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SRS ) A — RS T IR SRR, XA S R IR AR B AT A T
HFAFELLE ) RS B AT 2 2o FRHREL) LS B BRI 7ok Ui WITT
UM R T I AR B s, R 2RENLESII R, KK BAZZ)
BHAAARE. 1G8, A EITERAT A, (BfEMmAIERATEL
WAL PRAE RIS IR 2 DA s, IIFEAE S, Ak £ R AR X U 1
B AR SR AN S REOR, PR B RS RER AR &
M2 R, Wi S BAZAA IR E L, G, REFT T, AT

RS LA TR R R AT . oI R A S ok
AE (SR RB) IFEA MR IER. FRRAE, WA X P
FEGl. B SRR U B0 — AW H bR, R IR 3] B AR5 K5 R4
Ji, Bass . AR IUEE AR = FoES D EE
RSB RANEMEZ G (Wnehan) ASER I MY, RS e
SRR EEAEFA L — RPN, R RATESh = B R 22801E; 1.
BATARIEIE R E SR BN, TR A S ER RIS ARRR (&2
SEE ). IXLERE R SR A S ST 55 A ML RUREAE, R A R 1 8% N
WeE ik bedE. HSL b, JLFIE R4 ESUES AR RN S, W
Bl 2 ST HA T2 1R A .

10145 T 5RA0A ST G IHESE, Horp 22 3] G5 R LA 1T AT N AE 2K
M 55, WUESMEE LS. iEILE AAMERIA BT, &
KA H S LRI BN (State), MRAFX —IREEFR —31E (Action),
RIEAS B R el it (Reward). I ZIXAZH, Hlas N2 I FERF €5 T
WG EBNERHNG (Policy), 33 A (Return) HK 1.

10.1.2 BRCF I HEGEH
B AK, 2 ST R W ST AR W B S ST R KRR, W 2 S wH g — AN SR

FEARA BRI, X RLR SRS SRS, X RRE AR R — IR T R
W BIE A bR, X RARA R R S AR 5. ARIE 2 252 5
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Fig. 10.1 52465 SIMES B, 22 M AR, (HRR ., SRMKAE T 2 510 UM B 2 2] 55
e WM E, WEIBCREAA, 22 > SRR HT SRS P R APsh{E. %3
PERMAIAEE, FFAI R PSR, SR Sl — RIS B, 2 GRS
R fee P Mg

— e, ANXSEAR AT AT AR, S S 2 ) I DG R I 4 A A
XIS, SRS SHESS IR R R T — R bri, BIES. REIXLE
FREBEA Ky, XA B, EwTResnisg s, (HE 022 21 07 m fe gt 1 48
Fo MNRX—MEE, w2 LN E —MEhrid 2. fealed, X—ix
1O — B AR E R U2 55451, (X T A TSR AR H R, 532
BT TAES R BRI, s o) 2 aloiE ) B AR DREN, & LR e 0%
TR BRI 2 2] 7

[FINF, sEA 2 — M RN AE ) 07k, @I R IR AT A B A A
SINEAR, DR, T E 3 A E IR AT E A A, A S i — A
O], BIPRZE (Exploration) FISA (Exploitation) HIAT: K2 JoH )
FIRSIRPRRTIE; TG AT AL X Redl K A bl 2. X —H#L
7 S ARAN R B o ) R R 2 S B R A

BT BIREERHRRE, FUEE YN SR A B A S R B AR
FEHN)— RIEEZ 2 T74E, W 102 Fros. 1X =807 VA 3 287 T B A AR 8L
P, B % H BA Y.

R e F Y R S R B S T k. SEIE AT, B
an, W ) R R S )RR AL, R A BRI ). WIS S
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Fig. 10.2 M8 27 3) FTREF A 51 R SRS 2 S U = Fh 1 222 3] U7 ke

PEA ). B 10.345 HKobersE AW 5840 2% S IH K. I IE 5 E
AAMERNZE B R ME A A BEXT — B HL 28 22 S R T A2, RILU S CIES
R RFMNFER R ARL, HE B Ra SRR B, RIS 2GS
MBS 2 T k. REFE SR, Y% )5 55 R R 55 KM
AR, RPN A e — M S AU % =] (cost-sensitive learning); U1 %E 215 5
AR — L) 2 B #E (i LA W ey MLES AN BOFEFR, T L
GRIRGE), X —2 RSB EFRON R SCHH XBandit (Contextual Bandit). M
HHEE, HIATB R IR BN Y, IS sd PR
Fetbe ST RIREIEARE, FBREAZ TR Y, R A4S 3] — P i R R )
>J(Imitation Learning). 1, FATAELMLES 2% > Wil i 26, 52 kil
N —im i 5%, MLERIEAEFE 52 20, X 552 o) IR S e ot e ¢ Wi 2% R 25 3
SR I T AR I AR, LRSS N D AN B B R, RIRT S i 2%
775 VER, IXAMESS BRI 2 RN A0 BRET R AR LU e 1R, HLER A
A DL E B OB A R 2 RE, R SIE SR, (HECN AN
i RE, oLk AL G ) . B8, WIRFEIESH PR
A, A5 R T8 BT S HARA R AN 18 5 2 R b i) B D 3%, A,
FE GBI L. FIELR AN A T ATES T, A IR AT
RN T2, TFENBE LR TSR RIRR R BB E 588, 1% 215K
R IR AR TR — DN ATIER ShrdE, TR T —A TS 2
TR TE e X0 H AR IR S 1) 3302 21 77 AR oAb 2 2. INIX— 43 28777
E, oAb S A DL AL G B 2 ) TR AE S SIS S S B B RE,
B R HARIRS), J5 3 s iA e 5 ST R v i B AR 2 A
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Fig. 10.3 52405 3] SHEZITERR R, WTLONBAE I REGIEZ MY R, &
BAESAN F EERREEES. BRASE (4]

AT, H RIS AT 3l 25 51T P AR it i — 2 T iR
22 ST B BRI, AR ST B, SRR A B — R VW RERIRE Y, i
B 5 H AR G R B R AL, 1B S B OB AR, 5 A 22 ST A
b, SRl S ST BN SRIE AR EAT S LA A0, M IS ELE R R S5 A4 A R
R, mBAVEHEN RS RARENE. EX—dfET, FER TS
AN 7 BB RE AL, T R e e 52 T R AR TR A 7 A T AR 4R
2R, AL RE AN R S5 R AT B, 110 2 O 45 1 A RO A R A
BEATEE R, DRIk, sEALEE ] CARRATRENI I RS ) G B Ak o SRR s
EZ

10.1.3 32453 : AEMAITRERR?

R 2 A 2 S AT e IR SEELN TR B 22 21 53k, TRER N
SRALSE ) BN AL He—, amAb e 5] R B A SR A R A 2 3145 5k
ITEEBLRRE ), XA O] BT R AL B 2 ST 07 el PR AT X, 55—,
SRS ST T S 2 S AR EE AR AR BB 2 5] B R 2, AR AA AR
WSS, L, B ARELRE, (OQELSR, XMHAREE
GRS REE g, RARKAHE RN PSS L=, s>
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i EA R R KBNS R B, XA R H B S A N AT
BREE: LSS N LM IR ST, R NEREIE AR, HR

D) FLVY, s EE ST I TR EEXA S A BN LPE A B AS TE AR, AR RAS
PR T RAT N i, BRI R E AR A, BT, sl S IE s
FEAEL 2], PR A AR I RT ARG I 2T A 85

10.1.4 3ZBALF R A

SRS SIAE R N OURAS B Z N, s STETHOLE E #8422 204T
LR, SEoI B, TSR MIRD0E, AT IR AR, AR Bk
K, FEINLES N RN FEATE S, BATE LA RN 37 5
MR SR A G 5 2 ST ) BE

FENLES NS, SRk 27 21T DARRAENLES 27 ST a0l A7 58, BLARAE M AN
RO bR R E, Sl BEAGYAE, U SR, ST ELSEE DL R 2k
PE, AR BOIRE 2 oy S F S R 4R, LIRS AT 2
B ZHIRKE (&R R, WL A SES R A R Ak
PR, SEEENE, RMERERSARE, AT K H K EAR —MRETHEAD
SRR B, ARSI P Sy — B AR 5 AT AT oA 2 H Axe Bk,
HHRFEGNBAPRER B, AmsEsfEd &7 AR s m R, X
IR SR ST L3

KAL), FERDEARIESS T, SR I BB M. R BAE
Fr, SRS OR AT TR R E XA B BT S L) AE BRI S5, AT
DTN DR LEAT S5 AR S L B BRI CANLERE Y Hts ZR 555 v ok S X R 8 75 3t
ITILSEIR S5 )s FEBRARIRIMESS o, 22 SERBUA ARy Rt AT A IE, A7l B8 7Y
ZINA, XL A R LA ] B, EESA R T I AR S s SE 3] H AR
SRR P PR E BT A I A W2 A5 2 F AR eI 14T 9 SRS

FE R U, SRS AT DARRASR BT o5k, Inab AT IR ek, 9™
PES. XEARFHEAT N IRFRRE AL S A R #BAT KA 3)
Atk Prif K, RIS HBCRA RN B, 7l — R AR
AR EERR I PR, RIS AN AN, & RAER
e, L AIE I AR T AN R R A 5 A AT REOR R AT k. sitbsr > B
WE FAISE SRS, IR A RPN Br, KIARR & & it
BT
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TEGEAR A, sk 3] ml DOm i FAH A2 L, A S P ) e i e
HEMATAS R )N R AR N 25 B, v Ll 2 2 mA) % f5 1) st
R, SRR T SR A B ARG, WRLS Rk RS RANEIT SR R
. A AR, (GBS KBRS THEAA AR R 5] T H P OGE 5 R
B stk T CLE S A AL, Wik — &R ET R R, el
SH P AT 5 S I AR R

FELRST U, a5 =) RO 24 AT S AT ¥, an R A7 il L8]
WITH, B NG I . SR A o)t SR BT B A U7 A
CIT TR, ERERHE, A I NEES ST PR EAARIR, T
FRVETT R AER, @SR RIT R (W), M
PR SR m T AR A &

SERAL A S 53— AN SR A AL SRR S b, s BAS
— AR F IR, Samuel (PGB, Rl omib 2 2] eIk, %R
MR, Samuel#: T A SRR B AR Z 4> B (Temporal Difference, TD) i
W07, it RRAER, WS TR RET M. SR, Pl
S EL RN N TR RE ARG, R K — 40 22 AR T L AlphaGo W AR R B A
PR R AR 7 0 N R TR AL F Bk . fEIX RS G, s S m 2
. Ed RS, WLESAEEE N i — P, K%
FER I SRBE I Jo Re 3R M. A&, XFh R ES5 RA RN 2 Tk
NI A ERIE ARG, AT — I — 15 0%, BT Gy Kz i s Al
A, B2 LR B RE SR  TF

it B+, AT LA 2R S B Re K IEE I T 2 REE
e, BURMELIAREE, WAV [AAH SCPE SR ) B AR AF 55 NIRAE 22 ) 1K
R IRHE R R AW, BWORS ALK, Wik e s AR E, T
X IE 2 s ST I A

102 BUFEIJFESHEARTE

AT AL S SR S AT IR A 3, R 845 g AR BT Rs LLIX
E SR BATRE E SCIRZS. S A =N AT, ke U
. BOUERBH SRR B R R, e BAV A2 2 AR
HAIK.
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10.2.1 3#BAF I =4

SRAGE IR “THIE HAR” 5 “HED” “FEINLE” #2305k E—E
SOMESE T A S I AN EAR T R AR ST HAR BBl a8 (Reward)
R, € R, REFEEHPIRE (Status) S, € .7, FREZ HIKBNE (Action) A, € o7,
Hp s et 5y UNRESFAERES. ERKAEAE, IR ES TR
AR, WMATRER LR, ArIaee i), MR iEs . JiiR T,
DL B HAR e RS MBERA & B HCA R, J5ei N A TR IES:
ARSI 8] (1) 7

GE LTRSS BMER GG, BATE R mAER IR S ik %
T, UMERLRRN:

n(als) =PlA; = a|S, = 5]

oS AIA, 45 B R A AL (AR A FSRI KB, X ok 1
RASH, EIEEARIIN 2], R RS TERA, ORI R & 4
fim(als). SEAGEE TIOR3 5 — oM, AR KW AT 58 34
K Ak ik, FRATE TR KIS (Return), JEHIMEsE S
W ] 2

10.2.2 KMk 3
VIR — SIS B AT 1 R — 2 B R

S07A07R17S1aA17R27S23A2a

X TFAE I 2t W] 58 SOZFP A B aE (Return) el 21 s T 52 B IR
aiZ A, R

Gi=Ris1+Ris1+ .+ Ry (10.1)
HATHAZ BRI Z]. ERXFRAINEWRR (Sum Return).  1Z IS B
ENEHTFERRPIRN AT ERMTS, m~—8H, IT—R/ifk, &
—ORE . XPMESBATI N £ # 1T 55 (Episode Task)’, HH & — kAL H



102 BEAb SIS A TR Xxxiii

FPOURR 5 s (EIXFMESS o, RS SEH P SUHAT — A BB 1 45 3OIRS
B ASRZ JR BT IR, AR 185 M.

B e BOR MR S AR AR S5 R NG, e sR ks, #RAE
TRIEAT, HIFRA TSR E, A ERAVER, T —FH#RMET X,
RBAEF TN EBALSS, ML, THERETLT KK, Kt 101575 X
et AT RE R T 1. — PR R IMERT AR G HEAT AT 40, Bz AU 2
Nz, R

Gi =R 1 +YRi2+VRiys+ ... (10.2)

Hye B+, ZTERAPTIIIEE (Discount Return), 2 % # F B
an VHRTTE,  Forp i SR nT DL A oo B A A B AR, AR A AR Az
Wi 2 T IR o

Ty PR IE AT 25 S A B 1 VA SR R SR W B AR B, FRA
TPk i (Average Return), B

o1
Gt = lim 7(Rt+1+RZ‘+2+-'-+RT) (103)
T—oo T

GITEAEAE ST 55 I SRS B L DU AL S i h e T 3,

10.2.3 A& %5 R4

BT KWW REG,, A E A3 H R g A A IR s 1“5
Vn(s)%j:
Vi(s) = Ez[G;|S; = 5] (10.4)

B4 R GRS T, BT SRS rib AT S TR A, FEARSRIUS I W ot
MR, KL AT ROE XAGAERSs, FERIENEafr e £ R frE:

Ox(s,a) = Ez[G/|S; = 5,A; = d] (10.5)

BIR MRS R BV (5) SAEE PR EQr (5, 0) BA I ] B9 A -

Vre(s) = Z 7(als)Qr(s,a)
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T ROX A PR BB R SR MR I R A A E S R AN E RS RS
EHEA R, THEV O, X — AR EHEFRA “HKIETEAN” (Policy Evalua-
tion)s KAK104MAK10.5, EX—ALFUUTHAR LR, HFEL EHAEM.
R BRAT R aiE g — NS E AR RIS R, TR NG, R
BT KW B 5B AR MR AT G oR I, X TR X SRRl e AE
BRI T 2. Bk EIRPIANEAE, s RGBS W T,
BRI R e Ik SR 7 AT B AR, B 5 SEBR R AT SE R B, 1
FIEFRANR. NIRRT, AR RAR G . BATHAH S
AT 57

SRAG S ST I B 2 B 12 2 S B A SR, S A 12 SR I A 21 P K A 2 o
Ko T LS, FA1H a2 ORI 7 R R a0 F

> if Vs Vg(s) > Vi(s)

EREVRA, HERREIBALT 0 SKIEB, WSS AZUS AP A IR B
Kt B2V (s) KT B.
[ e AR R D T

Vi(s) = maxzVr(s)

il

0. (s,a) = maxzQr(s,a)

PR E —MUE R BFETAIRS BT e Em . 48
AL TG E S Un RIRATRE R I — MU, W32 S T 2 4 . bR 24
R MAAE R EL Sk,  an SR IE— SR 0T N A H pR B2 e A ea B, %
MG LIRS R ME. W, XM B AFE? SEIS2, £
FATE AR e R SR PRSI RE), A DUIE B — AR A SIS,
X SRR AFAERT, I AT LLd s f {0 8 B R H ke

& HiE 7 — MU O EL, AT AFER: RS s 0 (s, a) K )
fEa, R:

7.(als) = { 1 if a = argmax,c .y Qx(s,a) (106)

0 otherwise

IR N T O HEMS (Greedy Policy), 7] LAIE BH % SEmS 2 AL ).
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EAEERRZ, £ LR, AR B S 3470
e, AR SN AME R ECE AT, AR RS ESTF, KITERIAZ
Ko S SRR S R PR B S B I T pR BOREAT SIS A0 A 2 5
M S X TR A A ST B R BRI R SRS T A, TR
REIRZS 18] B 2% A X E BEATEIE (A0S 2 HINTDRE), HETEEE
At (E DU A SRS, SEALSE I AT EATE ) AU A FL AR A (MRS e A2 G &R A EL
s3], A S ST OE L SR B A ) 25 BRI SR (10 97, XL
RRAATE L B R AR K, R E R 2.

10.2.4 & B R 5% K

ATEAIER [11], %4558 — N RIS A B Oz (s,a), 0T 520 S BE R A
%:7[:

(10.7)

, 1 if a = argmax,c .7 Qx(s,a)
' (als) =
0 otherwise

FFE, SR R1E VL (s), T LA 2 84005 T 000 5 ) 1) A8 4K 5 i
HOMBURFINE, X BB ERIEARSE WS SRE, RS %5
MEZEP (s |5, a) FBERI RIS 25 P (r|s,a)

(10.8)

2 (als) = 1 if a = argmax,c s w(als)P(r|s,a) + Yy P(s'|s,a)Vz(s')
0 otherwise

BRI, BEE R BORIR A E oR B A SRS AN [F) A5 B YR TR
BMEEZA ST AR SIAF R SRR AT I Sk, AR bR L
DA R I S B E e 3 TR 2 SEME IR S5 HIA B, SRS B
HIRA BN P& BRI 77 7 THiTH, GRS ABISE, RESHERZH
SR, WIEPNRREE Bokut, CIRZSH s L SR AE R B0 SCHE Ny .

DA b s o AT T Dhd i — NS AT R SRS AT E SR ROE
—ABENLENE, B T2 RS E (A RV BO, PR T X S iR HOR FH T 0 5
DDt SHEME HEAT B0t X Al bR H8URN SR 225X S PR R R Dy 3 SRS AR B
% (General Policy Iteration, GPD. ] UUERH, 31X — i 42 o] 52 I {E ok £ 56
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W& LA, Wi 10407 7~. GPLRZIR £ ol 2 5] BL I FEAKELL, (K{H R
BN SE0E S B A FE RO 7 A7 4 138 BT AS R 2R R R 1256

RISt

>0 T~ Greedy(V)

A

R {5 (H

Fig. 10.4 A HMFIEA (GPD ik, UABEHURIEmITa0, 1R SR IE AU 2 T 30 5% i
EIERV = Vi, BT D00 RS SR Bl ~ Greedy(V'). 1X— i FRIE(H e L1412

#

(Vb <y FSEIS IS (! <x'), B3| FRE BRI

10.2.5 B F I HEp £

SEAL ST AN RRI R, W a2 Hk, B-FikasaREE,

I F T RAERAS TR RT3 5T B ol 1) e — BOR L, FETT AR — b 2T
S5, AT R B R [

A fE—R T (IR BRI T CYHLE BhEE D ?
RS (IR BRI AT CndT4h5e) 2
WEZREE) (WERE) ERIESER (WREETIZ)?
PR (B VR T RS (HLEE NS S i 1R R

N2
BNAE 1) 52 2 RIS ClnZb & i 24 R 38 2 KN i) (i oK & I 52
(X

MBS TER DA Uk ED IERARME Cnfsiid?



10.2 3R ST A TTER XXXVii

o Wi fE TR OREEHERMEGED) ISR & Hr) CHBLET iR+
IS ?

XT3 G ] 1) [0] 5 R T SRR Bl A 21 U . FRATT B Je B SRS A5
fE R B EE AR, IV (s) MQ(s,a)n] LA B BOERE RO, R
TIX— AR B 2 ) TEHE T BARES AN B 2 (A L (11 e

RIS R 7 B B OB, X 25 b 2 23 OB AN IE M 73 K IE AR G
HRRAMTNEM X sfe 7 SRS A A BARNR. WEiprk, —Aaatbss 2]
IR T B RS AR (GPD BER IR, HoA AR5 3 — e e SRS AT Al
{8 (Evaluation) F1JE T 47 fli {5 0 FEB& 3547 2502k (Policy Improvement), iX
PN I R E AR AT BB S, R AT SE R RS A4k (Policy Optimization). 3
W& AL AT 55 28 3 R N4 HIAESS (Control).  HIGPISLIE AT AN, A0 fA R T
fEAEAT S5, RIRT g 000 Jo 00 %o EAT SRm 5edh,  SREmg A AT 55 il DAZEAR K
FEEE MR, DRI, FRAT W BARZE SRR, — e S AN (A AT 55

M SRR A B, A S T LR T — A B R AT 5 5,
A DLBE TSR bRie 2 2], wUE — MO8 FRIESS (Planning)”, 53 — K
N MESS (Learning) °o BIWIEEREES T, MAEREME M E
W, F—AME R CABIWEEL, &N RTRE T R 1 3 22/ B U A 2 T DA
SE ), XEER T w7 — MRS AR R A, BT R ] DU
I GPIEVEAS B L He g, X — b FEA TR B S LPR M 54T 2238, PRt 2 AR
£5%. KT BEERIEARS, FIPA I CREs, L aeilid fiE e
AT ACHE, SERRERAE, MM SRAGI T (B R, T AR S s AT L
HRRAL. XTSRS TS, WEEAR BF, FIRMES R T, 2]
(RS FET KA, BARTE BARGEE AR R AR AR 2 SR A R RIME 55 A1 2 ST
FZHHEAET Z N EEARRNRNE R T2, HT BT SRS ATk E AL
o B 10.5 (@) RS MRIMES, (b)-(e)F a2 IES.

YT 5 SESs, A IR RAHE =Rl R, R AR RS, R
SEAEE ST H B2 SRR, DR SR mE 22 o) R A BRI 2 ), (H R IR
Z, WEBA Y AR, FANREER:, o RS T, H R
MEEFIENR, ZARE RS, TENLBHEARMEZ. R4, ARFEEY
SIHR R BB RO A SRR, 02 S E R, R AR A T
FEAERACTRNE, 5 I IR, RSN R D7 E AR A AR A AA BR
HAN RN

XIS AT 5 2] B TR AR 777 (Model-based Method). ¥ &
X BRI AR RRIME 55 R B e AR Y, TR AR T AR AR ST A5, R AIER
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R HARBNEE S IR BN. A, — BRI 5ER, A A AL e
R T RIS, AHR B Al AR TR R R E . B 105 by T
TR TR 5 ST HE S

XHE B8 BOIEAT 2% 2T 15 v — AR A Te A 2 7 7 (Model -free Method).  1X
FhOTEAKT A S S A AT 3 A5, I 22 B0 R Ak 5 S bR B0 AR T 43
FIRAGTRES . X —INVER A IR 2 R AR 2182, RIRTIEE Rk
MEEREEA, SR TTEAEL, oA Ty ] e A E AR, H
T b g5, B2 P REE 2L 4. B 10.5F et 7k
R TV ) 27 ST HESE.

W& 3] (Policy Learning) & fix ELIZ RIS X ik, RG2S RRH
RASERMES, BURES BN BT NI, A 50 S 7 ) ] LG i e
ARG BRI IR I BNAI /A0, AN, 48K 2 BRI AT S5 X
BB PR SRARHE TEAAEAE, S X o b 22 ST X T I B % I Ry
o — MERINERXFFANBNVEL L — 2, T %% 7 PRS2
FRVBILST oR K, DRI SR 27 ) 22 AR B T R B ALK 22 2 D7 vk b Aok B
R SRR, RECT TR — R H SRR, AH NI S 7 =) 77 1%
R B 32 3 A 10.5((d)4h th T HERE 22 2] J7 L 5 S HE SR, TR R SR
W5 SR TR AL, (BAEIR BT T VERE, R ZEE L~ AR R 37
o

IR =R OTE N A ARk, RENR G Tk, A ) E AT
PR = Fh 22 ) Uik G, SPHETANR) 22 I DR IR, RAEAAT] & B R
s HRATZE IR K Dynafi:, B2 4S5 G 7R 2 I FE R E =), R
Ty T et AN TOAR T 7 VR i 2 S e

FEARFEFSLH, RATEN A =F B B TR MEE
#iXl (Dynamic Programming, DP) %%, 5845 T RIS FFRi% (Monte
Carlo, MC) 51k, N T W& 2K F %% (Temporal Difference, TD) 5
%o

10.3 2EHSHZSHRIEE

FRATE S 7 R 2 T LR P SR A R0 4T SRt 1 (B AN DAL, RO RIAE 550 T
AR, EEAFERE D RIS R, RIS AR
S, TR Ca, BAG E AR AT, AR, AR
BRI TR 2%, SRMESRARHT RO THEIT AR MELAA B ik, AR
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B8
®—@-E
(a) B s

(b) A3
H 5
(ORiEEEES (d) SEHg 3]

(e) A
Fig. 10.5 52462 I A, BB MR TEA HA, T3 CABA kAT
RIS (ORTEES]. SIEAE, SRR, TR o
2 HMEGHATRE, poERE, TR, @HME . ST, B
MG, (REF: SETMETE, FARM, HREL Eh R E R

YR HEAT — B A, R TR 0T DU S R R s I . TR
i, BAMEF RS E A SR RYE (Markovian), M 48 Bk #2 0]
FIEN—NG /R R kKiFE (Markov Decision Process, MDP). #TMDP,
ZRYHARFIRSFIRP IS s R 5 ARSI OC, XKL 7 X058 B R 1)
BEERIE, BT AR, v DS — PP T3S R 48 205 2) F ik

10.3.1 B R Rk K id4:

LR RS FE (MDP) 52 B /R Al R FE 9 e, (8 S /Rl R fe s
fili BN BRI SR ) S B Wi e MIDP— A R 2 7 1] 2 80 HL 56 4 ] A,
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AR R BB AR B R, G ad T R S m] HE IR o vT WL A B AR, B
#4y A] WWMDP ( Partially Observable MDP, POMDP), 3% 4L 5 25 [a] {152 H.
I, BIZEZMDP (Continuous MDP). T HIFATE U HUIRS. EEshE
FIMDP.

—/NMDPJE SCHTE—/ NS BUIRES 23 0] 22 Bd 2, 7248 B P R B4
FIT 5| R PRI A8 e MR 3 AN SRS 1) RIS WAL S R A 5 4 AIDIR S S ik #2 sl
K, MSHELEERTLR” SHEERETLR KRR SRR
P, BRI A:

P(S[+]|S(),A()’R1,S],A],R2,...) :P(S[+]|S1,At)
P(R;11/80,A0,R1,S1,A1,Rz,...) = P(Ri1/S1,A;)

HHS, € SR ZPIRTS, A, € b ZIFTE BRI BIE, Ry NSRS ZI SR EL
NEA,JGHIRIBS R, v R B R AT SR i ik T A8 S AR M A Rk

MDPH] LA s i — A FRARES H 2 H1L (Finite State Machine, FSMD, H
R — TR R —RE, BRLRRIRE R, U Esic hshER R
Wi as. B 10.6 45 H— NN BE 4 BRIV AE 25 1) 4 H.MDP.

10.3.2 MDP % &9 % 98 B AH o 3K

B e SR H R A R R OUE ST BB AR, BRI Ry
PEP(S; 11180, A) RURBURFEP (R 111S1,Ar ) 8 T HE — DR, 87 5E X
Filigm, BIAERE RS N UfT $an M 58, 2T izskns, Bn e izt
FEAPIRZASAE 2RV (s) RSN EAE B L O (5,0) W T -

Ve (s) = Eg[G|S; = 5]

Or(s,a) = Ez[G/|S; = 5,A; = d]

HrhG, N EATE O as. BATHE S — A& ] T-MDPIE o £t 5507

%o TERAEMDPH, TP ek s, MRS E R ECEFE . 9tk

IEEE AR IRESHE RPN, — g Fr il E o aE.
PUIRAE s OB, TS R IR AR
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/// 1.0/0.0 0.700.0
JI5=[e]

ENESY

wé\

7k ot
1.0/N(0,1) 0.3-999

1.0/0.8

0.1/-999

SME

Fig. 10.6 —MFRREEHREHMMDP, HPRFRRE, THERORERME, 4 ERERRR
MR, TERH PR, 08K RE IR P IRAT AL, $ R [ I 3RAT ) i 2 2
— A A

Vﬂ;(s) = Eﬂ[Gt|St = S]
= E” [Rt+1 + th+2 + |St = S]
- E”[R[Jr] ‘St - S] + YE”[R[+2 + YR[+3 + ...|St - S]

= Z”(sva)zrp("‘sva)"'72”(5#)ZP(S/‘S#)EE[RHZ+VR1+3+-~-|St+1 =]

= Zﬂ:(s,a) ZrP(r\s,a) + J/Z n(s,a) ZP(sl\s,a)Vn-(s') (10.9)

B SRR X T N E FIMDP CRIR 25 % 8% M 2 0 B A Wi 2 M8E 2
FED, AN ORI NS 7, AR N 0 E o8 AR A RIS B B HUE 72— €
PR 5% 2o X LB PR 5G] BLR IR R LOIRZSV (s) AR R 277 50, sk
10957, — B VUR S AK BRI — DL ARG, i
SR BIAAL ZE T R B S BFDIR S H .7 | = — R BTRAAERE B, RETIX
2675 R AT AR RE 7 BRIV () BOMEL

AARLE S BHEAE A i A7 AL DR 2 3K
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Ox(s,a) = Ef[G,|S; = 5,A; = d
= ]Eﬂ;[Rt+1 + '}/Rt+2 + |S[ = S7At = a]
- Eﬂ[RtJr] |S[ - S,At = a] +YE77;[R1+2 + ’}/Rl+3 + ...|S[ - S,Al - a]

= ZFP(r|s,a) "‘YZP(S’|5aa)Z”(Slva/)]Eﬂ[RzH+7’Rz+3 + ]S =5 A =d]
r s o

- ZrP(r|s, a)+ YZP(S'LV,a) Zn(s’,a')Qn(s',a')

[FME PR B, R 1 R B B DUR 2 st /] DABI S — AN BLQ (5, 0) WAE
ERANETIREA, AR TR, B E R R T R B
RFO(s, a) IMH-

TEB GRS EH R B E R B R R B B ROIUR 2B, |
EHR. HRERSEELL:

Vn-(s) = En[G[|S[ = S]
= Enﬂ(s,a) [Rt+1 + '}/R[+2 + ‘Sl = S,A[ = Cl]
=) 7(s,a)Q(s,a) (10.11)

R IV (5) T 2 % B s A Qs a) B9 AL B, A B 1R X
HI (5, ) KL AR LB A S (s, ) IRV 2.
S A AL Q (s, a) T FAATE 38

Qr(s,a) = Y rP(rls,a) + yZP(s’|s7a)Zﬂ(s/7a/)Qn(sl,a’)

r

= Y rP(rls,a) + yZP(S’Is,a)V(S')

Horp g PSRN 71011,

A IE BRI RG], 2T ik DUR 2 22 3007 DOW AR [ € -IMDP A
[l 5 SRS i BB R AL, SE ORI Al (EAE 55 A, & TGPURE, Wb+
T JE R SRS AT St R, FRATTAT UM — AN BE LSRG T 46, IAAE
WA PR B SR, B 2845 B SR U RS

(10.10)



10.3 4= (=1 5 B A5 J R Sk xliii

10.3.3 F ok A& sh AR HE &

M IR 223, JATTAT AR LA 5 R IR 7 VA1 E (B LV (5) 5RO (s, a)-

SRMIAESERRR T R, A RO BB BT s E e %, X — T iR B 3
THE LR XE. — R T R R T UUR 2 A s AP, IR
1B R ACHEAT SR A

RS EREONH], K109, WERBATCH —AREHI A 7K
A EREV (), WP EHERBV (s). WML TRV (s) —AREM,
BESRAGHIV (s) —AKE#A R, R I, @i 2 X10.9F Hr it H AV (s) th tL R
KNG XA R IATH — S AR 735, SexHE AU oaa i, 4
A A 1097 IR Z 18] (38 VA R R BEATIZ D KA, A A TR RN

V(s) « Zﬂ:(s,a) ZrP(r\s,a) + }/Z ﬂ(s,a)ZP(s’\s,a)Vn(s') (10.9)
E SR EOR SIS %, 2T B M OOIRESS /I 24 iTE, IR I 21030
FEF= A B 2, s b2 — 3R] (Dynamic Programming, DP) 5
o AT LLUE X — AT RS T SE PR AR AS (B B 2V (5)

ERDPENERA W R HAE, W EADRESsH T ER T R MR
BYMER, B —ME B RS H s rfkid, XA S h— BRN
B3 (Backup), A3 10.3.378F% M [EH 2 20

KA, BIEAE R ELQ (s, a) B ] F FHIDPEE AT IR AR AR, B A X
N

0(s,a) « Y rP(rls,a) + YL P(s|5,a) ¥ 7(5',d)Qx(s',)

(o] 0 2 DA 5 S I R A S, R 7 v B AN R R A ) VR AL
FEPO. — A ERIE GRS, FovRIE. E-G, A
Bl 2R RAs, BOSLOEERIRS-IEX (s,a), 70T RFREACIRE,
R R RO R R 10.7 25 W 5= T-DPx A bR 250 =] 3 1l AN AT %,
DPHEEI B AA R (1) DPHRBHT— B, R 97k B [
] (Shallow Backup). #HM[), J&HIFATEAN AW SR RIE (MC) 5%
AT Z DA, — VORI (Deep Backup); (2) IX— [ &%+
BIASKER RV (s )V (s) BEAT Ml The XM EE T ASKERA(E B AT SN TH TV
PR ABooststraping: (3D [H1i 2% [& Y AR A FI BN AE BT T REIK 5 SRS
FVE, XFREIFR N2 E (Full Backup), FARM, &5 HZENHIIMCTT %



xliv 10 5802
ANTD 5 A [0 A 2% &R A H OB EALIRZS,  FIAR SR AL (Sampling
Backup)-

V(s) Q(s,a)

AN

Q(s,a). ' V(s')
AN /C% (0
V(s) é/ \b OO0 asan O O O 00O

Fig. 10.7 DPELEXT () WREEREA ChD ShFEE R B .

10.3.4 REHAL: Ruk ik KA{E kX

RO B0, JE T30 FH SRngE A (GPD MEZL, d ik 55 W& Al (i 71 SR M o4
i, AN LS RIE M RTMDP T A LSRG, 5% 145 A Is A 2.
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1 Initialize V(s), m(s,a) Vs,a;
2 while True do

3 Policy Evaluation:
4 while True do
5 A =0;
6 for Each s do
7 v=V(s);
8 V(s) = Ly Py rls, 2(5)) [r+ WV ()]
9 A =max(A,|v=V(s)|);
10 end
11 if A < then
12 ‘ Break while;
13 end
14 end
15 Policy Improvement:
16 Conv = True;
17 for Each s do
18 Act = n(s);
19 n(s) = argmax, Yy . P(s',r|s,a)[r+yV(s')];
20 if Act # n(s) then
21 ‘ Conv = False;
22 end
23 end
24 if Conv=True then
25 ‘ Break while;
26 end
27 end
Algorithm 1: & T DPH SEMGEARTE, e &2 12 1l SRS A (8RS P f0 /s
=

HEAE RIS ARE D, B ORI A A S — ARSI E A
R, ZWMFKEE, FLERSERBOEAHE TG, SRSl (e FEm
FARAK T o X RRE A TAT DO SR A AT B, HAR B DB L
R IKGPTHEZE, IXAFBY R IT (RS AUK IR W S B e e SR ms . G R AT A 3
WS it R I ARIB D g — e, R T T AT IR 2 BB — U BV EEAT S it
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X —HERONEIEREVE (Value Tteration).  LLIRZSAE & HCN B (ZhEME R
HAROIED, B~

V(s) « Y a(s.a) Y rP(rls.a) + YY m(s,0) Y P(sIs,a)V (s')  (10.10)

S/

— / /
= mjlxzr:rP(rb,a) + 'ymjlx;P(s Is,a)V(s)

= max ) P(r,s'|s,a)[r+yV(s)]

Horpgg “OPHES N 1 S0 . ERAER - RAT, RIS IR o
VL, T B R o B S 4 3 be SR 24 LA AR BRI D AR
B B SRS A, I RCE A B R B R s R, R — O
e SR, SRMEIAACE Sl A 22 STRESE, Al b %5 B A A (B AL 7
%, Wi 2RSS
Output: 7(s,a)
Initialize V(s) Vs;

Value Iteration:

while True do

A =0;

for Each s do
v="V(s);
V(s) =max, Yy ,P(s',rls,a)[r +yV(s')];
A =max(A,|v—V(s)|);

end

if A < 0 then

‘ Break while;
12 end

o R NN N N R W N -

ok
o —]

13 end

14 Policy Generation:

{ 1 ifa=argmax,Yy ,P(s r|s,a)[r+yV(s)]
15 7w(s,a) = ’

0 otherwise

Algorithm 2: & TDPMEIE I IE, Horb 62 Fil S A S L /N
MG IEACHESARE T LR R, WAL Rb i, R IsASEH]
—Amr R A CEFE AR, A RS ERZ )G, RN
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B PRAF PR S E G — EHV (5) KO (s,a). WHIRSEAET K, WsE & H—
R EARAIS (], 7E PrE IR BB 5 JvE R AR s b © & s i 1Ak
Ao A AL RVFRI R, BI—AMIRESHEER S, X4
B IR EACH F T B LB

B T SR AS B R R0 AR OG, W] DA ik 4%, AT DABE Bk £
— AR R I BT VE R A DUR 8 AKX EIIRE, IR ZEBRHIRESH
AR S B IR B R BOK, 1X —J7 ¥R A Prioritised Sweeping. 15 /& 5K
br& G, & AR LR A8 B A PR AS U 3547 587, — MopR o SERT 3 A5 LK)
(Real-Time DP),

104 X¥FFEFE
10.4.1 #5587 %

B — e B SHR (DP) Jrike —ft e b iE m ot Horik. X —
JHEZ AR AT A2 1ml i, BRUOAMEEsh A Ol B, DPJvE R BERIFE
MRMES T, HIRRERYMDP. LS i (KK 2 80 JUE 22 S AE 55, I A
TS AT AR AL, LI A SR o A Ao A5 58 HRZ 27 > o

B diid, oI fERR, (Hmd Hug =2, &Xm
—F:

o BURI2ES], @it 5B H A S /NMDP, BT A H13h A B iy
VR A S AL S

o (MBS RSB, R R S BV ()8R0 (s, ).
R A U AL He0s

o SEMSEES], ELBESSIHMAT(s.a), —MOFITE AU .

SR 5 SRS L AUB R RFER S, RVE I A 5 5 L,
BRI, X R AR, BRSO AT . AR
FER LSRN, oA, 758 R A BE TSR S i 3 A5 k. [
B, SRFERT A2 — Rt R IR B AT A 5 3%, AR sl S SRS T A
AEEE S BSGERAESREATE D — RPN, Rl R RS IR AR
f#i7(Exploration-Exploitation Trade-Off).

EAERERRZ, RS E M@ %, AERRUR 52 ST 55
AR, FERTTY AN RIRIME 55 B 2w TN 2, Rl R Y L A SR %
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I, JETDPEHEREANEEIPRE, AR IRER FIRERAE 50T LK
THEREEPERZNRE L, IREEERCR. MRS AU 2 2Rk
PR ZERS 47 7T RETCIRAT B AR L S

AN ZRFR 18 J77% (Monte Carlo, MC) BRIV —Fift (& 8L (1)1 R 2R
A 2T7iE, G IT IR AN R B PR R, FRAT RS RAEOR A 2. M
BRI A, SRR A A2 LRSIz, A
TRATE FORVE R TMCIME s 8 2], [ fil B 1R 2 R I PSR R,
FAMCHE %

10.4.2 F4F &R BEE

WATE LB B TMCII KIS 5 (EAE 55 (AHBEHNS R, Bl E R
W, SRRV (s) GITEE R QxR (s, a) K THIEAERS S5 10 18).  [FIZPRAE

Vi(s) = Ez[Ris1 +YRa + .Y " 'Rr|S, = 5]

HAEy ()X B 3 T 5w 2k s 22 B FE R IAEE, B4 AT DAs NS dR RS
M5 BT FRATE: T DPXS Vi (o) BEAT AR MR, S50 b B 1] 5 (1) 7 VR A AR
BEERFE A AT RE RIS P41, K 2SR BT A AR a8 1) S48 R AT 453
FVi(s)e X—HIEFRANZE R (MC) Jik. B 10.8 45 HMCHIDPH [
K. AEFRTLAE 2], MCFIDPH R FZA W S X —ZDP2 ki
R A [0, TTMC 2 R AE (1) 5 2% AT [, — 2 MCa AR 6 IR 7 21 25 R
A AHEAE R, TIDPE L], —B2 FRBRARas BT — RS HME R
BV (S41)f32], HlBootstraping /7 1%,

FHEUDPT7 %, MCTT A — DN IR B, A b ] DA o) R A 3R 5
Con SRIREEREAY CL 50, 0 m] DU T IR R HE A7 R AE, R 459 B i #F A
ITMC 210 A, MCITEA R FREMAEfBR,  PR&E 5 %7 > AEMDPHY
ZHEME. 55N, MCIFZPRA Kl TH 2 AL, X FIDPJT A LR 5 1 22
MHMTD LW E A, 5% 3 T Bootstraping, A LA AR A4S B Ak i 42 B
FHFZR o 3K — R MEAE RS 25 TR R ) e DK F) e 8BS A AL, A 3RATT AT
PATE S A W (8 BRAS i B AR BOSE 2SR, T AN A 25 18 L BOIR 345 O A5 RS 1
.
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NI
as.a) @ \. ®
N N

ver OO0 OO0 ?
@

a

Fig. 10.8 DPHIMCIR A {H R 20 A5 B L FE Bl 3 . DPA2— 5 4B, ZBootstrapping /7 1%
MCA IR BE AL, EBootstrapping 77 i

MCHEMAE — g mR . %, MCHER T — a8 NA HidfE,
I FUOdE T E A BRI 8] P B 45 R ) 2 504155, Lk, MCT i —RA AR
KIATENE, FA—NRESERERZ PR, S RE 7 A
FEME. =R AL T EAR AT DUEE A6 00V E SR L AN H B PIRES, (FARAS (]
TEIERS], REBOE TR THENMARNFZES (TD) RAARRAL
ik, TTVLACBIELATSS, (RIS i AN E PR i) e
EIRMCA 2B AR R, IR E B HOHEAT B — ORI &k, /)
[F— /N2 B FE A BRI 2V (S, AT — e B . ERV(S) A
W R PRSP IAE,  DRLIR IR 8 SXPT 55 e R TE X
V(S) < V(S)+

N(S:)
HoApN(S) MBI B AT IE, GRS R RS T7 1 ke fr baXT
Hs V(S;) BISGEH7 2 LRI G S ATz G (S E (BIATV(S,) 2
6] R O 220 1200 22 Bt SR AR DT ) BN (S ) RTINSV (S, ) 6 18] 8 T ik e R
N, AT TE, JBRINV(S,) HEG I, $EEMCH LRI 13 21385
AL E R, OO T3 A RAERCR, PRI B G E 2, [Fi,
FEEMCTT DA S S BRI AR, 0TI AR R G822 SR A . 1ESAE L
BAXA, RN ERE AR R RSsEE Y, MR RTT 45
B AU ot H SRV (5)o XA B35 2R 2 RTTRIMC s AR X —
AN H R R A IR — U BN flicat,  ARJv B IRV RIMC .

(G =V(S))
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10.4.3 F4F & R HKAL

Tl A RS EAR (GPD AEZE AT SEILEE T MCI SRS AR Ak, A SR m Ay
{HEETMC, RIS T 000 5N, an RPRETA R O, SR g adk m] DA
TAHRE Ve (s), WRIFBAARH, WA G T S EE R Qx (s,a). (L4
REBELMES T, HERRLRARAN, FUER Or (s, a) FERFEAG TH A 0N
HIL,

F TMCXT Bl 15 18 B B0 AT Al 8 75 258 P8R B o ). Dy T A
T 0x(s,a), T X HTA (s,a) HEHEAT KA. FETGPIHELE, %) SRmE AT il
{EL FRY IRk 75 S T2 R G AT R A, AR BT A, TSRS AR AAT 55 R 3R
W 8 A 3 T 20 ST ) 5 Ik SR, BT A — MRS R R — AT
ik, HAERMRZQ(s,a) T RA —NEERW LB E G, HRIEMME
N0, X ERE BN EE R OGRS B UG, SR R o Gk

il R 3K i) ) — A R B TV R SRR N 2 B8 T A AT A R AS-3) 1
XF (s, a)ENEIBIRES. X — ik al fRUEE SV, H AT RRE 2ok A ik i
IRREWE M. B DR TTE R S T R S ANBENLYE, Ak
FO0x(s,a) R KMENE, HAFHEIEDRE - MFeT UMM, X Ae-&
OEEE, TERFRUT

2(als) = {1 —&+ WSW if a = argmax,c 7 Or(s,a) (108)

WEW otherwise

HPA(s) AR Es T AT REE W&, AT LUEW], % Te-91.0 5 ik
GPIFVE KU S B e BN 26 A T IR AL SRS o EASVE RIS, e/, e-3%
ORISR T 500 0K 0E, X EWRE W RILATER AT R T BBk be, ¥
R G T ) 4 R G IR WS LUE 2R O (5, @) I 78 43 T D9 i
$&, PRIHAE S B N v i KB R LR UE R A IRES- B0 e 78 7307 1]

o — MG N A 5 R ) 7V R R R A AR B S (RO H BRI, Target
Policy) A4 sl fE i Hemg (BN EHAE KK, Action Policy) 43JF, FI Ik
BUHIBNE SEmg S AE B, BT A4 i3 B Rt B bR S HEAT A 1l
T iEFR NOSE-Policy 15 1%,

Off-Policy iX — J5 ¥4 1 2& T Importance Sampling=t Hil. ¥ % /™ 1t 2 7
AT, e —BREf (x) 2 T XA TR R oK &R

Exf(x)= Z )

 a @ (10.8)
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EAERPET A E A HE T 5 —  Ap AR B, R R R R
BB B T IO R AR (AR I, AT AT DU 2
FE— I AU R R AL TR T A — o A B . 3X Fh U7 VAR NImportance
Sampling.

7t % T Importance-sampling FIMC /7 ¥EH, &y H AR KW, whahfE Kk
W&o 0 HEME A B — AN B AR R

)L:SlaAthl+laSl+la"'7ST
HERZIS R e 2P 4R, DA AUIRASSr e i, 2R — w8 g M T
R WaMp it HX — A B RRAER, 5008

Pr(A) = I, m(Ax|Sk) p(Sks1|Sk. Ak)

Py(A) = I, u(Ak|Sk) p(Sks1|Sk, Ak)

(St Sk Ar) 9 TR BT e 2 KR S RS M UL W 0 20 1 01
BT R

Or(s,a) =EzG, st. S;=s,A,=a (10.9)
_n P(A) _

IE”PH(MGt st. S, =s,A =a (10.10)

= Eﬂpt (A)Gt S.t. S[ = S,A[ =a (1011)

Hor 58 — 5 # S F A T importance-samplingff) A 3 10.4.3, ZE= S HEF
Mpl & T HT M LR, R

T(Ak|Sk) P(Skr11Sk, Ax)

r() = Deamhe 10.12

pr(d)= mr, N(Ak|Sk)P(Sk+1|Sk,Ak) ( )
. T(Ar|Sk) 10.13)

M (Ax|Sk)

ALz LA RSP SRS I SR 0 A AT Ok, SRS MR TR,

%%ﬁ?‘ﬂiTyﬁTf‘ KRS SIANE R e AR L, Tﬁ?T#ﬂQ‘?E’J
AR BEANRE NS, IXEIRF X H RSk n e VRO, sh RS b AE
ﬁzﬂﬂfiﬁffﬁﬁiﬁﬁﬁo HL B, G R R RN AT A I BR
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S-EEEE L, P u R BENLYE — B K T, 7 s n RS- B 1 A
] R R AR E R,
KhrARGH, BRI T I EMNE, TS RE AT

P

O(S:,Ar) < O(Sr, A1) + )

(Gi —Q(S1,Ar)) (10.14)
HAC(s) RREsHI AT &, 1R

C(s):Zp,T(l) st Si(A)=s

Hrpis, (A) 45 A8 HIEFEA TR IRAS

[ ROff-policy {1 J7 i w] 82 F £ GPIAL ik i s B SR g i etk LAk
MR ER KB, TR SRR TR, KA 10114
T2 Al SR WS R B BRI TR B0 JE U R SR Mg AT e R, EA
10135, 7w(Ag|Sk) FIHUE R T, B

(10.14)

1 if Ay = argmaxgc.y O (Sk,a)
T(AL|Se) = ’
0 otherwise
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Output: 7(s,a)
1 ; Initialize Q(s,a); 7(s,a) = Greedy(Q);C(s,a) = 0;
2 for Each Iteration do

3 Sample So,Aq, Ry, ..., R, ST by U;

4 W=1;

5 G=0;

6 for 1:=T-1t0 0 do

7 G+ Ri41 +7G;

8 C(S1,A;) « C(S1,A)+W;

9 O(Sr,Ar) < O(Sr,Ar) + %[G— o(S1,A)];

o 2(5.a) = { 1 a=argmax,0(S;,a)
0 otherwise

11 if 7(S;,a) # 1 then

12 ‘ Break For;

13 end

14 W W sy

15 end

16 end

Algorithm 3: T MCHOff-Policy 5 W& ft 1 1.

LPREIE LI, g AR AR R 2, AT RIS HOR
ASTERG [0 ) 77 2O B8 A2 EARZSBEAT SR, BB IAEw(Ar | Sk ) N ZF A%
o BIE 3% 3 EOff-policy RS LAk 1 #2. A e nT R Be k. th AL
3L, HAW R A SEEHO(s, a) N P ETTIR, AP AEEE 7 — 3K
WS LI A A2 2 FSE b, e PR BRI RS un] DU A T 2
RIS B MIRASE E, WEE T A R r= A4 1) B A # 2& — FEI,
EETFur A e T, RERAIKTRA AN (REREP e
Y ERED, HUIRA T AR AT TEER VB Bk, 5
BAE TSRSV R E fa v, A3 25 B R G v, DAt 3R
W& SR, R AGEEERF & ni B A 3 BUR K —HB 70 A B B 42 S s A
ARHAH, FEEAME TR BRENARN FZE5 (TD) Hyk LIRK
TP b3 X — ] .

MIEF R S BB, e-prOBEH T PUA & —FOff-Policy 5 ¥, BN
FENVERISREE (e-D00 RS RN E) B FRSEEE (U0 RIS AR 15K
&, 5 FRAEOLf-Policy A Al 142, e- 000 SLIETE v 5AH R BB A K p ! 5t
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e 2l EATREAT AL, ALk X e A e 8] e DA - o SR T S B I 1) 42 ) e P2 5K
Mo ANIRTAT, X PR SEAE R ER IR, REE RSk LR nEE
HUPERIR GMCRFERPIRZS- B E A e, A4S 2 SRS 0 R4 ek Kol i

1044 ZHFEHE %

RIIERAI R T 2T MCIE R A2 2], F58 BiZ)r AR K ARG
REVIMR R AR R N TR AU AT . B — R
f£55, BHESPAT B IR (R EE R B E DR, ik
JE R kR, XA RER RS E, i 5T A R E R A& R, BT
RIS R, XA TR R T HITRAROR, R R L Te ik
e R A2 B MIRE AN RE SC—AN R KRR (5) R WOIR AR s B2 1K)
BN, AR BARASSE, HsE My BIAA MR KER T
HER:

f(s,5',8) = g(s,5',8) +h(3)

Hrhg(s,s',§)FmHsA It s BIIASH B R BE 5. 1EFE f (5,5, 8) B/ s B3] —
B IRAE Al VB R(s)E — N N T8 € I B R B AR Al A, Rt K B
THEAS BB 2 SE bR /NS AR K BE I e — MRARL T, Sl 46 53,
h(S) s TR B, FROVERR R . X EMRE TR R R, WRIRE®
W, 19304 = ALK AT Be B R,

TR FRATTH T MO 5 Ak 5 2] 5 ik ff e LR B g A2 [, FIRAS
E R ELY (s)IRFB MRS BN & SR B A % AR,  FE TMCXS 28 B A2 HE AT R A,
LRSS W IR S IR R ALV (s) /N, TEEHV (s) N iZ B AZ K
E. B ZUCKREE, V(s) AT s i, R BRRREAFE R AL 7 o
PR ) &, AT T TR [ e- 58 0 SRS B OfT-Policy J7 VAR L. 19 B S L 1H iR
v (s)Z G, TR0 RIS 2 5 A

EEMCTT AR R A &R, 7T DLE BIAT & 0l R AT B KR, 5
HIENNIEE. EERMES T, @S5 8E KRB R EALS, H
THEREE R, H—J7H, MCJEFTE AR U5 F R B 200 5K A S T
LAV (s) M) KR E I — 38 3 R AR

it b, Hv ()bt 2B, MCH — B R 2 s IR,
AT X ER AR AT IR H2, 4V (s) BT ARER, 00 SREE A fe
PRUF AR, XRUAEE R RIER T, 8K REA(s) ARG, D0 KIE A ]



10.5 B 7 ZEDT: lv

REAF AN BB AT. g — 1) @, nl DUR] A R R 3 2 b G 48 R IR
ML, BT R R GHPRAS T AT RERI B8 12, R INIR R, V(§)fit
HOAERG B A3 B ER AR I AT e R OR. XA ROV Z R RIBHE R
(MC Search ).

PE bR SR AL 2% 2] J7 5, 0 ME BRI Al TE R0 B AR R R B A R AR
NMCTT %, H T & RMCHE R #7255 EMCH A E R, MCH R
AL A BB Y AR A S S MO B o), (B o) R I i 1 11
— H e 7T ENAE, %A 149 B0 A IHE BR OV (s7), e s’ D 2 T 45 R
P 145 R BOR S IFE T — BRI E B 2.

ERGSRI L, EAFHERIRA 820 TF, WA AN FZ5 (TD) VEX
BT A2, A TMCHBT R R . AlphaGoll 2 A H 1 X —J7i%,
FERTY YNGR BOEE T TDAS THE B2, AEXT 22 BUiE TMCHIE B (FRA
SRR, MCTD), ®HEmA N ENE T 5.

10.5 BRtFRESS X

B PHE R SR RIS TR R AT ST AT S R, H AR e B A
BT R, RBUAIRCERBAR, AR AT A R 5y
(TD) J5i—MiB o RAe T, BRORER TR s, A A 7
BAENR, B @R REMNRE S, oI MR Z 77 TDJT .
BTN AR WUIRA R ZI SRS EAEZE R, WHiZE R
RN UG TXZARE A OIRS HEAT E Al WIXAR L EUL, TDRET
SKAF [F)Bootstrapping /7 %, KM AN ZDP (Bootstrappingf#]) FIMC CRAF:
B WRERIS G, $SE L, TDEA ERZIFIN AN A AR B2 ARl feohh
WENERE TR, S NRIIR 2 % 21 J7 A2 2L T TDIY, M 2EA et
T, NFRRWEALIAE BT R KA ERTDREAL, AT Ekidl—
WTD 5k, 2 Ja¥HY & 2IN-step TDFIEFTDA)HZE, X EFIEFMCHE
AL EERZ, ATRATA RERE T TDRME R ), X TR A2 S R
FmgE o], HMERNH T TDRR SR, WA R IATE N @ I TDH .
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10.5.1 * FTD® R ok 4E44

B SEE SRS AR ST, H S AR E RV (5) GIE(E KO (s, a) 5
FERAMAESS Pt iR)e [T ZLRAE BB E S 0 SRS e 4t (L5 T 0 S Ak

AR

Va(s) = Ex[G/[S; = s] (10.14)

HorPE 0 USRS it 47 52 H R BT A W] REIRAS P FIR IR, GO PAS, 4Rk
BHR—ZEFHIRRK RS
R EIrlas, *FDPHEYE, GitHEMWT:

G =Rit1 +YVa(Si41)

B SRR AMREF A T H AR AR, & Bootstrapping ]
IR MCIR S TR B[] 27 50 AR COR 3 22 2 A, DPSLI I 8k il 7 2RO L
B RR AT S E A 20 10,5 170 AT R, DR Te A SEPR A AR 55+
Mo

MCT7 55 T REERAT A 105 1 BT, DR AN 52 3R 5 A58 R4 1) o)
2y, AIESEPRA HARS R . MCHIK IR G, T30 T

G[ = R[+] + th+2 + YZR[+3 + ...'}/T_IRT

HA TR R ZAE PRSI ], T 1, MCREFELIE — LT
R, Bt HeeR HEZERATS A, MESAT S TIENH; Bk, MCX &
ARSI ZE TN, HMEEHESE, ¥R,

TDJ7 i3 T A3 10.5. D0 SRS BEAT A8, (H R H RAUMCIR) R AT T7 ¥Rk
THHE S, WDPREIEMEE, TDJiEM RFERAR TR, 4 [
RCRFE R MMCHIEEE, TD ik — P RERE I B, 5
T Bootstrapping /7 Al TH 4 HPIRAS B B £ X — X 5 7] B 10.9Fr 7 (1 =]
WK EIERE 2.

A b, TDIKIAE G, HAIDP T3 5% —8, #B/2ZBootstrapping /i
s

Vr(s) = Ex[Re+1+ PWa(Set1)[S: = 5]
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” DP MC DT
Q(sa)‘/\ f i
/N / \ l l
ve) OO0 0O O O O
¢
T

Fig. 10.9 DP, MCHITD = F SR & i (5 S35 1 (1 ). DPRVEE — B2 [, MCRIREXR
FEE, TDR 3 KFEEH. DPAITD/EBootstrapping /5%,

5DPAFE K2, fEDPH, WEHE; H GBI A BT EA 2], MTDHE T %Af
L, REEHI R B AT N RS (s, a). FE T RFEH %, TDAH T SEFra BAT:
%, HATHHTIEL ). FRIP RIS, XA RAIE(S,, Ay Res1, Seqr ) 13T AT
KA ET A, B AT

V(S:) < V(S;) + 0(Rir1 +VVa(Siv1) = V(S:)) (10.14)

Hr a5 212, Ryt + YWa (Seg 1) BT A HTRFEN S Ik TH, R + 9V (Se1) —
V(S)FRNTDGR 2. b 3 WK A LA 22 A 28 56 R DUAE 28 56 HA 300 22 (1 B
ﬁ,ﬁﬁ 8 YN IR YR 1PN (] oA (= NS 1 S s Nl sz w 1Y (@)
P A AR EAL, R AEMCH XV, (S) B AL i NG, T TIMCiR 2
ﬁ@—m@%
kA — A2 RSP MTDSE IR, ERIER, IHTE— A
HISEmG T, Go L5/, TDREZE USR] m i1 2R 2L
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Input: 7
Output: V(s)
Initialize V (s);
for Each Episode do
Init S; while S is not terminal do
Sample A by 7 for S;
Take A, observe S, R;
V(S) < V(S)+aR+yW(S)—-V(S)];
S=S’

end

o X NN N R W N

end

Algorithm 4: 251155 1 IR TD SRS Al {5 5%
TDFIMCHS /&5 TR 117735, (HTD R BT — 8 KAFE, KRN AR
FiBootstrapping /7 VE#EAT At 1t.  7ESRBE fh (B AT 55 b, X PR 7 AR mT WSk 3
H AR SEMS ME R AL, SERRh DY SOE B — et 34h, TDIKASMDPAR %,
TEA BRRFERAE 64T, Al I g, MMC WA X ik, fEJEMDPid
T AT RE 2 R 4T

10.5.2 * FTD# % 554k 4L

BT FATI 18 15 T TDR SRS A 75, 45 &8 g4 (GPD #iE
20, AR, SMCTERL, TDIREANUIIR R, PRt 7 22
BT BB R EO(s, a) AT SIS AL THAN SRR A AL

BRE AL HERE T

SI7A17RI+1 7Sl+l 7Al+1 7R[+2----

BUREAS (S, A TE— A QRREIRAFAEL, RIS 240 R [l 24 X

O(81,A;) + O(S1,As) + [Ri1 + YO(St+1,A141) — Q(S1,A)]

ECF, R +v0(Si1, At ) R HCA TR RRT O(Sy, A ) M TE, X —fhih 5HKEE
ELB QS A)ANFER, RIFAETDRZERE T, WKILXTQ(S;, A #EAT Al
W X—RIPFIAXDEFENTILANASE: S, AL Ry, Siyn, A RIEFR A Sarsadi
e
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URARFF MGt AL, Sarsaf] T 0 1% SIS HEAT il (B 2 SR A B0 SEmg
HATRAG, WITEEET O (s, a) S ZTC SR BEAT g it 1X B IRATT I IlmMC R
(R (R PR A8 = 1) 78 i 5 v el FIMIC A ok T R 28480, AT T 2487 O (s, a) i e-
TOL SRS AE AR SR AR A T R, Pk T Sarsaidh AT B B BT, MeiR
WS, AT SE ISR RS AL A, X — ik R, B4R S EE A B bR SRS 2 — 5L
B CEB A& T M AT Q(s, a) e-T0 0 5l ), K] Ik SarsaseOn-Policy /i ¥, AT
DL 1HOff-Policy ¥ Sarsa®. %, R 7 i 35 H & s/ % #&, I % TImportance
Sampling A AT R EAZ IEEI 7],

Sarsafft] — i 5 A2 £E 9] 3 I 25 18 24 B R AR IR A8 N B A AT e 3 1
HQ(s,a), FETHIE (MHERFEIEA, RN BIQ(S41,A41)) KIFHHETDIR
#, AR T

O(S1, A1) <= O(S1,Ar) + R 1+ 7Y w(alS;11)Q(Si+1,a) — O(Si,A,)]

Horhr(s, a) 75 SRS A5 AE 55 h o2 R Al B SR ME, 7RSS IR S e R T4
HQ(s,a)e-T 0 T WG, IX — J7 V5 PR NExpected-Sarsa®® %, JE T-0(S;,a)
W18 s bk b 7O A KRR K AL, X TDRR 2 1Al TE L 5E A B
FSarsa— ¥, Expected-Sarsathl /&On-Polilcy /7 ¥%, JF A #i J& FOff-Policy /i
%o VE R Expected Sarsa X &) /E 42 [ 3], TTDPH %R A5 A 3 1 R 3k 4T 4
[F1e X2 RUOPIRZS e F U tH A B w2, T Expected SarsaH #58 K 1,
TR XPIRAS SRR s (H AT RER I B0 1E B g g, DR a] SR B,

X RBSARAAT 55, W R BRATTH - 000 SRIEAE N BV SEmE, E0KE H bR SR
SORTTO ARG, 4G B —Fh Tz RO ITDAAL 7772, #R9Q-learning, H:[H]
IAEWINE

O(S1,A;r) < O(S1,A;) + Ry 1 + ¥ max,Q(Si11,a) — Q(S1,Ar)]

E A R KA B E S S R T AT Q (s, o) M B0 S, [FlSarsa—FE, 24
BNAE TR I €15 W I/, Q-learning i 8K 21 A {1 S M. 73 = fEQ-learning
A SRBE A H AR g A —F, BRI Z —MOff-Policy 77 1%, {H 4 eiZ M jik N,
AE RIS AT H AR REs, TS m . /e E452 M2, Q-learning/2
— RIS A TT I, AR VR SRR AL AR, X2 PR [l 2 20 i) e KA 1 AR
CAWRE T HARSNG. X FlSarsa X Expected Sarsall o] F T S5 n& A8, o a]
TR ARACA ]
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10.10%5 HiSarsa. Expected Sarsafl1Q-learning ] [0 K. 7] LAE 3| =&
(TESRBERACATE S ) BIAF: Sarsa® [ERKAFES)E, Expected Sarsa™ fE T
ATRERIBNTE, MQ-learning™ [& i KW #3 B 1.

Sarsa Expected Sarsa Q-learning

T e

O O

4 ® 4 ® 0/;?\0

Fig. 10.10 J1 7 84 BITDHE 8% 4 £b 50 3% (50 3 Bl.  Sarsa (75D 5: T4 {1 K A % 45 [0 )

Expected Sarsa (H1) 7 [ 3 i 25 J& M A7 R AL 2S5 82 B il BE 30 1E; Q-learning (£3)
R TR R4 UG SR BRI s B E CH— AN BIIGER R S R AR,

10.5.3 N-step TD 5TD(1)

FESRFRIR R b JATRHR I, d1 T MO S i B 2 AN RS i 1,
FESEPRAME AT LR P R BEAE H AR 2 192 L2, WAl RERS 21 4F 1 3h 1
Hee, PRI H AR ARIR 25 A (B HE A

RAAR BB, W RIATETDAE T 2/ ) Lb, WX A e M il k=
HER, XPRASHIEIEE S B, AT RS T 2B RAENTD A, N ik
Wy BATR B A EE,  HRNE 0 S AT A N8 50545 5 GPIHE
IR BT R TR 2

BEHEAT D KA, A BRI R (Al i 9

G" = Rt + WResa oot 7' Repn + 7'V (Stin)

R )G —End 2 Ja X RORES A R . e =1, WHZEE Fitk
NAEGTDA T WRaUE T KE R ACIRE, M e 45 H MO it
BT NP I TDH AR AN-step TD,  FHAE s &5 a3 20 =l

V(S:) < V(S) + (G =V(S))
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VEEn = 1, N-step TD a4k AAEGTD T, n=ooltt, L IIEGMCIT %,
AW, AL TDFIMCES 7] LG YEN-step TDIIRRA], & KFEA— BT 55
(EREHOIRE) BRI B

7EN-step TD 5 A FIntET B LI ZE R, Lnil K ki3 3
s/, AT B — AN RIS, & SUNGE:

Gl =(1-2)Y A 'Gr

n=1
EARARYHIE T ERASHIIMREE TRy AR, ARG, y=&xtip
U ZER AT 0. 2 T I 0 i 38 I TDEVEFATDA) B, HOCAE iR %
TN NS WA R

V(S,) < V(S,)+a(GH—V(S))

HEREHAN0, HaNiks, TD)fi L RTDE L, Ntk AE S TDSRVE TR 4
FRNTD(0).

R RHIR A AR B B AT Al AE 1 77 5 RRE AT R0 B AR AE 2R E O (s, a) A
{8, 25 ITD(0) [y SarsafllExpected-Sarsa. N-step Sarsaff [ K £ 3k 47 P i 4%
[=] 31 % T-Expected-Sarsa, 7] 7ERAE- 45 RN KO (s, a) Xt BT A S Ealfy 1 2 I 15
SRAERRAS B3], W] FE RS SRAE SORAZ I B IR U R AR B AT B . BT —Fh 7
VEFRNN-step Expected Sarsa, J&#& FR A Tree Sarsa. 3X P F [t 1] LLVR A S
K, TEHLEESRAFE SR M Sarsay 2, FELESRAF 21K FExpected-Sarsay 3o
WUER 5N — B B ok gz il & — 2 R 07 2k 8, D04k oK (a1 2 Bl AL
B, XFTVERRAQ(o). R, Q(o)f&Sarsa FlExpected Sarsalf1 ¥ f&. K]
10.1145 X JURMEAE 77 2 1) [l 1]

T ENEEREQ(s,a), Gifre-TOLEME, AT LA LiL. FITD(O)H
FAL, BERT PLEFEOn-policy /7 3K, A EFEOff-policy 5 K. FRT-FME, XH
ANHEBER, FIBHEEZFE (1]

10.5.4 =#@mF 3] FEE L
FH A, RAICZIHE T =FE 3385 5] 77, DP, MCHITD.

R =M iR T B, REAR, B R AR K 10120008
B0 P R JEE 0 [0 3] B 5 T TG LR R T IR =M A 2 U5 . ANIBLIR B B R
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- Tree Sarsa
N-step Sarsa Expected Sarsa 0(o)

# N
L
R
1 {1 %
; 5o
L / L\ S L\
. . ® e o ®
Fig. 10.11 JLb 25 20 R A 3l 45 (8 of £ 8 7 7% [0 91 1l. - N-step Sarsaifs R # 4% 101 3]

Expected Sarsa £ [F] ] 25 5 5 — CRAE S TG AT REBI1E: Tree SarsafE A4 RAE s 4R
FIEFTH FIREENE: O(0)FERANRAE mUBEHLIL FE R 31 77 =X

®
l

DPAITD#R /& — 22 [, N-step TDAITD(A)SE 2 45 [m1l, MC K& 55 2848 2 4
Az 3. MBI 5E ., MCAITD. N-step TD. TD(A)iX =Fh 75 L3 TK
FEEI, DP. 55544 RAEFREE G A W REE 82K, IvE T2 b, A
R, Q(o)fE [l vE FEFIR FE #S B A AH 4 i Ry, & —ANS3iEH
)52 07 RETRMEZ, FIRAFE T ER IR AGE AT . X SR
MAAE S, XEeTT i A FHHIGPIESR 45 &, £ SRIE Ltk 77 % IR KR
Fto
MBS 5 B, MCHITDIX PR T VE A PEIA AR, DR —fehR
TR T, W RS SERR M A B INAE 2 S E 55 . SR, X P FR AR
T EEAMCER AT DLFHAER N BRI 55 . S DPAEJE T B (1K) 77 VAN [F] 1Y)
i, MCHITDIfA 2 A ARG, T2 de TRk T AT, 2Eimfh
THE R EAAL RS . B AMC FITD SR P FR TR Ty %, H B A Ay
FARHCRIET T, MEHEN AR S A EA. WEMCHITD, X#A Tk
B 7 RAERFER 2 5, BEARARRIXAET: TDIKBIMDP, A SR
ikt e il HARE ORISR Ml 1T (Maximum Likelihood); MCA
XPIREE AT BRI eI 258 BN TR 24k 1T (Minimum
Mean Square Error). [, MEEHITIMDP, TDER I8 F] &3, MCJr
AR L
F— M, BARTEF TS E FIMCRITD, (HIiX I A & Wk & DPTE %
SHES A M. F b, w5 S & S BRI B AL B A ) —
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[EUTEIE ) DP TR
%
El A%\ {% .
b Jd o© 6}\0 Qo) ° /.
PAANAN
oo Ooooao
bz} ??
&
E|
o 6
DT TD(A) MC
2
R Z
&
B i
[n]
sk ES e

[EIpESES
Fig. 10.12 JURP IR FE 22 31 7 A5 B3 7 2R L B8, TD, TD(A)FIMCHR 3 R #E,  [513
R HECRAE B AS: DPAI S 3 1E B W 5 B TG J5 SRS BB E, B #RCh 4 [El
We Qo) mIWIEEZ AT A LR, Hbs NRE. WA — M, DPHITDRE —H [H,
% TBootstrapping #F AT R 2 A0 {5, MCHI 55 28 3% Z #5238 B B3], A 5 T-Bootstraping.
TD(AM)FIQ(o) T H BUERRARIE, FULE RS, &HEEE,

AMDPHRS, FIETi%MDPR HIDP. MC. TD% & Fh 7 i E 4T S0k ki it 5
oAb IXFPEE TR S ST B 7 AE NIl B ZE S RIRE B RIE 2 S
B AR mEANE, RAEEE R - NNTER, AR B HIRZ
MOERAR, 32IMSENE A EA AR J. BR RS Hse B NGBl E %, E
PAREE BRGS0y

B 10130 =Fl 2 2] ik IR 3 54T T 8 g, AT L, 3858 2% ) AT
SR HER R, FEETLSEW. 2GS, SRS R LR
BIEN 21 T7 k.

F 10135 845 T DP. MCHITDIX = ffr it 7 50305 F 4 o A0 3 T 57 P A7
e FERERPRATH SRR AR A R 80 S P IMC 5. TERERY 2 2] A
WG] R, G I BIRAE T, IR VE A AR NSRRI s T
EZEE I8 71 (W0Truncated MC) 4% FHEESE ST, T b, #
Z KA, MCRITDH) X 5 2 & AR 1.
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TR E BRI
(%3 “ )

@
%%E%///\\éii% DP
éﬁ%&xﬁ RAE BRSSP RAE
%FKR Ayﬁ

Mc N-step DT pT1(0) N-step DT  pT(0)
DT(A) DT(2)

Fig. 10.13 DT. MC. DP=F{24 > 75791 8 3% 5t

DP MC TD
HRIMES = = =
S = = =
EZ = = = =
ff: Ss 3| = i =
HRu R 2 i =
PR i = =
I R —% | &R |—HEREE
I 39 B P A [l ) SR | SRS [ 3
Bootstrapping | J& % 2

Table 10.1 —F R 4k 22 5] SR RORE 5.

10.6 FREIZ ]

ERFNEFR, RAVRBIEEIES R, ATEAET, E KB 5Kng =
AN Z AT 2 2] AT LT RATN A FIMCARITD 7 v 55 32 BT XHE ok 50k
753, RNV 2E S, FEA 21— FOBRURIE pR BUR & % I JE,
HDyna.
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10.6.1 1B K53 53R 53

B BV, HRECESIE LT WIS AT AR R RS, A AR 3R
17 HL38E e, 7 PR BERAL 2238 ) S R 25 %5, BIUnEDPHY,  4n SRS SRR
RS, W% 2 NE AR B 5. BRI SCRAE R
FE, BT CRE X PR B A AR AR B IMC T2 AT DL 3T
RAENE, XFLWE—ANE TSN R 2 B, BT Lo E . RS
KEHAEAHRE, BRI A B IRBEAER. VOEEAMAEE. BEAR
Wk, AT AR S AR TR 2

KRR G R F R AN, LRSS HES T R bE
2R, KSR IX L PR IO AR ME 27 ) B — AN T EEMME R AL 9 a0 TE B T 4% %
R4, wserl DU 25 R R 4TS, (HB R BRI, IR,
AR RFEATRKES A EXMER T, DEULIR SRR AT R A0 53 )
FEMMEWR B2, SBUSERTEIRERR. 2 DME R ) 2 il
X, BRI Rh A 3] 7RI R NGRS RS R, BRIt E D o
BHiR, AL EE.

RHY 22 2 A AE — E FEE X — I . X RS BAEAE — 58 1 454
WA, I RRAGR R SHIAG T, T T D E R S, AR Y
S PRI ARST, BB ) — R WA R S i 2. — BRRY
S15ERG WA EETDP. MC. TDEEATAR —Fh 7 V25 S Mg AT il (E A AL 1L

BEAY 22 2] e N2 T 77 50 O nTE I SRR RS, AATT— A&t
O IR S A S R O THE R ED, 1 i i A A0 ST E AN A
BB NI AT REPE RN AR R T 34810, AT A S TSP (r]s,a), f5 3
Y TAREFHERE R p(s'|s,a). IS H IR LB, AATEBRAE R S0 A 5
A 77, BT A REARH A ME R RS, IX IR TRz AR
Ho WIRAEAE R E 2 S UAE B 012, BRI S R AR5, P Ak
Ui, AIRERBAEM B, b3 e E 7 K.

10.6.2 #R 53] 7 ik
TR 2 S o s S — AR MY, T o SRR 5 B AT SR 2 ) A 5

B BRI LG, — Bt T2 A 3T R SR HE R Bt T itk e 15
BIRAL TS, ZIdFE A 1014517,
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RAISS] e (EEE O RN

Fig. 10.14 3£ TR 22 5] (a4 2 3] ik, B MRS RS B 22 5] — AN IRIEAR A, 3Tz
BUEAT SRAERAAAH PR BUF S ES

AR MEEEGE A IR E RS, —BCRAMDPEAL, X —/AMDP, H
ZHAAFEIREHEREMEZEP(s |5, a) IR P (r|s, a). BT AN HEAT 22 B AT
WERXE S Mg E, HEd X gt EN ST L S T
BEGATSS PIAT IR L 2 ST e, AT E 2l v i A

Output: P(s'|s,a), P(r|s,a)
1 T(s,a,s’) =0;R(s,a) =0;V(s,a) =0;N(s,a) =0 Vs,s,a;
2 Initialize s;
3 for Each Step do
4 Sample a ~ 7(s,a) ;

5 Sample s’, R by Acting a;

6 T(s,a,s') < T(s,a,s")+1;

7 R(s,a) < V(s,a)+R;V(s,a) + V(s,a) +R;
8 N(s,a) < N(s,a)+1;

9

T(sas) .
P(s'|s,a) = T Tis.as) (Ts(fiz/> ;

10 | P(r|s,a) =N(r;u,0); it = R(s,a) /N(s,a);6% = V(s,a) /N(s,a) — u*;
11 s s’

12 end
Algorithm 5: 22T 55 H IMDP22 ) 53k, R i as A e i 0 Ao

10.6.3 Dyna: %45 3 7 &

B 22 5] BATRGRKZALRE 1, (B BIMRRIR I, BRI S 28
RIS, AR 2 AN SEBRf O0 ™ A B 22, S BRI LRI, {E ik
BRSPS RE & BT, Rl AR BRORR, R 1R
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HAELH AR RESRZ WA ITE B 4 Gk, BB BNz
RET, HHRTIE N B R 2 (A B

5

RIS Tt {HERE L AL

Fig. 10.15 R &% 37505, %2 — PSR, (Hm B0 5 T J SR AR S Py 77
T R SRAE Kl 4

Dyna-QH[l &2 —FlR & % 21 J7 k. fEiZ G, BEAURIME R 2[R I i 47
FELRS 2], FEXHE BRBOHAT I, B e B T EL SCIRBERAE X QR Hudk 47 1]
W, T B T UCRAE R QR Bt — P 2. BVE 6 SNBSS
W [ Dyna-QII EVE AR, FHAP(s, rls,a) MFFE TR, Rz E L
) 1B T TD 7741 ) Q-learning, Atk Dyna-Q.

Output: Q(s,a)
1 Initialize Q(s,a), P(s', r|s,a)
2 for Each step do

3 s <— Current State

4 a + &-Greedy(Q,S)

5 Act a, Observe s’, obtain R

6 0O(s,a) + O(s,a) + a[R+ ymax,0(s',a) — O(s,a)]
7 Update P(s',r|s,a) using (S,A,R,S”)

8 for z:=0to N do

9 s < random from .

10 a < &-Greedy(Q,s)

11 Sample s, R from P(s', r|s,a)

12 0(s,a) + O(s,a) + a[R+ ymax,Q(s',a) — Q(s,a)]
13 end

14 end

Algorithm 6: 44T %% H1 () Dyna-Q% > ik, HARERIP(S, rls,a) )5
Hl B SSEH.
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10.7 eREHEL

AT AT EZGHE TABBURE T, SEEh il >0k, Xk
JrikE, PRETREAR A R KT SRAER S MBI ERER A, XA B i
A BT IRATE MR AL 5 S A ML S A AR B, RIG AR/ A L. R
1M, FESEBRIA U, S HOTEER LA R KRR, 4.

o RATMMBESFIRAR, BEERANEHFERENFA0, £
IR At B RO R ) 5 0 E FE R 2R e, IR AR 10
172 7, HPEEH BRI HZ10 1948 KT7. 46 IKTJ7. WILEE
REPRAS 0], BAPRS MR REA T GE, RSO H AT A 3k 2
Ig

o BHUTEMAIY R, BHECRAMNE R R R I AL R (Categorzied
Variable), ZFEEHZ MARGELSEERZNTXR, FEEARRSE
RGBT AN A M SCE,  ToVRLE 2 ST I BARGERE, b LIRS R
BNE TR AR FE,

o MSEAES 2 HEA W RN EBORSMENME. WERERTE. LA K
A7 WUBE YIS AR LA 2 ST %5, TR RS 210 H R — RAES
AR, AR A S HOIRAS, B b g — REEflES (o
TS, MRS, JEAERHRIE.

A T R R A A A o4 R IR TR 7 VA A S B T AR B, e i
ALLIE Al PR L8 SRy R PR 8 595, o s AL 2 ) REAE SERRAE 55 Hh AU B KRR
i EE R E,

10.7.1 18 %35

PATH GRS ST HIRA B, Rl MBS B B #5 3] — M SR
W (s, a), BRIAMES: 2] — MRS R EY (s) A E M RO (s, a), FHIET HA
RATTERBNACHNE (5, 0) ARSER(s,a), V(s), EFEQ(s,a), AT LA
7 AEU(s, @) NEBE K REL AN ISR HOLAL, X S AU £ ) T
w.

B HUBE R DL 2 — Rl RSB R 0, B RIS MR & #HA —
AU, X R KGR R 7RI B A A A, s b R AN B -
flan, KERS-SMEZREA RN RBEREEE; MIELmA
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AT 5%, 7B E N A HCIRAS, B e A B B a1,
FINRRREZE; GRS AN — RS-, ke eR
SHAENVER IR, RUEEATIEH AL oK 0 Bl 2 4 B 5Ok 1 1) 1 R 4K
BURBE R HH — N TSRO MRS R HOR LA ML, Blx(s,a) ~ mo(s,a),
V(s) =~ Vy(s), BXQ(s,a)~ Qq(s,a).

DLIR 25 18 B& 0 9 91, L oR 20 AL J7 325 40 B 10,1601 7ne X RE 58 IR
B{S0,81,82}, HAR A 0K 8 4l 1T 9{V(S0),V(S1),V(S2)}: BRI AL
Ve (S)KIE TV (S). M EIH AT W, 78 5 5 #OB R i R e RS} B, il
BV (s) Filr B BB Y (IR S A

Kl 10. 165 7R K B BUR U7 i ok — AN L EEAAL, BV JEUAR B U IR S AL
Ji YRR R R R SRS XM ] BE R 1 AE T S AR A L B — b
SR TS HIRAS A S v FERERIES N, BB A A 40t s
WAz k2 TR WX MIEN, REOEMR TR T EAES R R A
VE R EV () PR HANRI T 58 ZFh i AR S5 2% ST 55 PR AS A Bl A2 25
B, An7E B BUE % o BRSSP B, A B R A AT IE S
[ #k N\ (State Embedding), WI7EAlphaGoH & T CNNKE A A IR 45 fik N B 4
IR larh, R AR B B FE & k.

RER A ERMEANGESEE R EEE . B, RSBy &
PEAEAR A FPIRAS 1 2 2] BARGR #E, RO — DN UNZRFEARA R I HARES, T
I RS ECR Y I TARAE. B, REESEERE TR E
HoAT ARG, ORI T RGE WY M. =, REUR T S,
ZHIBE— BT /> T REHRZ RS, BWE Rgiz e 1.

EIRRPIR A B BRI AT V0 BV EAE B AL O (s, a) FIAEE FH, A AN
() 2 3 DA R 5 7R B2 REORAS A B E AN R 3. TR T 1017 s 1 6 Aol
BOTVE. B, PR ER B R, 5 R OEOGE T E IR
&, HWRSEAZMIEDL

A DLSK 2% Bl 2 BB R SR SV (5) B Q0 (s,@) 5 FH BRI 46 28 14 455 700 1
PR ML RL, FRATT S TR 0 2 T X S A () S HCE B 7 vk, IRE LR AT
BB LA, BRI — AN FRFE (S, Ay Rev1,Sp1)» FLE BE 37013
B —ANEARANIQg, WK T-GPL, SEWE AL T LAIE Te- 0000 Ji 3R AR SE e
Kl 10.18%5 H — MEZLGPIR B AL AL #2. FERR IR B eO LG, £ Te-7a0
JEM, HQe(s,a) FFEI M, HTadm F— IR . nkiE R ER, 53
A Qg (5,a)0 VERAEL 2 2] 1 — 5 3EAKT 0 1) B AU 4 BT WS4, [
e — ML R, SRR EHEA R R T Ui n W LR E R . A
Witk, GPIHEZLMSRPRIEXT Ak HEmE (12 2
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A
V(S1)
\ Vo (s)
V(So) <@
V(S2)
So S1 S2
Fig. 10.16 RAEMEREOELL. M2 NEETSHOMBRE NV, (s), {S1,S2,S3 } 95 B HUBAY R
AR
Q(s,a) Q(s,ar) Q(s,a2) Q(s,as)

|

T |

S a
Fig. 10.17 Zh{E{E & B PRI UT %

xd\w
i

10.7.2 A T # 69 5 R HEAR

BATCABNVEAE B ELQ (5, @) AT BRG], SR a0 xF S B0k AT R b, &
ki, Ak B R EE T8 — A HRAE(S, A Ry, S ) B ¥ 2410, ff
13 Qo TERAE 1 (S, Ar) B 7] HAC I 25 G o

WA B ¥R 2 Qo (S1,A;) 5 G 13 77 2 (Mean Square Value Error, MSVE),
IR

L(6) =Y dx(s,a)(Qe(s.a) — Qx(s,a))*



10.7 BREGEAL Ixxi

On

7 = &-Greedy (Qg)

Fig. 10.18 T QU Al SRrE AL 1L

Hrdrd(s,a) RaRAS-BNVEXS (s, ) BE VT R L. B2 T RAETTEE, ZERAE
B
L(8) = Z(QG (St,A;) — Gt)2

t

KHBENUESE R R (SGD), SHRFASKEE S — RS EHEH, fA:

IL(6)
26

= 61— (Qo(S,A;) — Gy)

6; = 61‘71 -
90
6
HraNSGDI 2, — RBER g T . B G, ks > 5ik
RIAFETAARIER X FMCTk, f:

(10.14)

G =Riy1+ YR+ .Y 'Ry
XTFTD() (Sarsa52%), H:

Gi =Ri1 +7Y00(Si41,A141)

HAA, W N UCRFEEFENEE. EE L FBootstrapping#B4 Qp (Sr+1,Ar+1)
FEORE, (BAEREE TR IR R RE, B EARTDO)A X JEmM IR Lk
HISGD, A1 A Bt FK N Semi-SGD.
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2R 1014 B 3 20 TR T 06 HQo MY B KT R BT, SR 4%
VAR, JUIZR FE (R A RN P Y, SR I, — R
FIBPELEXS bR FE B AT S i, (EAR U2, W% T Bootstrap 1 B £0T
7 i EL B R, ) 7E G i OFf-Policy S B AL 77 12 7T it 2 5 B0 =
AFasE, 1HOn-Policy 7k — M & Fa5E .

10.7.3 X F &AM Rk 53]

A HAT DT 18 1R SR 55 HE B SRR R (122 3. A7 7 s Bl
RUT7iE, BUEIRATAT DABT iR SRS BEAT 22 2] 7. Frilsimg a2 2], R oI fE
WA T IEFEMFalfI R BB (als). [FME R IR, AT 58—
NEET S W MR R M, (als), ERAERE—HEIN () TR SR A AER
HEASTHILL, SRS SE ST W] REAT A T 4 Ak

o AN [FE R E AT RS NAH [F] PR S, R I SR 7 ) AT RE LU AR IR By S R 5
sk
o JETHRE: 2] — MR T O R NAR 25, AK 5 AR LN E )

Mo
o REXF IR BESSNE EEF .

U BR O S ST AL, SRR 2% > 0 T DAEE T AT A il S bR 250, 4 1A A
B, PSR, —RAEIX LSRR 5 2 il — /N Soft-max JZ, AR X PTG 3)
EMERRE . X THENIn (), E2RAASS, kGRS FIRSE R
£

m(m) = Vz(So)

TSRS, AR T
() =} d"(s)Vals)

EJZSFY}J*%/FLI&E%
n(m) = Zdﬂ(s) Zﬂ(a‘s)Rs,u

Horpa™(s) 52 5 TrfIMDPT F2 £ R s B 73 A0, Ry = X, rP(rls,a) HTEAR
AP E I B T I .
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DTS s Ja ], HHE A A SRS bR SO BB v B, A 1) R i
RIF i HO ST T (1, WA

So(w) =nu(my) = Zd(s)ZﬂW(a\s)Qﬂw(&a)

BOSwHI T, TG

aJ,(w)
ow

Z an %WQM(&@ (10.15)

——=——0y,(5,0) (10.16)

bSO A PR R RS AT 38— MR B L, RIEF PROA SR
. FTiZEs, MXSHwiltiTy>. USRS A, HETMCR
BERI NG 2 ) THEI SRS 7 s, Herp AR K 88 G oRIE O (S, Ar ).
ZSLEFONREINFORCE. 7 i e o (0 1 frlt 2 #4824 S Ak B ok T PSR P R 4
o

Input: I: Max episodes

Output: 7, (als)
1 Initialize w;
2 fori:=0to I do

3 Sample episode [So,Ao,R1,S51,41, ..., Rz, S1] by T3
4 for t:=0to T;-1 do

5 G =Ry 1+..Ry;

6 W W+I3MG:;

7 end

8 end

Algorithm 7: Z %1145 [YREINFORCE #.3%, MK WG, R E
KA AR Q (s, a), BAFIHK,

10.7.4 Actor-Critic 75 %
PR SRR 55 B, M 5 75 A TR S {E R $0Qx, (5,a). fEREINFORCEH

Fe AT — R AR B G R A AT L, AR IMER T 51— B
HoRag L, AP
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Ox,(s,a) =~ Qo(s,a)
ZAH BR E R DU T A 4F 1 R BT ARl U ik e 3X — 5 AR R Actor-
Critic /7 1%, - Actor % ] SR W& m,,, Critic™# >] 1% FE M 1 I AUE 2% Q4 (s, a)-
Kl 101925 T2 ) 7k E R WEH AT BUE 2], Actor-CriticH SE |
& — IR BR ESURN SR [ I i R 50 AU AR AL IRV 52 20 7. S0k 845
—NELATSS I TDO) AT IE R 3 2] (Critic), FSEREH L EAT SR8 2% 2
(Actor) HJHEIERAE.

MHE

Qy(s,a)

Qﬂ'w (S, a)

T, (als)

Fig. 10.19 Actor-Critic# >J. Actor/& —MRRE 5 2] 38, FRK SR0E A s fE FI IR B 47 58
H. Critic/e—/MAREEE AR, FRN HERE AT VP4, K P4l 45 SR 2S48 e ms 5 o1 38t
1T F—p ik, R, XtActor GRBS) %13k, H%¥IE5 A HCritic (HRED %4
H AT EHBOATRE Y B R bt
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Output: 7, (als)
1 Initialize w, 0, s;
2 Sample a ~ m,(als) for Each Step do
3 Sample s’, R by perform a
Sample a’ ~ m,(als)
6 =R+7Qe(s'.d") — Qo(s.a);
6 0+ 052

4

5

6 90

7 w+w+f 7alr)g(gx(a‘s)) Qo (s,a);
8

9

10

s s’

a+—da;

end

Algorithm 8: % % fF %5 Actor-Critic®# >] % J%. Critic%: 2] 3£ FTD(0),
Actor®~ ) 3T S B e HE.

Actor-Critic 1] LA SR 2% S E S Zh1E,  Gn/E HUWE S /E O H1E. 7EIESE
ARG, AT ENERT & M Am, 18I 2 3150 A0 1 S 5Ok
EESIMERI . ULE i v, KON EuM T Zo, WX S
) BR BT AL g 725 R Ak R %t o o F) R 5 AL

1 a—u(s;w 2

el = s e RO,
Seofu(ssw) Ko (ssw) R LW B8, U ML T SR AL, (i,
RTINS B P E BB R SR, SiAh, Wit Qe(s,a)
LhO NS, LA(s,a) N FIIES R (I 1007 P 55— Fh 45D, AR

B 10.19 Fron g5 KIS 8, T S SR fift tRIE S A ) HEmE = ] 1)

10.8 REBUF A

B P I ) R O AR B TR . R B B, AT LB XS AR SR
MG (AR L NIE R B AL WU BIREMORS 28], R 1228 6] L A e
BRI RN E R R 3T BB E I #E RIS 22 50D 3XRh 2 [A] S 1152
RIS SRR A B B AEIRFZ A 20, BN RAGE S HZ 2 A8, AT 2]
SRS ARG N IR, I AT A AR R Gk fe. W R IR R, iR g
L% (DNND, X B bR L BRI BEAT AT AL, A5 B PR FE s AL = 51 5 k.
TR SRR 3] fE AT ALAR 5% 1 )5 S8 N R R ST FL i NIl BR K 7 TRl 2
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= BUS T - RINEARAIAR, H RS TIDF RN TR BRI
.

RE SR SRR AN 7, — IR SIRA, FIHIDNN (B ER
FEMZE) X E BR BRI AT A, 58 ARt sk 2] J5 i, AT s Ak A 2
Ji X DNNI S HOE AT B3, K FIDNNAE iz b ok 2R A RRAE 5 ST I 3K
The, ERALIZR LA IR 2 407 )l G B k. DU I, IR SR SE >
FENZRANHEER I Ffr PR 2 A 5 VR AN BATT b5 3 1 1) o B DU 2 A AR AR
AN, SRR AE SR ALl R B BE I A BB R — 2k, A DR AN X 8 T7
%, DCE LA RS TR B SR AL 22 5T B33 K52 ST RE ).

10.8.1 Atariis X,

AR — B TR I B4, A eI Samuel [8]11) P VA 2 Tesauro ) TD-
Gammon [13], {HE20165F LARYT, 2RAA9 AR BB T ) LA T XK an s ok,
AN RT DAFE 7 SR P e N AR T, LA T BRE RO B AR AT 55 Hh ik
EINEAEINY/R

FE 22 M Deep Mind 22 7] H i J£Q-learning 4% (DQN) H = Hl4%
BU)LAtariliE TG (6], AtariF & @ FEA9MN R, 2% TAEIRfE 8. K
) A% 2 T AL, L 3 S W % 0k A i T 42 ) R R AT, BN — FE R
o FETHAESME MM B, XA M5 ST 5%, Hrp
MEAE R TG BRI T, BRI A R, Ui N F Tl ki A2
192022 ihe TEIX —AE55 v, M — 10 TR M= B N (L SR ABOK I SR AR Qi Rk
EHD, X —WEE B EE RSN R AL BLE. ik, Deep Mindff]
WFIE AT — /N5 2 J2CNN IR FE #2225 5 S a0 A8k ok 32 2] Sh AR 18 o
$0(s,a), T Q-learningHiEIAT ], LITZJZCNN,  JFUF Ik i i 1 5%
TR MG B ZE R E ok, BT —RE, A EEEARS
T RCRE A R, HPQEAEL. KEI10.2045 X —IR QM4 (DQN) [45#4,
BHEWHZEGIME NS, WHESEEMNL, ARSI EX Q.

Atarilif %At 2 AT 5, ALEEMCRAES BN ZRFEAR, RAF /4
(0 11 77 VE AT I 2. Mnih [6] 55 AAESEHUN KA T — FPFR A ‘Replay’ (177
%, TUCREEA B CLIY ST A (s, a,r, s ) BITE RAF NS MD, I it
M EE AL T REAS 4 5 — P mini batchi#E AT B3 B4, NS IZGER
E M, ERRYIZGT, HERPSREAA, X E WA K TDO) M £ il
1Semi-SGDAF bR #ESGD.  SL45 2K, DQNFEIH A b K
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Convglut\on Gonugrution Fulty connected Fully connected

. =

] 0 /e =a

=B

] ) = "\ ¢ L\

y PN  \ e

BPoos-0: o ;-.'E;*

g L i

=] m] e .

== E =

==

Fig. 10.20 =T DQNJAtariff xk 2= I HEZL. K FKH [6].

d0(s,a;0)

6+0—o Z [r+ymaxyQ(s',d';07) — Q(s,a;0)] 50

(s,a,r.s')~D
W SR B A S R He-o0 0 S mg,  H el 1.0 1t gk /) 20,1, = B
Fmaxfi's T HIQR A LART— 54 o~ Sk, maE4nis%e.

NP SEDQN 5 2] e Jy, W] LUK 8 J5 — /N Ba gk 2 1 0% {8 -SNE
[SIWes 2 4 i B 45 B 1021, Ho gt 2R 120mR 2 5 5 R AE 5 4L
(<), —f FRE R R Z S TR I B GG xR E . o] LG 2,
DQNHE A [ AR A BRI 3 HO6E Uife A% 1 T e St 20 AS [7) X sk, B 3 1 R 31 1)
REFEAMFE . X REDQN AT LU itk 7% B 2% 31159 21 24 B e UK A 1 2R 14

A~

tho

10.8.2 AlphaGo

AlphaGos& ¥ I £ 57 2] ISR AL 22 2] 45 & (0 55 — A SR B 1 [10].
M Atari? 2] A A I /E,  AlphaGoJf A 58 42 /2 i b i i s AL 22 >, I BHE T
KREWRE ], AU T g R2%, AR TS, AMOET 00 5%
i, KB TMCHE R,

AlphaGolllZk T =/ SR M 45 A —AME M % %, FET 055 ERgAR
IR L SRS X 2% pe I TMCHE R, — AR SRS X 2% po ] T 14 R
BRARY R, XA IZRARIE T B A 5T, o p B R B0 R AR SRR AN
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Fig. 10.21 J£TDQN: > Atarifif 2% >J.  XTDQN#J& — AN Bl /2 (1784 & 7 & FH t-SNEAE &,
PR R AR BRI RS, S B R 1% s o6 B R E . AR [6]6

LR, pot T13JZCNN S L R IR4FE. 2T ps, B HIE 22T H AR
(TN EE— P BLY T I HER PR AR R 2 3] Hbr G 7 A AT w4 i fs
JERD, 8L E R ZET7 AT IR 2], 5 FEE T 9B AL ST A SRR I 25 p
e, T p, 1 B B ZEA RO EALR, T2 AR SR e S Uk
SPIRSME M vg. B 102245 T X — I ZRid .

Rollout policy SL policy network RL policy network Value network

=z
P, 2
g
3
o
=
oy E&I S B$§I @ :
=

‘p

y ©

S,

%

@]
1=
w

Human expert positions Self-play positions

Fig. 10.22 AlaphGoffiIDQNM%. K HKH ?2.
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FESEBRAT 251, AlphaGo 78 73 FI) FH SREIE [ 45, R 258 W 28 FIMCHE 28K
P E MR, BR b, X =R VEE AT DA Y TSR, (H T I 2R
00 = B, SR s ) 45 R D9 2 AN e GRAE AL,  TITMCHE 2R 7% 2 K& 1T 5,
K=FaGERTURS RSB, e, BAky, X 28
i), AlphaGo & T RAEA il — N SR RIEH (MCT), B b iR misxf
— R R AR N CIRED, RN R — B E M (B1E), HHRL I B 1 1E 2R 2L
NO(s,a). HERLFREET FLREE, FIRR 2 A T MCER AR AT AN A
W, P LN, 5E RS Gu v AN T RO (s, @) AR E V& TR B U ETIR
AsofE MRS /L, BARIE BRI R 4 N s

o BRABIEFE: TFIR—DHTHIRAE, MRl — M4 misp. £ —Hr <L,
A ) A R T M HTMCTH 4 25 6T B2 IR Q (s, a) R HH SR B 9 28 po T 55 HE T
SIS Py (als):

a; = argmax,(Q(ss,a) +u(sy,a))
Horp
YyN(s,b)
N(s,a)
TR, N(s,a) ZFAECETT R R E. 4, AlphaGofil 1]
Tk M W £ S R ORI, H U e B 2 TR, A i )
BRI )3, DA MEsAR R s itk 24— 2K (s, a) B VI T, B
HA7 o IRHIN (5, a).

o MOCHAURAE: BT 5L SR WY 2% p o AU — 2R WS ZE R AR EL B A JR). IKEE SR
S5 R R AT IMC Wiz, (2 = +1BBL 2 = —19HAD.

o WA BN X YHTRAERAS LR AR s < L, BRI R

u(s,a) = cP(als)

W(st,ar) =W(s,a)+ (1 —=2A)(z) + Avg(sr)

AR A A REMCHS 2 A0 B8 A T B AR X AL, v (s1) M 1% B A2 (¥ 11 45
M PRSI RE, ARSI 24815 .

o WY R RN N, HRIM T L SR KD (s,a) ) BB
W (s,a) KT R —BER (ERCREEZZ BRI, FiY5E—
KRR TN H— 745 S, ATRE R IR i R Bk AR 1 R AR
GIEFIBAED, MIAHZARATY R, KH 5845 s IMAMCTH, F4]
SR VT R B BB, TR H BN ERE SR 59 A P (alsp ) PR (H R
Hove(spv1)e
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o EDMEME BRI SN BTSRRI, o) HEN R
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Hi ER SRR L, AlphaGo=E 22K F 1 K = Fl i AR 32 vy 48 28 R K
FE: (1) AREEAE R I 46w g MIMCHE 20 AR R SRHEAT O EDHIIBT; (2) fEET
PR N 28 o B FMCR A, DAKEINAE AT B s (3D I FESEME R 2% pof5
HIMCH R T8 L. X LA AP HARAT A5 R EHT 7%, {HAlphaGoffi S
FE 78 73 M I8 A A () W A0 S A R 5 T 21 1 AR BRIEZ4h, Googleff)
WEFEAE TR M T — RB055 70, WIFATIHE. RP R, GPUN
WA, IXLEHLE AlphaGoREHU I M B E K K. Bk, 5 tAlphaGog—
FESHTRIRTTT, A tiiihE — SR TR Z A,
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RERATELE T B2 S AR S AR T IEA T . FATTR 581k
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Al LUF] A AL 5 (MDP) 50, B AT oA vk i RiEvE, A
BN AT 12 BATHE TSI (DP). FRRIgHZ: (MCO) Al
B 72 5k (TD) S35 TER U I8, JRHb TR SR ) 454
R A S I 1%, WiDynafik. NAGEEE JRESRASMBNE, BATT B
T RBOERLITVE, OIS ERBOL SRS, PLA 3 455 ) Actor-Critic
FEA, FRATTRE B S T 25 T IR FE A0 28 I 288 R TR FE Ak 2 31 7 vk VAR IR
S TR IR AESRECRE 7, VR B B AR 25 ST I A SR AE 37 T hm A AT 2% v U 5
e, SRR A 1) 2 .
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BB AR, IR AR NS T 25 ST (O BR S AU 4E 7 5 AR
WS 5 I, RIS A RE B PR (AR, m] DL 3 2 0 5 3 AT S 5 K
R B ERE, QX PR AR S AR, AT —RAIA A
PRATIIRR . RUONTR 2 o) B S GORAS SRR 15 ST R, s fb 2% 2] 2
EFSLH, BRRE—MERPRESRR T TUMER, TEREY M)
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10.10 HEXx &R

e K KE 2 T Sutton FBarto 2016}ix 4 ] {Reinforcement Learning: An
Introduction) [11], ELHERF5 150451 I BE b By 28 49, A b A 32 25 04 52 A,
Sutton ) ik K e 4 56 e, HE L1k N2 o HE VK.

o FATIEZ% [ Dave Silverff] PR [9], 4 il & 7E SKUG Bh £ — 5 h =%
1 SilverBRAH1 IC T HEE B 2 TE BT I 1) A 4

o IAEVLFEIE FE 2% | Kaelbling M Kobers A (4538 W & (3, 4].

o KT I MEIESLIL, W LAZ: W.Szepesvariff) #E1E [12].

o X TDPJjVEMEZERI#IL, w2 W BertsekasHIPowell5 A IZEE [1, 2, 7]
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