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Abstract

Abstract

RoboCup, Robot Soccer World Cup, is an international comprehensive event, in
which simulation 2D league proposes a complex decision problem in real-time and
multi-agent environment. As current trend of artificial intelligence is turning from
“solving single-agent problem in static predictable environment” to “solving

- multi-agent problem in unpredictable environment”, research in agent decision
problem on ‘RoboCup 2D represents the newest theoretical direction of artificial
intelligence, and solving RoboCup 2D problem contributes the deep development and
revolution of current society.

The key point in RoboCup 2D problem is the high-level decision. For high-level
decision, there are hand-coded strategies and a series of artificial intelligence methods.
Traditional high level decision takes hand-coded strategies and suffers the issue of
subjectivity: decision-related parameters are just set by experience which doesn’t
guarantee optimum; and hand-coded strategies naturally can’t consider all possible
situation in a game, thus can’t adapt well to dynamic change of environment, which
make players perform badly. Artificial intelligence methods include reinforcement
learning, decision tree learning, neural network learning and so on. As with a learning
nature, they are always better than hand-coded strategies.

In reinforcement learning process, an agent gradually learns to take the best
action under each situation by keeping trying, observing reward and updating its
knowledge, thus hope to make itself acquire the highest accumulated rewards. The
interactive feature of reinforcement learning is in step with Client/Server interactive
mode in RoboCup 2D, and sequential decision character in reinforcement learning is
in accordance with periodic decision character, these facts make reinforcement
learning method very suitable for solving high level decision problem in RoboCup 2D.
Research in this paper is based on reinforcement learning methods.

Keepaway, in which two small teams compete for the possession of ball, is a
typical subtask in RoboCup 2D. There has been researches on high-level protecting
strategy based on reinforcement learning which optimizes the decision of keepers. But
there hasn’t been any researches on high-level stealing strategy using reinforcement
learning. In Keepaway, stealing task and protecting task have opposite goal, and their
task features are also different, so their corresponding strategies should be different.

Protecting task needs keepers who don’t ball to go to open area for keeper who has

I
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the ball to have a route for pass the ball; while stealing task asks all takers to get close
to keepers and try to touch the ball. Protecting task majorly concerns decision of the
keeper who currently has the ball; while for stealing task, the taker closed to the ball
has a fixed strategy(he must go to the ball, or his team will never win), and the rest
taker’s decision are of great research value. Focused on features of stealing task in
Keepaway, this paper researches on how to apply reinforcement learning to high-level
stealing strategy, and the related work are as follow:

(1) Though analysis of stealing task, we design reasonable state space, action
space and reward function for the reinforcement learning model of takers, and present
a reinforcement learning algorithm. Experiments show that after reinforcement
learning,- takers make more reasonable high-level decisions that are much better than
hand-coded decisions.

(2) By rational decision of policy transferring scheme from smaller scale to
bigger scale and definition of mappings between two scales, we managed to let the
taker in bigger scale task do reinforcement learning in which he can reuse policy
which has been leamed in smaller scale task by normal reinforcement learning.
Experiments prove that for the same bigger scale task, the taker using reinforcement
learning with policy transferring technique performs better even at the beginning than
the taker using normal reinforcement learning. ‘

Results in the paper show the effectiveness of reinforcement learning in
high-level stealing decision in Keepaway task. Traditionally, reinforcement learning is
only applied for low-level decision. This paper proves that by reasonable design of
high-level reward model, reinforcement learning can also be used for high-level
decision, showing the wider application ability of reinforcement learning.

Keywords: RoboCup; Keepaway; Reinforcement Learning; Stealing Strategy; Policy

Reuse; Transfer Learning
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f— B2 BB (E £ 5 73E . RoboCup 2D P ELF-& s HUER R MR A N Bk i
BRI AR IR, BT S EAE— A", KRR th R F 8 7
SR R AEERBA I F 8
2.3.5 HHABR

FR45 587 6 P 10 B SRR T DS B L R TR S FFER . ERR . BRI )
Br. EFEERIEH]. RERTEGI. HEREGISEMMAE, T LSEH T 2R AR
R, IR UL R AR . XA b 5 E R B
MM —50. BT RoboCup 2D HEEHEMMES, RAREHRET, FEN
IR SRR B ER A T R R
2.4 RoboCup 2D 5] FERF &

B E—HA9E, " H RoboCup 2D FEF LA THFA:



FEF 38405 5189 RoboCup 2D B Z IR EMBT A

(1) AEHEE A

KR N E R SRR B VRIS BT AL 6 FE B St i B A AR 0 g 1070 [
L) B A2 10°%; ] RoboCup 2D B E ELEKIRE RATEIZ, B
B o i BRI A 1099 L) |

(2) LB RE

TEMR S 20, UL 100 ZER0 R 8 S B BUE RIERIZ sh A 0B AR ELAR A,
A BR R0 SR BX A RS, B EEMAEMITE, L LRASRNR
st 18] R L+ 28,

(3) LHTEE

B8 % PORBR A BRI L0 — IR ARG, AERE, SHIEF,
RZEEEE &M, WF2 AGEERTIRTH.

(4) HIFEH R

TR A KR BR AT 7@ RO, X TEABRARN, BRAMMHE
B RGBSR, ERARBHLEEERREN: ANGLRARS
WAIE ST ANKER R — 8, B MEEZS T ERIRS . XRARAN G ALk
4 B IAJE0 B J% W 58 5 B AT 4 R TR o o

(5) KREAHERE

IR MATNEN AFEGS, BEAE X EREEFETRE S, by
LR FERFERE N, FANMEERERY, TH%RAERHEE. HFHEH
T LR 8] CUR A A B A, ARSI RVT IR, 800 T 0 B o B R 2
%, N T R

FE P LA H, RoboCup 2D FHEERITEN LAEBKIFR: —& “BR”, %
T4 B STHR T ML AZERR]. IR, FERANLA S T (S BRIR S, SR
ERBAAER: 5 TR AR BRI MO IR s =R “05”, (FE 4% T BLseyBesn
B A RTHLIS A SIS HOR BIRA, 4 19 B0 E TERBA MBI ie b, R0
R REER,
2.5 RoboCup 2D T 78

@i LA BAT B S, %A RoboCup 2D B M T+ 4B EE X T i
A EEREL I B, MR ER, MRS, XEE— Kk

10



# % RoboCup fiE 2D F&

fE 6 RoboCup 2D [Al RE-+43 B3 SR T AT BT LA 43 /2 K HE 53 7 RoboCup 2D 11 &1,
TEF ) R A AR SRR X — -7 1] 3L 9 7] DA 1) R AT 4k, T bt — 67 1) R
XL 2 IR B — B RO 52 B PR 80 7 ) BRI B e B Bl s, ATE TR A .
FRERAARRESICLNT B, FBTEANHENKRSE. THI B RoboCup
2D HJIANE ARF IR F 13 R
2.5.1. TLEREAL

TERBAAES ERRFIBRN— DRI E . EER B — MR XS
W, BRAF LMERANEFEIMER dash Fl turn B4~ TRBALE TFIREB AN E,
SEPLE AT LU F TS, AMmal ik, FLERKMBEER. BarfHEk
ST B ER AT R R T
2.5.2. SERHER

E RIS ERRA BN —IMIEREEB I —NERRS, REZE
AFEBRIALE . EE BERNIGFRD. BRRPOME. BE (BERPRFTED.
BRA T LME R FEER dash. tum. kick F tackle PU~. & R HHREEET
REBARSE, HAtHELHEREBUFEINTEME TR, BRILAANF
TR

BICERHLAL AN A BRI )R, R SRS 20 B0 S RN RS, PR AL ST 2R A0
F—AEMAEREELRE, BTXRENRESTRMSMEZRMETE, 8
.2 51 LA SR B ROCR B2 5

2.5.3. Keepaway

RoboCup 2D i —/> Keepaway T 19, Keepaway {£55 B CERAFE— &
K/NFIZH A BT IR ER-HER XTI MR . Keepaway TEI K/, FEERFIHER
RAANBEH A RRMEE. TRt —BRIEERERBA BRI 1
ZERF; BRASKE AT S B9, ERKAIV2 G LERKA. 2 BRIRK G
ZE, REEH. 4v3 F Sv4 BB NIERE—REEBAHLENSH/NMEZ,
411 20m X 20m. 30m X 30m HIIEF XK. B 2-4 B T 30mX30m i1 F 4v3
A Keepaway {25 HIVIGBIF AR A3, Hdh 4 LIZIREREM 3 LR
BRA.

11



H T 8 FTH RoboCup 2D HERERFEMH R

MZREL, TR INZIT RS B BRER A6 T EREER B ISR X 388 1k A
. HE—NNGRBITIAR, BRE—BFRR G F1, HMFTH KA ER XA
—EME; WEABRITIRG, HBIRIRAELST LK, BRI\ FELFIEERL
HIFRER 5 B B BRI E BRAEHOERER A RIE 1 T B FF ISR X 38, MIHBERIRBA 58 BAT
%, BANGRER, FHT —MIZER, Keepaway MIZBIXFEEAREHIT .

e
(a) 4v3Keepaway LI ih37 5 (b) 4v3Keepaway B H [A] 37557
(a)Start Scene of 4v3 Scale Keepaway  (b) Middle Scene of 4v3 Scale Keepaway
B 2-4: 4v3 Keepaway 33
Figure 2-4 Game Scene of 4v3 Scale Keepaway

Keepaway i B M B4~ RoboCup 2D [0 G H K, REMIAREN:
—7J7T, Keepaway FISEAMIX I8, #&ERG REBERHEIRM, BT AEESH
ZESERRL, WAL B — 5T, Keepaway AW K E T REKLEPZL
1A, B B 3 Be iR AR A EFIBA RIS T, X HEIRT 524 B T 21 RoboCup
2D JEl RR I
26 KNG

A &%t RoboCup i E 2D FLHTAB. EENAT RoboCup LK 1%

FIHESL, HIRA BT RoboCup 2D HIF & 44, SRENAT RoboCup 2D [ EIHE
RIAE S, BS54 T RoboCup 2D F& TRABRREMNFHEE.

12



B=E R

F=F ELES

3.1 BFEIHR

WRIERGHE STHAMAR, PLBSEITCLG AR, EREEI MR
%3] (reinforcement learning) =K%, HAsRihS) R LIRS RIE BN
B RFIRI S BRI M FE . T IREES, Bl MMk %,
TGRS X R A, 5 5T 58 BRI R AR B A 22 B iR 2 f A
NEHAMTIR™: ENR AR B REKPEERmME R, Flmplas
MNTE EAVATRE, WEEIIMEEANST, MRS EREITIXAKR
RS H 9

SR S RN BRE B Z MU 0% 2], UER Re R A R8I B
MERERK™ . %D SEYHRNEITEMZL, J—NB)LIESHTE
BFEEREN, EEANBHEBER. BEAWHES], EREREXLTEREF
ZRIER, EBEEEANHITANER, HmEEAMEEBARERNHFR.
ARFEEZINE, BUFEIPREIES. ROIEFEEIEEEWANE, M
RAEXBSMERIT R B AW EIFRHRBHE S, BERBE SHFRRESE
B A RS T R AshE. ATLLEE], ERLFEd, BaeikLFige
BRAMIRIPIRES, HaEB AT —LiahfE, XEIER UBRRERE: Hhkt
BLFE—ABIR, ZA B SHERRSHEKE.

mAESImlE — DU R BB . FIA &0iR Cexploitation) 5 # & %1iH
(exploration) RIRLET. AT IREBHFHRER, RIE\ECLFZZRNRIN, THARIZ
WRIEZ 2 SREE RN 1, XA AR, AT CEL% I N IRTEDSRRIFH
KRG, BEELAZEAFENE, XMRERAMA. BRRMAERER, Bk
HEFA PR A B R G E — AN ENE, XFOFEERFE, X —PRAE R A8
FI P RAFAEN . Baith RAHEFMIRRRAFTRERARAITH, FRME
HEPAER BRI, S0 EEMNZEZ RERUBIITER DR,

SRACE SRR ABR R 7 A TE R A TRFRnEHE L. SitER. 2
i, AMINAEFHEBNGTHEEANTEREEIEIR, ALERREEESH
5, MEHFLR. ATEHRZATRKE LISP 2F, MARLENRE. Z9%F

13



- T-58462 21 f) RoboCup 2D & IR R

B, BEGITER. M 20 HE 80 KTV, BEAE X IRILE SI IBUEILRBT K
IRk R fE, NI REE S BB B 2T AR, 4625 B AL
B JPHRIRTHR L — . TZ AT SR T AT ERKW AR T8, 0
RATE G AE R RELRTF RGBS . 2 iR A TR e
TREFZ BI04 Oy T BiE R Sk, B A THEMLE, BEHIbl&
ML,

R, BINSRARE— “HRE” Iie, IREEEN. X
—RMEET S, RIOTRIREREEERM 4, ARERE “Erel” Z—%
& MFESRA 2T o, BRRTHE B A RIRIE 2 BRI R BUT 430 1R,
AR E—A R TOBE. BTRME, BRAITTLIXHEERE, 8k
WitE RER “Beek” SAREE (SR EBHENHRERINED, REH
B “BRAUATMRALA”, BEBETHARE, B hEEE, 5t
RERAECHIET . XFEHR IR BEEEREGARMMED —H, £l
SRS, R CERGE” XMAREE TR

3.2 B A
3.2.1 FeEAkSHENZE

{ )
] Agent
state reward action
S1 Rt A'
- Ru»l 1
_ 5. | Environment }4———

B 3-1 3R ST h B etk SRR AR R
Figure 3-1 Interaction Model of Agent and Environment in Reinforcement Learning
BSR4V 5] I B E B R B T AR SRR 2 R R, Rk SR E
FE3, LUARIEE BiR. HREE (agent) RFE, RN HRREHRITE.
R BRI R, RIFEE (environment), BIEE BRI E . Bl 3-1
Ron T R—AWR AR, BEARELITHRSORE S bR, & —
AR As HRBITE APERI TR RERSR, HBREEN Sw, FREREE

14



B=E BEY

FEREHEB LR T RGEME R WHLEFRS,

EF—NEED, HaehREREDIHRE SOEFNERE A X4
M%ﬁﬂﬁ%%%%%%%%%%%«uﬁ%%ﬁﬂﬁﬁ%ﬁ%%mﬁ%%%E
RABTRERRNERE. BReiK B RBRLRRER™ . X — ek 55
REAMERER TRE FE. B0, B ASAR—E SR K0t [ a5, a7
RALTELKIZES . SIERTLLRRBEEHIRIE, WHSA Bl ERRE, ta
UREERE, BImETER. i REEEEHEEMNHR, RETULK
e ERaE SR, BTURRENMAREL.

saAL 2 3] PR B IERSE G IR S B SE h P I R IRA — 2 X 5. ZE3R (L
A9, BHAT B SERFIIEE N —H2, PladlBAEREE. B
AN, — AN AR, BERR AR AR I AFE . BRERER I
B—#a. ATLAVER], bR EERAZES D, BEAMRENFRAERT HEE
RILEXT R IR, FLRZZ ML R R TR,

3.2.2 [EIHEFRA

BReth 1 HIrR KRB BRI E RREIR, R ERAE RS LD E AR
BIRF . RRERZIBAEN LIRS, BRAESHEXEIEPHR
BREREZMN, —&H R FoR. SLHEREBESEFERRERELRE
HISRASRIEIER, —H r Rm. EIREREEM H PRSI R 28 s i 4 R e
F MR ARG A E R E R .

R RIEBENEINBERABTRES R ENPITHMESE, —BA T
o . ARSI RA SRS RITHSIESERERA, —RAT (&
H) RABASH: TR EE A TRAES T HIAT S E SR TR

TR RSAEE, RREHRERN:

Rt=r1+l+rx+2+ "'+rT (3_1)

Bft% (Episodic Task), HIYHFAES, BIFRUAE, BEBESHE
BERE, HRBALEREE, LHESBRRERT . NIBRERLERE—
KRN MES B (Episode).

XFTFERRFEE, BTETHR, SIAFNETFRIES. TMEFEER
BIRAEAR = TRV BIRAGELB], — A y Rom o SIAFTIEF/E, TRA EE,

15



HTF 322 ST RoboCup 2D & EHERFRE T 7

AR EIREA:

RiZho 7 + s + g 0 <p<l, WHFTIET (G-2)

TR, FrinEFHIYEE REE, BAHGRZS0EE

AL XT R RIBLE DR — B, BB A FF 2 PiB SRR AT — k. B I,
ASIAFIME T, RRERERRTLT K, TEHTEEI .

AIRFERRALST R R EARISY. SLhr b, T LAEA R RIBR L ST 1
FHATEE 1, EERUANARKEEELELS K, X, BLEINER
[BI4R AT LA — R H9:

R, = i Ykrt+k+l
k=0 (-3)
3.3 MDP EERAFHRILE ] 5

AT/ 0 MDP # AR YRR S 9 R HE SR . PR DR W RERE
HEFBUFEIBEN, BT W RIMERREAFEEESIH, T RIERK. Q
R RILERY. BRUERE-LEANES, TEes— N4,

33.1 B/RARER

GIRBRMENFRTG %M, B or] B 2RI EGR T ¢ i ZI RS %
REMRTE ¢ T ZIEREMEIE, (HZZT (1,62, ...,1) RERSTEIERE BXTErg
BHEGONEWE, X ol BZI00RE GIEEE) BEENEY. — & 5/RE
R RIS B EFRAE S /R B R RSS2 (Markov decision process, {&#F
MDP), T4 4t S/RFRRFILTES L/RT AR, T ARBHEBLEST T
AR AR D/RRIRME, B DART A T R AT RAR R R SR AL 2 ST A BB R . 334k
AP ERATA MR A RNAH . THEKN, SN LS EEEREE R
XM RIS, D/RAFER N 58 Fsh AR B .

HAM, GRWRERRE—ANILH: <S, A, T, R>. i, S BT
WESERAEFTER R FTAERENES, FAREEE, £E-NZt, &%
REEAE TR -IHEKRE €S, A RERATRERNENES, KAzl
fE2EE], R G FEHERE N E acA HPIITEAEE. F—Rith, &
XAFRREHEETE: ANRES B SES A OFENBE, A ACQER.



B=E BhES

T #A T HBREHEBMER, R L, TRXFE—EH, T: SXA-P(S;S,A),
BIAVIRZS = (8] A3 1F 22 18] i B R /R B BPR S HOMER A ARt . X B, 9 RS A7
WE s THAITENE a, REHBREHEB R o IMERITIE ps’)s.2). R BFERE
ERNEN MR EROBEE, BRIXFE—AEE, S: SXAXSSR, B RA
ERE s THATEE 2, REFBRSHBE o8, HAREHERE. R 2
SEHE, BRE rslsa)R— ML BRATEAERERTFOIR, ABEERR
TFHIER, BUE AT E R TR IR .

B 25 T SR BE X, 3B m 48 HTE AT BDIRAS s BB MBS E R %
a, BEIFHELMERY, KRCTT LRGN, BIRIKAE s FUBMRNAET
e BE— . KB —RIRIEE L RIER— M NIREZ BAEE
] AR B S HEIBET, B) n: SXAXSoR, n(s,a)BRi%EHERE s F
PA n(s,a) IR IE B BNE a0

FELRAIRBERP AL TE S, RETRAXMERTHEOR M, R
BT SRFE S BB R . M FRER S, WEZRFHARRERZHNRK
B, KR SR ERABEARIEEFEERFN, FRREN2EMkiEs
ERGRBEREDEIEN. SETRIN R T &6k E S M IER, RRE
EMEESIE . RS HE BRI ERERE AR TH RN LA N E
WA, BTEWER, FfeREHFER. FeEREEINER, Rt
HRM. ARITEIES. SRBVEREET M, BEiERZWME,
LA oR AERMEEE A & H KT,
3.3.2 ERHBARMERLK

ERE V- RAMIRAZE S BISCHUEE R B, XTF—ANAE— 5K
HFEMRE s, HEE-MERE V), FHELHTEREMRE s HE, ¥
TESKES o, BAFTREHRREREMPE. EREAIR T —MRETE AN
“UFRT R, HR BB RV RAREIHE R EREX . ARELNA:

Vi(s) =E {R[|s =5} = E{i Y Toen |8 = S}
k=0 (-4

QERE Q" B4 E—/NHME n, FHEMIERE s THESIE a 7, HIFZE

17



BT 38465 51 11 RoboCup 2D B Z BBk RES B 5T

B n, BAFTRBNEFAERENLSE. Q ERKBMAEERK. Q HER LA
BT — MRS TR BEREEER 5 BRI “ 17507 2R, Q MR A RN LR
UHIE R SRR B N E BRERE K. Q MRKARN:

Q*(,a)=E_{R,|s, =s,a, = a}

T
.: Eu{z Ykrt+k+1 ]St = S’at :a}

k=0 ‘ (3_5)
RBERBHE L 575
V(s) =) mls, 3) ) p(s'|s, A)lx(s' | s, 2) + YV *(s")]
: a s' (3-6)

XA B IUREZ (Bellman equation), ZFA H T HABIRA A
BEHERE. Yasa)EN 1, B nis)y=a, EZARBILRA:
V() = ) p(s'|s, a()[x(s' |5, 1)) + 7V *(s')]
¢ B-7
Lhr b, WTEE—AKERE, NREFASE THERESHERBLR,
BMRETHERBAE—#.
e NIRT MG v, RIEFEE sES, B Va2 Vue BX L, BREED
FE—AHREE, BARTHEMAPTE KR, BERERRER, H oFr. &R
SREE X N FME REFR AR LE RS, A V&R, /)

V'(s) = max V*(s)
T (3-8)

BitEmE B RN EERE, B Q*&Rx, B
Q" (s, ) = max Q" (s, a)
R BRRE R B RNEERBAE N, AIBHREZEFNTRA:
Q'(s,2) =E{r,,, +YV (5,,)|s,=s,a, =a} (3-10)
ERRKERERT, XTRUERBMERDEEER, FIURE%EN:

V'E) = max 30 5, A |5,8) 1V * ()

39

G-11)
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BT BRUES

Q'(s,a) = ; p(s'[s, a)[x(s' s, a) +ymax Q*(s',2')] 512
3.4 miLEIEE

AVEENABLZFIGTEN=ZRELRE: 315 MR (Dynamic
Programming, DP), H$ffRZH%E (Monte Carlo, MC) FIRFZ£ 7 (Temporal
Difference, TD). EAINET L/RFRER, FATER R EAE AR E .
@ﬁﬂﬂg?ﬁﬁﬁﬁﬁﬁﬁﬂaﬂ%ﬁ&,ﬁ%@%ﬁﬁﬁ%%%ﬂp%;%
FRPEEAFECHAENREEBED, BUUERTHLES: NFESD
&6 T RS EEMEIERBHENR S, SREER .
3.4.1 FEMRY

HEMRIEEE T AEF S MDP #2 H R REEBER SRR
B, BEFERE TUR SR EHE. SISMRNEEEEA & RIETFA RS
PR, XFSREEAET, Bid ERARBIIRILER.

#B8IEAL (Policy Evaluation, PE) & —/NMA & f SR BR v B0 R AR S R
B, WP ROBEERRA:

1. SN FRvPAE R SRS n

2. iHHEIERE

1) Wightk:
STREEE S PRIE—DRE s, WHLMEERE VE)N 0

2) 13-

Repeat

SHRSES S FHE—MRE s, WERBOE T TEH:
V(s) = ) (s, a)gj P s ('] s @) + V(]
RIGTET A RESEH — KAl 5 E R EXER A 5
Until 8 < 0 (0 REFEARLERWBE —HBE—NNOEH
3. Wl XTSRS n EREV,
HPZOSBRRKB T A2 OME R # AT B 5

19



HT381b% 5189 RoboCup 2D B EHRIREMPI R

Vi (8) =E {r,; +YVi (S 8, =}
R NN LN FAT) I

HEE VT ARREERNRE, 5 R RE I E R BTSN,
ST k1 BHPRE s, FAH R BURSE M T BRIA B J5 40 RS1E k 6 008 s Eoma
B

KEELAL (Policy Improvement, PI) #8 H SR B& V5753 3 59 {H iR B0 R A K&
BATER LR, SE R o HERHK V', SERENGPERETUREL T2
KB

n'(s)=arg max Q"(s,a)
= arg max Z p(s'| s, a)[r(s'| s,a) +YV*(s')]
s (3-14)

HRIER, RIRHREE o PERH V2RI P REIHNRE v, ©
BRMTEEF» WrEEAK o2,

REEIER (Policy Iteration) & — Mt 38 & #E1T RIS P M SRS IEA, &
KWK FIRM R . REEREENIESERNE 3-3 fis, X ER
% Evaluation, BJSRR&iIF(E, 4K Improvement, EJKELIRAL.

E 1 E N E T, E,
ﬂ'{) 4 vﬂ—n 771"1 7 rU-"-l 7 71"2 T " * Tx 7 U*

B 3-2 RIIEREENERRER
Figure 3-2 Process of Policy Iteration Algorithm
B TSRS VA S R R B L KR B AT RN RR AP R, W+
o AARE TELAERGITEREEFBIRMERE, RERERRIL
SREBHEIRBMEE, BMEENR (Policy Iteration) Hik, {HEMRMEEHE
HA:
1. iHEERE:
D yadk:
XRERE S PHFE—MRE s, MBI NMAERE V()R 0
2) BT EREEH:

20



B BEA

Repeat
XPREHES S PHRFE—MRE s, SHERBEATIT EH:

V(s) =max 3 p(s'|s, 2)[r(s'|5,2) + YV(s)]

RETHEMEREES — Kl EER LT ERTN s
Until 0 < 0 (O RansReRmBE —KE—AMIELD
3) gL

i E—asimn YV AT
n(s)=arg max Z p(s'| s, a)[r(ss,a) + YV (s")] i+ BB AR SH g T

2. . HEMRIER T
Foh R IR R B 1 R A RN B 0T S T
Vk+1 (S) = maaXEn{rt-}-l + ka (St+1) l St = S}

= m?x Zp(s'l s,a)[r(s'| s,a) + YVi (s')] (3-15)

BT X BT T max BERME, EHERHITEREERREAIBME
R, XA SRR R PP R X A .

FART 5GSBS IS BRI 772, SR B R R E D
BE. EHSRRBRTRAEE Cmmsb > 18, X LN, B
F i ERAFRIEA, SIAMMNEENTERNARK. FANSRYOEEREE
MR BT R

342 B RFHEE

S E B EIT A EAAE MBI AY R A0 TR E (R R A T, S5 5%
B—E, HERERESREFFINEMRE s KRR RG2): ZRBIT
(55 B BRI T T B SR (01 R . 500 B BT 3h MR S
HAEE, RIS R R RIS AL P TR . B4R B R SRS AR
WA BERHI MR EE—FE, FRE B P BT B EEHE

1. BN FEPAG s |

2. WETRE
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T 38163 31 RoboCup 2D & EHERKEEHI 7

1) #Iigkik:
HREES S PRF—DRE s, WHUHRKEERE V(s)H 0.
FXF RLFA 7 8] IR B Visit(s) M 0
2) 1B
Repeat
FIF 5RBE n A R — NI GRER
XMNGEBRFEANETIRRE s (UUE—RHBBLAHD:

T

RGs) =Y. v,
THE R R AE k=i (HF i ks REBIMBBZD,
RIEBEFSPIRA s BME B BT3RS

V[s] x Visit[s] + R(s)
Visit[s] +1

V(s) =

End

3. Fih: XRIERS nHEREV,

AU R HERE N RIEEX ERREFEIEE, BA™RGY,
SR REH TN “HR” W8, SR HEA2RERAM 2377
W, MAERERES, WFRAEERSRECHNEY. R T EENRE
BARFAEAE S BN A FRTS G BHRE 8- F R AR RS R R E R E it 22—
HRFEE. RMMER, RFFRZHENRERETLELSELRUT HE,
TS s A A R L TR T

343 FHFEE4

MR ETHEE—H, NFESATECHHRREY, ERNAZE AR
IRl MR8, NFESAEREFRELN. THEET
EFBER, MRERER - PMEMTREFERL. ISAUNRERTE
ZEEREL M RRANER RN THE, REHTESR. LR EREREE
FridiE ey Lz oy — R

V(St) <« V(St) + a[Rt - V(St)]
(3-16)

o Syt RIFTERREZ R, RAARRHRIZ] t TIPRE s KERHH



B=E BUFE

flitt. ERFFRTEIED, ROA—MESWIEREHX s RE T HE BB
B MYF, W

R, =1(s']s,a) +yV(s,,) G-17)

TUEE, sh&MRIX Vi) BT BN Visw)fE SR HHHER 2K
M RERTHBENESEX ROETRAEMT. RFESRZXEN, EEIIF
FR—BEXE V(sw) BB 0T TE, FIRHMERE R D B — R IT XA

24 P B 4 B 1K) /& 72 SR C(on-policy) B EFIBI KIS (off-policy) Bk,
TE SRR S T DR A 2 =T B3 7 B SRR 1) SRS ) B A1 A P SR P A B s 1 1) SR, B2
it R BB — A SRR . 15 SRR BRI SR s — AR R HORNE, BIXHMESS s€
S, A mn(s,a)>0. BB H SR 5 >3 BV BT 2SR R B0 M RN = AL B 1 1) SR
AR R — SR WG o B SROME BV TR 7= A B AF B B R KRR, T B A SRme U T LA
Wk, PR ORI, THEMNE Sarsa HiEM Q I H%, €145
RAE SRS HR AN R H R AR.

Sarsa HiEHE IR A

1. iHHEERE:

1) #Igkik:
JHE—ARE s M0k a AE, VIR Q [Er %K Q(s.2)4 0
2) TR BEAT(E R BCE i

Repeat
BN RERE s, S Q EE B MK SRIARENE a
Repeat

PITEIE 2, FRBER, BEFRE s
5 R Q 1 iR B3 L SR E BN 1F 2
St Q {H R AT I T EH:
Q..i(s,2) = (1-)Q,(s,a) +afr +yQ,(s',a')] ,
EHHRRER s, AREEN
Until s FEERE
Until SREEHSK
3) HmsLik:
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3 F 38405 51 # RoboCup 2D & E IR KT 7

H 583K Q MR T
n(s) = argmax Q'(s,a) 3L B e 7

2. Hi: FAEHR RS
Q FIBEMHIEMIR -
1. iHEERE:
D #Eik:
HEF—RE s MEhE a KAE, WG NA Q EE% Qs,a)A 0
2) TEARHTERBCEH:
Repeat
WAL MEIAIRE s
Repeat
R Q {EL BB BT L A SRS B FE BN a
PATEME 2, RAERn BEFOKRS S
Xt Q 1B B Hoidt 7 R EH
Qu(5:2) = (1-0)Q,(5,a) + alr +ymax Q,(s', )]
BEHARREN s
Until s HEEERT
Until SEEYLSK
3) EEEMAL:

i F—5EEnQ MRT
n(s) = argmax Q' (s, ) HE B Hwe '

2. itk KRR S T

BN BIFETF, Sarsa HIEAE Q ERBCEHN RAFBHHIRE s FLhr
HERHAE 3R Q HEHE Qs” ) EA RI—Ea, T Q FARIEE QA
RECEH RARE o THBK Q R Q™) A R M — 4

i EN R BRARRLFEIZOLBANED, ERANGE TR RFEE
MBI AEMRBEE RS MR RPEE -, NFESFARECAFHBEL,
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B8 B

BEMZ AR R R TG MBS —FE, HFESREREL R
BN ARESINESBRER, HEEF—PAENTEESERY, XHE
L. REBUFAIRLIFNASFEEABRKAES R, S8 NELRMI
FHA R, SR EEE & B BIEH TOERL X X Ly &, TR 2 43 W AT LAAL 3
3.5 ABE/NG

AEERNA T RUZINBE . 55 LEANBEI FRMHAL, HRAN
A7 RN B AR, RENE T R SR RAERR R =T
AR BE, RENET ZRBERMBLFIEE.
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HTF 3816 31 RoboCup 2D & B ERTI R

SEIE REHORRREE IR %]

4.1 FIEHR

Keepaway 155 6 B2 ZEIERE, HMERERAFEMST H g 1R
LB — k. HENEERSERAF IR, FHF LHERN, 3RARE
R T ENRREGCBARKR, EEEDANRILZERNSKL. KT
FILREAGRAMERE, FRELRIEDHEXSH, TERIERRK; ARE
TRIBEEF BT ERLLRER, X RBENSEUNBERESE, NP
HERIEST TE R RV | HE TR TH BRI . HERAT45 58 L 18] (Task Finish Time)
M GRBFRE RN (B, .~i§§u~’l\ﬂﬁ%%§1‘§?ﬂ1ﬁﬁﬁﬁﬁu W RIE

(Stealing Success Rate) f8Xf THRF4EiH BT N MG, E4 R ERH « THER
IR n G 2B E N ME .

%} Keepaway f£55, Peter Stone ¥ Sarsa 38{b % S H LN TS ERER B &
BEEpEgsR™, HFREMERERARTTDAHET Q ", HERERIPiFER
RAKMSENERFEB/IMA, RAMERBEENRZ, EKTERMEREE
IREF(E]. /£ B E7E Peter Stone &AL B, ERIISHRELRMAIRE A, HAZRE
AR R R ER ERR R R R K, BT RS XA ER R, it
—B AL T EERERIA R 3R ERER B B0 B B B R ™

SR B B0 M TCH SR ST R T Keepaway 115 0 ERER 7 B 1E B SCHR
WtH. Keepaway HIRIRAEIRMIES BIFtER, EFFAEERAARE, EMmER
BASREE AP TE X il I BRIIHS R BR TUERER RHAT S BRI CER IS, AR KRR
BRI TS KL ERIRER, HRERARE AR BRI ERER 5 7 TXHEERER R 34T
EALEHR" . BT %E TERER R A HIZH ERAIXT AR, FARE SRR AN
FEERPLE; X THER, BERSIEMHRERRANRREREE (B, L4 L6
BHRFFERER A, BNEKARAER TER, xTT HAdf FEERAERKRL AR A
RPN BE AR FRMNE. AT Keepaway FHERIES K LK S, HFAKR
W2 IR THBRER A = B S E R FE A BB, DLARRIHIRAE 55 58 s [a) Fii w46
4.2 Keepaway HIE E31EM B K&
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FUE FRBREENELES

4.2.1. BIRER 7 KR S E R
Peter Stone RIEAXEZHMEIR, BEHERANKERE TE, A
Keepaway {E%5 € X T —RAMEESE. HTFALE X EEREETHA, X
T KT T REE SR AL 5 SRE P 2 T X R HLA IR B S0 1 . HBRER B 6 F 19
mEHERE™.
(D “BIERT. WEBPIER
(2) “BIFABR": HEBEER, UARIBERSEERNE K,
(3) “HEZEBRLG)": BINFIXTTT HREIRERA Ko X7 HARER R K E L
ER—AMIE, DB R, 2<iSm, HP m AERBREH, TH.
£ Keepaway H1, 05| SHFR, FBIMREFHFR, AU SIAEEE
R B AHIRIR A BRI AT DERBIEERI, R “BE” s, XHEHRA
PASERRIBERAE S HIZERER RIESTERAT, HOERER R P PEE IR R BB L 16
BRER AR EATESS, BER KRR FfE. 3 TUEXBHER, SR
X A [E 5 SRS : TOAE HAE AL T, R SR S NI BT TSR A SR 2 50 50 .
FBRER R K SRR A RS RN
Step L: AN RERERPZHITEE A, RE “HER” SR E;
Step 2: W SRR BERBIT AL IR S, R[E] “HEEBR” BhE,
Step 3:FJF F LIRBSBUHITIRILE ST, E(FEHKLQ), EEBAQR), £8
BRER(4)) i FEEEE
Step 3 #, fEAF THOBRHEME— B FAIRERER 53 RAH TR L ERER
SGiTER, —RIENAEFRRZEABNEL.
4.2.2. FEIRER B KI5 B SR A SRS
FEERER 51 & Keepaway F 5HERER AX A —F, FRRANSZMER
#:
(1) “$BBR”: fREPEREGIEHIFEALEXS T7 SEia IR
(2) “fERR30)”: BERMELE 1 BAK, 2<ism;
(3) “HAL”: ME—AMNZXNTREMNLEEXE, SIRKROEIREEE;
(4 “BEmEk”: Bk, IXEEREEERNERN.
FEERER 5 A 5 1 SR R A RS R
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T 58162 1 ) RoboCup 2D # EHERERH R

Step 1: U1 RFIE— N ETERFERET LUERBIBIBRIOBA AL, 3R B “ BOLL” 31k
Step 2: MNRERANEH HEHIVERE, &RE “HEEK" ik

Step 3:41R 4m WA IBIKER G, R[] “FEK” ZhiE;

Step 4:1EF R A RAMEERA M AMEIRERL i, BE “E3RG)”  301F;

4.3 Keepaway H i EHER KIS 58405 ]

431 REZESEEZE

BRIz EH BT R RO E . R AL B MRG0 . BT Keepaway
ORI 2, FTUERFER REMES BN RBLAEE, XBHE
BR. BRSO — RIS R B AR A . B, B m B 43R
BERABERER RN, ACAREZEEL LT HEESE: AK: FIERAFER
B OMBER; B2 HMAMRABIFRRANER; CE: EEMITRILEIN
ERBR BT m-1 ZAEIREEL P AMERS: DK WFXH m-1 FAERBLNS
B, BAhn-l RERRAFZSAWRIEMES: E%: NTXH m-1 FERBELR,
DUCARFERER RTA A, B4 n-1 MERBRB KRNI A.

B K AEREENEERERA: T ASATRITRUZEIMNRRRA,
To,Ts,.., To KB & HPE Ko PE B RIEENEHET . & X MidKi Z#E4 Ki 1 Ki £
Bt i, Ho 2<i<Km; K #K4E MidK; 5 T B8R B8 f i SR HEFF - iR dist(A,B)
3y A F1B HIFEES, ang(A,B,C)NZLBAC, iXtt, REZARRAUTHE:

A %: dist(K1,C), dist(K2,C)s ..., dist(Km,C), dist(T1,C)s dist(T2,C)s ...,
dist(Tn,C)s

B 2: dist(K1, K2), dist(K1, K3)» ... »dist(K1, Km)» dist(K1, T1), dist(Ki, T2)s ... >
dist(K1, Tn)s

C 2: dist(T1,MidK2), dist(T1,MidK3), ... » dist(T1,MidKm);

D %: MIN{distMidK2,T2), ... » dist(MidK2,Ts) }

MIN{dist(MidK3,T2), ..., dist(MidK3,Tr)}

MIN{dist(MidKm,T2)> ..., dist(MidKm,Tn) };
E 2%: MIN{ ang(K2,K1,T2)s ..., ang(K2,Ki,Tn) }>
MIN {ang(K3,K1,T2),....ang(Ks,K1,Tn) }»
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FlE BERRARNBLES

MIN{ang(Km,K1,T2), ang(Km,Ki,Tn) }-

RIE 4.2.1 TP, 7E Keepaway iTFEF, X T —LZHIRFRA, wRih
ARERRIEHRIRER R, MBHTRLES], F{EBREQ), EEBRLE), ...
EEBLm) P EE— BB (HEBLQ), HEBLQG), . EEBLm))
BRI ERER AT R S B E 1A 6
4.3.2. EI#RERIT

HOERER BT SR U SIE R E A MRS E — N A, AR
B EFER AR, IR ATREE TES TN EELRNER S BER, ik
RESERRXS 77 2 BRIE B - BT A SCE B Z ST B EENERERITENHE
¥, BRMEERANRNIZIREK AR NE BRI RIRER A, P R E &
HRES, E—eRIEIRBMEA BHATRMR. ETFXHERR, BERERMZE
— RN SR BRRBNEL IR 2 JE 45 . Peter Stone TEIZERER R B B BE K
HaBAk 3 ST, S SURERER R 0 ERE S ERF M AR, X— B RS
SRAL I TF TR B A —5, ABERT, & XIRKRAMERENL
R@-DF7R.

lastActionTime - currentTime + 300 ,4F 55 52 %, @-1)

reward =
{1astActionTime -currentTime , {£ 554k 4%

AR@-D)H, currentTime R LHTAMR S, lastActionTime AT LIRPAT
sk SIENERI AR S . lastActionTime—currentTime R~ = EHIRENEFTIE
KRS, MRSEFRBREF TR, & FHSMEHRIE 300. 300 2—4
RERERR, BAELBRRY, —R—IKRRESHFTHALEL T 300.
MB— ARG TER, NSEMME, BURENET, F£5ERNAE S
IE B4R LA SR E 84 55 SE BT X RE BN , IX BB ERER R & Bl 2 REUIR Lk B
RARGHRAESHBHE.

4.3.3. REIBPRIME HIRILFE I TR

Sarsa"* "&£ i Rummery f1 Niranjan 32 1 —ffit TR OS82 ST B3,
Peter Stone" ' ZE #1321k % ) I T Keepaway TS ERER B (7R KW, {5 Sarsa &
AR TIREF IR, A 3045 Sarsa HiEN H THERR A SZAERKN %S,
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T 5R16% 1) RoboCup 2D HEHRERFH R

£ RoboCup 2D H1, fR% 38 FER A& 2 HBE 100ms (1A AL . BRAFE
—AMNAPEFE-ANEEEIEFRLEIITE, HARILNER T - EABRRE,
TR ZZR T — MR B, X FHIBRER 53R K R HRAE R B A%
FrETNRBE, BENF TRIEEBIPAT RS I RIEH, 7 a8 B R Bk
SRS S BN BIE R EIRE . BTLAACIERL A Sarsa BVERT, #3862 35t H2
SR CUEBTFR. “YHEBRF” M “YHEBRER” 3 AHE, WA 4-1 Fix.
“YLBFFE” R TahfEmEs®, “I%B$” #irshfiesk. HERL—A
ZHIER Q 1, “INGBREEER” R#T E— 1 ehfER Q HEH.

YIEZREIT U i)!lé;’iAE&‘F WERBLEE R

101t 11

T Eas ﬁzm%ﬁ T?‘at--~~-$i&01ﬁ%%ﬁ

B 4-1 HERER R AR E SRR

Figure 4-1 Takers’ Reinforcement Learning Process

HERER R AI3BUF S Sarsa BIEHM ARSI T

Step 1: FIEAILIRA s ALURTERGIRES, HH e-greedy LR HBNE a,
FC R R FE A (8] 9 S a0 A s

Step 2: WERE s THAZIE a BIARE, HITENE a;

Step 3: KBHFMBBRE s*, MR o AREFLETRRE, BEEZE Step 4
B NBk¥E 2 Step 8;

Step 4: {1/ e-greedy 715 s G FEHENE 2°, FHERSMEE AN F NS
A, BRRELARG-DITHEIRE s THE#RE reward;

Step 5: N E—SHIEHEEBEEH Q{E: Q(s,a) = (1-0) Q(s,a) + a [reward +y
Q) I

Step 6: WERS s THMAENE 2 MR, WITBIE "

Step7: ¥sEHAs, aBFH N, BHEZE Step 3;

Step 8: N E—HRIBMEEEEH QE: Qs.a) = (1-0) Q(s.a) + a reward
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S HERREERNBELYES

FoA1 Step 1- Step 2 9 “YIZRBFFEE” BrEX, Step 3- Step 7 9 “YNZE " Br
Bt, Step 8 9 “YIZRERAR” BB Q W Q EEH, o RIEBILEIMEIIE,
RYTHIEF, reward &L B [EHR1E .

4.4 L5

4.4.1. LW E

AT TR EINETRARERHNERR, TR RFARMEL 30m
X30m T 4v3 I 5v4 P Keepaway 1555 . AR AEAREE IR
TREATIRALSE YR, FGETHE S 58 T [ 045 52 i 18] 9 36 BT AR Sh 2R X T A48
PRBEE MR R R AL, 51??%?1?@@%%?3@%%553@5&&HCBEQ KL
¥ %4 Ubuntu Linux3.5.0-17-generic, Intel x86_32 3.20GHz, 2.00GB RAM. fi
FA B EIT R 360 FEER A0 A T A SR

Peter Stone 7EfSBRER R M SIFER T 0.125 IR, KT i#— BRI
AR AR TR TR BOER TS, 7 5EH 0.125. 0250, 0.375
R RHATRE . ARRRANRULEILED, BESREL, ReinE
T yE 1, e-greedy SHEEZFREEISH ¢ B 0.01. ELTHEMRIIEN, 4%
BUH9S 50N B 2000; RBLRLRG, 4v3 BRI [EFRHIER 75 DA, Sv4
FUAR T E] BRVER 65 M. i KN E A 30m X 30m.

4.4.2. EWEE R

B 4-2 T 4-3 5351 RAR T 4v3 HUET Keepaway 1 E5% 58 AU [R] A4 52 A
BN IR AR T R B VI SR (A AL O OL,  RRARRR ISR R LU/ (h) 8
fr. B 42, FITHEIEAESCRES AEARGERE 87 F#. 0.125 #JFETF, £
% SERET LA 83 AN 2 T RARER 73 AN 0250 2TET, EHERM
B\ 85 FAMAZ %S RATREE 76 AM: 0375 EIIRTEIMEAHHRA, 2
AEFRTE 78 M. CAF TR R, M T EZTREE, 0125 #E TR
16.1%, 0.250 Z>JFE TFE 12.6%, 0.375 %I T 10.3%, A1 0.125 {2 H
miF. NE 43 B3, £ 75 AR ERE T, FIREAHRERIIRER%E
FRTE 55.0%; =F# I BRI TR EREEHRT 2] 70.0%4L 4, =7
T 15.0%.

31



B F 5165 5119 RoboCup 2D & B ERET A

£S5 FepEETENT

ol AIB S

100 . .
——F T KB
I ——F ] ER0.125
95 I
—e— F >J#R0.250
oot +"$2$0.3?5

B5} .
BU 1 1 1 1 1 1
0 5 10 15 20 25 30 35
&8 i8n
4-2 4v3 Keepaway 1155 58 Al B [A]
Figure 4-2 Task Finish Time of 4v3 Scale Keepaway
1 =
—— F T KR
0l ——F3J%0.125
' —e—F3J50.250
osl —e— F3JF0.375
07 A ::-ﬁ‘!;'" o - =S el E R D
0.6 dasageriion
05} !
04F .
03} 1
0'20 5 10 15 20 25 30 3B

EA:aEa b
& 4-3 4v3 Keepaway B IhF
Figure 4-3 Stealing Success Rate of 4v3 Scale Keepaway
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FNE HERREMAELES

100

—— F T RER
a5 | ——F 350,125

—e—F ) 50250

!E 85t 1

=

=

IR

¥R

H

BD 1 L
0 10 15 20 25 30 35
Y ERET Bl
B 4-4 5v4 Keepaway 1T % 58 i [A]
Figure 4-4 Task Finish Time of 5v4 Scale Keepaway

1 - , : : _
——F T RE
' —e—F 350250
ost —e— F3) 50375
D
=
ey
5
£
0.4} ;
0.3 J
02 1 1 1 1 1 ]
0 5 10 %5 30 35

15 20
HIIgkET [B]n
P 4-5 5v4 Keepaway Wi R Ih &

Figure 4-5 Stealing Success Rate of 5v4 Scale Keepaway

4-4 F1E 4-5 53 BBART Sva ER Keepaway /L5 FERiET A4 &
BN R ER R R BEE VISR BB LRER . B 4-4 R, FILHEIEIES AT E
FEARBERFTE 70 AR, 0.125 FIERT, EE5TREEM 0 AL FIRAREE
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FT 3% ST RoboCup 2D B Z R ISR

B 65 FH; 0.250 I E T AEF A BN 75 MG % I R A& T+ 5 68 A,
0.375 %R, EHEAB I 74 AAEE I RLReD 68 A, UFIT%
R B, X TESS SR (], 0.125 23] T 7.1%, 0.250 2SI R T & 2.9%,
0.375 ST FE 2.9%, AII 0.125 MEIIRELF. NE4-5 FR, £ 65 FHIK
AR T, F L0 MR BT T R A 52.0%:; 0.250 1 0.375 F SRR % S
BETRIIEREHRA T 63.0%4LA, R’AT 11.0%: 0.125 FIRKRMLES
RETRIIERGHIRE] 67.0%£ 4, R T 15.0%, W 0.125 M REIF.

MIUIEE B, F T A8 N E55 58 s [ AR BT R D B Y AT
WAK . XRFENT TREA B E IR, TREEE NS TRNER
FRERE . THATRIESIN, NEFRAMEIE, 2RSSR
B4 e IR, HWTRINRIRS, BUEIEHEE AR TFIRK. %3
K/, FOIWSUER X M ERSR ML, EALIF, 0.125 M¥EIETRMN
F ) R A BRI BT I HE R 3R RE

45 FEPG

£ RoboCup Keepaway {E&-Il55H, £4iF THEREIEK MR, W%k
BRANMENEZ, SRR AMES TRAT . BRI R, XX
MR, ¥oRih I N F Keepaway FERIR RIS EMEREK. B XHEER(E
A S BT, AR T R AR SIRBIRE M. sh1E R E KB R
B, FAHTHRERAMBUZIFEE., TRERLALBUFEIE, HERERRA
REEARAE LE BB MU ERMAIRE, REMREZNT FIRI. T 4v3
1 5v4 MUAR I #2RY Keepaway 1155, HRERER 7RI % 51 /5 HSRIE HLRET, HRER(E
FRERMEZEDGET 7.1%, BERDEZEDLRAT 15.0%. FE¥EIRTH
BRI SIS, KRB Keepaway P EREMF MR RBER, T
ERERMFEIEFELE SRR ANEIBREZEINEERAFTERK
], JIGRRFERT, anfT4Esa il SRet BB R AL
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FLE SERRRBOESETEEN

BHE RZBIRKME S FTH

5.1 )RR

VB SR ST B VLR T Keepaway PIERER A MIEHE v, @id4
HERRET 8] e ) K B R AR T, 5K A SR BB W SR AT B 20k,
WERMESS SRS A48 50, HRTRIIRIRE . A1 BT Keepaway [0 BMHER K,
BUEIBERSHBAGRS, FI+a8, —KRFE 10 MLl EF R
BIBIFHOSKNG, FEIXBAS (AP, BERERAFTRAESE A, HBERMRIRME. st
X—R iR, Taylor"”#0 Fernandez""%} Keepaway & B 45 ER UL SR 10 2 @ 334k 32
BT, EEERREERRAR, AT REFRERNFEITRE. REERH
AT B ST S BB B L RERAUE K C 2% B R R RNt Y
B B SR LR BIE B 2 DI — TR . SRESERIRT, BT B AT
EFHEHER, HAEMRE PR BT IR R

SR B BT MGG SR8 B A SLA T Keepaway 19 ¥ PR BR 2N 1 SR IERS £ 31 19
MEREF R . FWUTERK, E Keepaway 1, HIRFIZFRAMES BirR, £545
RWEHAR, FTIERRAKEBEBFEX . A5 X Keepaway HHIRIEF ) L
R, UEEHIRYCSE MRS S oA, SaE T R ERRIRRENE
B, DIRE%IHE.

5.2 TBFIMEREH

5.2.1. fARHER

KRB 2] 5 SR 5] U 9 7 R AASE 1) AR AR AR L 2 4, R E R
B0/ AL I R SRS SR S B R SRR R IR LR % 3 o 1T 2 5T oh [ R B AR HIAEAS
M, EREAFREZHLZL, BlnxtT 4v3 Al 5v4 R Keepaway 1155,
AP R IE IR IR BT SR % SR, WTAERIENIRIRE 2R, 3
ZEFEBREMIRR.

Sag EAY R —HULILEB ¥ I MEAR, TR E S B AT AT %
FERBMESS P22 BRI KBS, RFEBIINE MRS SRR, K ERER
THBAESHITB S . K E A FEE R AR ET Z I REBRUMER 1K
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ETF 33 LE SR RoboCup 2D E R IR HISTHI AT

B, TEARE IR0 1A 0GRS P 40 A AR BE A S BHE S HOSRILE ST, A X
FEIRES R Z BN KR N EA, BRBE e RA 7E5 31 2200 1A R R A i 2= R
Z (AP EINLE] . R LB RS S R s 4 H B BRI EE M AR
18+ WRAUEAE o35 R 4tk 8 A SRS (1 7 VA SR DU AN P LA . 78 BAAR
P SRRR Y, BT 37 IH SRR 0 1) B 2= () MU AN |], 45 A 25 RV A B 44 2 ] A
ERZER, FESHIXHIA B ERRES 2 B A0S 2= R AT B . AT U 44y
HH [ B AR A 2 RSN MR 2 Al 45 s, HRBIS BRI T R

5.2.2. SRESE A B

BAIE, FIPSBRBEREMEFER, BRE—MESBRRKKER H,
= 53 9 B AR R B KT 55 B3I EIRE W

L& &
L@ IPNAS (5-1)

Horp K RHUTHAES RITEE 1, RAESE K B b SRS ENCH
ffy RFMEF. 5155 Q MEHRE W BA B EEE A RN, X R E R
BEWAW,.

S50 B PR 5 7S5 7 2 BRSO 5 o 0 0 0 33 24 302 =1
R, AL, RECMZAERERIMESEQ, ... QIEIRE
TX BRI (IT;,..., T, ), BUIEERHMES O, FERMn, . FICRK, Xt
FEMATANME: —RIOMAESE (T, 1) FEE— M MRK,, —RE
PRI JG, B4 K% ERS B ARTE X AT R0 38 L2 I3 . PRLearning (Policy
Reuse Leamning) SLVEAEH TiXPMME™; PRLeaming Bk M S — AN
BT, K nreuse Hik.

n-reuse M EIETRRAT -

LA IBEBET, , PUTRMK, E50R U, WEEAREy

AV B A v

2. WEERE:

1) ¥IHaA:
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FLE HERREBOESMIEES

SHE—AMRE s M3hE a WAE, MR BRFIESK
Q H¥#Q,,, (5,2 H0
2) B kM1 BEEK:
BAL—NMRIERE s, BREy, =v
B h M B E H:
Ply, FIBERER HRIGEFENE, a=11,, ()
PLL -y, ROBESRAE F] A0 SIS HEBN1E, a =11, (5)

PITEIE, WEER &, FAFORS s, BH QA
Q™= (s,a) = (1-@)Q™ (s,a) +a[r + ymax Q™ (5',2)]

BEH Ve Ve EHMEIPREA s

Hery (0<y <) RisHlFEIEER IHRERAET 2501585 S P e
S48 v ERCER AR R IR/, RS % S BT B> B A 13 5REE
TR, XMFEEHER. FEER, TNEREMIHEIERHET S HENY
¥, WMREHFLHEEN Q HR. K MEFRERE, REFIMELBER
B W, EARRZEENEREFAIRE. K ETUR 1, 26 L PRLearning
BV R nreuse BERT, K EIEL 1,

PRLearning fEEREZMT:

1. BN JTEFINFES Q, [HERE{IL, ... L}, $ITREK,

EFUAH, VIREAME y LB
2. itEIIRE.
1) #isG4k:
XE—ARE s FE a AE, VIR TS 1

QERHQ,(s,2) N0, Wo (Wa), Wi, ..., WaIR¥IE RO
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ETF38{b %31 RoboCup 2D E/ZHREK KBS BT A

2) T BHE K,
Ry = S

Se
K~ p=0 HRRBER B ELHE— 508 Ik
% Ik 9 Mo, #ATHHREEA,

WA n-reuse(Il, 1,H, v ,v ), FRIFEREIK W FH Wi
3) ERERAL:
1 57851 Qo MR T n(s) = argmax Qi (s, ) LR 54ws g

™Wp

3. Hi: 7,
B EE %R E (L, ..., a) B BKEBUER Wo, Wi, ...Wo F soft-max
MR A ik H HRTT S B k G B AR BE Ti:

Z e ™Wp (5 -2)

0 R 3% B KSR T 9 Mo, AT HETESHREES, BN I, ...
Mo}z —, HTHEBEM, BIPIT nreuse Bk, REMESE k MERME R, R
JEEVERIEEIRME R FEHREE LA R AIBUER Wae WLIER K MESE, K
AUREFH K.

5.3 Keepaway F 5 2 ER KRG LS T B #

AF5EET Sv4 FUAE Keepaway [A178, I SE0s B BASLI M EH BRI 1
FBES, AELHTBEIFE, 43 W 5va EZEARE 5501 S R L
RETHERBEANIBFEIEE.

53.1. IBEIFR

AT E Sva BERIGFHITERZES, BOIFE—A 4v3 HRBRRIEENIHE
B, XA IESEES T LA #E4T 4v3 HERIIZGREMAE IBE. JRATTLLR 5v4
5 4 BRIRRARENE | HIEBFITE: 3 LHEIRKE T1, T2 FI T3
ST Av3 RS- M ORI S], H 3 Av3 (R4 T RIRERIRRS, RIETE Sv4 15
T 2IM 4v3 £S5 THRBEISHITER 2 5 4 LHRRRA T4 NEBF
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FLhE SERRERMIZRAEBEN

SEIEAT Sva (RS RIS .
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