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1 FriR - REREEASU

RD—RX7t random walk {B:}t=0,1,2,... (Bo = 0) X 3. fHEDHNIHMEERE
T5.

By=) Y. (1.1)
n=1
CZTt=0,1,2,--- IEEBEA, {Ynlno1z,.. BREIZEZE (1Lid.) KHEREY,
P(Yn=1)=P(Yn=——1)=-;—, n=1,2,-- (1.2)

ZRET B.
DL EHMBFPBRARNIIRDOEK S ICdRE5N S (Fujita [3], Fujita and Kawanishi [4]).

Theorem 1 (Fujita and Kawanishi [4]) Suppose f is continuous on R, then we have
f(B:+1) - f(B:—1) f(Bt+1) —2f(B:) + f(B: — 1)
2 Yipn + ) .

Furthermore, if f is continuous on R x IN, then we have

f(Be+1,t+1) — f(By —1,t+1)Y
5 t+1

+f(Bt+1,t+1)—2f(Bt,t+1)+f(Bt—1,t+1)
2

f(Bt+1) - f(Bt) =

f(Bi+1,t +1) — f(By,t) =

+ f(Be,t +1) — f(By, ).
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FEHICBNT f RS TULEEHTHIDRER AV L2 EELTEL.
FRERINZ XS, HBFBRARIIENRLOTHS. LTFTREDOWVL OIDSEHE
EEZ TV

2 Esscher Zia
REREEBICBOTE L SN TV B Esscher #ut

0B
E[efB:]
T®H%. {Zt}t=0,1,2,.. »® martingale 2753 L%, BBFRARXERAOTHRICRT C
EHNTES.

E[e®¥"] = cosh§ DT

Zy = (6 € R)

89:):
flat) = (cosh 6)t

LB, EE 1 OBTRIEBVT, HABTHEUFERZC L, DD
Sf@H+ Lt +1) =20t + 1)+ (@ =Lt + D} + (@t +1) - f(z,8) = 0

ZHENDD. Thik

1 ef(z+1) _ 9¢bz | £b(z—1) + e®®(1 — coshf) 0
(cosh@)t+1 2 (cosh @)t+1

KOHEENMNCHKIITS. CoL X

Bi+1,t+1)— f(By —1,t + 1
f(Bt+1,t+1)_f(Bt,t)=f( - ha )2f( : * )Yt+1

BDT {Z}1=0,1,2,... i& martingale TH 3.

3 BERFIHRIE

C T TIEr&BR {Xi} o012 %, ROBEEFERIBIZICHRES LIRET 3.

Xt+1 —Xt =,u(Xt,t,ut) +0'(Xt,t,’ut)(Bt+1 —Bt), t =O,1,2,"- . (31)

TelEL p, 0 iZ5XDNIERBIRET 5. 7 {udiors.. REEERLL, BELT
VWBETB. TOLERDEBFBLARAEK D IO,
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Proposition 2 Suppose f is continuous on R, then we have

Xe+u+o)—f(Xe+ue—o
f(Xt+1) _ f(Xt) — f( t Ht t) 5 f( t Ht t)n+1
+ f(Xe + pe) — f(Xe) (3.2)
+ (Xt + pe + o) = 2f( Xt + pe) + F( Xy + pe — 02)
2 ’
where the use of abbreviations y; := pu(Xy,t,u:), o := o(Xt,t,u;) are made. Fur-
thermore, if f is continuous on R x IN, then we have

Xe+pus+op,t+1)— f( Xe+pe — o, t+1
f(Xt+1at+1)—f(Xt,t)=f( . )Qf( R )Yt+1

N F(Xe+pe+op,t+1) —2f( Xy + pe,t + 1) + f(Xe + pe — o, 8+ 1)

2
+ (f(Xe, t +1) = f(Xt, ).

(3.3)
UTFTRRDEEEFS.

Lx f(Xe,t) = f(Xe +pe,t +1) — f( X, t +1)
n f(Xt+/1t+Ut,t+1)—Qf(Xt+ut,t+l)+f(Xt+/Jg—O't,t-l—l)

2
+ f(Xe, t + 1) — f(Xe,0).
RETORIBIRIXDORELRETH 5.
V(z,t) := sup J(z,t,u), (3.4)

ut}

bS5, V(z,t) BERT 5 &5 BHEES {uimoir.. DRFMOIEERT. 27
L,EDT e N LT

T-1
J(@,t,us) = B2 S Ur(Xi, by ui) + Us(Xr, T) | Xe = 2],
k=t

£9%. TTT U, U, 3HAMBTSH Y, B X, CBIL THAEM, »hDOMTHB L
35,

FERIERDOEHE, §70b H5EE# Hamilton-Jacobi-Bellman (d-HIB) 5123 [5] TH 5.
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Theorem 3 (d-HJB equation) We have for t = 0,1,--- ,T

sup{L%V (z,t) + Ur(z,t,us)} =
{ue}

’

sups V(z + pg, t +1) = V(z,t + 1)

{us}
4 V(c+p +op,t+1)—2V(z + pe, t + 1) + V(e + pe — op, t + 1)
2
+V(z,t+1) = V(z,t) + Ul(:v,t,ut)} =0
V(.’Z:,T) = UZ(wyT)a

(3.5)

where we have put
pe o= w( Xy, t,uy), or = o(Xy, t,ug).
WhHKp 3B verification theorem & RIIT 5. FERDOIZBRTHL.
Theorem 4 Let W (z,t) solves the discrete Hamilton-Jacobi-Bellman equation (3.5):
{suli{,C"}‘(W(x, t) + Ui(z,t,u)} =0,
t W(z,T) = Us(z,T).

Then we have
Wz, t) > J(z,t,us), (3.6)

foreveryz € R,t=0,1,2,--- ,T and adapted {u;}. Furthermore, if for every r € R,
t=0,1,2,---,T there exists a {u}} € A with

uj € argsup(LLW (k, X7) + Uy (2, X7, ux)),
{ye}

for every t < k < T, where X} is the controlled process corresponding to u} through

(3.1), then we obtain
W(x,t) =V(z,t) = J(z,t,u).

4 H
d-HIB HFRRDOMIEHIE5X 5.
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Example 5 (3.1) BT u=0& L, ED o IKMLT o(X,t,u) =ocuX &3 3%. %
MBI U1 =0BKT U, =z LT3 TDOLE, d-HIB AR (3.5) EXRDES I
%%,

{V((l +ouy)z,t+1) —2V(z,t +1) + V((1 — oup)z,t + 1)

sup
{ue} 2
+V@¢+n—vu@}=o (4.1)
ROEORBELET .
V(z,t) = g(t)\/:E (4.2)

721U g(T) = 1. (4.2) % (4.1) IKRATHUS

sup {g(t +1) vildouls s VL= oue 9t} =0

Z185.
CORBECLHERIE TS BRI REEES v, =0, £->Tgt) =1 BXT
Viz,t) =z &£%&5%.

Example 6 (3.1) iCBNT pu(X,t,u) =u D o(X,t,u) =ou, Lo >1 LT 5.
SARBEEDH LR U =0 BLUT U, =1 £93. &oT d-HIB AER (3.5)
3IRE%B.

sup ¢ V(z +ugt+1)—V(z, t+ 1)+

{us}eA
V(z+us +oug,t+1) —2V(z +ug, t + 1) + V(x + up — oug, t + 1)
2 (4.3)
+V@¢+1%44@ﬂ}=0
V(z,T) = Vz.
RO DIRZRT .
V(z,t) =g(t)Vz (4.4)

712U g(T) = 1. (4.4) % (4.3) CRATIE

sup {g(t+1) VT + (1 + o)ue ; VT —(o—1)u, —g(t)\/:?} —0
{uc}eA




135

%% CORBERBLM LA TES. BALEZDIE, HIEEHD

2
o2 -1

DEETHB. (4.5) & (4.3) IKHERATHIE

0= (Ve Ve

2185, MIETB V(z,t) bROBCLHNTED.

x (4.5)

Ut =

5 HLEWIC
RPN E EDIEAIIC DN TER L. HOHIHE random walk &L Tx.
LHEAAHRIITIEETH B, e 2T

P(Y, = a) = p, P(Y,=-b)=1-p.
L ab>0BLKU 0<p<1 &T5. COL 2WMRPEARIZ
f(Bt+a) - f(B: — b)

f(Bi+1) — f(By) = > Yi1
N bf(B:+a) — (a+ b)f(B;) + af(B; — b)
a+b

L%%.
MBPRANIRAHERERIC BV TEARNTH S 1o, T T TR & ISH
PIEEXLND. ThLITDWVTIIRIOKEEITHRAZL.
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