZ, Morales [7], Hirano [3], Kartsatos [4] 13,
m-IERVEFZE & BT 2 iR 7 R R D BS1 5 % | Leray-Schauder BUEHL & 72 (XBHH T 2 455 %2
FWT, Banach ZEMTHEE U & Uz; BWBEEHS ARERICGHZR S 3. UL, ZOEEOID
WIE R0 EMETT. E7z, FEED degree theory %+ /0 ICHiRT 2 Z L IFBS TIEBWw e EbhEd.

ARiTIE, Hirano [3] X Kartsatos [4] 558 L 2[MBUZ, L I RRD T 7o —F 2K £9; L
W type DAFRGER 3.4 28R, ZOIGHE UTHLOKREZEET. 8% 6 <, AROHRmITFMAE
e TLOHEL P <, ARITRRT SBMRMARIAH EEROG N, S1F L HRTT.

2. Yl
KRB EIE Y S AL 2T, O BEICHERARRLE T, o T HE% AL
9. F 3% Banach M2 R L £, 5" 28U ET. ||| R ED /LA, B 13 E OHEERTT.

TEE &y € BXIZ2WT, (z,y*) 1k y*(z) DHERBETY. J & E 26 28 ~AOTERMAEHKE LET:
Jr={a" € E:(z,2") = |z|l[lz"[|, =] = [[z]|} for z€ E.

C%EDHMEAELLET. C, 00, Int(C) 1%, TNEh C DA, BiR, NmEEE2RLET. £72,
co(C) & cc(C) 1F C Da L BMETY. Mazur DR S NEHA S, C ¥ compact 22 51X cc(C)
t compact TS, B.lz] iFHbx e E, ¥ r > 00 FOMKTY. B.[z] 3ARLZEMNEETHD
Int(B,[x]) IFx069 28K B,.(z) T . HHELDT, B.[0) DRDLVIZ B, 2fFHL 7.

SECWPSEND, A% Cho 28 AOGHL LET. D(A) & R(A) FZNTN A OEHIL & fEK
AERLUET. SIZDOWTHRAKTT. foT, C = D(9), S(C)={Sz:2 € C}=R(S) TT. F(S) &
S ODAFFES, BB, F(S)={veC:Sv=v}TT. SH bounded &%, S C OEHRLIMHES
% E OBRIGHAEAGITET I L TY. S5 compact &1F, S AT C DBERLMIESE E OIS
compact ZREFESITET Z L TT. " HHHX compact &1k O7 A% compact £EATHH I L TY.

A DK (accretive) fEFFETH D L1, v,y € C T2, ROk j € J(x —y) DIFAETHI LT
(u—v,j) >0forue Az, v e Ay. HAIEHAFE A L a e (0,00) IZDWT R(I+aA) 75 C=D(A) DL
A® Yosida resolvent J, & R(I + aA) 5 E ~® Yosida approximant A, [FIXOPRIZEZESINET.

Jo={U+ad)™, A, =11-J,).
D(J,) = R(I +aA), R(J,) = D(A) TY. J, & A, DHEIF LR Z N DR L £
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o [ Jax = Jay| < & —yl| for z,y € D(Ja) = R(I + ad).
o Agx € AJyx for x € R(I + aA).
o [[Jaz — 2| = a|]|Auz|| < ainf{||y|| : y € Az} for 2 € D(A) N R(I + aA).
A DY m—YEK (m—accretive) fEHIZTH 5 L 1F, A B KIEHEZETH D, IROSEM%2 72T L TT:

R(I+aA)=FE for a € (0,00).

3. WL DD DO ARE S

XD EFE Brouwer’s fixed point theorem & U TE4TT.

Theorem 3.1. Let C' be a compact conver subset of an Euclidean space. Let S be a continuous

self-mapping on C. Then, there is v € C satisfying Sv = v. [ ]
WDFEH %, Nagumo [8] DFELHT A T 7 &MHL TIEHL £9.

Theorem 3.2. Let C' be a closed convex subset of E. Let T be a continuous self-mapping on C' such
that T(C') is relatively compact. Then, there is v € T(C) C C satisfying Tv = v. |

Proof. D = T(C) X L9 fHEL YD, DI compact, D ¢ C TY. {F&EIZr > 0 ZEELET.
ZDE &, {B.(2)}sep 1&, compact e D OH#AE DT, HRE S HEE (B, (z,)}, ZRHET.
I={1,2,---,n} EUET. SNIRNDT, {2;}7, ZRIZ {z;} LHSFT. ZD& %‘, co({z;}) &
Euclid ZMOARLMEG L AREET: L% {2} OSBRI NI ARG EME LET. L &
MO ALAEHZE T 9 % Hausdorff fiAHIEZ 1 DUNMFEL R A. o T, LIZOWT, HNE L A7 Euclid
fifHe E @MB%WF% U T OMRAAIE =B L R niE2e 0 22 A. 72, co({z;}) C CIEHSHTT.
ielZ , EDS 0,7 ~NOERIEG d;, ETHELET: di(z) = max{0,r — ||z — z;||} for z € E.

x €D ft Iz, HI*LH <r(di(z) >0) &5 ic I PVEELET. ROFRFHITLALHTATT:

(1) For x € D and i € I, d;(x) > 0 if and only if ||z — x| < r.

(2) Forz € D, Zfi (2)(1) €10,1] for i € I, and Z;"Zl(z,,d (2)(1)) 1.
WoT, D25 co({x;}) ~NDIRDBRARERL G T, B HZ 5N ET:

(3) Trx =31, %mi for x € D.
z€DIZDOWT, (1) &0, di(x)||z — ;|| < di(x)r fori e I. H->T, (2)-(3) &b,

di(x n
o = Tl < Sy st Gyl = il < st Sis di(w)r = for z € D.

T & T, DAKT,T &, #5728 L © compact Z2MES co({z;}) LDz H I G4 T . Brouwer @
EHEY, T, Tu=u %729 ueco{w;}) WHFELET. o T, Tue D &0, |Tu—T,Tul| <r TT.
BB, |Tu —u|| <r Z21FF7. Z Offawld, AEMIZIE, Nagumo [8] (2D £9.

ZZETOEMN S, WO C DR {uy} BEILLET: [|[Tuy — up|| < 1/m for m € N. D
M3 compact & {Tu,} C D &Y, 2 veDCCITNKRT S, {Tu,} DH5HI {Tum,} PIFEL T,
Ly, [Tt — |l = 0 &0, {tm, } B 0 TPERL & MO & Z2H > TV E T

lv—Tol| <|lv—Tupm,l| + |Tum; —Tv| for jec N.
INSETHERED, lo—To| =0, 1B, v=Tv2B£T. v=TveT(C) THWHTT. O
EHL 3.2 1%, Schauder ®EH (Brouwer OEHL D Banach Z2[K) & Mazur OE % {# 2 1XH 51213
SNET. ZTOREKT, @ 3.2 1% Schauder DEHLD version T . 7272 L, Mazur @ﬁfﬁ@uﬁﬁﬂ [EE

STIEHY ERA. 22T, TH 3.2 DFEHHIZ Brouwer OE 721} 2 L £ L 72; Schauder O EH,
Mazur OEH degree theory 7 EIIAETT . F 7z, Brouwer DEIIZ D WTI, Hali V-5 il A FE R



INTWET; HlZIE, Takeuchi and Suzuki [13, 14] 24, Bonsall [1] i, “Singbal 23, M ZEH T, &
B 3.2 @ ERDOVESREHE 5 2727 L3R F T Singbal (&2 OFFIH % RSCRERITIK I L h o 72T,
P DFEI Bonsall D [1. Appendix] IZH#K I N TWE 9 FEIZEM 3.2 DFFHE AR TT.

RO trivial ZRHHEEZ £ OEIRO7zDITHLR L 37 IJITEARD TS &, 20k, i 72 < (1)-(iii)
ZMAUES. L | & B, I2HHEF %5 Minkowski functional TH2 Z L 2EEL CHEET.

Lemma 3.3. Let r > 0. Let f, and M, be mappings defined respectively by f.(y) = m and
M,y = fr(y)y fory € E. Then, R(f,) C (0,1] and R(M,) C B,. Correctly, the following hold:
(i) fo(y) =1 and Myy =y € B, for y € B,
(i) fr(y) € (0,1) and M,y = yrry € By fory & B,.
(i) fr and M, are continuous. |

EHL 3.4 2FE 3.3 LEH 3206 ZLIIRGTY: SO T 7 =y 7 ERk1SHoNTWE
DTY. URrLERDS, ZOEHEIZEZ S5 H LW type DALELUEETT; Remark 3.6 27,

Theorem 3.4. Let C' be a subset of E with 0 € Int(C). Let r > 0 satisfy B, C C. Let T be a
continuous mapping from C into E such that T(B,) is relatively compact. Define mappings f, from
E into (0,1] and M, from E into B, respectively by f,(y) = and M,y = f-(y)y fory € E.
Define a self-mapping V,. on B, by

- r
max{r.[ly[[}

Viy =M, Ty = f.(Ty)Ty € B, for y € B,.
Then, there is y, € B, C C satisfying V,y, = y,. Also, the following hold:

(1) Ty, =y, if Ty, € B,. In particular, Ty, =y, if y» € 0B, and Ty, € B,.
(2) Ty, =y, (fr(Ty'r) = 1) ifyr € Int(Br) = BT(O) u

Proof. 0 €eInt(C) &0, &M% r >0 AMFEL T (1)-(ii) £ 9,
M,(E) C B,, V,(B,)=MT(B,)C M,(T(B,)) C B,.

IRE &Y, T(B,) I compact TT. £-7C, (iii) BEFET 5 &, V,.(B,) C B,, V, (Zifif, V,.(B,) &M
compact TY. fito> T, €M 3.2 &0, Voy, = M, Ty, =y, 725y, € B, WMFELET.

(1) 2RLUET. Ty, € B, 2{RETNE, (1) &0, Ty, = M, Ty, = y.. (2)ZRLET. (1) &b,
Ty, € B, 23X THHTY. WHILTRT DS, Ty, € B, L LET. y, € Int(B,) = B.(0), Ty, & B,
L) &Y, EHICFEEBET:

> lyell = 1M Tyl = gy Tvell = g 1 Tl = 7
WK Ty, € Bp V& f(Ty,) =1 % EHRLET. O

Theorem 3.4 1%, & % &K T, XD Rohte D REHEDKEEALTT.

Theorem 3.5. Let v > 0 and let T be a compact mapping from B, into E such that T(0B,) C B,.
Then, there is v € B, satisfying Tv = v. |

Proof. Theorem 3.4 T, C =B, ¥ UX¥. T(9B,) C B, & Theorem 3.4 (1), (2) X biiFweFEd. O

Remark 3.6. EH 3.4 (2) ZEELEKHEZHWET. (2) 2FET 5L, V, »° 0B, L fixed point free
BSIE, Ty = yr 27Ty € B(0) WEELET. T, F(T)N B, # 0 2RI 5700,
yr € F(V,)NOB, DEIANZIEH U7z, IRDBEREZEMBEZ S5NET: Ty, € B, if y, € 0B,. ZHid Rohte
DEREMORENTT. EH 3413, Ty, & B, DE EiTidy, ¥ F(T) DBRICS KL A n

EH 3.4 OHAIN 7R & LT, Lloyd [6] @ Theorem 6.3.2 LB 3§ 2RO EMEFRR L 7.
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Theorem 3.7. Let C' be a subset of E with 0 € Int(C). Let r > 0 satisfy B, C C. Let T be a
continuous mapping from C into E such that T(B,) is relatively compact. Assume that Ty # cy if
y € OB, and ¢ € (1,00). Then, there is y, € B, C C satisfying Ty, = ys. |

Proof. M 3.4 D f., M,, V, 28U, IROFRR y, € B, BMFALL £

yr = Voyr = M Ty, = [(Ty:)Tyr,  fr(Tyr) € (0,1].

W>T, ¢p = 1/f(Ty,) € [1,00) &FTHUE, Ty, = c,yr TT. y. € B.(0) RS, EH 34 (2) &0,
yr =Ty, TT. y. €OB, BHIX, IKEL ¢, € [1,00) &V, ¢, =1, 81H, Ty, =y, TT. O

4. FRHIFERIE TR RN DS
4.1. BREWL OO DHFER.

E % Banach %2[#], A & D(A) » 5 2B ~D m-SKIERHZ#E, S % D(S) i 5 E~® D(A) C D(S) % i
23 E{REUET. AR m-KIERAZE LY, D(J1)=FE, R(J1)CD(A)T3.pe ELLET. TNl
B, UL W, & EPo EBEINDIROEZEHE LET:

Uy=p+ Jiy—Shy for ye E,

W,y =p—SJy(ny) for ye E, neN.
Morales [7], Hirano [3], Kartsatos [4] @ £ @I, IROARIN LI R (P) AL T 5 R FDEFELTY:
(P) peRA+S), pe R(A+S).
p € Az+Sz %729 v € D(A) ZHRFEHIL i p € R(A+S) DL WVNE T Az+Sz € R(A+S).

WL OO SN T WA RERZ R L 7.

Theorem 4.1. Let A be an m-accretive operator from D(A) C E into 2% such that Jy = (I + A)~! is

compact. Let S be a bounded continuous mapping from D(A) into E.

Letp € E and b > 0. Suppose the following:
(%) For every x € D(A) with ||z|| > b, there is j € Jx satisfying
(u—p+ Sz, j) >0 for ue Azx.

Then p € R(A+S). |

Theorem 4.2. Let A be an m-accretive operator from D(A) C E into 2% such that Jy = (I + A)~™! is

compact. Let S be a bounded continuous mapping from D(A) into E.
Let p € E and b > 0. Suppose z € By(0) N D(A) and the following hold:

(xx) For every x € D(A) with ||z|| > b,
(u—p+Sz,5) >0 for uwe Az, je J(z — z).
Then p € R(A+S). ]
Theorem 4.3. Let A be an m-accretive operator from D(A) C E into 28 Let S be a mapping from

D(A) into E which is compact, and uniformly continuous on bounded sets.

Let p € E and b > 0. Suppose the following holds:
(x) For every x € D(A) with ||z|| > b, there is j € Jx satisfying

(u—p+Sz,5) >0 for we Ax.

Then p € (A+ S)(By(0) N D(A)). [ ]



R 4.3 & 4.1 13 Kartsatos [4] @ Theorem 3 & Theorem 5 T . —75, & 4.2 |3 Hirano [3] O
Theorem 2 T . 215 DOEHIE, IRD KM X /31T (Cr) & (Cp) DEBLLNZELET. (Cr) B X
e (Cp) MO ERITIFFEZODBDH Y, TOMEDE NP SHERTREI L RR->TEET. FH 43
DS DEH D(S) 1F, BT 5L, D(A) 2EH50HEIZEL DA) 25DIEFHELEVET.

(Cr) Jy is compact and S is continuous (D(A) C D(S)): FH 4.1, E# 4.2.  F(U) # 0 243
DRMEZRETENL, pe R(A+S) BRI NET.
(Cp) Sis compact (D(A) C D(S)): FH 4.3. neN ZXiZw, € F(W,) DELLL, {1, (nw,)}
POIRT B Z L ARl T 252 ZTTENE, pe R(A+S) B EnET.
MR DI 5, T (Cr) B D AZ T, XML (Cp) BUIZ OWT IS %2 Mo Ciliin L £ 9.
RD 2 DDA, ZONBTLILHSNZLDTY.

Lemma 4.4. Let A be an m-accretive operator from D(A) C E into 2. Let S be a mapping from
D(S) C E into E with D(A) C D(S5).
Let p € E. Suppose w € F(U). Then, x = Jyu € D(A) and p € Az + Sz C R(A+ S). |
Proof. J; & Ay OMEE U DEHREZTVHLTLKEI V. y € EIZD20WT, RIZFAMETT
(@) 0=Awy+Shy—p=U—-J)y+Shy—p. (b)y=p+iy—Shy=Uy.
uwe F(U) &L, 2= Jiue D(A), p= Aju+ STiu. Aju€ AJyu &9, pe Av+ Sz 2B %d. O

Lemma 4.5. Let A be an m-accretive operator from D(A) C E into 2% such that J, = (I + A)~*
compact. Let S be a continuous mapping from D(S) C E into E with D(A) C D(S).

Letp € E. Then, U is continuous and U(DB,.) is relatively compact. |

Proof. U DEZEMARL TLZZ W J; 2% compact & S 235t & 0, J1(B,) 2E4 compact & U »37#
BIZBI S AT, T (B,) A compact, J(B,) C D(A) € D(S) & S »Eki & v, S(J.(B,)) ® compact
TY. #-T, S(Ji(By)) € S(1(B,)) £, SJi(B,) & U(B,) 13405 compact TT. O

ROFEME, ZZTOREICH U7, 8 3.4 DA TT.

Theorem 4.6. Let A be an m-accretive operator from D(A) C E into 28 such that J, = (I + A)~!
compact. Let S be a continuous mapping from D(S) C E into E with D(A) C D(S).
Letp € E and r > 0. Then, there are u € B, and ¢ € [1,00) satisfying cu = p + Jyu — SJyu and
c= M Suppose one of the following holds:
(1) uwe B.(0).
(2) lp+ Jiu— SJul <r.
(3) There is j € E* satisfying (u,j) # 0 and (u,j)(Aju —p+ SJyu,j) > 0.

Then, ¢ = 1. Furthermore, c =1 and w=p+ Jiyu— SJiu = Uu are equivalent. ]

Proof. BirEDFiEZ/RUET. (]E, U DEFEHIE 4.5 L0, U 3idkE, U(B,) I compact TT .
fr& V, ZIROFRIZERLET: f.(y) = Ty for v € B Viy = fr(Uy)Uy € B, fory € B.. Z®D
LE EM 34 XD, ROBRIR v e B, PEFIAELET: u=V,u= f.(Uu)Uu.

IlTe= (Uu) ETE, f(Uu) € (0,1] &0, c= % € [l,00) TT. BB,

max{r, -S
(4.1) cu=Uu=p+ Jiu— S, =2 {T'”M‘iw Jiull} ¢ [1,00).

€= Jw =
(1) ZELET. we B(0) LEH 3.4 (2) £ f(Uu) =1, A5, c=1TT. (2) 2HELET.
DEE, |Uul|=|p+ Jiu—STul| <r, B Uue B, TY. f>7T, f,(Uu) =1, 1B, c=1TT.
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(3) ZINELET. WHEEMF - CTe=1%2RT72DIT, c>1 L UET. Aju=u—JiuTHY, (4.1)
X0, cu=p+Jiu—SJuTT. (3) &V, ROk j € B* BFELET:

() #0,  (u,j){u— Jyu—p+ SJiu,j) = (u,j)(u— cu, j) = (1 —c)(u,j)* > 0

I, 1 —e<0, (u, /)2 >0ICFFELET.
BEOEREEZRUET. ue B.(0) 251X c=12BRITHRLE L. ’toT, (41) &Y, u=00 case
AEHD T, c=12u=Uu=p+ Jiu— SJulXFEMETT. O

4.2. (Cr) HIERM AR OEAEFEET 270D+ 0514,
7, B3EDDIZ, Rothe DFRMIZ L BIROFER AR L T,

Theorem 4.7. Let A be an m-accretive operator from D(A) C E into 2F such that J, = (I +A)~! is

compact. Let S be a continuous mapping from D(S) C E into E with D(A) C D(S).
Letp € E and r > 0. Assume the following:

(R)  lp+ Jiy—Shy|| <r foryc dB,,
Then, there is u € B, satisfying * = Jyu € D(A) and p € Az + Sx C R(A+S). -

Proof. ¥ 4.6 XV, cu=p+ Jiu— Shu, c= M Wi~ ue B, & c€[l,00) W
HFHELET. ue B(0) 3L, 46 (1) £V c=1,uec F(U)TT. uedB, L3HE, R) &b,
lp+ Jiw— Shul| <r. f->T, BHA6 (2) kY c=1,uec FU) TY. il 44 X0 fhzBEET. O

Theorem 4.8. Let A be an m-accretive operator from D(A) C E into 2F such that J, = (I +A)~" is

compact. Let S be a continuous mapping from D(S) C E into E with D(A) C D(S).
Let p € E and r > 0. Assume the following:

(¢) Fory € OB, there is j € E* satisfying (y,j) # 0 and {(y,j){A1y —p+ SJ1y,j) > 0.
Then, there is u € B, satisfying x = Jiu € D(A) and p € Az + Sz C R(A+S). |

Proof. ¥ 4.6 XV, cu=p+ Jiu— Shu, c= M Wi~ ue B, & ce[l,0) W
FAELVET. vueB.(0) 2 LET. ZOLE EMA6(1) &V e=1,ueFU)TT. uedB, LLET.
ZDLE, (o) &V, OB j € B* WIFAELET: (u,5) # 0 and (u,j)(Aju —p+ SJyu,j) > 0. fE->
THEE 46 (3) £0 c=1, ue F(U) TF. #ilf 4.4 X Oz mET. u

4.3. fHiE.

EH 4.8 1%, Kartsatos DEH 4.1, Hirano OFEH 4.2 L FLOFERTT. Iho 2 EHELKT S Z 2
TEEEAD, S % bounded & TIUX, TEL 4.8 225 HE 4.2 A8 £97. FHHTIE, L 4.1 XEH 4.2
DEHEIR RSN, EH A8 DEAZM LD HEENT VDL L EZZRSHEPHBEEEA.

Z DRB OO LI, L %25 Leray Schauder BUEHIZF EFHETVWEESWAH B &
BUET. ZOEMHAMEZ ZEBREEA R 272 OITBERSRMRREHAEMEIC 22 0, T OIS S HBEOARE -
fEEE R AT LTV L EHIFBRWET. —7, EH 4.8 DFFIFIZH L\ type D ABRUEH 3.4 D
GLIGHTH Y, BERSEMD AT L 2RI E LR DT v e nE g,

Kartsatos 13, &8 4.3 T S BERES LT—Radifit & U, 3EFHIZ 0 € R(A) & Leray-Schauder BUEH
EMAHLELRZ. 0€ R(A) RS, 0€ Az £425 2 € D(A) MEIELET; Blb, J,2 = 2 for a € (0,00).
WiE— A2 LD T I OFRGAMHTES L EELET; FHFFAICHERZLTCOERA. ZLT,
B 4.3 (Cp) SER 4.1 (Cr) Z2HNWTWEF; (Cp) B e (Cr) BUFXP P EE T . Hirano [3] & 112
condensing 5% i\, EHE 4.2 OFEHAIZ Lloyd [6] ® Theorem 6.3.2 ZfFHL £ L7z,
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