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§ 1.1 AMEDOE=R

AR, N THIRERHEIM S ORIV, MR T — X O THIZAREICT 23 £ X
FRFEPRREINTVS. Z2OHTHEBEMBESC X = Vi#ilcE L= 2 -1
3w FU—27DO—2r LTHEHINTWS DN, EREKREE %> b7 —2 (Radial Basis
Function Network: RBFN) [1] T&® %. RBFN &, &#ICERMED A7 — 2 Z2H/i5Es
LZHEL LTHHRESINZDDT, 3EHMEEZR O =2 -1y VNI =7 Thb. ZTOHG
WZBWT, RBENZZE —t 7 b v v e ARRIEEDIFERE DL UM AIEETH 5 &
WO KRR RO,

RBFN O KOREDO—o1%, HEBEME LTH Y RAEBERALTWEHTHE. Z
kD, BEM =2 -3y V=2 2L Toa—u > Z & ORIFTINRFE HA]
REr 72D, PEROBMXRE T ILDOEPRMEICE W TENZREEZ/RT. RBEN 1364 725
BBV TZEOFERAENREINTWS. HlZiX, IEEZEKOREZ W TN
FARANERELE T 2H5E [@) %, RO, S RKE L ESOERAME T 2
DY =)L Bl LTHEHEATYS. 206 0ISHAIE, RBEN 3IEREREE OaBIE
Y LUTCIHERICHBNRY — L THEZ e EZRLTWVA.

L LAEDS, RBENIZIEWL O OENFET 5. 2D —00%, RADIERRE L
T ABRICREE RS = 2 —a YD ERNE T2 HRVWE WS ETH . FicE
COMER=2—a Y2 E0RE, FE 0 ANEEL, XHIEYEDY R 7K
TEHEZEDHILENTWS.

IS DMEZERT 272D, WEEFNLEHANCE DS W > F I 2[R %
W U 7= B S ERR KBS v b 7 —2 (Competitive RBFN: CRBFN) [2] BM2R X1 T
W3, CRBFN X, —2—uYVIZHEZREZIEL e THEHIDER=2—0 YDA
BRI, FEANME= 22— Y2 HARCHRST 2 Z e A[gETH 5. ZOREICED,
ETVDOEEL FEMROM EpFEBE IS, —5T, CRBEN IZEERBUE #7218
T 2EER B Z COWRWED, =2 —a YOBAFREL TWAEEICIE 0 BEEor
DRI 2 2 WS RS D .

I %EIF T, CRBFN ICEKBEE - EH T 282N L 72, E# - S Sai 2 KRR
+ v b7 —2 (Reproductive CRBFN: RC-RBFN) [3] 2R XN TW5. RC-RBFN i3#7
LW — ZRARPUS ST 5 7o DI B B BUOR BIANICER L, X oI8HaxiEAL
TAREREEEBZHRT 2 22T, EFLOFBM R E2 M EXETWS,. O
Wk b, HEBEEOEEIER T MH Lo oBoa O RER EXGFEI ATV S.



§ 1.2 AHAEDE

B E DO ERFIETH 2HAND D FHPLH N LY, by, 2L by
WZ\W 23 TH Y RBE 2 B RREEE Y L7z RBFN Z W22 B FEIIFE T2 D0,
% L OWFEERTH 7 ABEBOBPBZ TH o= DBV THo720 T2 hREL 2o
TW3., ZOMBEIZEFEEEREIREZVRIZEELZELD, ELUBEAOELEL N
WEL72D T 20[REMEND 5.

ZOREREHYE L TEREOIFEREEE BT 212H 72> T, FINSELUTRE RS
I ZEBOBEIIRET 3 Z e NIERICHEETH 3 2 e pnBIFoN S, ZOMBEICHLT %
72912, RC-RBFN 2R 3, HEBBOBN LB L HEI1IC X 3 IEREEEB O
REfAaBbE 2 22T, ETNVORMERLCHRMLZ KIgICH EX8 2 HANEE XN
7z. RC-RBFN I3HEER D Z 7 — X LRI IS U TEINICTARE T = 5 51T, 1ERD[E
EXIN-REREBEBOBEFHE L L FIRICHRTEWEIGE 2D, FIICESHER T — X
BRI ORI B W TENMREZ BT 2 Z e I hTWvw 3.

L2 L, RC-RBFN OHEEHIIIBIEINTVWE D DDEBFICT AT LTEEINATY
ZHEHNT7 N, £z, RC-RBFN 2 OHEETH % CRBFN 13 HIIEEE DO ot o385
B, SHEESIERERICEART 2, Wb [JOTolW ] OFELRZIFR TV
EWVWHHERIZ TWE., ZOMEXRICERITT — X EWMO>GEICHEETH D, ;HEE
FIDIEFICREL R B 2T, HENRKHANTEEZR TS5 Z e BREEICR 2 0THE
Wb 5.

CDXO5RBERERE X, KD RC-RBFN 22 L s, TOTOBWSERT %
FATEAEMOEREBRIRT 2720022 FIEOREEHNE §5. KL TIEFRIC, RC-
RBFN OFtHEARDEERK & o TWBERILT — XIZB 3 ZEES W ICTEH L,
CDO7NTYXLERET 3 THRAPOBEDESWEE 2 RET 2 HEEHEFT 5.
X5, FEREHOLRERETZIEDTELR—IF LT I 7 XIZOVTHAHHEL,
RC-RBFN OEADEIHHT 2 Z £ THEEH ORI EH 5.

T/, 07T LADOBFIC Python 2 WS Z TEEREES 1 75V 8, T—X0H
BFEHRICE LY — P R=T 4 A4 75V 2WZA 5 L5127 FHZ, NumPy, Numba,
SciPy ¥ D74 77 VIFHEBMIICBNTERR 4 720 Th b, WFHLILBERZ TR
(Just In Time: JIT) 2 > %A W &k 2 Eid(l, SERBEHEEZEHLTWS. ZLTH
EEBTIE, N TERELPELRN T LT XLADRYF—ZICHVWLNEZR Y F v —
7 BEE BB U CEEL, B PloMRERT.

X5z, BHFOAEND D FEHAN R LFAEC BT 2 0 v ABEBUz B3R Lk
RBFN OFEH|ZHENL=05, 5H%DOEE YL L TRC-RBFN 220D A7 AIHARTL
CEIBET S, Tz, wbEEICB T A MIEREECYE LI BT 2 B D IR A
DA DIRRT 2. ZHUTX D, RC-RBFN BEKRDEEHEE T LVORAZRARL, 2
BRI ERE R M L X8 2 [REME R RS, RIZRICE ONEERERICOVWTOEE
TW», SHBOBFEICOWTHENT 3.



§ 1.3 AN DEE
AREHSNIRD L DI I 5.

F1E AFFEOYELHIICOWTHHA L., BETCIRBEECEMFERLE LTHVWSNS
RBFN 2 2 HE X7 RC-RBFN IZ2OWTiRR7~. BT RC-RBFN O3l
AR EORREICOWTIAR, AIFEOER IOV TIANRT.

B 28 BRI LU A E R B ECBIRCE SR INICHIRR T 2 ke LT, MEEFRZEH
ZiEA L7z CRBFN IZOWTIR 3. T2, Bz B E0E B3 % $58E & i
%272 CRBFN T3 % RC-RBFN IZDOWTE & o 3.

$ 38 BEOHMAE TROMEZRL, ZOH TS RBFN 2 L 2 FHRIC DWW THE
LLSHM S 5. 72, RC-RBFN OZBHFOFE S R 7 LTlAA L 2 & ORI
DWVTHMTT 5.

B 4E HEBBEOREGTE LORBEISNT 2 7 e —F HEERN, EHORNE T
7 L DEFER(LICH W Python 4 7°F VIZDW TN 3.

FBHE HABRTHEREREZFELEHO TR Y F v — 7 BHOEL 2TV, BBCELER DT
fiizq7>.

FLOE K LICBIZHIEEITONEEZ L HDOD, AR THEBATE-I L LS5HOE
HIZHOWTIRIR B,






g£2E
NEEEREHR R Y

Y- BAEEELL
79—

§ 2.1 HEZZRELEBREEREHRY NT—2
S+ T XA B AR

Z2—IN0F%y M= 3EKREL BT, RFTHd=—a—nY, ZALEHEETEY
F7RA, ZLUTHERANC X DRSNS, &b T, TEICH - bR L - IEHRLHE
X, YFFRARBOTITOATWS e ENS. BRICEELDDDNEZ N30, Kif
RCFEGEE: RIRREICER L, EHERIET= 2 —n v oRAHE, RUGEIIRIGME
FEORMEDOZEIC I DAL 3D T 5. v F RO\ EIRT 3 HERE, hs
DERZPEAZDDE o TWRIFIUIE SRV, X512, RELCIEEININE L HiERE
K+ (Nerve Growth Factor: NGF) 13> F T ABBEOB/ N2 HIBICBWTHRELRREET S
TR TFTRIEREINS. = a—n >y OM/NEBIZEIT 2 > F 7 ARHERHE
KEEER G L, TADMERT =2 —u > OMIlBICE T 3> F S ABIKEEE » &
?5.ik,%j:;—my«@kﬁﬁ%i@:Lmama?é

Z T, BAHEESPHEOREZEEL 2MEORME(L, M/NEETOHREEE
FLty%?Xmmﬁéwk%é@Fﬁ%mmu?®ﬁ&Tkﬁa%@zﬁa

dwj

dt

ZCIT, wy>0TH5b. £, g; 3B EEXNS NGF DS 5, ZDmEBUIH

BLTWEE j=2—0 DY FFABAFTELZIRERTDHD, [ I ENGF & BRERF KT

TE2OLETHS. o ZNHEREMETD 2. NI EHRBEINREIKO A% 2K $ Hebb
A 1) 2T 5. NIEREINE o, 1%

= a;w; + gjw; + f; (2.1)

N
=Y n(x)& (%) (2.2)
=1
TERINDS. 72, NGF DR g; ZROFGERIHES.

dg; ,
%zG(G ) <6w3+29hwh>

h#j

(G — gj) Z 6, wp, (2.3)



G IIB/NEBAD NGF OfHGHETH D, ROFHEIC KX D RESNL2ZEHTH 5. 0,
0, (ZIEDQERTH 5. NGF ORDKRMZA(D > F FROBEN, Hfitcks s, 2o
FIRAMREDOREXWKFET 5. £z, HEANET LS FTZANAFLIES NGF O
BORMZLICH L, NGF OGEE DKL EHATE 2 L TG 2 ERE AT,
> 7 AR ORI T KA ICHRIF T 2728, ¥ F FAMEE ORI L,
NCGF 0 2OREZLIZEHRTE 25D T3, 22T, Fj-a—mryeFEh—a—aYv
DRI NGF ZIHE T2 2 LIS X 2BA DR v, ZBAT 2 L IO F 7 AA[EMS;
BEA»E»NS.

dw; 1 ,
d_tj (G‘FO&j—e—j;ehwh)w]'—Ffj

= (G +aj — Z%‘hwh) w; + f; (2.4)
h

T, BaRE oy, e

A
=gt = D& (x) 6 (%) (2.5)

TERTS.
D728, NGF OEWED—E (G =0) THELEDRWEE (f=0)2EX%. 20
L&, I RAEEEAERE

dw.
% = (aj — nyjhwh> w; (2.6)
h
LRIND.
BEEEFRFBAZEALK RBFN

ZIT, YFTRBREKIEE (x) EANT xRN TE2LEE LW, ¥ F 7 RARIHAMHE
¢ (x) REIRBEREBTH L LART LT, ¥F FTABEME w; ZHAEITVRDS
RBFN r FfICE F LW ) & BEREEE O AR A e B S8 5 Z e v d i s.
A TlE, R (D) O F FRAEEAEXEEEFNYEACE T2, ZOXSRET
AT Lotka-Volttera Bk & MEIN, BHFRERICD 2 £V OEKREOLEE % KT
HMEFLO—ETH 5.

iz, ZO@EEEFRFEH%Z RBEN ISEH S 5. RBFN TIEARF O IERAEEIE % 2L
TE5DIHOP DR ER= 2 —a VP AATHD, MER=—a2—m Y 2REE T 5.
Z 2T, MEEFRERAN X > GELWCAELRITER = 2 — v Y ZHIBR T 2858 % i 2
72RBFN ¥ L TCRBFN23%%. CRBFN T3> F 7 AMEAMEBEMICHAZAEL ZH, %
B ER =2 — 0 Y DAPHRIZEZERD, ZEHOMBILZRZ Z N TE 5. RBEN
BT ZEERAEERER Y LT RIS Y ZBBDBHWLNE Z e L, AFETDH
v ABBERWS. 2ok % BIFEEREKE (x) X



PRPREEIC 6 + HEEEY ERIFER

0o Cloo ]
PIREE DAL KR X 2.2: Wi DR

6 ) = eap {5 (x-m)) 57 (x - my) | 2.7

TEHSNG. TRTVIOEELZRT. (FX—Zm;, 7' 3zhehj&HOBEE
JERAB O FIMIE & TEEE T EATAITH D, m = [m,my, ... my], ¥ =[2,5,,...,3y]
TH5.

RBFN (2 & % BA#GE UE iR A BT

B(w) =5 3" in(x) = s )’ 28)

ERAOXEZILICEDERINDS. ZIZT, w=[w,wy,...,wy] THD,

$(0 = D wiés (x) (29)

ThH5. A () OAEDIMMEBICATE LTV 2 TRXTOY F T RARHERD & F 7 R
FKHFEE (x) &, YFTREAMEw; £ OEOBRTH 2 DT, s(x;) TR EEYHE
MHEL 72 5.

2% D, RBFN B ZEEICI D ERLRTNERSRVWDIE, Fj—a—m DT+ 7R
OB w;, TRX—Zm; BOPINTRA=EE,; TH5. FE7LIV XLHREFER
Er#EHTsZ T

N

OE (w)

%%__Aa% —A§¥MM—sw»w@m) (2.10)
d:lrtlj B _Aagn(f:) =A ; {n(xi) = 5 (%)} w;é; (x:) (X%;nj) (2.11)
% - _Aagé‘:) =A 7,21 {n (%) = s (xi) } w;&; (%) (Xz‘;—;n]) (2.12)

PEONS. AFFEEETHY, EYRIEDOERTH L. DK E EFREEHNC
€5 RBFN % CRBFN Y LR, KD, P22 F S AFEEREOH SO TFERT. ¥



HIRRETIE =0 B o - REREEDY CRBEN IS X o THEEBITONE 2 THENEL, #

1%
B TRIZE =2 P L TWa 2 edbns.

§2.2 EFLLKHTIRTESIXY—ZFIT S92

21 Hi Tk F FRAAEEEAERD XS RIEFRE =2 —F L2y N T =212\ TNz,
AEITIE, D282 X T LRPR RS2 THECPORFEZIEEST 2 2 e’
AJREICR A R — I F LT b T 7 RIZOWVWTIER 3,

F5, WO RSB T 2 HEREIC T 2O —BME RS 254 TH2 ) T v
W EEIZOWTEHIHT 5.

VTS

ft,z) %, BAXMEQ = (t,2) ||t —to] S a,|v — 29| SbTERINFE L
T5. HBEIEBLDBDY, QOWND 2/ (t,z), (t,y) ITBWT,

CRBEE, fIXV Ty VEEET-T.

DOV Ty VEENHEIND , FRZNOUIAMEREIC LT —ERENTELEL,
Z DFROWIEIXHWHLN T AIEO L. bbb, BB FEESIESL T T, AR
FREEIAN T I EETE 2. ZAUI CRBFN KB EIZ 2, BB ICAT LY F 7R
EAMERZERRETOIREETZ IR TERVWE WS I THS.

ZITZaklZZ DY) T o VRS L WIEZIHOINWT, MO—EBEMEEZH2 Z 21
£b, BRFEBANT= 2=y b7 =729 ERUCIORT 2 Z e 2R L7z 9] [m0]. Z
DEIBEERVERER—IF LT VI IZREMER., ZORXR—IFNVT b7 7 XD
% CRBFN IZEAH T 3 Z & T, ICRKHO FREZIEETZ 5 K51 L. 22T, K
At CTHEEREANPR T 2 X5 IBIEESNS F RS EREEH T 3.

WE, EEBBV (w) LT

1 N
Viw) =53 ) — s (x)F? (214)
i=1
ZERT S, IEEBRV (w) 13> F T RRFEKEE ) (x;) & RIEDE IR s (x;) D

ERRITIEETH L. > F TABRFEKEE n(x) DREICEKFELRVWERET 5, 20D
S (e

== 3 | b e - 3306 e |



M M 2
== w (%‘ - Z%‘hwh) <0 (2.15)
j=1 h=1

L7857, IEERBV (w) D Lyapunov B L 725 Z e b2 5. 25612, V(w) >0
ThHh YW < 0THZ L2, ZOVRTLZMELETHI L VS 2L bbhd
22T, HAw; ORHEMD %

duw;

_ Vw)* oV (w)
dt __AZM (8V(w)>2 ow;

j:]- 8’[11]'

(2.16)

rB Y, V(w) ORI

E:{ aw](m&}==—AVfWYSO (2.17)

Y5, L, cld0<c<1%iE. V(w) 3R b ICERRD L, EHs
WO REL 125 bbb, ZDL EDOIHKRME ¢t 13,

t—/ dt = /)M) ?ﬁ

A(l — c)
V(Wo)lic
~ A(l-¢)

THEz oh, ARKENTIORT 2 2225005, V (wo) I$EADYHMEEZ FHWTEHEL
7z Lyapunov BIEL V (w) OWIHET, V (W) I FERTOV (w) DIETH 5. V (we) =0
DEE, N (IR) DFSVWILT 5. EITEERAZ,

(2.18)

t* (1 —c¢)
A= W (2.19)

L3R LINHFFEZIEETE 2. ZOX—IF LT b7 7 ROE% CRBEN IZBIT 3
HADFEIHHAT 2 2 2T, #HIRREBIZBWTERERBOEAZWGETHIEROEN
HIE D B ELS AR 2R T IHE e DA[gEL 2 5.

F7z2, ZakiCX 2R —IF N7 77X %HIZ, BRICK>TIREIN X —IF 1T
Lo o7& 2] BIFET B, AW TIX CRBFN OIRRE TH 2 BRFEDOMILESEICL, HF
WCEBE—IFAT F 57 22 FVWTREMBROEADEEZ1TS.

3, LF LOVERKIt* TIORT % > F 7 A EREDORRZ L% Lyapunov BA%0% F W
THET 3. #27T, Lyapunov BIDOK R ZL %

dV(w)  V(wo)RV(w)7

= — 2.20
dt Rt~ ( )




)

X23: X—IFILT7 V7 T7RIZTL X[24: Z—IFNLVT7FZ77&HD

£ 21: R—3IF)V7 b 77 ZEHETROBUELLE
HA wq Wo ws N ws We wy wg Wy
AT | 2.88 5.65 5.19 2.95 5.92 5.35 2.67 8.11 2.03
A% | 2.91 5.65 5.18 2.98 5.93 5.35 2.69 8.12 2.01

TEHETS. TIT, riZl TRAWVEROHRTHY, R="1TH3. Z0k5%
ERMNATREIZ/IZ o 72 DX, Lyapunov B EH X, LEF UWH 2B KR EE B
BLTRLEDELZ L THEHBHATEZRNDGEREEZ TWENLTHS. ¥ F S An¥
PRI

dw; M
d_t] =A (Oéj - Z’thwh> wj (2.21)
h=1
ETBHIENTES. ZDL X, Lyapunov BABODKEZ LIX

av (w) u u 2
dt =-A Z wj <Oéj — Z 'yjhwh> (222)
j=1 h=1

¥72%. 22T, AR () e X (2) 2 6PET 5 Z L HIATRET,

A 1 V (wo)*V (w)” (2.23)

2 *
S w (Oéj -l %’hwh> i
viEHENG., MLEXD, Bx LWKH ¢ TRERAINER S 3 > F S 2a[ 8RR %

dw; (O‘j ~ St %‘hw") WiV (wo)'V (W)i (2.24)
dt 2 Rt '
S w <%’ - %‘hwh)

TERTIILNTES.

X3, Keallk—3IFL7 b7 7 REHFHRDOEA w OFEEEY, REDIZEEREDOE
fEIC X 2R RS, —3IF07 b7 7 ZEHFTTIEEA w, ~w) DEEZ1E 2 DI 100
Bl 2B LTWeh, EHROEIEZ B2 & $6E L7z 50 B8 O R T H
YEIEOEREZEONTWE I e bh 5.




§ 2.3 EBERAOERZZRELEAZIMU

21 i CIHER=2—m Y ERHIRT 2 FEERERLTER. ZUIHLT, =2—91
2w bV — 7 CTOBBOALUSDE RO = 2 —a UHBFE LR WIEER, BEoLLZ T35
B AREE 8B, £ 2T, Mkl ER= 2 —u v Z2BMT 2 FEPREINT
W3 [, 252, ZOXIRFETIIHEL LR LEWVEOREBERLIKETH 2 Z
ERTRTE L. F7z, HEMEELEINCELT 2IRETIIHIRT 2 FiELBINT 2 FE
PHHAGOLETEERITOLR I LSV, HREFENZFNICE o TRWFRER, 2727
DFFHAEDOELZIT TR, BREEBEBROBPIRE T2 L TEE LWERIES
N3RS 0.

Z ZTH  LVWEIRRKE BT 2 FiEH 5. 2 OFEIIDBELEIFRIKREEE %)
RINTEBMTZ2IeNTES. 2L T, LIRS N CRBFN X ZOFEZHAGDLYE
Joma—I0 %y b —IWRC-RBFN TH 5. ZDRC-RBFN X, BRIEDOE(LICHEEGT
BRHENEHAT-DDER-oTWVWS.

FT, NI R =X EREEBEBOENZ1TS. Z 2 TlE, CRBFN 0¥+ 7 AfEE
R & PR T oL, EERENFEK TRIC 2 FARHEREE p(w,m, X) ZEHT 5.
F T ARGEME w; &

y; = w; (2.25)
CEBERT L. g, OEBBIMEROFEHTHS. Zorx, (z3)
dy; O =i 2
o (7 - ; 7%) Yj (2.26)

v 2%, (2m) ISR S
(2.27)

il 3 led, Ry

/ oy 7 10
CM%@:—EZ/ (;—Xf%>%@j (2.28)
j=1v@ h=1

BEZDBIEWTES. Ly =(y1,y2, ., yu] THD, 7T X =& IZ PR b L
EHDBATHORE {m;, X} THD. ZLT o THRE {¢1, ¢, ., ou} ZRT. By, D
RFRIZ(IER T o 2 L U (y, ¢;) D5,

dy; _ Uy, 9) (2.29)

dt 8yj
THLZEHTE, @D RPSLET YT v AU (y,0) &

U _ [ o Vis 2
(W,0) = => = — D “rwjuw, — 2w (2.30)

10



CEXETIENTES. ZORE,

E(wﬂw._4U(wﬂw4—%§:n2@q) (2.31)

THBZEPRENE. 172U, x;=[x1,79,....,o8] THB. KoT, BFE2FTHARK
E(w,0) DR/MEIZRT > ¥ L U (w, ¢) DEIMLE EliTH 2 Z L 50 » 3

WE, (228) UKD v 1FRT VT v LU (w,¢) DFAME RAMICEHR SN S, Z Dk
B, O 72UBNMRIIORT 2, Z2ZhofkNnp e TERLIKRDL. 22T, MME
POHMHEE270DFEL LT, vy OFHAIZ

y; (t+ At) = y; (t) — aUé 0t + /QAtn; (t (2.32)

@i5K/4f%%%b%ﬁﬁ&bt%$ﬁﬁf%zé EREZBNS. 7212, n;(t)
WML RFERZBTH D, FH0, 581 DIEHSTH N (0,1) IZES. Q IXMEEDIEDEL
ThH?d. TOLE, FEHKRTHEICCRBEN O F FAFEEMEL PR 7 bL, EHEFEE
D72 3 [FIRHER B pg (w, @) 1

ps (W, ) = Z;'eap {—pU (w, 9)} (2.33)
TREZLNTES. ZITHRTRETHS. Z; 3B TH D

ZgzL/qﬁ@ﬂ?{—ﬁV (W, )} dwdgo (2.34)

TERINS. £/, @3 RNERT VvV (w) & BHE2 FREBBE (w) DRERR
X (E=3m) &b

pe (W) = Zz exp {—F'E (w)} (2.35)
YEEETIENTES. 22T, f=0Th2. ¥, Zy INEHHEKTH 2.
MEDXS1ITLT, 7 X— &#%9%%*W%ﬁbgﬁf%tptkib Hzoh
T D b & THRME 2 RMERME (W) ZR/NE T 27 X—XDEPBIETE S %
KT, 22T, #EMES ) (x) %

= wiN (my, 5y) (2.36)

THEZ5Ztr$%. N(m X)) dHIMiE m, 2EEETEITH Y OIERZEEREKZ R
5. ZOHEMEE 2 D OEIFRIKBEKIZ T e HW TGN T2 2E R 5. bw%m,ﬁ
PIL &5 & LT 2IEREREE ) (x) DBEMEX I L, BB XN 2 BIFER KRB +57
FEL TR\, B2 FEREREZ 01T 52 Z@%#TTKT%%.L#L,Z
DERILEBEILD R T X — & m HIE S Sl &= TR %% R KL

pMM

f P () (2.37)

pp (mlw, %) =
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[

0 100 200 300 400 500 600 700 800
Iteration

Xl 2.6: HEDKET

FEHTEZ e TE, EAD LTk 5.

COFERDP S, HENRTXA—XE b OHBRREBEBIEZ ONEMEDD & THRE 2 F
AR RN T 5D, 8T X=X m BT EHEE py (m|w, X)) BRKE T
HICEDNI LIV b2 b, T2, d LEUCEER D OBRXEEEEE —2BIMNT 5
B TEDZRDE, K EHRpy (m|w,X) ZAL T2 X—ZmABEBTZZL
Dixd BIE 2 FRAEBBME/NSLSTELZ 2 bbh 5.

—fiz, X ([EI) IV T X=X B EH L 5 e fNMRICE Hbhh, 22 FilE
BBODMEZ 02T BN TERVWI RS, F21ZF, HAML XS & LT3 IEREE
Bon(x) DB L, BEr SN2HEFREBRBED TFIFEL TRV 212X, 2
A OMER 02T 2 2 L BRI AARETH 3.

Y ZAT, MBRALEZRPLKADHAMES R EDPFEELLZVWDDE T IR, TXRXTD
ANIRZ b v x; T ICERRERBEBEER L, ¥ F TARBERED w; = n(x;) DT
X =R, 50 THDILEIL, NIAXA—Zm;Dx; L2232 THEENZ0 . TE 3580
5. bbAA, ZLOMETIEIXRNTOANRY MLIZOWTERILEREE: HE LR
ThH, TOXOIRIEDARETHIDDLEONS.

ZZT, BR2EHAMBOMEID B ER e > 0 XD KRERMEICICEL, MBI L
Tzl xh g & 2, iR BEREFEREKEEEEMS 5. ZOFETIE, LiFrE
U ZEREEERZAHAL TWE 7, FEBIGRL KA THE ATV 2 EEEER
HO—HOWE (> F FAEEREB w;, 7 X=X ;) DHTBIME 2 BFFEEEL
DHONRT A —RIZHIEHMANT WS, 20720, $IRANCER D BfE 2 FEEEEZ /DX
FTBRTRX—ZmICHREEBZEINL TV 2N TES. B0, REOLAIC
WBIRTDOASTIRZ b v x; BT X —&Zm,; T 3EBREEBMEZIERT 22N TE 3.
X B IcEHB DT 2 RS
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E3E

HBRFEFECERERREXY T -7

§ 3.1 ARARMEBEWMEZOFAEICOWVWT

FALE, BB AWM T TR BEFICB VT HIREE S Vs h, NTHIGER D
a7 U TEERKEZREZLTVS. BT D 2 AL FEEDHIREREEE
EHX B L -DICHEARPED SNTELDBHTHIN, [F—X0BER] LW\ ks
Y7 — RENT - BETEOHIERMS D vy F L, BETIHEVEKRTOANTHEEE LT
DFEVHIZE EESLTIELEVT — XD EHRE LTRELTWS.

ZDHTH RBEN I3 E O EH CIHEHIN 2 FED—2TH D, RIS
H, 77AX) I REDOMETENTHELZRT. RBEN IZANZERNDO T — X KA >
MZEDW TR R ZER L, IR RBERZIRINCE TN TE 5 R TFH
BHTH 5. X512, RBEN G HNDH b #E e Bz LFEEOM A CTIEHAREETH D, #i
FHTIFHEPEIFOME I, BETIEYZ 722 ) U 7R IcH IS, RETIX
B O E . LT, RBFN Z & 08 ORI MEREB L O RBFN ZiEH L
7B DY — 2OV TR 3,

#Emdp O FE

i DI EE OPF THRICEARNZBMETH 2. ZEMH O FEHIHONL T D
ED TN EE T — X BRI 27200 I35 v, #2327 —RICBWTANT—
2 (FiE) » zucins 2EfEOH 1 e ofFREET LT 2 TR cnids 2k
MTE 5.

SHEREICE 2 HEAED 2 AJ) (HBRERe T F A MR E)IIH LT, 207~ (Hi§
WES>TWAYIERSL N OB 73 )) 2 FHIL, 7ET2Z2THE. 52N
72528 7 — 2D S 0 ITRRE BRI RE T H AU, DB EoESHTFIERIC X - T,
SRR E D ARELEEICEI CePARETHh I e EZIOLNS. LiL, &3 LHERNR
B Z G ZEDARET H 2 DI TIE R L, IFREORFRIC I O EE T — 2 20T
LREMESET 5.

ZZT, IEREORFIRESIK HEL LT, VPR IRIT R -T2 —TFL %Y
N —ZDHERANEZ bND. EBRIC=a2a—F 1%y VI —27D—DTH3 RBFN & fHun
TG TR E 5 A RIT o 129D D 5 [19]). F7z, HEin OHMERY & SR
BHIDAH =M EDBHEEL, FE LV R—- IR X =< N & o TCEIRTEI O T
HZ1T S %88 5 [20).
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KizolFfEIc B VT, 25 AN (HE, KRYT—%, Lo —flHRY) 1TNLT,
HEHEDO ) (KU, PR, PR ok s73)) 2FHlT2s2 e 2HEE LT
RIS, BOEREF LV EERT 2 BR L L COOLLHEE LI ICHE Y, FiE
D=a—u Y BEeViRdRETELIREZSHRBERND S, ZOHTHHIEDLEFIXIER
2SS DONZ L, EFEEEE LM TEZ WS Z2IERERX Yy NIRZEE
Ao,

EENCEEERERE LTAHY AR LA RBENIZL D, a3a=748%4 71
FAERB ORI T ZIT - 7R ERDFEET 5 [21). £/, RBEFN ZHW2 Z 22D,
UL FEBEO=2—-F 2y P I D DHREOKEZ DR IFRERGETHD, MiED
R X D EENROETHEN TV I WO MEDH S 2. LarL, HvREHE
BRA L= RBFN 08582 LT, BHERISEDIPUIIEE T 2 3B 5 L CiE @
UThHhzeVWHiEHD D2 23], IWEPHRVREHEZ R OGS IR TN EEF IR S Z
YHREBLTCoa— Ity NI — PV RMERTINEND S.

HEz LFER

HEfz LFE TR ED T — R 2 MHh LS5 DEAICHEISWTLTW2 7 — XA+ %55
5. DI (IER T XD W) IRETORETIE, HEiRLFETEZIOI V-
VIZDHONEE Y, ERRAI D, Bl LEEORE, aEEfTO
B TEIDRENZNDIN— THFOREKREHLNICT A2 I EIETERVWRTHD. 20
7=, PR AR U TADERE D 208N D 5. NOHTIIHIKTER
WRKEDT =R 7N —F I L TODEMIEEHEITS e T, BENRI I RAX—
DHEASLEE R T —XDRERAIBEILTEI N TE 3.

g LB BMRN TR LT, 79 RX—0h2 LMoo, Bty 7
REDPETFOND., ZOHTHZ 7 RAX=0HDGE, BT —2»56ZDRIZHZED
DAEHEET S e TERIND Z B2, 2R, BEST Y 20 OEEREK

K\ %\ 1 1 T 1
D <X| {ag, my, Ek}k:l) = ;akmexp (—5 (x —my) X (x— mk)> (3.1)

ZT—RZHTUIDZIETY 7 M7 ARV IPEBAIRERIES Y XE TV (Gaus-
sian Mixture Model: GCMM) 3% 3. 22T, {a}i  ZREZRLEEZHTY L jan =1
Rz {m) 3& 7 FIRRDEEERL, {3}, 13& 7 I AR DI AT
ERT. T & (1), NDDTUIDIFEARRNC B DM D R/ME

min . i —log (p (xl| {ag, my, Ek}szl)> (3.2)

(ak7mk72k)k:1 i=1

THEBEAREL 125, EBICA—T VY —RADF—&Xty b ThH3IisT—&Xty M 2H
WCY I NIFRRY I To7. Tis T =&ty MIT Y XDBRT =X 2L, H
CROZENEFNDOREZ LIE (cm) WS 4 DDFHEE L, setosa, versicolor, virginica &\
I3 DODT Y RXDHEIEHD F NIV THERINE T —XtEy N ThH5B. IrisT—Xty bDIEMR

14



ERT—2DZ_NAFT GMIZk B2 5RE ) TS
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204 20
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e Mg Lom]

051 . 05 A
* ss0 o

00 +— T T T T T T 001 — T T
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5 6 7

4 4
EADRE [om] EfHOEE [om]

X 3.1: [EffE7T —&Z D71 X 3.2: GMMIZ X327 5 A& v TFER

FT—ROO0MHEXKBEDNIE, CMMEZHWTY 7+ 275 RA&) V7T =88 % K B2 IR
T KBEOER2 e, 7YXOMBEI CICEEINRERLZZEEN Y ANHIHE-T, &7 —
ZPEREIN TV LERTE 2. KB2TIHIFIERT —ZBEDICT FIRARY) VI TET
W3 Zehbhnb.

iz LB OF IR, #d D 2EE 0 X 51 FEERIC RBEN 2 TE 2 b1
TlX7WAS, RBEN ORER Y LTH Y A EEIR L5612 H 7 2B OO E
EPET 2 —20FEe LTHWHNS [24].

FHEMH O FH

FHENH D X, HAND D EE e Hhk LR oRRIciE S 2MEE UTIA %
INTVWEREHTHS. ZOFEFEEX, 77—ty bo—FIICEZ~L (BT L)
MEZ B4, B DOF —RIZFHAT T NAPELA TRV E W RN EZRHREE LTW5.
ZDEIBIRIT, FRAMNEF—RL SNV LT — RO T %2IEH L CH RIS T
ETNEMERTEZZe2HNE T 5.

FHEND D FHORIE, TNV R LT —XEEMEHT 5 28 TF — X 2Rt
DHEMRL, Tz E 7 a R EITRICD . TN ET—XDAZ AW
B, TR0 TNV CGER TR > TV A 5EICETILVOMRENRE S
5ZeBBH5B. LrL, FINNVRLT—XEEHTSZ8T, 7—202KGrH#HE L
LAY, MR LTEFTLOHEERM X8 2 ZHAAREL 72 5. ZHUIRIC, S~RL
(PIIEED R - BRMNCREEZSGSICENTH D, BHEOZ L DEHTHCHHIN
TW53.

Bl 21, EERERHRSL BRSE LD T, KEDTFT—XBNEZIIE6NE—/T, *
AU U CTIEMER Z NV 25T 5 2 CIFIEFICFER-D2 2D, ML ETTLES. 2
D XS IBE, R D D FEHZVED TR EF— R S5RINERZMB L, K
BOIRAVRLTF—ZEZEHLTCEF AR T 3FEL LTHEHIRTW S,
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- LRI —-Y v FOTEREEES =)L 7REBRE
- ITEID R & % REH <FFd /1 <)L 7i818 N
- HEHE K & 3 & 5 AAKRGTERE) 2 RITHERLENF S ES REES, DRDIREES, 1 1TBBT DHER [ @ @ »
-EEBLEAEEAVWTI—Y v FOITH —IREDIREES, DHIIKTET B ‘ @

A J

4710375*55515
6)—()—G)

RRES, AR DIREES,  ICBBT ZHEERL

Z DEBBICL > TR ON DR, .,

REORS, £ BRE N 58A0% BENO
ICIRkEFET 3
N O O ©

X 3.3: 5{bE ot A X 3.4: w/La 7i@EfEr <L a 7 e ERE

§ 3.2 VILIAT7REBRELELES

LB 3D 2 BRBENICBI 22—V v FOREDREZEHEIL, 5502 8%
BRAIET 272012, EDXSRITEERBZRELERET 2EMFEEO—0HTHS. X
B (L E DA R RS, ERAME LT —2 %2 Al Ry b O#EFEE R
CICHWHERTWS., ZOHTH AlphaGo 1 Z(b A 2 ERF e LTHWTED, 20
FENIBZ L 7B T 21 ZE0ENZHFE->TVS [4].

S LA E DB D D FH PR LFH R 280 LT, FNAUNEDOANEH D
2R 2REDR L, RETRWTEHZIHRINEBIET 2 H0ED RVWRBEIT N 5.
ZDICHEFH DA D6, 5L ICRIEHE 2 HAA AT TRIEBRILYE X 2 I0HE
DIEAATOIT WS [17)] [13].

RILATREBIZ

— RN FICHWO N A RE Y L TERLENTWBE D~ L a 7IERETH
5. %7, wa 7BRIEAROIREIZEZICIIKERE S, BHEDIREE L ERHERICMKT
THEWVWH TNV ALATHY, w3 7REREIEZITEIOM S ZINA 72 DTH
3. MBa iz~ a 7 REREOBIKRKZ R,

<L 7 REBIRIEIRD 4 ODDBERTHRINS. F—2DRHILEEZRTIKEs, € S
YZFDRENHR LTI 178 a € A, KRB 5, ICBWTITE) 0 ZH o 72 & ZITRDIRKE 5,44
272 B BRETER P(si1]se, a), IREE s ICBWTITE) 0 ZH o> TIRHE s, ITER LR
M R(siy1,0) TH 5.

Bellman A1z

LR 7L ) XA OHEGRAFEE Y U CEERLEZ R 3 Y LT Bellman O
WHEFEE?D 5. ZOFEEIED 2 —HOREFRHEIZOWT, REDERINCHT 2 miE b
ZATD 720X, ZOHIHADIREE L WIHADIRED VDI B DTH->ThH, MUBEDITRT
DREBIVFVIHADIEIZ L > TH 725 XN HIREEITH L TRMEDOPIETRITI R SRV
WO RETH 5. 20D Bellman O FEHZER L 725 DD Bellman HEERXTH 5.

ZIZT, 2K (BIRETRITEZ T1T7E1 2R D 2 B8 7 ITHE > TITENT % & 2D
B DR DHARHE U™ () %
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U™ (s:) = E[Glso = s:] = E | > _7'R(s141,0) [s0 = s¢ (3.3)
t=0

CERL, IWEMERRK MR, 24U, K& s, 226 HFE L TRRICHE 51 2 R DFE
MTHD, 0<vy<1B3RHEFGIZ2ERITRBETHS. £, GIEFEGINGEEZRL, WMHE
F1R 2R L7 RROEGIFHRMOM e L TEHRSND.

G= thR (St41,a) (3.4)

t=0
LB ERE Y 5 2 ORI U™ (s,) 2IRKICT 2 5 E 2 kD22 L Ich 5. Bk
K1z k2RO SR E BT 3 L ARBEMERI U™ (s,) 13XD X 5 1CRIN 3.

U" (s;) = F ZVtR (St11,a) [so = st]
=0

= E[R (s1,a)|so = s¢| +7F Z'th(St_A'_Q,a) |so = s¢

= FE[R(s1,a)|s0 = st] +YE U™ (') |s41 = §]
= wlals) > P (st a) [R(s1,0) + U™ (5)] (3.5)
acA s'eS

2D & 5 b2 IRREMEBIEL U™ (s5,) 12019 % Bellman 5 L FES. £ 7z, Bellman
FRRUTRREMEZ T TR AATIMETD ERT 2 LD TE, Rtz ERT 5 LTH
Me7Zs. Ri&s, 1T8a, HRaBEZONTEE, 7 D N TREATEIRT D (s4,a) D
ITENIEBEEL Q™ (51, 0) IZRD XS ITEESINS.

Q" (si,0) = E[Glsp,a,7) = R(s,a) +7 Y P(s|s,a) Y 7 (d]s) Q" (s, a) (3.6)
s'eS a'€eA
<L a 7 PUEBEOMRTE,  PRER AR THIUL Q™ ISR A TENTERI L & 72
D, QF ZH15Z &P TEXIUIERERITENAED DN S, Q7 ZitBE T 570D FKIE 2D
HY, MEREEE TEREETHS. E5607LTY X8, Q7 IR T 5 —HDH
BQLk=0,1,2,...) Z25HET 5. ZhoOBBZEIET 2121%, IREZEEEAIIS 2 H]
FATENMEE2 5HE T 2 BN H 20, THER/ND L3 7 PEREZ R TIRIERER
TH3.
Z 2T b EIE T, K E AR TENZSE _E o/ TEfERE &% RT3 2 B 1AL
T 27012, Y IO BEECE M OFEZEH L TR EZEMT 5.

REEDFE
BREGE I 2 U 728 28 OFED —D IR 277 (Temporal Difference: TD) %2¥
DB 5. TDH¥EIZE, £¥ 7 HNaik e FRGEHEEO R Z A& DR T MEBE R OH#EE T
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HETH3. TUTHVRER, BREILOSZEOY Y IV ENEL T Y — F2KOHRM
ZICAERS B A HEE 52 FIETH 2. —F CTHMNGIEIER, BROEBRTTALEAIT
B 3G E A DHEEEICEHE D W TERINATER E i3 2 5IETH 5.

TD 8T, REMERTEL U (s;) 233 2 /55K 7 1€ - 7= B D FARFEREN O e fl & IERE I3
I3 2 K5 BN D, BERINCE, R 725 55 OB DIREMMERIE U™ (s,) 1330
DFBZenHEERS. £F, BEOHEMEEHIE N IERICESCHEEEE O
72 (TD &%) ZitHE 7 5.

5,5 =R (5,5.;,.1) + ’}/U (St+1) -U (St) (37)
KK D S 72 TD #iE % FWT, IREMEREEZ B XEH 3T 5.

U (s) « U (s;) + A8, (3.8)

COHEFEMEDIRT Z ¥ TREEAE U (s,) 1 $EDIREBMERIE U™ (5,) 1ROV T WYL,
TD281E, YT HLRED LS KRE» LGN 2B EIEH LoD, BiNEHEED
O ICHIEDHEEMEZ > TROWMEZHET 5. TDD, BEETTANRATHERX
HEDPARETH D, BHEOHEIHEA LT WEIRETH 5.

Q¥E

TD 235 CIIRREMERI R (HH L T2y, Q%8 TIlIfTEMMmERIEL Q (s, a) 2 #H
T2, QFETCEFIETTLZL—IIHRL, ZOL—LOEMEEZRTITEMMEED QEYL W
IMEERFE, TV MTEIT A ZDEEZETH TS, 22 TVIL—iL ki
HBHIREL ZOKRERICBVWTZ—Y 2y FRARERITEIZEICL 72D TH 5. HlziE
Iz NOBEDIRER s, & L, ZOWRETARERITEIN A, B,C D3@EYTH5L
T5. Z0E, YV MI3DODQIMHE, Q(s,A), Q(s,B), Q(s,C) b EITITS
ITHIZIRETS 5.

TENETVE L7256, KIZZ DIRRE L TEIOITENMEREE %2 B3 5. KiEs, D= —Y =
¥ NDMTE) 0 B3, WM R (5,10, 0) ZHT, RDOIRE s, BB LT 5. {TEIME
BRI D BEFNIZLL T OXDBHW LN S.

Q (s¢,a4) + Q (s,a,) + A |R(s441,a) + ymng (S¢41,0) (3.9)

FREOFEHRUIBREDIREED S RDIREITE - 7208, 2D QfEE GRE+EI5R X XD
) o THRDBBVQMEISEDIZ I EEKRLTWS., ZDOZ ik, H2IKE
TEWHRNZ1S 72551372 OIRBICENET 2 Z L A AJRERIRREIC D Z O EH & 1
T2 8ICkh5. 2K, RERIKEEROEE M TDONS.
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§ 3.3 WiE{LFBHDILHEAS

W LN, LR ORARN 23R T H 2 MR OKET 2 T 2 720D 7 T a—
FrLTHEHIATWS., BILEBICBOWTI—Y 2 Y AR LWTER ST 5790
W2, BREUICHE D WIEYI RN 2 G A B H 5. Lo L, HFEMHAROREIIE
HECHINBER 2 3G T ABRICE R IR ZERIIW KR TH D, FRITERLDH L WIGE
H5. D, WMEBOFKRETDPAEY TH2 -V PEIEKLEWIRSZHWE
BT AAEEENEE D, UGB AT 4 —< R EFE LLELR IR R DH B.

BzE, Ry F TEPHEEESH T, =—Yxy FOTH2 ERICHEET 2720
DOMIMBER R G2 Z L IXIEFICHEEr ShTwa., Z0oHEBE LT, HEMRPe VY
=7 DRI TEERR O ERE TRt U 72 iR 0 37 L D B ER R S R CRaERITEI 2 4 3
LIRS T, WO NMEP RN BLEDORINCERZ b H200THD. ZDX
SRARER R T 27012, HiE{bFE TR ZF RS- FDTEVA ML —YaryT—2&
R L CHRMEEBZ DD DEMHEL, =T—I x> b3 ZFOMMBEIBUCEE D W THEY 2217
B ETE3LO I3 HEL T 5.

Wb H OE M, FFED R XA VIKFE STIELEVWDE CEHAETH S Z LI
H5. FIZIX, BEETHFICBOWTIXREDIGEFIESCFM 7 vt X 2 HIHRIBE L D #E
EZRATo T EH S b 5 [14). £z, BHEETIIAM T OERZEMMT 20Ky b2
TR, Wb E 2 TEH U T AR OB BEEFEEZFER IR e TE 5 (145

X HICHENEIEORRBICBWTIX, P KA N—0iiiET — X Z2fight L, Bt
7SR TE 2 HEE T A Z A ARETH 2. 2D XI5 L7 Fu—F1F, RICLelhEE
RYATLAIBWTAHAMTHDH, NEOEERNZEERRE S vt A% A7 LIS
27-:DDFEL 5.

Z D X 5 WM bR O 2 A, FEMFRoMEIC BT 2 HmMERETD
HEEHIRT 270057 7u—F 2 LTEHEIRTWS. ZOFEELICHIZSH S
BIZEMR T TDOA ) R— a v Z2HELZ el n 3.

wRAZETELE

MIERHERNE 2 D728 223 IS Ng & 6] K X3 FESHWSATWS., 22T
WL E TR s, KB 2 RERITE o DM THZ T 2. DL E, RIKAEIC
BULHM R ZRD 2. ZAILLTFD XS itz MEr LTHRTZ 3.

mazimize §:£ﬂggﬂRﬂ—J%ﬂ]—yRﬁny@b@}—AHR@h@m_ (3.10)
5¢€S

subject to (Py- — P,) (I —4Py) " R(s;,a) >0, Yae A\a* (3.11)

| R (st,a)|| < Rmax (3.12)

ERIIEBIB (P — P) (I —yPp) " R(sy,a) DEDFIRERATE o & 2L DITE)
DT D ZEE KD TED, ZOHMIBEKI o & OHIRFRI D20 b /NS WTE) (2 F

HIZRWTE) L O OEZ R D RE L T2 X5 0l z KD TWE Ziting. o
F0, BC2BHOTHID B RWTHIZERS TREERTEL L5 1K -TWS. Lk
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X[ 3.6: HEE S NT=HM~ v 7

FEORUE Z DIRRETIIRIEATEE e LTS Z e BHRZR W, il Z e LT u,
v EWIEREREL, UTND XS XEEZITS.

mazximize Z {u; — vy} (3.13)
st€S

subject to (P — P) (I —yP,-) " R(s,a) > uy (3.14)

(P — P) (I —yP,) ' R(sy,a) >0 (3.15)

— V¢ S R(Sta CL) S Ut ‘R(Sta a)’ S Rmax (316)

FEFKIZ OpenAl 234265 % Grid World & FREN S, =—Y =¥ b RBEKRD 2 K507
Uy N EZ2BEI LD S HINZIENRT 2 2SR 2 H O TR OHEE 217 - 7-.
SENIRMAE N v RORTRREIN, WMDENT Y v ROFTERREINS. BED
Wi~ v 72X BB, FEHEEC X > THEE SRR~ v 72 N2 1R

RAIY OE—#@tEY

EH ORI E T T N TATED RN Z AL 2 L OWSIREZHWSD, T
DIREIZTY P u b —RAMEDFHZHAGOEFEIRRT Y o ¥ —@ig by C
»H 2 8.

Iy rab—HMEDOFE Y X, EREH X I2OWT X D&M T 232 Z00b
o TBD, ZRLHNC X L TR—2 ISk oTz 8 &, X DBMED DMHIEISEMHFETOR
TX ORNEPEIDPHRARIZZZ KO BRAMEZBIOPEYITHZ L VWIFEBTHS. ZOH
HE2HAGDES ZICXD, ZRTHRNZARBOITENCET 2 AKEEE T2
AlRE L 72 b, WL FZE DERPEHEDITEI L TN D DT 5.

RAT Y b uE—WR b S TR R (s;,a) 87 X —& 0 & % 28— b DfT
P OREER L ZHOWTUTD X 5 RiEERTCEalT 2 2EZX 5. ZOLELF
A= MEIUATD & 5 BHERTHEEE ¢ = [(s0,a0), (s1,a1), (82,02) , ..., (s7,ar)] ZBERL T
Wb EIRET 5.

R(C|0) = of; (3.17)

20



X 3.7 AT Fab—gmatFEic k> K 3.8 AT hav—EEdmbasy
THEE I N i~ v 7 WX o THEE XN~ » 7

TIT, NGRA—RONRO L HETEI- T2, IREE s OFUE £, 2> & IREE s DR
R(s)DBEE 3.

R (s) = 0f, (3.18)

ZD R (s) PR T Y b o=l EEIc B W TRD T WIRIME S 72 5. £, 178)
BF D FEERER P (C]0) I DWW TIE T F 28— F DITENERE 2 HIFISMIC LT, =% 28—
N DITENERICB O THE L TOWRVWEHEGIIN L TIIHR P (C0) 2FLLEDYTr L
#E2%. PO IFLUTD XS CE5x26N0%.

cxp (0f) exp (R (¢]0))

e >ocexp(0f) o exp (R(C|0))

ZAUSHEN R (C|0) DR E L 2 BIEY, (THHMBIORARR P (C10) PREL KDL

RLTWS. iz NHOITENS D = [(o, (1, Cov - (] DIEFZ BNTBT, PUR OO
FERARL L (0) Z I KITT % 0 23KD 5 Z & THIMBEIROHEE 217 5.

(3.19)

L) = D log P (Gl0) (3.20)

RIZHBEEZH T O DEH %175 Z T, LERAMEZKS.

9“”_@+A2%@ (3.21)
ZLT, ¥ 28— OITHHBFORERDFIHE L 6 1ITHDWTITE) L 72855 01T

ORHEDIGED T 5 X 51T, RIA-XOZHEHT S ITX O RELZITS.

OL(0) 1 al
50 N izlfci - ;P(QW) f, (3.22)
D EDFEZ L DAY b =g t2 s Tk = & 28— + OfTEIMc W T,

MBI R DHEE DIHER N DD Z M Z R L I TITbN 5. 27 7a—FI3BIE MR
DARFER M CEME 2 BERE R KT 2 T AEEREZATREICL, 2 < OIGHZH CHEM

21



DPOTHRRAEIRMET 2 M THATH 2. IHKHEL LTEEEE LlAGDE LT
bIBRIh TV 1.

22






REF;
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EHEDI=D, NI AX—& qb} ERNT A=K gb;-’ BT 5. T, ECREIEIX

Zy (m;) = Z exp{—F'E (x;,my;) } (4.2)

CEEINS. LI E MR py (x,|myp) (&, HEROERIL L 2 FERGERIBE (x;, myy)
DLAEA & HIFEE

N

(E(my))e = py (xi|myp) E (x;, myg) (4.3)

=1

M—ELZBZLWNS “ODFIfIDH T, = ra—

N

(E(my))e = > pa (xi|myp) E (x;, myg) (4.4)

=1
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HHZ ALY —%
1
Fy (my) = —Elog Zg (my) (4.5)
TEFRTIUL,
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Sp (my) = —Fp (my) + f(E (my)) s (4.6)
YRTZeTES. ZORIT Y b — Sy (m) ZERAIGT 2 5 S TR R
pe (xi|myp) 1&, BHZALF — Fy (my) ZRMET 2D THEZEZRL TS, ZOD
EORBRBEHIAINF =L, T—RDITRRV VT DDDFETHIANT 47 R
BOWTHRARKICERSINT VS, XUT 4 Y7 ElE, myy =x; 2D 500 TH 2HHIIR
DS, AL Z0NEDTTOERDNS, NI X=X my; Z HHZ A LF — Fy (m;)
DERBERHFENCEFRL TN BDTH S, ZDME, /87 X=X my;) 3HRAIZFECEZ
EDIETD, REANT—DDIE m;;) = m; (Vi) IR 5.
% 2T, RC-RBFN Tld 87 X —& m; OFEHHIZ (211) b h i

8F5/ m,; 8F5/ 026/ (m )
Amﬁx = ] = J
; Omy; Z 0Zy (my)  Omyp
N
Z (xilmyp) Amyg = (Amy) g (4.7)

TEz25Ze33. ZZT,

Am iy = —6—’ ! (48)
3ld] amj[i]
THs.
Fricpg =0Tdh, FIADIRED m;; = m,; (Vi) TH 35513
A[)mj = Amj (49)

THBILHIRENS. ZOHAE, RC-RBFN D%7 X —& m; DEHAIDHERD RBFN
DT A= m; OFHFAZDODDERoTWB I ehbhb. ZOLE, § =0 TEE
Lf:ii}gi)(_&%EJ%O&:T%t, Aomj:()kj_é}gi)("—&m]m =
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> € (ximy) (xi = myg ) {7 (x:) — s (i, myp) } =0 (4.10)

=1
PoRRE LTI E 2 erd. g, XIRX—XS, ZHEELLEE [ - 0lZT5
Y, Aemy =08 F 585 X — & myp &
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> eap {—B'E (ximy) } € (xi,myp) (xi — myp) {n(x) — s (i, myp) } =0 (4.11)
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I BERAFEDRSE
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o(x) ZFtHEL, o(x) DMKE (V¥—72) ZMH T2 IS D ERIRNELAZ2EHT 2.
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