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2INTA— I RBEELIZHNTIEEEORER
EEBEHIAEAZRESHEARH SR FLAISER Bk

1 [FL®HIC

BOB(F LRIEOTAE S (prophet) DARFN LT, #FHE Efsup, X (n)] & BOEIE sup.m 9y B[ X (T)]
DEDRERDZ L THY, EELEMEICXNTE1IOD Ry 7 Tho.

RTE DHFFEIZER2FRE RBEIRB AR Lo LA Y —OMSRIE L, #EORBEIZ
BEDEROLIMKTFTIELRAUNOLEZANEZEBHKREZ T LA Y—DEHBEL»RT L

REns. B,
sup E[X (I')] < Elsup X (n)]
T n
IXEIZARILT 5. Krengel & Sucheston [10] 73, amart (ZBJ# LT Zh & DEDOK OB 2 HE
LIZZ EBRBPIDHRL ENTND., D%, BRIBEBOW TR EDIEDNB NS 2RIZE L
TELDODHFENREINTVD (B 2.13,[5],(6],(7],[8].[9])-

UTTH, EROBBEFILFEL 1 35 A -SSR L LR L 645, 135 A— 2Bl
FIERBEOREE OFEROEE L 25 b OITLL O ((6], [8],(10]) & ZE DA ([7),[8]) T 5.

TE 1.1 ( [6], [8],(10] ) {X(n)} ZIAM, M LRRBRLTE. ZDL i,
Efsup X (n)] < 2sup E[X(T)]
n T

BRI L, E¥ 2 1%
E[sup, X(n)] _

=2
{X(n)} Supr E[X(T)]

FV O BRICBVWTRATHS.

EE 1.2 ([7], [8] ) {X(n)} 2K [0,1] 1% & BMIRBRBERL TS, 0L %,

Blsup X (n)] - sup BIX(T)] <
n T

PR L, T 1

sup (E[sup X (n)] —sup E[X(T)]) =
{X(n)} n T

LWV EBERICBWTERRTHS.
EE 1.3 ([6]) {X(n),n=1,2,...,k} ZFAE ARPMOBEEEB LTS, DL x,
Elsup X (n)] < ksup E[X(T)]
n T

1
1

MRRSIL, ¥ k13
Elsup, X (n)]

su =k
(X} Spp B[X (T)]

ENHEBRIZBWTERBTHS.

2 RUEBHEIAEEE b OMPBRIC T AR BEEILME CIT T2 /35 A — & B (- R5E -
£5) R LT, HEEDASRK LM LA EME TS, 2T, 2/99 A —F Bifs - BEE
(B %13,[2],[11],[12],[13],[14],[15]) i2BE4 A HEEE OAREX, %2, OISV TRR B,

Krengel & Sucheston(11, pp.225-226] Ti¥, —#& D d /3T A — 7 BEE1-R8E, > ¥ v, d RTH
MEEEL b HOBEBHR I T 3 REE LRBEORMESR T, BIRHRK, A d/ S5 A — X ESRE
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BT IRBEELMEOHEEZFORERICTHOVWTER L, ERYIMERIBRIZY LTI, T8 1.1
RS TATRERIIRIZI LAY, 20, EE 1.1ICBIT3 L5 B2 ERIZIFEELLVLI L
MWRENTWS., ZIZTiE, BESIN-AMRPBIZBNT, €F 1.1 LER 1.3 8T 5 R%ER
EEBMRERERDITAZEAEMETS. BL, ARHMEREBR2EZX 5710, ZDOHEH
REBIIREEROMICKEST D ERE 5.

T, M RETHHRERIT, EE 1.1 EER 1.3 LR, FEAME, MR 2,35 A — FEHe
MR ERLYEZD.

2 2N\TA-— Q&ﬁﬁltf"lﬂﬁ (2D

N() %#ﬁ&&wéﬁimﬁ N() XNo t L, NO iz 51@(@#"@?%%“6 s = (31,82) t=
(t1,t2) € N2 T LT, 8 < t1 ﬁxo S <ty DLE st LTEDS,

¥7, s At:= (31/\t1,32/\t2) |s] := 81+ s2,0:=(0,0),e1 := (1,0),e2 := (0,1) LED 3.

(Q,F,P) 2 ZHEELEME T 2. {F,t € N}} % filtration &5 : REWI-T F OB 0-%
BHROETH S,

e Fold FOTRTOERES Y ST,
e s<t2biX F, C F.

EM 21 (1)T:Q > N EBEDte N} ZHLT, {T<t)eF 2T, T %
stopping point & X 5.

(2) stopping pomt DFY {o(n),n > 0} LHEEREEK 7:Q o> Ny O# ({o(n),n > 0},7) BK%
Wt Lx, ZOME tactic & X5
e 0(0) =0 P-a.c.
e o(n+1) €d(o(n)) P-a.e., Vn.
o o(n+1): Fy(n-measurable, Vn.
e 7:{Fyn),n > 0}-stopping time.

BL,d(s):={t|t>s,]t—s| =1}, Form):={A€F | An{o(n) =t} € F, Vt}.

(3) stopping point T IZ% LT, T =o(r) P-a.e. £725 tactic ({o(n)},7) BFEETZ L%, T
IX accessible TH B & L5, F T D accessible stopping point DEES % A TRIT LT 3.

accessible stopping point (ZBIL T, ROBELFERNBDON TS

EE 2.1 {F,t € N2} BREHBIMEZBET LTS  E8BD st ¢ Ng,c € F.,D e F ikt
LT,

P(CND | Fsat) = P(C | Fsnt)P(D | Fsps).
ZDE X, T XTD stopping point I3 accessible T 5.
{Ft,t € NG} B eRERIBRE {X(t),t € N} D OAERINBEY o-EEEDETHD L X,
AT IS AT
FERBRE {X(1),t € NZ} ozt LT,

E[X(T")] = sup E[X(T)]
TeA

L7223 T RO, Bl E[X(T*)) 88T 5 2 &, 1213,
E[X(c*(t*))] = sup E[X(o(7))]

({o(n}},7)
L3 ((0"(m),77) &R0, R BIX(7" ()] R WM B 2 L5285 4 — 5 BAHLL
ue N2 FEEL, [:={tc NZ:t<u} L3<. UFTREC, BNEKOZME I (HIRN
M) & L %*@E@H@Fﬁi&@stoppmg point OEIKIT T |Z *'JEELT_B@E%X.ZS
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BRI OB S 1L, BHAYEHET7ED backward induction 12 & - THEIFT B 2 & N TX 5.
EE 2.2 {X(t),teI} izx LT, KR TEBE SN IHERERE {Z(t),t e I} % Snell F1& L 5.

Z(t) := esssup E[X(T)|F].
T>t,TeA

{(X(t),t eI} ML T, BRIER (W(t),t eI} 2RXNTEET 5.
o W(u) := X (u).
es<udl,s+ellHLT W(s+e) BEBINTND L X,

W(s) := max {X(s), max E[W(s+ e,-)[}"s]}

EBL<.

CDLE, EBDte I TR LT, Z(t) =W(t) THBHZ ERMBATVS. £7=, stopping point
DI {T(t),t € I} ERXTEHT 5.

o T'(u) :=u.
es<ull,s+4+ell0LTT(s+e) BEBESNTVS L &,

T(s) = {ffr(p(s)) mD TR
BL, D(s) 1% E[W (s + e;)|Fs] = max; E[W (s + ¢;)|F,] £725 s+ex 28T
IoELE, T)2t,T(t) €A THB.
T 2.2 ([2] ) EED stopping point T(> t,€ A) IZHL T, Z(t) = E[X(T(t))|F) > E[X (T)|F)

DSRRILT B, #FIZ, {EED stopping point T(> o,€ A) IZF LT, E[Z(0)] = E[X(T(0))] >
E[X(T)] D3RILL, T(o) 2SR 72 stopping point, E[Z(0)] B EEIETH 5.

3 REFOFHFR : EAHE, BIDPS
3.1 MENMBEERREICHTIFER

ER 3.1 ([11]) {X (1)t € NG} &AM, MU L2HBBREL TS, FF = o(X(s), t+(1, 1) £ s),
Firi=0(X(s),s1 £ 1) IR >TEHSG o-EEEKDIK {FfLt} {Frt) 2D B, {F,t} (2B
DI T D stopping point DEEE A*, {F* t} (BT IFT_RTH stopping point DES % A**
ETD ZoLE RAMBRITS.

Efsup X(t)] <2 sup E[X(T)] <2 sup E[X(T)].
t TeAr TeA*
TR, VI{X(2),t}] 3mRiBR {X(2),t} 2345 Rl L REOREME Y, V i3 max 2%

TETH. F, EXDNIHRER (Q,F, P) bz, 5X b HEARE RRESS) &i3my
(7R DHERERFIPEREKD LRETS.
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3.2 #4771

n>2&3 5. ZOETIE, {t:|t| <n} EREIEROZEME L, EAMHE, M 2BERGE {X(2)}
BE DS AR HEES b AHEEER S, | , o
vi(i=0,1,...,n) # |t|j=n LB & ) L35 V= V[{X({' - e), X(v'), X(v")}]
& Lapi(izosla“wn— 1) E
VO Vl Vn—l

0<pi<l, —<-—<--<
Po Y4l Pn-1

BT ET B, Ly(i =0,1,...,n — 1) iX VIS, {X (1), |t < n—2} &b, P(Ly,

‘—/1) =p;=1- P(Lpl. = 0) AW THRERETS. N = max;—12 V[{X(t),t > et < n}] &

Di

<.

AR 3.1 KAWL T 5.

A=V{A(t=0),X®)(0 <[t <n)} =V[{At=10),X(#)(0 < [t| <n~2),Lp(0<i<n—-1)}
MM 3.2 KREB=T pi(i=0,1,...,n—1) DIEETS.

EDVvX@)(0< ] €£n—-2)VL,(0<i<n—1)]

> EPVvX@®)0<|t|<n=-1)VX@)0<i<n-1)),
EDVX#)(0<|t| <n—-2)VL,(0<i<n-—1)]

> EDVXt)0<tj<n-1)VX@@TH0<i<n~1)].

M 3.3

_ ElvX(®)(0 < |t £ n)]
R({X(1)(0 < It <n)}) := SOl

L. ZoLE, KRXEHB-T pi(1=0,1,...,n - 1) BFETD.
R({X®)(0 < <n)}) < R({At=0), X0 <t Sn=2),Lp(0<i <n=1)}) +1.
FEHE 3.2 KM T S.

Efsup X (t)] < (n+ 2) sup E[X(T)].
t TeA

Ehiz, n+21%
Efsup, X (t)]

su
(x(5y supr E[X (T)]
LWHAEBRICBWTERERTHS.

=n+2

3.3 #2472

ZOEERETIL, T #FREROZEME U, IEAME, M2 HERER (X))} REL>HRAH
FEEZLOBEEEZD. BELZ u=(u,u2) 1T u1 2 up LIRETS.
BRE f(uy < €< |ul) I LT, v (i =0,1,...,k) Z |t| =€ L7258 LT 5.

VO = V{X(° - e1), X(v°)}],
Vii=V{X (0 —e1), X(v'), X (v 1)},
VAL = V{X (v* = e3), X (vF)}]
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EBL. pi(i=0,1,...,k+1) IZ
VO Vl ‘/k+1
0<pi<l, —<—<---<
Po Y41 Pk+1
BT LT D Ly (i =0,1,... .k + 1) 1T BVIZHST, {X(2),]t] < €-1} & bMsr, P(L, =
‘;t) =pi =1~ P(Ly, =0) 27 THEEHLTS. X i=maxim12 V{X(t),t > et € I} &
<.
I 3.4 KA T B,
A=V[{At=0),Xt)0<[t| <O} =V[{A(t=0),X)(0< [t| <£—-2),L,(0<i<k+1)}].
il 3.5 RAEZW~T p;(i=0,1,...,k+1) BEETS.
E[)\VX(t (0<[t| <€—=2)VLp(0<i<k+1)]
> EMVX()(0< |t <]+ E[X (),
EDVX(@)(0<|t]<€-2)VL,(0<i<k+1))
> EMXVX()(0< [t €6)]+ E[X (W)

#H 3.6
ENX(t)(t e 1,|t| < 0)]

V{X(t),t e I,t| < £}]
LB ZDEE, RAEWZT pi(i =0,1,...,k+ 1) BEETS.
R{X(t),te L|t| < }] < R{{AMt=10),X()(0 < |t £ £~2), Ly (i=0,1,...,k + 1)}].

RU{X(t),t € It < 6] :=

34 #4773
BRE f(ug <€<up) IRLT,vi(i=0,1,...,k) & |t|=¢ LR BELETS.
Ve *V[{X(v -e1), X(v °)}],

Vi= VX (! ~er), X (1), X (')}
EBL. pi(i=0,1,...,k) X
0<pi<1, —D<Kl—<---<v—’c
po P Pk
WY LT D, Lp, (1 =0,1,...,k) 1T EVIZHIL, {X(¢),t| < -2} &bz, P(L, = ‘;~) =
pi=1=P(L,, =0) %ﬁﬁt’é‘ﬁﬁ#%&kéﬁ"é Ai=maxi— 2 V{X(t),t > et € |t < €}] &

BL.
MM 3.7 KABKSLT 5.
A=V[{At=0), X()(0 < [t] < OH = VI{A(t=0), X(£)(0 < |t]| < £—2),L,,(0 < i < k)}].
MM 3.8 RAEWMT pi(6 =0,1,...,k) BTFEET 3.
[AVX(t)(O< [t| <€-2)VL,(i=0,1,...,k)]
> EAVX(t)(0< |t <0).

f4RR 3.9
EvX(t)(t e 1,|t| £ 0)]

V{X(t),t e It| < €3]
B, ZoLE, RAXEWT pi(i =0,1,...,k) BEETS.
R{X(t),t € I,|t| < €}] < R[{A(t = 0), X(t)(0 < [t| < £—2),Lp,(i =0,1,...,k)}].

R{X(t),t € I,|t| < €}]:=
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3.5 HEHMERRARBIZHTIAEEOTAER
T 3.3 KNI TS.

Elsup X (t)] < (min{u,us} + 2) sup E[X(T)].
t TeA

X 512, min{ug,ug} + 2 1%

su E[sup, X (t)]
(x(t)} supr E[X(T)]

LW EBHRIIBWTEBRTHA.

= min{u;,us} + 2

4 HEEOFEN : ERMEDHSE
IOBET, T ¥FMEMOEME L, FRIEORRBE (X (1) 252 5.

T8 4.1 RABKILTD.

Efsup X ()] < (1 + u1)(1 + ug) sup E[X(T))].
t TeA

OIS, (1T4+uw)(l +u) X

E[sup, X (t)]
&‘?B} supr E[X(T)]

VO BRIZEWTERTHS.

= (1 +U1)(1 + u2)
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