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Abstract

HBEOZBRIEEETI, HIRMHITHRBEREIZLD, ROFHOREL (BRI
1DRES. ZOLEOREMBKIT, ROKBIIHT 5MFMHEEEX, BFRIL, EMEREEK
ERBICTHELIBBORERDIIZ I ETH 5.

FHEICBNTIR, HEHANIB T HRBEREICL DV EX SNEFFREBREEESOT0 S,
ROBERDREBH] S hOHERITREEINS L 5 UEBRREBEEER 5. T OHEATRENL
b3, REFBERLAMITHLITBEINS DL, REFLROAFICT 5L 51T
NHHDOD2DTHAS. ZDHIELT, HiER, REEVREBEENDLETHD, ®EQ,
Y- LOMREIE > THBLEENEI SND. FRETHET S0, WEDHATHY, £
OREERE, BEERKEREIZT 5 LD LBERISOVWTERT 3.

1 RGEEOEIL
7, KDL 15 NE® Dynamic Programming %2 5 :
S, : IRAEZEMT, Banach ZM. (n=1,2,...,N,N +1)
A, . REZMT, Banach 2. (n=1,2,...,N)
An(sn) C A, : HREEDS s, € S, OO TREREZR. (n=1,2,...,N)
Tn i Sn X Ap — Ry U{400}(= Ry) KB (n=1,2,...,N)
k : SN+1 g ﬁ.q. #@%{E%B@ﬁ )
Tn i Sn x Ap — 25+ FEMBREELESSR (n=1,2,...,N)
AR E s € S1ITH LT, ROK I URENHEEEZ 5.

N
(P) infOptinfOpt - --inf Opt Z Pn(Sn,@n) + k{(sN+1)
31 s, G2 44 AN snyr T
. {aneAn(sn), n=12,...,N
subject to
. Sn41 ET,,(sn,a,.), n:l,?,...,vN

72720, Optid, ZoTidinf F7/2i3 sup XL T3,
R B~ESDIE, TR s, € S icad BR9E (P) OREME un(s1) & vn(s1) = S, ma(5m, @) +
k(N7 EWBAITH T, € AnGr) (n=1,2,...,N) &, KRB ST €T(5,@) (n=1,2,...,N-1) T
H5. ‘

*The author is very grateful to Professor K.Tanaka of Niigata University and Professor T.Tanaka of Hirosaki Uni-
versity for their useful suggestions and encouragement on this research.
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ZIZT n=12,..., N+ 1iZ8HUT, fNonp1:5. — R, %,

fN—n+1(5n) = inf Tn(sn,an)+ Opt fN—n(sn+1) , Sn € Sy, ‘n: L2,...,N
an€An(sn) . $n41€Tn(sn,a0) .
fo(sne1) = k(sn+1), Sn+1 € Sn4i

ET 5L, fN(Sl) =.vN(31), Vs, € S %&Hilcd. £oT fN—n+l%v (N -n++ 1) B O BB ERAE & VR 3L

COETFNTI, BrniBitBT, REs, TRE a, 2:83E, RO sp 11388 T.(sn, an) DFD
SREBLIEIZNS.

CORE DA TRENLELDIIZDHH-T, Thid, BREEERLAFNICTIHDLE, BEEELR LA
FicTsb0ThAH. wiHER HMAE, REEVRBERNLLETHD (BETF Opt = inf), BREII,
FZIL, ¥ — LDOMEIZIE S (BT Opt = sup).

AHETIE, BBET Opt H4FHC infOBPRISOVTEET 5.

2 BBT Opt M inf DEFDERE

Z T}, BlF Opt AV inf DR D, Fo@fERARS & R@1TE, RZERBOINEEEKT 5.
(N —n+1) BROBEHEBMOBEFRALBIILL T, ROLHICEL.

PN = inf {r<z,y)+ﬂ inf (s )},zex,feﬁi

A(z) 2€T(z,y)
L, Sn = X; Sp — X, Sn+1 = Z; Sn41 = 2, An = Y; An(sn) = A(:It), an = Y, Tn = T, fN—n = fy

~fNent1 = ¢(f)éﬂ € (g{, 1]. ,
72, ¢* Ry >R, #KROLIICEHT S, feR] IKHLT,

FOE@= e () + el @)+ ()

. 0 yeA(r);
722, bas =
OV oo yg dG),

[GrT(z, N* = {(y*,2") €Y" x Z*{y,y") + (2,2*) 2 0, ¥(y,2) € GrT(z, )},

[r(z, ) + 8a@)]" (") = sup{(y,y*) = [r(2,9) + ba)(W]} = sup {{y,v") —r(z,y)},
yey yEA(x)

O1 ) =suplle =) - 85 = s { (2 5 ) - 2 = o5 (5) <55,

Proposition 2.1 ¢(f)(z) < +o0 D& &,
p(f)(z)+¢"(f)(2) 20
Proof. fEED y € A(z), z € T(z,y), (v*,2") € [GtT(z, )| ic LT,

0

IA

r(z,y) + Bf(2) + ((y,2), (y*, 2*)) — r(2,y) — Bf(2)
r(z,y) + Bf(2) + (v, y*) — r(z,y) — bac) + (2, 2%) — BSf(2)
r(z,y) + Bf(2) + [r(z,) + 64" (¥") + [BFO) (z7)

" EDREFERIZBNT, y e Az), 2 € T(z,y), (v, 2*) € [GrT(z, )]t iICHFT B TRELSZZEICELD, @
Rilrans. : n)

IN
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Theorem 2.1
(9y,0z2) € intGrT(z,-) — [dom r(z, -) N A(z)] x domf
7243, :
(by,0z) € GrT(z, ) — int{[dom r(z, ) N A(z)] x domf}
7351,

¢"(N@) = [r(z,) + 4" (7F) + (BF)" ()
E183 (y*,2%) € [GrT(z, )]t BEHT 5.
Proof. LD, o(f)(z) < 0o. Zh&, Proposition 3.1& D, ¢*(f)(z) > -0 TH5B. b L, ¢*(f)(z)
=+o0 WS, FED (v*,2*) € [GrT(z, )| IS LT [r(=, ) + 0a(2))* (¥*) + (BF)*(z*) = +o0 THBH
5, ¢*(f)(x) < +o0 DEEFREE L. TDEE, o*(f)(z) DEELYD, FEOBAE n e NIIH LT,
[z, )+ bl (43) + (B)"(22) < & (F)(&) + =

E18B (y;,2;) € [GrT (2, )]t BFEETS. 9, D {(3),2:)}2, DERTHSHZ L%ETT.
RELD,
6By x 6Bz C GrT(z,-) — [dom r(z,-) N A(z)] x domf

LIZBIER 6 > 0 BFHETD. LT, HEED (u,0) € By x BicH LT, Su=y,—ys, v =21 — 29 &
78% (y1,21) € [dom r(z, ) N A(z)] x domf, (ys,22) € GrT(z,:) BFHETS. T, £EEDn e NiZxd
LT,

8{((u,v), (w5, 22))

(y1 — y2,9m) + (21 — 22, 27,)
= (yun) + (21, 27) — (¥2,95) — (22, 23)
= (y1,yn) = [r(z,") + 5A(z)](y1) + (21,23) = Bf(21) — (y2,yn) — (22, 25)
+r(z, ) + ba@))(v1) + Bf (1)
[r(z,") + 8a@)]" (W) + [BS1(20) — {(v2, 22), (7, 22))
+[r(z, ") + $a))(n1) + Bf (1)
< (@) + 8a@)]) () + (811 (23) + [r(=, ) + ba@)l(v1) + BF(21)

{lr(z, ) + ba))* (w5) + (BF)Y (z))o%1 13, ARIE o*(f)(z) ISR T ZPCRIITH S0 5, ERXOHLIR
niCBALTHERTHS. LT, —HERUOEELD, {(v,2)}2, TARTHS.

Alaoglu DFEE XD, {(yr,z5)}oL i 3HFATE /X7 FTHBED 5, {(y,,2))}0%, DELFIT, RS
WET B LDONEND. £DHAIINE {(vh,25))}, WREE (y5,z2%) e Y* x 2* ¢T3 L, [GrT(z, )]t i3
Y* x Z* ONSBPLEEATHI0 5, (v*,72°) € [GrT(z, )]t TH5B.

Z2T, Mo ) + bawy)s (Bf) RENERY®, Z* LCABTLBHTHEDT,

IN

[r(z,) + 84" (W) + (BF)' (") < liminf{[r(z,) + ba)]" () + (BF)"(zn1)}

imint { (@) + 7 |

¢"(f)(=)

BIZ, " (f)(2) S [r(z,) + ba@)]" () + (BF)"(FF) RPSNTHEM S, &> TERIRSNL. O

IA
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KIS, p(f)(z)+*(f)(z) =0 BB +THFHBEEZEZD. —RIT, r(z,)) € To(Y), f € To(Z2), A(z) ¥
closed convex set, GrT'(z,-) D% closed convex cone TH Y, »D, Theorem 3.1DRENHILT 5786
i, (@) +¢*(f)(z) = 0 DIRILTB. (cf J-P.Aubin[2)) L v b, o EF+o%HE2ER 5.
ZD72%, @ :dom[r(z,-) + acr)]* x dom(Bf)* — R x 22" 2RO & S ICEHT 5.

| (y*,2") = ([r(z,) + ba))* (v") + (BN (2"), K(y") — =)
7etZl, K(y*) ={z" € Z*|(y*,z*) € [GiT(z,")]*} &F 5.

Theorem 2.2 &L, (—¢(f)(z),0z-) € Im® + (R4 x {02-}) 125,

e(f)@)+ " (f)(z) =0
o,
" (f)(z) =[r(z,) + ba)]"(¥) + (BF)* (")
L3 (g, 77) € [GrT(z, )|t DEHET .
Proof. (—¢(f)(2),02-) € Im® + (R4 x {02-}) £TB&E, (—p(f)(x),02-) € ([r(z,") + ba@))"(¥) +
(BFY(F) K(F) —7) + (F,02-) £33 (57, 77) € dom[r(z, ) + ba())” x dom(Bf)" HFHESTS. “h&
D, —p(f)(2) =[r(z,) + 8a@) @) + (Bf) (z%), (¥,7%) € [GiT(z, )]*. BT,
0 = o(f)e) +[r(z,) +éa)) &) + (BF) ) +7
> p(f)z)+ e (f)(z) 20

LT, EEIIRINK. 0
INnEH, ROYRIN5.

Corollary 2.1 % n #4123 T Theorem 3.2DFEHNRIL LT B4 51T,

fN—n+1(Sn) = - {[1‘"(8",‘) + 6.4,.(:,.)]‘(@3) + [ﬂfN-ﬂ]*(.z_:t)}

W19 (v5,2%) € (GrTn(sn, ) |Y OSEET 5.
T SIC, fNont1(Sn) = Tn(8n,@n) + BIN-n(Gny1) ZW729T, € An(54),5n71 € Tn(sn, @) DELET S
75,
(@, 5071), (05, 73)) = (@, U5) + (Fag1,25) = 0
DEALT 5.

Proof. %®Dui¥i3, Theorem 3.2LVHALHTHS.
p(f)(z) = r(2,7) + Bf(2), " (f)z) = [r(z,) + ba))" (¥7) + (BF)* (%)
(7.7) € GrT(z, ), (y*,z%) € [GIT(z, )]t &T5<&,

0 = @(f)(=)+¢" (F)z)
= r(2,9) + Bf(@) +[r(z,) + a@)]"(¥7) + (BF)" (%)
> r(z,9)+B8f3)+ @.Y) - (.9 + (z.77) - Bf(?)
= (3.¥7)+(7,7)
= (@72, 7))
>0



£-T, mEhik.
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]

Wic, BETTEEREIC L bOEERS. JOLSORELIE(Q) 1k, THHRE s, € XITHLT,.

RDODEHIIZERS.
oQ
@ , inf 3 B*7Ir(sn,an)
RN A
n € A(sn), n=12,...
subject to {a (30), n
Sn+1 € T(sn,an), n=1,2,...
erZL,

X : JRREZEMT, Banach ZZf.

Y : REZEMT, Banach ZM.

A: X -2V TJREREESETR.

r: X xY — Ry {8KBE%.

T: X xY —2X #EHBRELELETR.
B:B5IRFO0<f<])

E95. ZOMRBE(Q) TS, MMREs € XOLZORBMEE vo(s1) £T 5.
Theorem 2.3 f£EED n =1,2,.. . 12 LT, ¢*(0) ¥, Theorem 3.20KEAEHMIicT LT 3.

SoLE, {yrh () PFELT,

Veo(S1) = nlingcfn(sl)

BEOLT 5. 12720, fo € Ry RO & S ICBRGICHERS W BHMTH 5.

fo=0, fapi(e) = = {lr(z,") + ba))* (W) + [BFa]* (z5)}

Proof. BAGDIZ, limp_ oo fr(2) = voo(z) DRILT B. ZTHiZ, Theorem 3.2%BATIHIILD, &

BiIrzhs.

e, BX)={feRY|fRXORRBEELTHR)} £T5LE, KHNZSB.

Theorem 2.4 ¢ : B(X) — B(X)»D, £&ED z € X IZ¥LT,
llzll < ll=li, Vz € T(=,y), Yy € A(=)
DBILLTNBEETS. ISIZfo=0, fapr S e(fa) £ET5E,
Tim om0 = gl = 0
BRI B, 7272, f,g € B(X) it LT,

Ilf = gl = sup |f(z) - g(=)],
z€kB

T TR+ - gl

k=1
TH3.

Proof. %79, (B(X),||leo) #¥Banach ZiZia 5 &3, L<AMSNTW35.

]
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T, z€kBET B E, :
' lo(f)(z) — e(9) (@) < BIIf — gl

 THBIEN, HBWERBIHIDONE. Zhkb,

lle(£) = 2(9)llo < BIIS = gllo

E733. 0<B<1THBHD5, Banach-Picard DEHIZL YD, o(f) = fAEMIT f € B(X) DFET 3.
ZZT, f() =0, fn+1 = ‘P(fn) ETBHEE,

1fas1 = flleo lle(fa) = e(flleo)
Bllfn = fllo

< < BMYIfo = fllo

IN

E-T
Jim 1fo — flleo =0
wWZiZ
Jim () = f(2)
m]
BEBR
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