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[ (AR O BT RELC 351F 2 B 5 [ OBERULIC B\ T, BRI 2 ZETIE D 3 HIIFY
MREICBWT H MR e 2D, EAMIC Newton 15D & 5 RIEMIE R EFT BT L
OANZ MERHEFEE LTHOSLNS ZENRZ V. —F, BRETIRERE L ERTENGFLET S
73, JERERIE Tl BRI ER e k5. ZodEsE R LT, KERIEEH
W3, ML USRS BRER 2 M E B, S E U 2BEIRDRT v I THE IS &5 2T
BOHVSNE. 20 kD REMIERE, BB XD IERBEICER L CGGHEMELT 22225 5.
B L Cld, —ICH URBIZIAZRGE L75E, BREEDIEMIE X D BRI NI W I 2 2 S
NTW3 [1]. AT, BRETOANX NRBREEZREAL LREE? 2 E X 5.

EARE OB Z HEHR X 2 2, N7 MUGICHT 2 ZEHRER & LTl Xz
THY, —RITEROBIEFRESNET 22 b, £, MY OBIELEE N EE
WIS 227 =7 VBUC K DI 2 Z e A TE 5. B AoMEICEVWTE. KEEFEOGEE
KT PHEREWOGIEERT S HIIH LT, TRPNERZEMEIFBEELET 2 Z M5
NTW3 2] FRCHMIEMmMIEMRNC LTI, P S BOEE X DS ERERS. 2ok
S MEICHREEEH T 2 e, FEZIAE P BERELEEY LTERET L2 hdH, X
MREBIEREERTHD, FEEBIH L TUREBEI/NSVRRZIAZ WS 22 2423 [3]. [
B, HINE AMZER %% L7 Mindlin #R O BB GRE L EH LSS, T8 AMER ISR
T3 IR R E S BERENE 2B L, FEARERTH 2 MFPE I L Cldal/ N RFR% 4 % 3%
ETDHILrind [4].

O &S REEICH LT, EEFIIRANARESRRCES SRR HENEZHRE L2 [3].
ZOFETIE, BREEALE LUBHEFERM AR UTEAL, HBEM = MBI 3 2 R
DB ERIIR L 72702 ) R L EMT 2. RIEEEINECEER IOV THEREEA T
E, EREEESHEOCERIIC OV TIEMRE, Thlhce LBk LTET 2d 0 iz
. Ziuc kb, BHEISH L CEYIRREER A% R E Lo oREREE R L FEIE oI 5.
AREFFETIE, T OFEE A R EBICHEFRTREZ T L WIS OFlA L LTS 5.

2 SEEIRMREY

FMEO AR ESEA e LTl 3 2. —MIEEN v &S T 2 —BILEE v B
X OREHNC RIS 2 ZTEE — FICHIGS 2 —M(bin ) S 2 Z# e LT, XEAEXZUTO K
IITHRT.
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iz —ALEH S 1B T 2D 2 EMN» HRDZEHTHZ. ZorvE, Cu)+Cu)
IO IS DOEEAREZoN2bDL T 5.

o k3 wER bz ARERICH LT, Rattle 3% [5] 2Lk L TS & Wz 2 BEAIRRIFE D (3] %
WHT 2, FHELAERL LT2R7 =YD 70TV XLBRDESIELNS.
(27— 1]

1 n+1 _ n _ ~
,Un+§ = u u , i_1\4- ’Un+7 —v" | = DeC(u”) + Desl
At At @)
§ = {ew) + o) - A B on)

17 2

[(RT7—2]
2 1 _ S . At -

e n+1 _ n+ — n+1 _ - n n+1 = n+1
oM ('v v z> D.CW™) + D.Sy, 8> =3 {C(u )+ C(u )} 5 Cmth)

(3)
ZZT, BflEa, n+1ZERFREZ Y, "L ICBI A MERZRT. £z, At =ttt
RIS, 0" ATy TY ndl RFy TORHOBANCET 5 —RLRETH S, 27—
1T, n+1RAT7Ty FIBIZRILENE, AF7—I2TlEn+1 27y FITBIT 23—l
ERRELTWS. T2, ZORMEDE, BINCEHIT 22T — Mo USSR LE 7227
%, 2RO OWTIIGHETH % Verlet & L THAET 5 [4].

3 BRI

WIEMEHIEA DG A, EhE—RILE)) & UTATFELEMA T 2 &, REEFICN U CRafgk
Y UCHERE L, BUEZE 2 LI A F A LT OISR RETH 2 S PHETHRESN S 2 b
5m.it,%#mﬁiﬁﬂ%%mfx%—y1mﬁm10“%tuﬂlé,x%—92m£mf
v RHET 2, EAVHBEOADEN 1 ARG SNE. oL 2oFREITINEROF
BREZZR M ¥ R BRI TH & 72 % .

HAME AWIZETE %% &3 % Mindlin IROMEOHETIE, HIMEAMISH % —BALEINGERZ
T, [EREHEEOEOCENE AMETVICN L TREL 35, Zor %, REFEICBT 2 ERK
X AL, DEEEE T 2P ETLOEHEE THRES NS [4].
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1 MECER
e F#23K (IR SDE i)

t d t ,
X(t,x0) = g +/0 Vo (X (s,0)) ds + Z/o Vi (X (s,0)) 0 dB*(s) (1)

TERSNAILHCERE X(t,20) & f : RN — RICH UHAIRHE E[f (X(t,20))] ZEIEMITKD
%Zr% SDE (1) OFBaMMEE WS, 22 Tag € RN, Vo, Vi,...,Va € CFRY;RY) & L.
(BY(s),...,BYs)) & d RITAEHE T 5 7 ViEE %, odBi(s) 3R M T M By FRSERT,

2 BBty

S RIEH ST T B MM TFIRE, FERRITR L MO RRC £ 3 Bkl ns (112
M), AHSEHECHT 200 Th, HRRITFELIZ. KE[0,T) 0N 0=ty < <t, =
T#BZ, {X(t0)bocrar & HEECENT SHELHIN { X (,00)) MR (I
t) L. E[f (X(t,20)] % E [f (Xm)(t,xo)ﬂ CEDEMT 25D TH B, T BIEMEE
EIf (X(t,x0))) — B[ £ (X0 (¢,0)) ] | 25, MEM(EAGE L PHENS S 0T 50 WL
DA —K—THZONZ L E, ZOMHILE p ROBHILTH 2 LI, p>2TH2 k5 K
(L% BRHEIL TR L IR, [ECHIBRTWA A 5 — « JUlkIE 1 ROBEKILEETH 2, 1
M (113, 2X0E7 5w VB TERBI S h 3 Mo SDE o5 SXEEIL OV A% T LTz =
DRHEAIE= ) 7 AT L HH Y —RER S S OT, MIBEM. 53 4 —F— %2 L
DF¥ 2 —NF ¥ —ELMIN S, BREEILTFEZH VWS Z T, MBELZ—ERINZ 2 7-DIT0E
m%ﬁﬁn%ﬁ5b\%@%ﬁ%i@?@EU(ﬂm@nw}%ﬁﬁ?%t@@ﬁﬁ%%ﬁ%?:
LB TES (5,8, 4, 6

—HUCRERHMIFIE ST D0, WEHOE LY SRR { X (t,w0)} wEHOER
LSRRI S 2 DR A TR T 3 00 238D O ESE 2 b5, BEEHEEERCHRT 2
B eI MR 2R { X (t,0) | DB OBH S EE n 1B L CHRE AT 3 =
v BRI Y 72 5, !

3 BERAIEZE

BRGNS [3] 13 2 omEmkEtELz 5 2 2 BERERHIE 2 S XL o E 2R o 72 £ £, KD
NS RBOHEBFERAEICEI T2 FETDH 5, FrAn 7DER [10] 12X D Z ORREHDIFTE
DPRFEE N D, [3] TliE. Bt TOELRERZR X (1, 20) DA%, MHES (patch) L IZ
N3P DA ORI, BRSO _RICRAT b S 2RI U TR AR % A
T2 Eo T, HERULDREE 2R o 7 % X MIERZEIN OB DIEEHEE R 2P < Z & D3SAJREZR
T MLz, MEEZ [T ICBVT, 2K 3XROMRELELI 7 V3V X 4 [8, 9] % BEAERZ R %

i=0,1,...,

AAISHEEER 2024 4E 2 H#IHTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A AR



HWTHRET 2581, BRERIEENENTH 25801 D 5 2 L 2BENITR Lz, £ 2 ORR
o, EEHFRLU T, ELEREDEFHNENT 5 2 e BRI,
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AEE T, (3] OFE b L ICHER AR L. AR AR SWERDO 7 13 ) X LEHRL,
Z ORIEEBZR T & IS Vo ..., Va I UFG &IF LR B [UEDAE BV HEIC S, Hiio
(e & 7 3R G DM 7 L) XAETRT, 22T 5V =7 Y RIAEOREESEH L 72 5.
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1 EC®HIC
AL, EAHBBIRICERE L7ER R SRAITCRE 2 VR 7 2 R/MET 2 K= 7+ U %
B I DWW T, EG R R HERHIE O MsHAE IO CERMNICHENTIT 2 2 ZHMNE T35 DTH %,
FEATISE [1) CIEEEMMEE T L L TZEE Black-Scholes €7V Z2RA L, b BE LB LU0
NLy DHilf 27 T RalER — ~ 7 4 ) AR BUEREIC XD KD, AEEH TR, EEER—2X
CEHE TR BIERRE T LD S HERE T AR L7258 ORERITRE IO W THE T 5,

2 THHBETI

7 4 R~ EHERZER (O, F {Fi}ng P) KT W = (Wi}, & n RTEHET 5 v 2 5E T,
B={Bi},;50 % W L7 1 JTTEHET 50 VB Y 55, Fho. tIINKIZREKRL, t€[0,T] &
WET %o YR EM%E r={r},5, L&k L. Hull-White T7/UIHEDS DL T %,

dry = (0(t) — ary) dt + n(t)dBy.

ZIZT. aeR, 0,7:[0,T] - R ZHEENEKTD 2, IENREE LY RV EE | EL GRE
FEnfEY L, ZNZHORK t 2B Bfitg% SP & Sl i=1,2,-- ,n 2R LLUNOMERM S /5
23X (SDE) iE5 v D5 5,

0 ds;
{d; ’l“tdt SZ = bz(t Tt dt—f‘zam th +Vz( )dBt> 1= 17 1
7j=1
S0 = s6 >0, Si=s54>0

77U, b [0,T] xR — R, 0 : [0,T] — R™" I3HEE TS 2,

3 AR—b7x)FRELEE
I ¢ 2B 58 i BRSNS 5 R—F 74 Ud - U oA Ml 2REL

T n
. 2 . . )
/ (m%) ds < oo, m >0, ngzﬁ, i=1,2,--,n
0 .
Jj=1

iz THERIBE Y L TERT b, 22T, 2HFHDRMFITZEEY 0%, 3FHDORMFIETL AL v
W ERZRIFHNEMGETH 2, o x, At 2B 3R—1F 7+ U FOffifE X, 3L KD SDE
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dX, <~ ,dS "\ ds?
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WENRT +—~vRGEHEESE f(t) & X, OEZGIEE T 2 BB U2 X DEHHEIT 2
ZLT, 7 x—~ v AeHiizEAE J CAHERIE V, 2RO X 5 ITERT 5,
J7 =E 1\11 T)— X L T\IJ X)d
F@) =B VU - Xn)+ g5 [ 90 - X)ds
Vi(e) = inf J7 (2),

Xt:.I].

2D &, V. iZLUR D Hamilton-Jacobi-Bellman(HJIB) A X Z 72 3 [2].
1
OVi(w,r) + min {Z"Vi(z,r)} =0, Vr(z,r) = JU(f(T) ) (1)
L. L7 HEREE (X, r) " OERNMNRIEAEZETo: R > RIHLT

LT o(x,r) = (r + (b(t,r) — 7“1)—r 7r> 20 P(x, 1)

+ ;:L’QTFT (a(t)a(t)T + Z/(t)u(t)T) MO0z ®(x,7) + (0(t) — ar) Opd(z, 1)

+%mw%m¢@nv+xmwwamawaar»+g%wuw>—@

THd, 2O HIBHERZE & CMEREES & Rl (ofkf) 235505,

4 BIERE

HIB AR (1) K& Eh3 7 BT 28/ MUBEE - KGHEMEE AR T e TE S, L
L. #E ONHIEFIC X D m 2RO 2 2 BREETH 2, £ 2T, RIFETES—%
IV RRIC & D B A BRI b Rl 2 BT 5, ZOAETIE ¢ = kh, k= 0,--- N,
h:=T/N, & eR, 20 e R? ¥ LT, WM HEROMV %5 — VB @ VT

Vi, (T, 1) ~ Zﬁl T,7 x(z)

W EDEET 2, SIEFEOFMIEERZ A FBXU (1, 3] Rz W,
HEBEXZIRDAVZAHE
#EHY HIE https://tus.box.com/v/Iedalsiam2024 ICTHEHA T A FEHELET,

HEE  ARWIZEIX JSPS B JP23K 16843 OBIKZ 21T 7= DTT,
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1 BE

RERAN T — 2N L THERDEME S 2RO T 5 72912, EfF $&Z— (ordinal pattern)[1] %
FAWTHHEN Y b rE— 2] 2HEET 2 FIELP VWL ORI TWS [3,4]. LaL, 2 X0k
DIFZRICHEA T 202, MY b e v —OHEEICRERIERF X — > OEEUE #EYIc BED 2
CEDHELVWEWSHREDLD B, AHIFETIE, HFZEI X v b7 —72 (ordinal partition network)[4]
WEHL, 20Xy N7 =7 2R T 2BRICIEF (% — 2 OR S ZHINGRES 2 FIE2ERL, £
DA BUEFBRIC X D DD 5.
2 REFE
21 IEFSEIRY T =0 ZRBWIFEADRE

AT, HEAMERITO I ERIEAATRE R BERH BE e LT, EFDE Ry M7 =272 Hw
T4 WEHT S, ZOFEE, V4 Y FUH A X m OIEF X — B OBEBTHZ KL,
ZOHRAKEEEONEEMNHEN Y beE—2 U THIET . Hénon B (a = 1.4, b = 0.3) 1K
LT, % 1 20E» 5 54% N = 10° BIRKEIETHELNZHEICH LT m 2 2L €7
eZh, Klazffk. Zhzlae, x it vy MOWMADIEFEZERLHEE m~ 14, x oD
A, E72F y MOADIEFEZERBLIZHEIEZ m ~ 24, 25 IZBWTHRITIHS [5, 6] TE S 70itE
My tr—DHEEME h = 0.465 & HEAEWEZ & 553, m 2 DELD /N WIEEIXEKR
2, I m BREFVGEIENHEEL TWE Z b b.

D EOMEORERRNZHEZ 72912, m =5, 10, 15, 20 IZOWTIHF X — > L il B ¥ RO S
HI (5] & OXERAREFANAEREZR 1b RS, Kb 2R 2, m =5, 10, 15 Tl 2 @ Lozt

m=5 m =10 m=15

T 2.00 2,00 — T 2.00
1 Y 1 Ry
L5 175 . 175 «A;" 175
150 > 0 150 » 0 1) il 150
125 s o /125
-1 -1{ -

-1 j/
1.00 1.00 1.00 - 1.00
-10 1 -10 1 -10 1 -10 1
x x

m =20
™

2.00

1 N\
175 \
ll.so > 0 /' i

o
o

o
o
L

125

o
IS

topological entropy

o
N

o
o

(a) Hénon BAGIZXI 3 2 EEDEI A Y bV —2 [4]

WAL THEINZNMHENZ Y by —.

X &

x NI - 72 EE, Y X g #icih o 2 EE, XY

F iy y MOMGDOIEFZERBL T\5.

TRIB

FIIMHEN Y b E—0HEEME h = 0.465.
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g 30000
$ 20000
s

£ 10000

40000
>
9

S
& 20000
g

0
25 50 75

#symb

60000
z
£ 40000
3
2
£ 20000

25 50 75
#symb

0
25 50 75

#symb

(b) Hénon B85 3 JER < % — > & i 25
OMIEBE. (FoaoL) Ml o, §E8h: y, S0
1%, HEOMERF <X — ST 3 L2 O

B(1 A E 7203 2 fHLLE).

(R ) Hi: ER

PN —= NG T 2L S HI DO ERR, Hewh: Sak.
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SHHIIET 57— A% <, m =20 TiE 1 HDRLSINDBHIET 27 —ANRZ N ehbh b

22 |BFENZ—2DBRENCEDISFE

UEoZEREZBEZT, 1 DDOJEFE AZ— 20 L
T2 HAML EDORBHNBFET 25851 OVWTH, IS 0.600

R R = DR EINC R 2 72D IS X — > gﬁi//”\\\\v”\\___
%ﬁﬁﬁ?é?&%%ﬁ?é 2T ESRS PR

= (aij) (ai; € {0,1}) HEERTVB Y LT, Hile  Fowo| 7T
@V%J%/%V y A = (d) EAFCERTS: ool

T T T T T T T
2 4 6 8 10 12 14

) = (10> =1, 2 EEFHCXSMEHEY b

00 ¥ — DHEEME.
0 (aij = 0)

A = (d]

)
K1) Day; =1 DHED 11T 1HIOSG 11F, R

A4 Vg 7 THHES 2 T 2RERIID KB OfER iz R L, ZALSDER 0 138K L TWarnI e 2k
T I L TUELNE A LT, MENTY bu Y —% 2 ORAKEGHEOTE log Amax(4”) T
HET 5. Hénon BRIIH LT 7 =1 OEERCHELAMRZRK 21TR9. m=12 2256 15 £T

DWEMIZBELZ h~ 0482 LHEEXNTED, HATHIETOHEEME L BRI HEETE TV
L enbhrd

3 o
ARTE, HFPARKX—YOFEGENCHESEAM LY bn ¥ —2HET 2 THEZRREL, ZOHW
M BEFEBR TP Oz, FHROMEL LT, IRIEOSE, SRR DAL ST 5hs.
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