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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

Za2a—INFxy N —=ZREKRELDUIT, BFThHb=_a—nmy, ZhALEEETEY
FTR, FLUTHERANC X DERENS. 2 Td, LIEICH > SR L ZIEHRILE
X, YFFRARBOTUTOATWS 2 EINS. fREICEHELDDDNREZ SN D, Kif
FCREPRE: RGEICER L, BHRRE = 2 —n v o XHHEE, RIFGRIEME
FEOREOZICE DAL 2D T 5. ¥ F TSRO ETRT 2 HERE, s
DEREEZEAZDD L K> TWRIFIIR SRV, X512, RESCTHINCHE R HRNRE
KF (Nerve Growth Factor: NGF) &> F 7 ABIROM/N e8I B W THELRHELE T S
TRICEDIFTREBREINS. B = a—a Y OM/NEBIZET B S F T RARTHEARFE
kﬁﬁ%@tb,:ﬂﬁ@ﬁ?é:l—uy@%@ﬁmﬁwéyffxﬁﬁkﬁﬁénz
T3, %k, Fioa—nrOANEEi(i=1,..,N) T 3.

T, %kﬁﬁ@%@%ﬁﬁm%ébéwgw ﬁ e, MUNREETOBRAEEE
BLZYF S AREEHMEDKE XORMEZIIUTOARERHES b T 5.

dw;

dt
ZIT, w;>0TH%. £z, g \FMNEBICHHEINS NGF DS B, ZDEBICHE
LTWEEj—a—R YD FTAPAFTELZETDHD, f; I ENGF LRERFITKET
Z2OLETH5. o ZNEREMERTD 5. WIEREMRIZMKOTEMEE K S Hebb
Hil [7]) 2 BT 5. NIBEREINE o; 1%

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

=Y nla)g bx) (22

TERIND. £z, NGF O& g, IZXROFERIHES.

da.

é%:@(a a) Gm@+§:@mﬁ_ﬁ (G — g;) }:@wh (2.3)
h#j

G I3HUINEIAN D NGF OftiGHETH D, KROKREIC I DIREZI NS EHTDH 5. 0,

0, ZEDEHTH 5. NGF ORDIFHZES > F S ADEEN, Hftticksd, zo>

FIRAMEEDORE S ITKIFT S, £, HEANET LS FTABAFLIES NGF O



BEORMZAEICH L, NCF OMGEEORBZE(PEHTE 22 L TG 2ER AT
> F 7 AREE DR IIFE KB ICHAT T 2728, ¥ F FAMEE DR ZIcx L,
NCGF O ORFEZLIIEHRTZ 25D 5. 22T, Fj—a—myeFEh=_a—aYy
DFERFIC NGEF 2 HE T2 Z 8IS X 2BADIR v, ZEAT 2 L LT D> F T AR N
BADLEINS.

dwj

1
dt = (G—FOéj—‘g—j;Q;Lwh) w]'—i-fj = (G—F()éj—;')/jhwh) wj+fj (24)

2 2T, Bathiy, &

Vi = % = Zﬁj (xi) &n (%) (2.5)

TEETS. fBiHEDD, NGF OBIEDN—E (G =0) THROLETDRWEE (f; =0) 2%
25, ZOrx, yFTFRAEAEAER

dw.
% = (Oéj - Z”yjhwh> Wj (2.6)
h
ERINS.
BEEFRFBANZEA L RBFN

ZIZT, YFTRABFKBEE(x) EANXITHT2EE LV, ¥ F 7 ARG
FE & (x) RERBEREBTH 2 LART LT, ¥F FTAMBEME w; ZHAEITVRDS
RBFN & [FIRRICE F LW & BR AL ERER O 2B R A X85 Z e VRSN 5.
ARFwXTlE, R (EB) O F RN AR EEEFHYEAE T2, ZO0X5KET
NARUE— M Lotka-Volttera HidtR & FHEAN, BFBERICD 2V DERB D EH) % 3R T4
HMEFLO—FETH 5.

I, ZO@EEFEFREER% RBEN IZE T 5. RBFN TIXARA D IERREBEE % L
TEDICHOEPLDPER=_ 22— VDB THTHY, TR —a 2B T 5.
Z 2T, MEEFRERAN X > GELUCAELRITER = 2 — v Y ZHIBR T 2888 % i 2
72RBFN ¥ L CTCRBFN 235 %. CRBFN T3> F 7 AFEAMEBEMICHAZAEL X4, %
B ER =2 —0 Y DAPHRICEZERD, ZEHOMBILZRZ Z N TEZ 5. RBEN
BT ZEEREERE Y LT RIS Y ZBBDPHWSNE 2 e L, AFETDH
v ABBERWS. 2ok % BIFEEREKE (x) X

1

660 = eap {3 (- m)) 57 (x - my) ) (2.7
TERIND. TIMPIOEBELZRT. I X—2m;, T 3EhZN jEHOBEEK
Bgﬁ@':':"ﬂ\{j%tﬁj\%&#%%&'f?ﬁ”f% D, m = [ml,mg, ...,mM], Y = [21, 22, ey ZM] <
bH5.



MRS T 5 EEEY HEES ELER

m— utput

2.1: WIHPIRTE DR RBIEL 2.2: HHMES 2.3: i DR

RBFN 12 & 2 BABGEUI =R ZRE E (w)

B(w) =5 3" in(x) = 5 )’ 28)

ZWOEIELILICEDERINS. 2T, w=|w,ws,...,wy] THY,

s = 3w, () (29)

Th3. R (Z9) OAEDIMMEBICTE L T0ETXTOY F 7 RARHERD > F 7 215
KEEE & (x) &, S F TAMEEME w; & DD TH 2 DT, s (x) IFHRAZEYE K
HEE 5.

D% D, RBEN D FEEICEI D ERLRTNUIRLRVDIE, Hj—a—marOrFr 7R
HEMEw;, $TX—=Zm; BONINTXA—=E T, THD. FET7LITY A LTHEFER
EE#EHTs T

N

OF (w)

duw;

i ow;, A ; {n(xi) — s (xi) }w;&; (%) (2.10)
% - _Aagn(:) =4 ; {n(xi) — s (xi)} w;§; (xi) (X%J;n]) (2.11)
% - _Aagz(J:V) =4 ; {n(xi) = 5 (%)} w;; (%) % (2.12)

MEOLNE. ANFXFERTHD, BHYRIEDEHRTHS. Mo, Kp2, K3y F+7R
EMEBEOBG DK TFZ T, K idgiiREIcB ) 2 KK EZRLTBD, K2
BEMEE 001, KEEEEFHEHHNC X 2HE0MEEZRL TV, XD 2 K23
T 2L, BAMEE L ERZ DD 2 EEEE GEE) 13EFL, BEMEE L ERZR DR
W, DF D¥EEEITS ETH IR WEERBIIHE OB L > TIZIZHEBEL TV 5.

D &S BBEBCEPUCHEREEDTHRD, TRHERS DIXHREE 2 Z 2T, JIERE
H2TbRwE 51 LA E A2 @E A2 E A e TR, Z23UZHES RBFN Z CRBEN
E IR,



§2.2 EFLULETIERTEZXY—ZFILT7LFI9%

H N> AT LRI 2 i 72 T E ORI 2 H57E 3 % & L DSATREIC 7%
5R—IFNT R RIZOVWTIERS. £7F, My iERICB T 2 EMEICNT 5
fRO—EM 2 RALT 2K TH BV T2 v Y ERFITOWTHIHT 5.

IEOPNEL

ft,z) %, BAXMQ = (t,2) ||t —to] S a,|r — 29| SbTERINFE L
T5. DHEBLYEDY, QWD 2K (t,2), (t,y) ITBWVT,

ERBEE, fIIV Ty YRR T

D) Ty VEENH NS, FAZNOWEHEREICT L T—BR@NFEL, £
DR DOWENT TN Ao K. b5, BB FEHESIEo L 20T, HIREE
BN T PE#AICEETE RV, ZAE CRBEN KB EX#Z 2, BSICAT Y F 725
BREIZERRETOIREET 2 Z N TERVEWVWS 2 THS.

ZZT, ZOVTFIyVRERZIED L WVWHIBZICHODWTHO—ENEZIES Z 812k D,
ARFEENT=2 =50y b= 720 RICINRT 2 2 e 2R L7 U] [I0]. 2O K57
BRI E X —IF AT VI 7 REMER., DX —IFLT7 + 527 ZOWEE%E CRBFN
WHEHS 5 28T, IR O EREZIEETE 2 X512z, 22Tk, Rl CFf
RANINRTE 23 XS IBIEXNS F AN R EH T 3.

WX, EEBBV (w) LT

1 N
=5 ) = s ()P’ 214)
i=1
ZERT S, IEEREREV (w) 3> F FRRFEKE n (x;) & HREEMEBEE s (x;) D74

ERIEETD 2. O F TRAEFKBE » (x;) DREICEKEZE LRV ERET 2 L, ZOK
2D

dw
; ij J
M N dw:
:_Z [ZW X é-j Xz Zzgj Xz fh Xz Wh, dt]
7 h=1 i=1
2
= —ij <on Z%hwh> <0 (2.15)

L7578, IEERV (w) 23 Lyapunov B & 722 Z e b2 %, 612, V(w) >0T
Hh YW <0THBZnd, TOVATLAFELETHZ L VS 2L bbhd




|||||||||

X 24: Z—IFNT7 T RZL X 25 R=IFNT I T7EDY

Z 2T, EHAw; ORI %

dw; V(w)° IV (w)
dt AZM1(6‘9/(W)>2 ow; (2.16)
J= w
rBL e, V(w) ORI
AV (W) o= [0V (w)dw; | .
T _Ej{aw-a}_fAvm)go (2.17)

Y5 REL, cld0<ce< 1 B2RT. V(w) SR Y ¥ B ICHFARD U, S
WMREL D ZeBbhrd. 0k EOICRERRH ¢+ 13,

dt
dt = /
/ Vi(w)

. — V (Wt ) e Vv (Wo)l_c

B A(l—c) = A(l—c) (2.18)
THzZ N, ARFMATIORT 2 Ze23b0 5. V (wo) IZEADHIMEEFHWTEIEL
7z Lyapunov BV (w) OFIHET, V (wp) IEFERTOV (w) DETH S. V (wp) =0
D5E, N (IR) DFESHWILT 5. ZITEERA %,

t* (1 —c¢)
A = V(Wo)l_c (2.19)

52 URIFEZIEETE S, ZOX—IF L7+ 77 20 % CRBEN 2B} 2 H
ADFENEAT 5 2 2T, FIHPREICBWTREBEBOBMNIZWGETHIERDOEHH
D IHELFEEERTIELZeNAJREE 5.

7z, [0 [0 TIREZINTVWEX—IFILT b7 7 REHIZ, ESFTREINZX—
IFVT NI TR (P %)T’?T‘?‘% AR TIE 2] TIRESNTVWEEX—IF LT I X
ZHOWTEREEBOEADFEEZ1TS.

3, LF LVt TICRT % > F S 2GS RE DR Z L% Lyapunov BA%0% F v
THET 5. ZZ T, Lyapunov BRI Z{L%



£ 2.1 X—3IF)7 b7 7 ZEHETROEE B
BHA wy Wy W3 Wy W 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

dV(w) V(wo) 2V (w)r
7 e (2.20)

TERTS. 22T, riZl TRBVEEOFRTHD, R="LTH%. ZOXIRE
FOAJREIC /R o 72 DIX, Lyapunov BB EH XN, LEF LSRR R @80
LTRLAEDLES ZETHEHATEAROGEZEZEZTVWAENHTH L. F S AA[8 %
Pk =N

dwj M
W =A Qj — Z"}/]’hwh w; (221)
h=1
ETHIENTES. ZDL %, Lyapunov BABODKHZLIZ
v (w) =z - i
pra —A Z w; (ozj — Z 7jhwh> (2.22)
j=1 h=1
7%, 22T, A (E) e X (E22) 1 H5RET B 2 EHATRET,
R 1
A= ! Y (W”)R;/ (w) (2.23)
M M
2 jm1 Wi (%‘ — 2hm ’thwh>

LEMENL. UEXD, EX LKA ¢ THERADCRS 2 & F TR R %

M
dw; (aj — D hm1 7jhwh) wj v (WO)R V (W)%

dt M M 2 Rt*
D jm1 Wi (%’ — D h=1 %’hwh>

(2.24)

TERTLIELNTES.

M2, Keaick—IFA7 + 77 ZEHEMEOEA w O EiEZ, REDIZEROK
EIZ X2 B2 RT. X—3IF17 b7 7 XERHRTTIEEA w,~wy DBIEZIF 2 DIZ 100
AR ZE Y LT\, EHBROKIEE A5 & f5E L7 50 [0 %E O KF T F Al
CRBRDFERZE LN T WD Z R bh 5.




§ 2.3 EBERAOERZZRELEAZIMU

21 I CNER=2—v Y ZHIRT 2FEEERLTEZ. ZHIINLT, =2—71
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; &

Y2 = w; (2.25)
CERERT S, g OERBREBROERTHS. orx, X (D) i3
dy; O N~k s
W - (7 _ }; Tyh) " (2.26)
v 7%, R (T20) 3R AL
O dy; _ 90 dyn

= 2.2

Wiz leD, Ry

U ( ——M/%fﬁ_Mzﬁ y
SIEEDY 5 > 5 | Yidys (2.28)

7=1
BEZDIEDTED. 2Ly =y, ¥ yu] THD, T X =R ¢ IZFHNT pL e
HAEATHIOERS {m;,2;} THB. TLT o TEE {¢1, b2, .., 0} BRT. E¥y, OFF
BZEERT > v LU (y, ¢5) D5,

dy, U (y.9)

i (2.29)
TEHL e TE, REW2ORT YT YL U (y,6) &
cuw¢g:_§§{91—A41ﬂwwh—ﬁ%ﬁ} (2.30)
’ Jj=1 4 h#j 4 87

10



CEXETIENTES. ZORE,

E(wﬂw._4U(wﬂw4—%§:n2@q) (2.31)

THEZEPRENDG. L, xi = [11,79,...,2n]| THB. £oT, BE_FTRABK
Ehm@®%¢mdﬁ?yvaUhm@@%$%t%ﬁf%%’tﬁb#

WE, X (2Z20) 10D y ERT vy LU (w, ¢) D h?ﬁﬁk%ﬁémé Z D
R, O ZUOM/NMEIZINRS % &, %Zi))%%ﬂé\_t# SXR KRB, ZFIT, MUNE
OB IR 270DFEL LT, v OFEHHIZ

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

@i5K/4f%%%b%ﬁﬁMLtE$Lﬁfﬁzé EBEZBNDS. J27EL, 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, 0) = Z5 eap {—BU (w,0)} (2.33)
BB YHTES. C T HMRIETH 3. 7, SRS )
Zi= [ [ eap(-BV (w.0)) awdo (2.34)
w J o

TEFEINS. T, AED)IFRT v LV (w) & BECFELEBER E (w) BRI
(233T) & D

py (W) = Zg'exp{—F'E (w)} (2.35)
YEEETIENTES. 22T, f=0Th2. ¥, Zy ITEHHEKTH 2.
MEDXS1CLT, A7x — XADMED MERFEEEBDEHTEZic&D, BXoh
T D b & TR FEHABME (W) ZRNE T 2RI XA -XDEPBIETE S %
KT, 22T, #EES(x) %

= wilN (my, 3y) (2.36)

THZ2Z235. N(m X)) ZHOMiE m, SEEESHITY S OIEMRZERBKERT.
ZOHEMES % 1 DOBIRREMBZ I EHWTCEM T2 2EX2 5. Z0BE, Tl
L&S e LTWBIHRERE ) (x) DEMEX ISR L, HE Y X 2 BREKBEEA 1517
FELTOWARWED, BECFEREEBE 01T 5 2 HERPARAEETHS. LirL, 20D
BIRRERE DT X — & m DIE S ST & iR 2 B A

p/s'(w) (2.37)

Pbp (m‘w E) f pﬁ’ w
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RS AR

Training Process with Weight

[

25
00

25 X2 500 600 00

=50

800

=15
100 —10.0

75

2.6: m DZLE S FERA L 2.7 MHOHT

FEHT 22 TE, REBD X512k 3.

CDRERND, HBENRTRX =D OHMEREBEBBEG X o0 d e TAE 2 FE
AR RN T30, 7 X —&Z m BT EHEE py (m|w, ) ZiRKE T 5
EICEDNI LIV e b» b, F72, & LEUEEE D OBIREEEEE —2BMNT 5
ZEMTEDRD, FMNEHERpy (m|w,X) ZMARETER7 XA - mAELET S L
Db BECREHABRBE NI TE2Z2 b2 5.

— iz, (D) IV T X — R EEH LT % e MUNMRICE Hhh, BEREEE
BBODEEZ0ICTE2ZeDRTERNIERD S, 721, AL L5 & LTWBIEREE
Bon(x) OBFMEXITH L, BB Sh2HFEREBEBEST2ICEEL TORVE 212, =
FHABMOMEEZ 01T 2 2 L BIELARJRETH 5.

¥ AT, MENLRERPRAOBIMES R EPFELRZVDDE T ERE, TNTOD
AR PV x; T ICEIRREBEBEZER L, > F T AEERED w; = n(x;) DDO/87
X—=RS, 50 THBLEIT, RTIA—Zm;Dx; L7252 TELIC0 & TE 3580
3. bHAA, ZLOMETIEITXRNTOASNIRY MLIZOWTEIFRREREB: HE LR
KThH, TOXOIRIEDVAETHLDDEDONS.

ZTC, B IEEEEBOMELD B 1EH e > 0 XD KRE RIS LTI L
eI g & 22, Hi iR BERBFREKBEREEMT 5. ZOFETIE, LFE
H U7 HEREEREBEAHL TW a7, FEPIGRLRETHE LA TV S EIFERER
BO—HOWE (2 F TRAFEERE w;, /8T A=K %;) DB X 12 BRI
MHONRTA—RIZHZHBNT VWS, ZD0D, HRAICHRD BFE TR E /N
T BRFRX—Zm ICHREEBZEINL TV 2N TES. B0, HEDGAEIC
WEITRTDASNIRY bbx; BT X —&m,; & T 2HEBREBEBEER T2 8T 3.

¥ 220 12 E DR T AR L TV 2 BRI ER SN TV AT 2R .

12







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
FHTIFEPEIFOME I, BETIEZ A2 U 7RSI IcH IS, e
DOE . LT, RBFN % & E ORIV MEREB X O RBFN Z G H U 72
By —) (Hhlid b8, Hilik L2y, BEED D) 1conTihN 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)

BT —RIZHTIEDZZETY 7 M7 IR ¥ IHRFEHRATRERIEA SN Y XA ET L (Gaussian
Mixture Model: GMM) 3% %. Z 2T, {ap}i, BREAZERLEZHT YL ap = 1 Zif
27 {mp ) 3R S RARDFEEERL, (T}, 1387 7 2RO EITHI % %
T F— & (), ~ND B TIEDIIEAKNC B OFEIE D FME

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

K
(ak,mk,zk)k:l i=1

THEBEREL RS, EBICA—T VY —RADFT =Xy b THD IisT—&XEy hEHW
TY T VI RRY TR {Tol. isT—&REy NEITYAXADBIRT — X &S S, 2
CROZENEFNDOREZ LIE (cm) WS 4 DDFHEE L, setosa, versicolor, virginica &\
I3 DODT Y RXDHEIEHD F NIV THERINE T —XtEy N ThH5B. IrisT—Xty bDIEMR
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ERT—2DZ_NAFT GMIZk B2 5RE ) TS

254 25

204 20

o

e Mg Lom]

051 . 05 A
* ss0 o

00 +— T T T T T T 001 — T T
1 2 3 5 6 7 1 2 3

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

CEFEL, RAEEMEREE & FEXR. 24U, IKRE s, 20 5 R L TARKRITE & N 2 I o FaF]
THDY, 0<v < 1 3EHEGZ2RIBETH L. /2, GIFESINEERL, HMICEH 5]
REFLIZIEROE S MO L TERINS.

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¢

= E[R(s1,0) |50 = 5] + YE[UT (5) [sts1 = 5]
- Z 7 (als:) Z P (s'|st,a) [R (s, a) + U™ (8] (3.5)

acA s'es

Z D &5 2tz IRREHERE AL U™ (s;) 1CX % Bellman /7R EFER. £7z, Bellman
FRRURREMEZ T TR ATIMETD ERT 2 LD TE, mtltzERT 5 LTH
MHe7Zs. RiEs, 1T8a, HRaBEZONTEE, 7 D N TREATEIRT D (s4,a) D
ITENHERIEL Q™ (54, 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

17



£ 3.1: Q 7 —71Df

IRRE Q (s, A) Q (s, B)
s1 5.2 2.8
So 15 4.3

ETH5. BT AHIVAER, REILOGZHOV Y IAZINEL T Y — N RO
" ICAERS A HEE T2 FIETH 2. — T CTHNGIEIERR, BROERTTALEAIT
B 3G ECHRA DHEEEICHE D W TERINATERIE E EHi 3 2 HIETH 5.

TD 8T, REMERSEL U (s;) 238 2 55K 7 1€ - 7= BE D FARFHREN O K F0 & IERE I3
BlF 2 koA xn s, BEARINCIX, 155K 7 120E 5 55 O BEDOIRREHERIE U™ (s,) 123k
DIFBZenHEERS. £F, BEOHEMEEHIE N IERICESCHEEEE D
72 (TD &%) ZitBE 7 5.

0r = R (se11) + YU (se1) — U (s) (3.7)
Kz, Kb oNT TD %% AW CHRAEMIERI S 2 B R EHT 5.

U (s) < U (s0) + A8, (3.8)

COEHRED R 2 L CHREEIE U (s,) 3EORREMEREL U™ (s,) 10FSNTW<. TD
MWK, EVTFAATED L5 D 186 NS EREIEH LoD, BINEHELD X 5
CHEDHEE R > TROHEEFRET 3. 2070, BHEETLHARITSBREY
HAETH D, MEOMBISHET LT W s T H 3.

Q¥E

TD 238 CIURIRBEIERIE R (HH L T\ /eh3, Q2278 T TENMmERI S Q (s, a) ZEF 5
3. QB TRFETTEZAL—AIHL, ZOL—LOEMEZRTITEMED QHEL WS
EEERE, T—V 2 MTEIT A0 ZEDEZEHR TS, 2 TWIAL—LLIEH 3
R ZDIRETICBVWTZ—Y =¥ MA[RERITEIZXNC LD DTH 5. HlRiXT—
Dz MOBEDKEE s, & L, ZORETHRERITEIN A, BD2@EY THE LT E. Z
DrE, T—VxzYMI220DQE, Q(s,A4), Q(s, B) b IATHTHEIRETS. Z
DEIRQEEEERNCTLDHEIDLLTQT—INARnDE. QT —710f%R BT
IRT.

TENZ TRE L2356, RICZ DIREE L ITEN DA TENIERI Z HHr s 5. KiEs, D —Y =
> N OMTE 0 BB, BN R (5,1, 0) Z15T, ROKE s, (BB LI T 5. {TEIHE
BRI EHNIZL T OB HWS N B,

Q (51, 01) = Q (51, 01) + A | R (s141,0) +ymazQ (se41, a) (3.9)
LR EHRIIIRAEDIREED S RDIRFEICKE - 7288, 2D QfE%E GREN+EI515 X XDIR
) WEoTHmIBEWVQHEIED TS ZEZEKRLTVWS., ZOoZeiZkh, HHIRHET
B WIRIN 215 7285 503 2 DIRBBICERE T 2 2 & SATRERIRBEIC B Z DA EH & & 12 fm
BIorrichkhs. kD, RERIREEROYEIMTDONS.
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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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Xl 3.5: EDOWE~ v 7 X 3.6: #EE XN~ > 7

FLOIUE Z DIRETIIRIERHERE & LTS T ek W D, iRz e LTy,
v EVWOEREREL, UFD X3 AR Z21TS.

max Z {uy — Mg} (3.13)
st€S

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

(P — P) (I —P) " R(s,a) >0 (3.15)

—vy < R(s4,a) < vy |R (s¢,0)| < Rpax (3.16)

FFRIZ OpenAl 2363 % Grid World & FHEN S, =T—Y =¥ I XHIRD 2 X567
Uy N E2RBEI LA 6 BINZZER S 2 5E2F I8 2 O CTIRMBIE OHEE 21T - 7.
SENIHRMA E N7V v RORTRRS N, RHPENTY v RBFTEREINS. BED
Wi~ v 72K BH I, BIEFHEEIC X o THEE S A28~ v 72X BB ITRT.

RAIY bOE—EELFES

oML E T MRS A 7ATED MM 2 Kb %) EWHIREZ WSS, Z
Uy b e —RAMEOFEEHAGOE O RATY b e E—E b E Tth 5 18]

I e —HEREOFEHYIX, ERER X ICOWT X NEET 23220080
o TED, ZALBNZ X I L TRf—2RI6 R o7 &, X DBMES MHIESEH T OT
T X ONEDPSIDPERRITED X RDMEZBROPHEYITHEE WS FETHS. ZOH
HE2HAaebES Z 2k, SHETHRNZABOITENCEST 2 AERKEFEE T e
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Bz o d 5. ZHOBII1BIT 2 L, BLEBOERBIZ-10 525 10 £ TOHPH &
35, ZOHIMEZNLEN 100 0EILemET —XRE LTHERT 2. 607 -%%
I BB HIMIE S % 3% L, RC-RBEN IC X 2 BISORBIZ1T 5. &bl 5
LHEMES L, 85N RMSEBX U MAE 2L L TEF LD Z1TS.

HEMES L AIHIRE D BRI

BUESEBR T 3 2 AMES X, BBt FEOMERERHMEICH VSN E XY F~— 7 B
ThH2. NvF~v—rEBE X, BEL7 L) R APEBOEMFEDO RS % e - 2
TROICKRIEIN, BHEDEHEESTLTHS. 5D ELT, EBEREICBWTH
FIBEELY U THERE L, 713V XA FIEN Y OREIEMIIM - RE(LTE 202 TR
FNCHIE ST 2162 1Rt 3 5. BIBOALISRHRE LD FICB VT, N Fv— 7 BEBDTE
FIZIERICEETH D, ZOMWRER RBIINCILRT 2 72D OIEHER R FRE r LT/AL AWV
LTV, RIZETIX, ZIEMBEBTH D, MOIERIEM 2 #5D Xin-She Yang BI#U% £
M52, ZOBBIEILLTDO LS ITEREINS.

n(x) = (Z |xz|> exp (— sin (x?)) (5.1)

=1

F 72, FIHPREEIC BT 2 HERB ORI, 43I TR LS IC1IDRHET S, ZOH
EXFEH OV ICB W TABERHEEZI X, R OB Z BFEICITS
T2DDEM N T 2720 TH3. ZOLZOREBBDOARIX—&1F, UFo k515
o5,

9, EARLICEHRESIND. ZHUIHPRECIIRKBEBOBE L HF IR -E5 2k
PRELEZDBDTHY, FHOETIEPOHEISINICERSN S Z L ZHIIEE LTW5D. X
IR OO ERAIICEE T 5. ZHUTEE OB ICB W TETE 2 B L,
B OB E Z HICINCEL X2 Z L ZAREICT 212D DRETH 5. wRIZ, T8
HAOBATINIHEAATH e §5. ZORTICELD, FHIRETIIEEREB O EHHZ 5T
FNZERE L, BOFEI X - THEHUIREIRSSKE I E (X2 22 2 HE LTWVW3.
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MRREE S 1 HEERH Xin-She Yang Function

X 5.1: 1 ZFDHEKBIEL X 5.2: 1 Z % Xin-She Yang BA%X

MERIE BT DREBN Xin-She Yang Function

4 5.3: 2 28D EIREIEL X 5.4: 2 2% Xin-She Yang BE#L

1 ZE D %5 D Xin-She Yang BIE & #IHPIRERIC B 1) 2 RIERBEKE 2 h Z2hX 60, X652
RS, F72, 2ZDIGE D Xin-She Yang B & FIHIKERIC BT 2 HRBEE: 2 2
63, KbE2I1TRT.

§5.2 EERERCEE

5.1 HiCTIRANZRED RT43HidD Step 2225 Step 4 175 Z & THAMES DL 21T
W, ZOMREINT L. Fc, REBEBOESIAEN - HIFRDREE ER&INCFHE L,
REFEOEMEEHL P ICT 2 2 2 HIET. £, FEBEICB 2 HEEMEOZ(L
ZARILL, ZOZ(ISELEEICY D LS ICEET AN EERT 3.

1 BB DIHE DELHER

128D 2 DEKEBOEILER Y, ZORAIZE T 200 RE 2 X~ X 8 125
3. 2 Z Tl order=0.5 DR Y order=1.0 DE, O F D FEEHOBLR KT OROFERT
H5. REDIFEAIRICBY % RMSE, MAE, E(w)DfE%ZRT.
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7 5.1: ¥HFI%RD RMSE, MAE, E(w)(1Z#)

RMSE MAE E(w)
FE 12.313 9.3810 881.12
FER 0.39063 0.28215 7.6299

Peak Detection (order=1.0)

Index Index

5.5: order=0.5 12BIF 23— 27 DfE 5.6: order=1.0 12BIF 23— 27 DfE

EER EER

5.7: 1 [EH O bUEHE 5.8: FEK TR OGS E

ZZT, 61D RMSE, MAE, E(w)DfEHIZOWTHEZ 5. £3, RMSEIUEIZ
BRI PHMIEIETH B e 2% 2 2, RMSE =0.39063 £\ I fERIZTHI L 72 & 2
fifE5 2 ORICKERAIVERZFEELRZVWEEZONS. T/, MAE =0.28215 ¥ W o iF
RIGHED PR EXDBRTETCWVWL 2R L TWS. X512, RMSE ¥ MAFE
DI BMSE 208N 5 b, FEANT 22 ~ 131 TH D, FEKIT 308 ~ 138 TH 3.
EoT, RERANEDOHEZIH T DI TRV b, &REKIC, E(w) DE(LIX
HEE o TETNDART X —ZhEEb S, EEEBSKIEICRD L2 2RT.

L7 oT, 1 EBITBWTIERC-RBEN ZFH W5 Z 212X DA LTV EEEEE
BIIL, SiHMIfEEOED? S BWETFARERT AN TELREEZONS.

2 BB DIHEDIELIER

2D ZDOREEBOEILARE Y, ZORAICEIT 2000 R 2 M 9~ T2 135
T Z2TH 1D order=0.5 DIRFE L order=1.0 D, D F D H OB L KT O
DIERTH 2. REAIWZHFERIRICBIT S RMSE, MAE, E(w) DfE%ZRT.
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£ 5.2 ¥HFIH%RD RMSE, MAE, E(w)(2Z#)

RMSE MAE E (w)
&S] 23.614 16.017 3016606
FE% 2.0997 1.7009 94046

5.9: order=0.512BIF 2 ¥ — 7 Dfl 5.10: order=1.0 12BIF 23— 27 D

SR SRS R

Bog s ow

s

5.11: 1 [A1 H OBl 5 5.12: 2R T RE DTSR

T, 2EBOHEITOVWTHFEMKIC, RE2D RMSE, MAE, E(w) DfEIZDWT
EZ25B. ¥3, RMSEWX RMSE =2.0997 £72 b, ZAUITHIL /{8 HiHES & DfEic
RELZANEIFELRZVWEEZONS. T2, MAE =1.7009 ¥\ 5 #ERIFEZ DY
MR REI B TETVEZILERLTWS. 51, SMSE pigi3 2 v, 2RENE
B~ 147 TH D, FERIFZ 2D ~ 123 TH5. £oTC, RELNVEDOHEIHED
Bz Twhnwiedrbnrs.

REIZ, E(w) 1394046 £ \WH REREICPER L2 L IZOWTEET 5. 7, 2T
IZBT 27— ZROBIF 10000 NTHD, BT —X[ILDE(w) 2RD2 L, 1G5 ~ 9.4
YR, BT XEDOMEAEI VA4 ~ 307TITHYST S, 1Y) DA 3.07T THR
3, JERIEEORWEBICH T AEIFES AL L CHEYIARHBETH L EZ NS,

L7235 T, 2Z8ICBWVWTH RC-RBFN WA Z 2 I X b AR L TW B HKEK %
BINL, BiHMIEEOED S BWEFAZIERTE N TELLEZLNS.
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AZETIEET, HEZ XL -2 v b u b —OBE) 5BEZ RIS ThiE
WCHIEREB 2 EH T 2E, WEAFHEHAZHEAT 5 Z 21Tk o TILERREKREK
PIFE S 25810 A 2 1A SRR EEEK E HIBR 3 2 et 2 57> RC-RBFN D53
#1To7z. BIF®D RBFN T, HEEBBDOEDN DI WGE I ME 2 IR m S
222N TEY, REBEBOEBE LGS ICWENIERHEEZITI 22 ikhkoTW0. &
72, B—3IFAT P77 RBPEATEILICLoTEEHABO FREZREST S Z L 3A[HE
WD, FEOMBLERZ ZEPA[EEL o T3,

AMETIRR LS AT LORME LD 5. 1 ODHORHEIE, HHITREMBEOENS
MEBBDPORDZ ZICE D ZEMEDTOHELER L TWERETH 5. EROERTFIE
TRZEBDEITD 22T, BENEZL2312Oo0NT, FHEENERBERINCENT 3 2
CHHMEE o T\, ZOFEPHEBRBOY — 72BN T2 2 TEZEMESZE
LTV, ZOZRIZED, BHOMIMIE > TREL CWEIHEDOREEZEMNTE
lrEZoND. £z, ZOFEREIEARICHTITIGEAREETH D, B, KRYIT—
R AT HGERFRIC B 2 R c b B TH L e EZ 5N D.

2 OHDFHHIE, RC-RBFN 2#filid b - 7z LAt s, w8 icillaide 2
EDIRETH 5. RC-RBFN IZEEBEHBOEBMEHIRZZERETES2=2—-F 11y bV —
W2 Db S TR ITHAAA TV B HEHNZZ V. 2 2 TARME TIEEFIECBY
%5 RBFN LY b r b —D# S OEEZ /R L, BINARREICE) 288 OFEE
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SHROFEE LT, ETREOEMEI D IO S, ARiFFETIE Python D E#EL T 4 7
SYTHB3Numball X o> TETFTAZIT AV A NLFTBILTCEEDII o720,
CPUIC & 2 MiF0 B E W Z e TEEbEK-72. L L, ST TIE R 208
DD o TEB Y X5k EELFREZ 2 E X b 5. £ 2T, CPUTIE% < GPU
RO, BHEDa Yy ¥a—X W08 R COFERENTH S &
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Wi D 2. UEDRESHNE - Mt T2 28T, KFEOFEAW L HiEE —ER L X
BEIeNTERLEZL. WHHEEDM I ZPZEHEABOELNIB N T R E
tFTHs VW3R 5.

34






S

AFEE BT 2I2HT= D, ZRRTHEE & ARY) TSR ZHiRE 2 15 - 72 1ILRAT Y
TR T - (Bl LA RHE IR T O BHTE 2 #4%, Anténio Oliveira Nzinga René
AR ELZHEZRLUET. RIBRICRD E LD, 2REHIEZ L TOERIEWEREE
DR ZEFE I L £ 5.

2025 2 H

/NEE PR

35



SZ 3K

[1]

2]

[7]

8]

[12]

[13]

[14]

M.J.D. Powell, “Radial basis functions for multivariable interpolation: a review”, Al-

gorithms for approximation, pp. 143-167, 1987.

BIFME 2, BIREER, SBEEFNAEAZE LSRRy v v —27,
B IERBEEY R EE, Vol. 80, pp. 3191-3199, 1997.

BF 2, ARG, BIFEIER, “BREOZLICHEILT = 32 EH - AR KR
v V=27 BFIEBREE R EE, Vol. 82, pp. 941-951, 1999.

BAMIE, SREREC, SEM, FIHEA, FrilshkE, 5)IFEF, “RBF 2 v b7 —2 2w
TeIERIE DS A FEAE IR ST B DRCE IR 2 it9Y, TARZERE@ R, pp. 117-132,
2001.

FrHZES ) REE ", “RBF % v vV —2 % HW RIS O@EIGHEE”, B T IEH0E
B2 SCEE, Vol. 87, pp. 1205-1214, 2004.

D. Silver, A. Huang, C. J. Maddison, A. Guez, L. Sifre, G. Van Den Driessche, J.
Schrittwieser, I. Antonoglou, V. Panneershelvam, M. Lanctot, et al., “Mastering the
game of go with deep neural networks and tree search”, Nature, Vol. 529, pp. 484-489,
2016.

EREELR, WA —, ARARHIER, Hebb HI, IdFLFEEH https://bsd.neuroinf.jp/wiki/N
ZHi|

Y. Wong, “Clustering Data by Melting”, Neural Computation, Vol. 5, pp. 89-104, 1993.

Zak, Michail, “Terminal attractors for addressable memory in neural networks”,
Physics Letters A, Vol. 133, pp. 18-22, 1988.

Zak, Michail, “Terminal attractors in neural networks”, Neural Networks, Vol. 2, pp.

959-274, 1989.

7. Wang, C. D. Massimo, M. T. Tham, and A. J. Morris, “A procedure for determining
the topology for multilayer feedforward networks”, Neural Networks, Vol. 7, pp. 291-
300, 1994.

A. Charpentier, R. Elie and C. Remlinger, “Reinforcement learning in economics and

finance”, Computational Economics, pp. 1-38, 2021.

Hideki Asoh, Masanori Shiro, Shotaro Akaho, Toshihiro Kamishima, “An Application
of Inverse Reinforcement Learning to Medical Records of Diabetes Treatment”, 3%
H 2025-01-23, =https://api.semanticscholar.org/CorpusID:2159236.

7. Wang, C. D. Massimo, M. T. Tham, and A. J. Morris, “A procedure for determining
the topology for multilayer feedforward networks”, Neural Networks, Vol. 7, pp. 291-
300, 1994.


https://bsd.neuroinf.jp/wiki/�w�u��
https://bsd.neuroinf.jp/wiki/�w�u��
=

[15] =% &K, “TAeWi#H T2 ALl 2%, B%H 2025-1-20, https://www.
mitsubishielectric.co. jp/news/2020/0603.html.

[16] A.Y. Ng, Stuart Russell, “Algorithms for Inverse Reinforcement Learning”, Ieml, Vol.
1, 2000.

[17] W. Markus, P. Ondruska, and I. Posner, “Maximum entropy deep inverse reinforcement
learning”, arXiv preprint arXiw:1507.04888, 2015.

[18] B. D. Ziebart, A. Maas, J. A. Bagnell, and A.K. Dey “Maximum entropy inverse
reinforcement learning”, Aaai, Vol. 8, pp. 1433-1438, 2008.

[19] dbilmE=, dbuE L, ILIRERE, “RBF v bV — 212 X 288 — U381 @G T2% - &
27 AP PIERTE A FEGRSCEE, Vol. 2008.18, pp. 330-332, 2008.

[20] _E¥eEEsd, BPERESC, BANHEEA, HIORE, HF—HE, A, “ 8 7 4 NotiEHR e
FIH U7 #Es T8 P37 E%80R, PRMU2011-19, 2011.

[21] HHAE, MEME REEE, R85, “BRBF 2y bV —21c&k%a3Ia=74%
A 2 NAHBRROFEIA TR, EARYREWE D3 (HAREHHE), Vol. 71, pp. 425-431,
2015.

[22] J. Moody, C.J. Darken, “Fast Learning in Networks of Locally-Tuned Processing
Units”, Neural computation, Vol. 1, pp. 281-294, 1989.

(23] FFERERE, S0 IPREAE, HrilishRE, “lljR e RBF Z2FIH U 7za (b’ ks v Ry
v LFETERRSCEE, Vol. 2004.6, pp. 279-284, 2004.

Y
‘y

[24] ZHEHIE, HoTiEek, /NEE A, “BIEEEERRERCR v b7 — 2 12E D K IRERIIFE T L
&2 OHEE” ) AR, Vol. 30, pp. 19-35, 2001.

[25] BRATE, SAEIR, “BLFE % i mXoeEBIRARZE M 81 2 RYIHEE) ¥ H —ik
= ENDEFHOEE— BT EHREETEHGE D, Vol. 82, pp. 2118-2131, 1999.

[26] fEAIAT, RARMER], “B(LFC BT 2 BICHIRAEZ2 MM RGE, H AR B a5,
Vol. 6, pp. 144-154, 1999.

[27] P. Abbeel, A. Y. Ng, “Apprenticeship learning via inverse reinforcement learning”,
Proceedings of the twenty-first international conference on Machine learning, 2004.

[28] D. Ramachandran, E. Amir, “Bayesian Inverse Reinforcement Learning”, IJCAI Vol.
7, pp. 2586-2591, 2007.

[29] BRETE S, “HRIMERENT > R 7 212 B 2 MM DG & i & 2 Rk, — Btk
AN ¥ R T LHIEIEHRFES, Vol. 58, pp. 462-467, 2014.

[30] HITIGHE, “le K> b v ¥ —iE b8 O ERE O BGmaH , N THIRE AR 2 E RS
XEE 5 35 [, pp. 1G2GS2a01-1G2GS2a01, 2021.

37


https://www.mitsubishielectric.co.jp/news/2020/0603.html
https://www.mitsubishielectric.co.jp/news/2020/0603.html

[31] ERIAR, EEEME, fRREE, 2 HREGTEIC K 280 — M7 RBF v b
7 — 27 OWE", HARFREER 7 7 4 ¥R 77010 AT L T YRI Y L iliiam
YEHE2MT >4 AT L TURIT A, p. 182, 2005.

38



	図一覧
	表一覧
	記号一覧
	はじめに
	本研究の背景
	本研究の目的
	本論文の概要

	複製・競合を考慮した動径基底関数ネットワーク
	競合を考慮した動径基底関数ネットワーク
	望ましい時刻で収束できるターミナルアトラクタ
	基底関数の複製を考慮した関数近似

	機械学習手法と動径基底関数ネットワーク
	代表的な機械学習の手法について
	マルコフ決定過程と強化学習
	逆強化学習の仕組み

	提案手法
	計算量を考慮した複製方法の提案
	機械学習への組み込みと高速化手法
	複製・競合を考慮した学習の流れ

	数値実験結果並びに考察
	数値実験の概要
	実験結果と考察

	おわりに
	謝辞
	参考文献

