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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
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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 2.4: §?~:*}”/1/7]~77§?7£L X[ 25 X—=IFILT7 7 T7XHD

Z 2T, Ehw; ORREMD %

dw;

= —A (2.16)
dt w)\? Odw;
T (%) 7
rBL Y, V(w) OB
= Z dwﬂ = —AV (W)°<0 (2.17)
= 8w] -

Y725, =R, cld0<ce< 1 BT, V(w) 3L & HICHIRD U, P EIE
WMEREL D Zebhr s, Z0r &DIREER t+ 13,

dt
= dt = /
/ V( )

_ — V (we=)' ™ V(wo)'™

= Au—@) <zu1—@ (2.18)
THZLHN, ARFEFANTIRT 2 22283005, V (w) IZEADFIIEZ FHWTEHAEL
7z Lyapunov B8V (w) OFIHET, V (W) Z PR TOV (W) DETH S, V (w) =0
D5E, N (EIR) DESHHILT 2. ZITEERA %,

t* (1 —c¢)
A= i (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

[

0 100 200 300 400 500 600 700 800
Iteration

X 2.7: HELDKET

FEHTEZ e TE, EBD LS I12k 5.

COFERDM S, HENRTXA—XE b OHBRREBEBIEZ ONEMEDD & THRE 2 F
PAEEBERINE T 2720120, 7 X=X m BT EHER py (m|w, Z) ZRAE T3
HICEDNI LIV b2 b, T2, d LEUCEER D OBRXEEEEE —2BIMNT 5
TEDBTEDLRS, S EHRpy (mw, X)) ZMAL TERF7X—ZmARLBTZ L
D d B AR /NI TEE bbb 5.

—fiz, X (EID) IV T X=X EBEH LT 5 L UVNMRICE b, BETERE
BBODMEZ 02T BN TERVWIERD S, T2, ML XS & LTWw2IERREE
B (x) OMEZITH L, HEr INZEFERERBDTIFELTORVLE 212X, =
A OMEER 02T 2 2 L BRI AAJRETH 3.

Y ZAT, MBRALEZRPLKADHAMEES R EDPFEELZVWDDE 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.

ZIT, B TIEEEEBOMELD 5 1E e > 0 X ) KREREICIGE L TEEBIGE 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
MBHONRTA—RIZHZHPNT VWS, ZD0D, HRNICHRD BFRE REEER /DX
FTBRTRX—ZmICHREEBZEINL TV 2N TES. B0, REOLAIC
WBIRTDOASTIRZ b v x; BT X —&Zm,; T 3EBREEBMEZIERT 22N TE 3.
X i FEHOBEBETHAE L TV A EERERERBOIEEI N TV EIHTFERT.
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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
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¢

= FE[R(s1,a)|s0 = st] +YE U™ (') |s41 = §]
= wlals) > P (st a) [R(s1,0) + U™ (5)] (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" (s1,a) = E[Glsp,a,7] = R(s,a) +7 Y P(s'se,a) Y7 (d|s) Q" (s,d))  (3.6)
s'esS a' €A
a7 PEBROERTIE,  PERER TR THIUR Q™ 13 EoHE R TENEHBIE & 72 b,
Q" kM B Z DT EIUIRHEBATENAED O S. QF ZitH T 2DDFHEII220DH
b, fifEREEE HRRIEETHS. 5607 Y Xab, Q7 IR T 3 —HRIK
Qrk=0,1,2,..) Z5tE T 2. ZhooBKZHET 2121, RE2EE2EITTT 2 BIfF
TTENIE % TR T 2 RED D 5205, ZHUIE/ho~La 7 JUE B E RV CEIEBREMN T
H5.
Z ZTHILFEEETIX, RERIREITEIZEM _E O/ TEM BRI % % 2RI 5 2 BRI
T57012, ¥ INOVFELRBEEGE M OFEZ A U CTHRHMEZEM T 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)
Kz, Red BT TD iz % Fw CIRBEEMERT % B EHT T 5.

U (s) « U (s;) + A8, (3.8)

COEFEMEDIRT Z & TIREEMIE U (s,) \$EDREEMERIE U™ (s,) 1BV T WL, TD
FEZ, BEVTAHANVRED LIS ICREIL OB/ ONGREBEZEH LoD, BETEED L 5
WIREDHEEZ# > TROMEERET 2. DD, BEET LRI TIHBEREY
DARETH D, FHEOREICHEH LT VAR TH 2.

Q¥E

TD 235 CIIRREMERI R (HH L T2y, Q%8 TIIfTEMMmERIEL 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)

LR O EHRUIIREDIRAED & RDIRFEITFE - 1288, ZD Qi CGREM+E]5 R X XD IR
BE) WX THRIEVQIEIGEDIT A ZEZEHKRLTWS. ZoZeickbh, H2IRET
BV 257235513 2 DIREEICEE S 2 Z L A RJREARIRBEIC b Z DRI ATEHT & & 1Tix
BIazrickhsd. UKD, RERIREEEROYEIMTbIS.
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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

SLORUNE Z DIRFETIXRIEETHEE e LTS Z e BHRnW=o, =By LTy,
v EWVWHOEREREL, UTDX5ITERZITS.

max Z {uy — Mg} (3.13)
st€S

subject to (Pye — P) (I —P,) " R(sy,a) > uy (3.14)

(Ppe — P) (I —Py) ' R(s¢,a) >0 (3.15)

—vy < R(s4,a) <y IR (s¢,a)| < Ruas (3.16)

FEFKIZ OpenAl 23145 % Grid World & FHIN S, == =¥ M ZHKD 2 K57
Uy N EZBEILRD S B2 ER T 2 5% LR 2 W TR O #EE 217 - 72.
SENFEINAE N Y v RHARTERRS N, MHBENTY v FHRFTRREINS. HO
Wi~ v 7&K BEH I, FEFHERIC X > THEE I N8B~ v 72X B8 IRT.

RAIY bOE—EELFES

W OMR(LAE T MBS 7ATED MM 2 K LT %) EWHIIREZHWS DY, Z
Uy b e —RAMEOFEEHAGDE OB RATY b e E—E b Th % (18]

I e —HEREOFEHYIX, BREB X ICOWT X WEHET 23220080
PoTEBD, ZALSNC X I L TR[—2fI6 R o7 B, X BMES BHIESEH T OTF
T X ODPHEPSIDPRKRICKE D EOBTHEZEZIOPEYITHS L WIFHTHE. ZDFH
HE2HAaEbES Z 2k, SHETHRNZABOITENCEST 2 AEKEFEE T2 e
AJRE L 72 D, WL FEE ORERPBHEDITEI L LN D DT 5.

RARTY b u E—Wi (b TIXERNBEE R (s, a) 287 X —& 0 &, one-hot RIITH
LbhINDTF A= b DITEIIFOREE £ T FHWTUTD & 5 RAREREETaM T 2
TeHEZDL. ZOLEIX R = MIKE C = [(s0,a0), (s1,a1), (52,a2) , ..., (s7,ar)] &
BIRLTW2 IRET .

R(c|0) = 0f; (3.17)

TIT, NIA—RONOLHETERL T2, RIEs ORME £, 22 51K s DRI R (s)
DWEEB.
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3.7 BRIV Fu b —imatFE I k- 3.8 mALY Fa v —TFEdm{bsE
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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 2R ORKREEL X 5.2: 1 Z % Xin-She Yang BA%X

R IZ BT HEERY Xin-She Yang Function

X 5.3: 2 2R DFEEREEL X 5.4: 2 ZF%¥ Xin-She Yang BA%K

1 ZED%E D Xin-She Yang BAEL & #IHPIRAR 12 B 1) 2 RS 2 2 h 2N bE, M ED
RS, 7z, 22D E D Xin-She Yang B & FIHIKREIC B 2 BEEE: 22
63, MB2ITRT.

CDEIRFED RT4.3HiD Step 225 Step 4 2175 T & THEMES DLl EITW,
ZORERE NS 5. K, HEBEKOESHNZEN - HIFROFE L EE&INCEHE L, 12
RFEOBMMEEZHLICT 22 2 HIET. £/, FEHBEREICBY 2 REBEKOLLE
AL L, ZOEIELIEEICY DL ICHFETI0EERT 3.

§ 5.2 EHEREBERCEE

93, 1 ZHOBE0BEE LT 3 BRI WT, 1EHOBEO T, v— 2K
WX BAEEOMTZXT??, K?NIRT.
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Xin-She Yang Function

100 15 =0 25 00 25 50 75 100
X

Xl 5.5: 1 28 DREEREEL

X 5.6: 1 2% Xin-She Yang B







SOOI

A TIEET, HEHZ X LF - 22 b a b —OBlED» HBEEZRIRINTE S ShiE
WCHEBE R T 2 HEE , BEEFEERAIZE T % 2 22 X o TIURZEKBEK
DPIET 258 ICH A 2 HE I B REARREEBEEZHIFR 3 2 EE % 2> RC-RBFN 052
Z1To7z. BIF®D RBFN T, ZEEBBDOEN DI WGE M 2 IR i L5
22N TEY, REBAROHEPBREILGEICENEREEZITO Z2ikoT0e.
72, B—3IFAT P 7RBEATEILICLoTEEHEBO FREZREST S Z L 2A[HE
WY, FEOMBNEXZ Z e PAREL o TW5.

AFECTIRB LS AT LD EZ LD 5. 1 OHDORHEIZ, EHINEMMBEBOENZ
MAEBBDOORD D ZICI D ZERDOFELZER L TWERTH 5. 1EROERFEL
TREZBEBEDEITO LT, ZENELR2I12ONT, sFEENEHEBIRINCEMT 2 &
EDREY BoTWe, ZOHERPEERBOY— 7 2N $5 2 TEEBES Z M
BLTWS., ZOZ2ickh, ZHOBINCE>TREL CWEHEROHELZBMNTE
meEZLNS.

2 O HORHHIX, RC-RBFN 2#filid b - 7z Lo by s, Wb Icllaid 2
EDIRETHS. RC-RBEN ZEEBEBOEH L HIRZEZERTES5=2—F L%y bV —
2 0b 5 M ITHAAA TV B EHEFNZ V. #F 2 TR TS TFIERICBY
5 RBFN XY but—0#HA» 6 DBEZ /R L, BIHRRRICE T 28WFHE OFEE
BEL.

SHROFBEY LT, ETREOEMIH 5N S, RFFFE TlE Python DE#LT 4 7
ZVTH2 Numba X > TETNAZIIT AV A NT B ETCEREDLIIH-72D,
CPUIZ XK 2MA I Z W5 Z e TEdbtz Ko7z, Lo L, EXRT T/ 20
DD > TE D X 53 E#ELAREF e E X 55, £ 2T, CPUTIER <L GPU
EROWRWHILES, BHEDa Y a—X AW Y OFIEREGTH S L
EZbND. X5, FHREBPHNIEL XS Z e THEEOREe, HELFEREY
AN X 2 EHADHIROMBEER D X DI LEREE EDH 2 ETEHREICRZ G EZIOLNS.
D EDORZSHNE - MEtT 22T, AFEOERHMEEHEEZ —ER LXE5Z T
X2eEZ5. WHEEOMN | ZZ2MNZEHBEIBDOALNCB OV TARIRGEHTH 2 &0
5.
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