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1. &

The Leray-Schauder theorem [5] I, #x#JIZ Banach Z2[# THR & 41 Nagumo [8] (2 & - TRy %2[H]
IZHEE I N E U7z, T DOFEHIZIE degree theory DMEH I NTWE T Lloyd [6] F%2 5. Z OEMIZEK
LEMALEHD 1 D2THY, Z< DIGHEZFS 9. £IZ, Morales [7], Hirano [3], Kartsatos [4] ffiliZ,
m—IERIEF R & B 5 SR 2 IERRIE A D L5 %, Leray-Schauder BUE B % 72 (3BI5d § 2 #5 5 %
FWT, Banach ZZM THEE U £ U Ze; BWUREHD ARERIGHZRS 9. UL, ZOEEDIY
WEXRRHEMETT . £72, FEAED degree theory 2+ THfRT 5 Z L IFBG TIFRVWEEbIET.

AT, Hirano [3] % Kartsatos [4] AR U ZMEIC, R IZRLDZ T Tu—F 2RV £, HiL
W type DAFRUERE 3.4 28R L, TOIGHE U THLOKRZBET. B 5 <, RO IEFHMAE
2o TEDEMRLP T, AR TRRT DEARMFEIAB A ROMARN S IX XV ARTY.

2. YEfi
ARFNZBEREHE B AMBBICHEL T, C XEICHEEBEAE2RUET; o T “HEE” 281BL
£79. E 3% Banach 2|2 R U 9, “E” 28K UET. | | FED/ VA, EX I E OHKEZEMTT.

r€FE Xy € B*IZOWT, (z,y*) 1k y*(z) DHRETT. J % E 25 28 ~AOEHRMSEFHL LET:
Jr=A{a" € E: (z,2") = [lz||="[|, [|="] = [l«[} for =€ E.

C%EDENEALLET. C, 00, Int(C) 1, ThZN C OFFW, R, WiEaE2RLET. £z,
co(C) & cc(C) 1Z C DA LAMETY. Mazur DR LA SN/ZEHED S, C 5 compact 22 5 1F cc(C)
¥ compact T . B.[z] i&dhibax € B, ¥Fr > 00 E OFRTY. B.|z] ZERBEMNESETH Y
Int(B,[z]) IEXIGT 258K B, (z) TY. LD T, B, [0] DRHYIZ B, ZfiHL 7.

SECHS E~D, A% Cho 28 AOBHELET. D(A) & R(A) FZNTH A DEFRIR L MBI
AELET. SIEOWTHABTT. #-T, C = D(S), S(C) = {Sz: x € C} = R(S) TF. F(S) &
S DAERES, b, F(S)={veC:Sv=0ov}TT. S» bounded &%, S 7 C DEFRRIEHES
% EDERBHSEAIZET I L TY. SH compact &%, S WEfE T C OFRLESEEE E O
compact N EEIZET I & TY. O M compact & 1% C7 5% compact EETH B & TY.

A DEK (accretive) fEFARTH D L%, 2,y € C T&IZ, IRDFRR j € J(x —y) DMFIETHI L TT:
(u—v,7) >0forue Az, v e Ay. RIEHAFE A L a € (0,00) IZDVWT R(I +aA) 7»5 C=D(A) DL
A Yosida resolvent J, & R(I + aA) 7*5 E ~® Yosida approximant A, (ZIRORIZEZ SN E T

Jo=(I+ad)"t, A, =11-J,).
D(J.) = R(I+aA), R(J.) = D(A) TF. J, & A, DEBEIZRME %\ < D8R L £ 7
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o [a — Juy] < llz — yll for 2,y € D(Ja) = R(T + a).
o Ayx € Adyx for x € R(I + aA).
o || Jox — x| = a||Agz|| < ainf{|ly|| : y € Az} for x € D(A) N R(I + aA).
A DS m—IEK (m—accretive) fEFHETH 5 L1k, APERIEAZTH O, IROFMEEHT-TZ LT

R(I+aA)=F for a € (0,00).

3. WL DO RE) g E

R DEHIE Brouwer’s fixed point theorem & U THZTY.

Theorem 3.1. Let C be a compact convex subset of an FEuclidean space. Let S be a continuous

self-mapping on C. Then, there is v € C satisfying Sv = v. |
RDEM % Nagumo [8] DEGT A 77 AL CAFHL £7.

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) s relatively compact. Then, there is v € T(C) C C satisfying Tv = v. [ |

Proof. D = T(C) £ UEd; K& XY, DX compact, D ¢ C TY. FEiZr > 0 2EEL X7
ZDEE, {By(2)}sep &, compact & D OFE LD T, RO BE (B, (2;)}, 2FRH X7
T={1,2, 0} LLET. $HNRARNDT, (o)1, AR {2} LEZFT. ;@gg co({a:}) 1
Buclid ZH DA RGN EG L ALEES: L % {:101} oER TN ARIOIPERELEY. L %
KA ZEMIZ § 5 Hausdorff fMiAHIZ 1 DUMNFIEL ERA. o T, LIZ2WT, ENH L A7 Euclid
Nk E E OMAZER L UTOMMMMHIZ LRI NER 0 F8A. £72, co{xi}) C CIEHSNTT.
i€l TEIZ, EPS [0,r] NDOERER d; EEL T di(z) = max{0,r — ||z — z;||} for x € E.

r €D T &I, ||x—:1cz|| <r(di(z)>0) %02 iel WFEELET. IROFEZIFLALHHTY:

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

(2) For z € D, %E[O 1 foriel,and > ", (%) 1.
Wo>T, D5 co({z;}) ~NDIRDRIZEREHR T, B EAOSNET:

(3) Thx=Y B (? T for z € D.

x € DIZDWT, (1) £V, di(x)||x — z;|| < di(z)rfori e I. EoT, (2)-(3) &9,

o = Tl < S0y st e — 24| < sl S di(@)r =1 for x € D.
T & T, DERKT,T X, #5320 L @ compact MBS co({z;}) LD#EKiZ H DG T . Brouwer O
EHEY, T Tu=u %73 ueco({z;}) WEIELET. />T,Tue D &Y, |Tu—T,Tul| <r TT.
BB, [|[Tu—ul| <r ZfFF9. ZOmiE, AEMIZIE, Nagumo [8] IZHKD £7.
ZZETOEMM? D, IROBRIR C DS {up} PFELET: ||Tup — up|| < 1/m for m € N. D
# compact & {Tup} C D &Y, % ve D C CITPRT D, {Tup} DI {Tu, } BFLELET.
limy, | TUm — || =0 &0, {tig, } B 0 ITPERL XS IRDZ L 2R > TV

lv =Tv|| < |lv = Tum, || + | Ttm, —Tv| for je N.
o e THEGED, |v—Tv|=0,856, v=Tv2BFET. v=Tve T(C)IFEHWTT. O

EH 3.2 1%, Schauder DEH (Brouwer D&M D Banach ZEfIkK) & Mazur O &M % 2 IXE S 1215
SNFET. ZOEKRT, EH 3.2 1% Schauder DEFLD version TT. 7272 L, Mazur @ﬁ@@ﬁﬁﬁﬂ (&S
STIEHY FHA. ZZ T, EH 3.2 DFFAAIZ Brouwer DEF 21T 2 L £ L 7z; Schauder D&,

Mazur OEH, degree theory 72 EIEARE T . F 7z, Brouwer DEHIZDWTIE, Hli V5 LAl BN 3K
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SNTVWET; HlZIE, Takeuchi and Suzuki [13, 14] 2. Bonsall [1] I, “Singbal A%, R4 ZEM T, &
B 32 DERDEGRGEHE G R 727 LR E T, Singbal (& Z DFFHH % SR EHEEIER S b o 72T,
M DFEHI Bonsall @ [1. Appendix] (ZHBE I N TWE T, FiRIZEH 3.2 OFFHE EGATT.

RO trivial 2AHEE B OFEMO7ZDIZEER L 7 IZIFHPERO TIHIAIXE &, Z0%, B0 4 < (1)-(iii)
ZMALET. L || 13 B, 129 % Minkowski functional Tdh 2 Z L ZERLTHE X7,

Lemma 3.3. Let r > 0. Let f,. and M, be mappings defined respectively by f.(y) = o and

M,y = f-(y)y fory € E. Then, R(f.) C (0,1] and R(M,) C B,.. Correctly, the following hold:
(i) fr(y) =1 and M,y =y € B, fory € B,.
(i) fr(y) € (0,1) and Myy = iy € By for y € B

(iii) fr and M, are continuous. [ ]

FEH 34 2ME33LTHE3210ELL I IIABTT: O TF 7oy 28 ER1SMoNT WD
DTY. LrLads, ZOEHIZBEZH<HFH LW type DAEEH TT; Remark 3.6 1.

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

T
max{r,[ly[l}

Viy=M,Ty= fT(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 yr € OB, and Ty, € B;.
(2) Tyr =yr (f+(Ty,) =1) if yr € Int(B,) = B,(0). u
Proof. 0 eInt(C) &V, &M% Hi7=3 r >0 PHEILLET. (i)-(ii) £,
M.(E)C B,, V.(B,)=M,T(B,)C M.(T(B,)) C B,.
KE & b, T(B,) I compact TT. - T, (ili) HF@T 5 &, V,(B,) C B,, V, (&, V,.(B,) [SHx
compact TY. - T, €M 3.2 L0, Vy, = M, Ty, =y, £%25 y, € B, WFIEL£T.

(1) Z2RLET. Ty, € B, Z2IKETNIX, () &9, Ty, = M, Ty, = y.. 2)ZRLUET. (1) &0,
Ty, € B, #REIE+2TYT. BHETRT DI, Ty, € B, X ULET. y, € Int(B,) = B,(0), Ty, ¢ B,
& (i) &0, BEBIZPEERET:

r> ”yTH = HMrTyr” = ”mTyr” = mnT%H =T
AR, Ty, € B % fr(Ty,) =1 2R LU ET. O
Theorem 3.4 1%, ® 5 EILET, ¥XD Rohte D RE) sl EFLDIEELTT .

Theorem 3.5. Let r > 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 C,C =B, £ UX¥. T(0B,) C B, & Theorem 3.4 (1), (2) & W #¥5FwEMEES. O

Remark 3.6. EH 3.4 (2) FEELRZLEEZHNET. (2) 2FET DL, V, 0B, L fixed point free
RoIE, Ty, = yr 272F y, € B(0) BMEIELET. #oT, F(T)N B, # ¢ 23T 27280,
yr € F(V,)NOB, DEAIZIEE Uz, IROBERFZMEDVZEZ 5NET: Ty, € B, ify, € 0B,.. Z1i% Rohte
DEREMEORENTT. @ 3.41%, Ty, € B, DL &y, & F(T) DERIZEKLEHFA. [ ]

EH 3.4 ORI % & LT, Lloyd [6] ® Theorem 6.3.2 & Bl#H 3 2RO EMHZ R L £ T
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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, = y. [ |

Proof. B34 D f,., M,, V, #8NIE, IROKRR v, € B, EFLELET
Yr = VolYr = MrTyr = fr(Tyr)Tyra fr(Tyr) S (07 1}

WoT, ¢ = 1/f(Ty,) € [1,00) £ T UK, Ty, = ¢,y TT. y,. € B.(0) 261X, EH 34 (2) &0,
yr =Ty, TT. y. € 0B, RS, KE L ¢, € [1,00) &V, ¢, =1, B1H, Ty, =y, TT. O

4. FHRAFERIE SRR AN DG
4.1. BREWLOHDFER.

E % Banach Z2[#], A % D(A) 75 2F ~O m-WERIEAFE, S % D(S) 5 E~®D D(A) C D(S) %
dEHRELET. AP m HRIEHZELY, D(J1)=FE, R(J1)CD(A) Td.pe E&LXd. TN
Be, U LW, % Edo EHINDROELEGHE L ET:

Uy=p+ J1y—Shy for ye E,

Woy=p—SJ,(ny) for ye E, ne N.
Morales [7], Hirano [3], Kartsatos [4] ® ¥@I%, IRDHIRAZLRIEFIE R (P) LT 5 R MEDELTY:
(P) pE R(A+S), pE R(A+S).
p € Ax+Sz Z2lii7= 9 x € D(A) 2 HIRFERIE HFERp € R(A+S) DR WWET; Az+Sz C R(A+S).

WL ODPDEEIZRONTVWSFERZERUET.

Theorem 4.1. 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 bounded continuous mapping from D(A) into E.

Let p € E and b > 0. Suppose the following:
(%) For every x € D(A) with ||z|| > b, there is j € Jx satisfying
(u—p+Sz,5) >0 for u e Azx.

Then p € R(A+S). [ ]

Theorem 4.2. 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 bounded continuous mapping from D(A) into E.
Letp € 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 ue Az, je J(z —2).
Then p € R(A+S). ]
Theorem 4.3. Let A be an m-accretive operator from D(A) C E into 2. 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:
(%) For every x € D(A) with ||z| > b, there is j € Jx satisfying

(u—p+Sz,5) >0 for u e Azx.

Then p € (A+ S)(By(0) N D(A)). [ ]



EHL 4.3 & 4.1 1% Kartsatos [4] @ Theorem 3 & Theorem 5 T3 . —Jj, EH 4.2 X Hirano [3] ®
Theorem 2 TY. T 5 DEHIL, IRDOKRMMLX 3T (Cr) & (Cp) DEBLSMIZEL XY, (Cr) B E
gRE (Cp) B ERITIIREZ O DBH Y, TOHEEDE VP ORI REI L RR->TEXT. TH 4.3
DS DEHE D(S) &, BF 5L, D(A) 2 5B EIERL D(A) 25D a7 BVET.

(Cr) Jy is compact and S is continuous (D(A) C D(S)): &H 4.1, B 4.2.  F(U) # 0 2439
LEMEZETEINE, pe R(A+S) BPRGEENFT.
(Cp) S is compact (D(A) C D(S)): EH 4.3. neN Z&iZw, € F(W,) DIFLEL, {1 ], (nw,)}
PO B2 L 2RIl T 552 ETENE, pe R(A+8) MMEarE ¥
B DEIRD S, TN (Cr) RO AEF, RXEHER (Cp) BUIZ OV TR 2 /> Tilm L £ 7.
XD 2 DOFEIE, ZORHTEILHSoNZHDTY.

Lemma 4.4. Let A be an m-accretive operator from D(A) C E into 2F. Let S be a mapping from
D(S) C E into E with D(A) C D(S).
Letp € E. Suppose u € F(U). Then, v = Jyu € D(A) and p € Az + Sx C R(A+ S). [ |

Proof. J1 & Ay OMEL U ODE#EZBNHELUTLZIWV. ye BEIZDOWT, IRIKFAETT:
(a) 0=Ay+Shy—p=I—-N)y+Shy—p. (b)y=p+Jiy—Shy="Uy.
ue F(U) & 3hE o= Jiue DA),p=Au+ SThu. Ajuc€ AJju KV, pe Ax+ Sz 2FFd. O

Lemma 4.5. Let A be an m-accretive operator from D(A) C E into 2% such that J; = (I + A)~1
compact. Let S be a continuous mapping from D(S) C E into E with D(A) C D(S).
Let p € E. Then, U is continuous and U(B,.) is relatively compact. |

Proof. U DEFHZEMERL TL7ZEX W, Jp ' compact & S 24L& 0, J1(B,.) B compact & U »35
IZHI S TY. J1(B,) A compact, J1(B,) C D(A) C D(S) & S ki L v, S(J1(B,)) ® compact
TY. #-T, S(Ji(B,)) € S(J1(B,)) &Y, SJi(B,) & U(B,) 1&f%t compact T3 0

IROEMIL, ZZTOREIZEULT, €M 3.4 DERTT.

Theorem 4.6. Let A be an m-accretive operator from D(A) C E into 2F 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).
Let p € E and r > 0. Then, there are u € B, and ¢ € [1,00) satisfying cu = p + Jyu — SJiu and

c= maX{T"‘p+ilu_s‘]1“|‘}. Suppose one of the following holds:

(1) u e B.(0).
(2) llp+ Jiu — SJyul| <.
(3) There is j € E* satisfying (u,j) # 0 and (u,j){Aju—p+ SJyu,j) > 0.

Then, ¢ = 1. Furthermore, c=1 and u = p+ Jiu — SJiu = Uu are equivalent. |

Proof. BiIrtDXRZRUET. KE, U DEZELMIE 4.5 X0, U (3R, U(B,) 13X compact TT .
fr &V, ZIRORIZERLET: f.(y) = s o fory € B, Voy = f+(Uy)Uy € B, for y € B,. TD
L& EM 34 X0, RO ue B, WEFELET: u=V,u= f.(Uu)Uu.

ZITe= gy ETNE, fr(Uu) € (0,1] &Y, c = g7y € [Lo0) TT. HIB,
(41) cu=Uu=p+ Jyu— SJu, c= fr(%]u) _ max{r,||p+ilu—SJ1u||} c [17 OO)

(D) Z2IRELET. ue B.(0) LM 34 (2) &Y fr(Uu) =1, H15, c=1T7. (2) 2RELEXT.

DL E |Uu| =|lp+ Jiu— SJu|| <r, BB Uue B, TT. #-7C, f.(Uu)=1, 5, c=1TT.
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(B) ZINELET. WHEEM>Te=1%2mR9772DIT,c>12UET. Aju=u—JiuTHY, (4.1
X0, cu=p+Jiu—SShuTT. (3) &0, RO j € E* BFELET:
<U,j> 7& 07 <U,j><u - Jlu _p+SJ1u7.7> = <U,j><u - C’LL,j> = (1 - C)<U,j>2 Z 0

ZHE, 1—c<0, (u, /)2 >0 FFELET.
BEDOEEEZRUET. ue B.(0) aoide=1 2L E L. /o T, (41) £V, u=0D case
DT, c=1¢u=Uu=p+ Jiu— SSulXFMETT. O

4.2. (Cr) IR ARRXNDOEIEET 272DD+ 3 5%KE.
9, 2FDDIZ, Rothe DEMHIZ X BIROMEREZFERL 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 E and r > 0. Assume the following:

(R)  llp+ -y — Shyll <r fory € 0B,
Then, there is u € B, satisfying x = Jyu € D(A) and p € Az + Sz C R(A+ S). [ ]

Proof. ®H# 4.6 X9, cu=p+ Jiu— Shu, c= maX{T’”er‘ilu_s‘hu”} W23 ue B, &cell,c0) W
FAELET. ue B.(0) &3, @846 (1) &V e=1,ue F(U) TT. uedB, £THX, (R) &b,
lp+ Jiu—SJul| <r. #->T, €46 (2) £V e=1,ue FU)TY. HE 44 X0 iHzeBET. 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).
Letp e E and r > 0. Assume the following:

(0) Fory € OB, there is j € E* satisfying (y,7) # 0 and (y,j){(A1y —p + STy, j) > 0.
Then, there is u € B, satisfying x = Jyu € D(A) and p € Az + Sz C R(A+ S). [ |

Proof. ®¥ 46 &Y, cu=p+ Jiu— SJiu, c = maX{T’”pJ“ilu_s‘hu”} ZWi7z3 u e B, & ce[l,c0) W
FAELET. ueB.(0) 2 LET. 20L& EH46(1) &V ec=1,uc FU)TT. uecdB, LLET.
DL E, (o) &0, ROKkR j € B* BEFEIELET: (u,j) # 0 and (u,j)(Aju—p+ SJu,j) > 0. o
TEHA46 3) &V c=1uec FU)TY. il 44 L 0#EEHET. O

4.3. fE.

EH 4.8 1%, Kartsatos DEHE 4.1, Hirano DEH 4.2 LFHLDOFERTT. Th o2 EELRT LI 21X
TEEHEAN, S % bounded & T, T 4.8 D HEH 4.2 HEF F9. FEHITIE, EH 4.1 O 4.2
DML, EH A8 DEEARML D BENT VWS L EXBZRNSHEMREEEEA.

Z DR ORER DI S L, F5 %8511 Leray-Schauder BUEHUIZH| EHFETWH ES50WAH D &
U ET. ZOEHEIMEIZ DR 2L Z D 7 DIZBE A PFERAMEMIC 2 0, Z DM DSEOAH -
HEZRZIZK K LTWD e EFIFBWET. —7F, 8 4.8 DFEIIEH L\ type D AHfUEH 3.4 D
GIRIGHATH 0, BEREME ARG CHIL ARICE b 0TI Bnx 7.

Kartsatos &, & 4.3 TS BERES LTk & U, GFIIZ 0 € R(A) & Leray—Schauder BE #
ZEALELZ. 0€ R(A) 2 olX,0€ Az 2725 2 € D(A) BIFIELET; B, J,2 = 2 for a € (0,00).
WF—MMEERDTICIORBEEZMATE L L ERLET,; HEHEHAICHERZLTVWERA. ZLT,
EH 4.3 (Cp) S EH 4.1 (Cr) 2HWTWE T, (Cp) B e (Cr) BIFPPRETY. Hirano [3] IFEIZ

condensing G5 % &\, EHE 4.2 DFEAFIZ Lloyd [6] @ Theorem 6.3.2 ZfiH L ¥ L 7=.
6
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