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Multistrategy-based Learning System in a Dynamic Environment

MASAYUKI MivAl,t SATOSHI MATSUURA!t and KUNIAKI UEHARAt

Most traditional learning systems deal with static domain which is not affected from envi-
ronment. On the other hand, real world is dynamic domain whose state changes moment by
moment. In this paper, we will propose the new learning algorithm called EbSL (Explanation
based Strategy Learning) which can analyze the process of agent’s action from the record of
game, such as Renju, and can explain cause and effect of agent’s action to learn knowledge for
problem solving (i.e. strategic knowledge). EbSL adapts framework of multistrategy-based
learning which consists of explanation-based learning, failure-driven learning and knowledge
compilation. Within this framework, EbSL can get not only knowledge for solving problems
but also control knowledge from the set of failure examples. As a result, EbSL can make the
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decision of action in the interactive and dynamic environment.
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BllonTE2BE, BREMICIAEETIILRL,
Wl opnvruftsnizs 1 WDy - M
ABLETVELDEERZOND. TOLH%ERS
KEDWT, DT TIREMERORMTFICL (RS
EETSI 0REGR 1O Iu TSI ERRL,
WREHDOFIH L BIET AL ERAAD. TN
LR RE 2 R HBANORRFE L Mk > sV &
5.

KBTI, Mk AV EEBT A0, #,
B, MOOE—F 14 LHFETIEETS T 21D
DIN—=TIILT, EBAKOFEL NV —TLT 5
FiELrBATEH. 4B, BohIEETT DTN —
TRT5 T N—T LWL, ¥, Bo5hBTS507
VN—T%, FOWRTERLBETLEERT T DFES
DEBNICEoTsgD-NURTODETE, 72k z
X, 7907 N0—7sg32 3RS 3D 2WOEKXT 5
LR EINTWAIELERL TS,

Z T, ¥7oIZHAEE link(PointList, Kind, Line,
BpList, Player) * AL T, 79 v V-7 D%
SERVCEBABOERIIOVWTHET S, &
i link/5 i3 [Line L2 Player 2"BOEXRT 5 ~
BpList 2 ->Thh, EEXTS TV IZETh2ER
4£ 4 PointList 2575 7 V—7 Kind K 3 h
5] TEERLTWA., 28, 518 Kind i3 sg2-1 %
EDOT TN ORBEERTENTFTHS., T/,
Player REYVEH,BEERL TS, 72k xid, 1§56
N-BRMBAEDOEEIIUTORIEET ATV T
5.

must_defense(-+):- -+,

bp(B1, 3, L1, A), act(B1, P1), act(B1, P2),
bp(B2, 3, L1, A), act(B2, P1), act(B2, P2),

b
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Fig. 10 Application of strategic knowledge with long conditional part.

CHDERDOBIZNE, F—F4 2 EICFEEHI D2
DEXRTZ 2 Bl, B2AEIHNTRBDT, 7507
V—"7 sg32 S s, UTFosrv—Fbasni-k
Bz ons,
must_defense(--+):- -,
link([P1, P2], ’sg3-2’, L, [B1, B2], A),

DL HIZ, BRMHABORFRE:FREEOT S ¥
V=T oTwrafbLTwa 7201, BHERAVE
EWITZHLICL->TVD, 22T, 10(a) i#
AT 28Makzmicdhys.
must_defense(P3, 3, [B1, B2, B3, B4, B5, B6, B7],
A):-
bp(B1, 2, L1, B), act(B1, P1),
bp(B2, 5, L2, B), act(B2, P1), act(B2, P2),
act(B2, P3), act(B2, P4),
bp(B3, 5, L2, B), act(B3, P1), act(B3, P2),
act(B3, P3), act(B3, P4),
bp(B4, 3, L3, B), act(B4, P2), act(B4, P5),
bp(B5, 3, L3, B), act(B5, P2), act(B5, P5),
bp(B6, 3, L4, B), act(B6, P3), act(B6, P6),
bp(B7, 3, L4, B), act(B7, P3), act(B7, P6).
COBMANEET TN —-T RV -RBICEER
ZBE, LTDXH5c%5.
must._defense(P3, 3, [B1, B2, B3, B4, B5, B6, B7},
A):-
link([P1], 'sg2-1’, L1, [B1], A), ~+(81)
link([P2, P5], 'sg3-2’, L3, [B4, B3], A),"-(S2)
link([P3, P6), ’sg3-2’, L4, [B6, B7], A),~~(S3)
link([P1, P2, P3, P4], ’sg5-2’, L2, [B2, B3],
A). --(S4)
LEORMMEIL, YT TN ELTESDEE
KT N—T ORI, BREBICESSOEERSS
YIN—TERBELIRBE SN TS, 2Fh, 7

7 27 v—7 sg2-1, sg3-2, sg5-2 HhMAICERL S, &
MOEES COMETITONS, FEDOBRT, bL
RET I V—TERBRATENE, link/5 2% -
THBINABEELLTEALOND, ThOOBHEIL,
POBMANEE <y F 7 THRCBABLT, <
FrUOBHERERS L HIICLTVE, DTIERD
BEZFLRT.

IY, $7T-N (S1) DT T T N—7 sg2-1 |2
DVTHERERETIE, UTUERT2HOBENRER &S
noe,

link([f6], ’sg2-1, c6, [bpl], black). (a)

link([g6], 'sg2-1’, c6, [bpl], black). (b)
WmNT, ¥7T-N (S2) E (S) DT T N—F
sg3-2 X DVWTHRELITHIE, UFIURTIEOBE
PREINS,

link([h5, h7], ’sg3-2’, 18, [bp2, bp3], black). (c)

link([h7, h9], ’sg3-2’, 18, [bp3, bp4], black). (d)

link([i4, i5], ’sg3-2’, r9, [bp5, bp6], black).  (e)

ZIT, @10(b) ISRT LIS, T T— N (S4)
i, EhEhOT 57 N—T L 12FDHkEL T
THHFEINTVE, Zokd, MUTAVICHFET
AIAMEA LD 1 2B/ S IV —T DAL
i3 {sg2-1(b), sg3-2(c), sg3-2(e)} &L B*%, L
PoT, LENEEEZTHCTH T I—L (S4) DT 5
YT N—T sgh-2 ILOWTHEEETO &,

link([g6, h5, i4, f7], ’sg5-2’, rd12, [bp6, bp7],

black).

link([g6, h5, i4, j3], ’sg5-2", rd12, [bp7, bp§],

black).
PREIR, ZERIRTTEH. TOER, Bk
TE P33, 7 T (S2) E 7212 (S3) IR B4TH

¥ RKT T L ORI TR M SR B,
®H o6, hS, id Al -5 1> rd12 Lich B,
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WIS DR F U EfToTVWAID, v F T
B ET 2R T OBEBDALI EHNTES
I3k oTwA,

6. XREICED (HMAMOYE

29 SN -REARAHNT 5o T, BliRR
AL DERSBRT L LDOFENFLEEL 2 5.
AX¥TIE, 25— THOLRLIBMARERD Y —
VA TR Y L EE 1ol IMEE Ra: kA TR L T
2 LicEEL, BRAikONEI AV L EE
5.

6.1 KMAMDIASERIR

B 11 i3, NWRBE T M L TR 1 LR
o ANEBRIC R EN TV GABERLTW S,
VWil 3k, HIREE L SUOMBENS 2 oIt
SiTiE, BRI 2~ B 1 O THRTRIT,
HEBCBERBICHETELILERLTVAS. &
NoOBREPEREME L L THREL, RAROHE
CRIATIUE, 2B CRRAL BIRTES L)1
Lr

—%, BMER2 IREAR1 O ERTEES
b DROT, RICERMEINE 1 &R 2 % Rk
WA EATRAHEICIE, BRI ¥ A
WENE DB RRRBICBETELI LIRS,
S BPRBHEEN ToL E, BRI 1 IR
W2rhbME v, /o, ABRBRERBL R
BT, Rk BRI L OMOBEO B
BEBICHETH I TCICLBLFEREZ->TWAS.
Wiz 2L, RENICEFOEYN (REMEOBRNE)
DATERKECHETETHLILERLTNS,
L7%to T, MEMEICBVTIE, B/ ~Filbhd
WD O RREME L MBEERL, LV RVFEHR
TRAREICHET 2 RMAME RS LA, ABOR
WEikL BIRT L OO ERYLERELS.

6.2 WRRRENMRE A O &R

EBL # BV %8k, FHONRBALLELT
259% (Aro0REF] LR2hH, ARABEA
E—BANSDEENTETHS. LELERDDL,
SLM 2 & > TER I N BRAKIZIX, HFEORK -
FRCET 2WMEET o EFTh T, 20K

T ARITR T OMRIBEILIZR S,
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Fig. 11 Hierarchical structure of strategic knowledge.

B, HEIOMOIDAL 57T a iR}, K
HESRERBICHZELTLIY, ¥—L12[RITA]
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WLT, FOLKZE&T S -00HBn#k: <Y
TAHEYV2—WVSCMIZDWTHEBTS.

RRSEM I B A kB, BMMNETICBT RS
FlLAHEY L TwD, EBFOAL#RA LASH LB
TR L ERTHOIIE, KEOERYER
BTEIC, BMAERNOB - B YRRV TELY
MEEAMT 5, BHRICEIFINIBRIEVLEERS.
Lo Lahts, BB bEr R miki L T
b, RHOERYE L NIIBRILOESIHKE R
D, KIBICKFELTE-Mmicz-oTLE) EVIHR
BEMNELS.

Inr, UTFTR, MErLoDA5F77a >
12X 2B, BAROBY »HELLDTIIRS,
WML ME T A2BRONEHARIARL TVwE D
ICRIALDEERD, 61, R L A-HRMEH @
DHFIMEEHH RS L LTHWT, MY RMmE
DBIFAFTZ B LD eREAERTTS. Thick),
SLM Ik > THB Sh - RMAEICRFLMZ A
ER, REHITLAMENEREEZEL T, BEM
BOMR - BEEABPIITIENTEL LIRS,

WRE RO BRI KM L A-BRERIT T 2T LT
a2 FIICRTY.

(1) AF-EROREOREE SLM 12 X 1 M
5.
(2) HEFOOTLBHRBELER LTI THS.
(3) SCMizkbh, MFHHVREMAEL BT D
V7R L OSSR AT L, £0&
RSB 5N IBMRGLKBOERICFIAL
rEemks LTEBT 5.
6.3 KEEGIDOART & SIMFMDAHM
—REiC, KB ETRT AR L EMORRLE & DR
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Fig.12 Failure of game by applying “wrong” strategic knowledge.
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iR 2. SO ZBLETHEASDTS
SURBEDLDOTHIIMRIKE(RE-TV S,

SEM BXU'SCM Ti3, 75 v EfFEL VIS5
YOURRERTELRELERL T, WFOTEICS
RVEMFTTHECEHL TS, oY, FEMR
BRICBZOT 7V CRITHERI LAHEITIE +
DIRNVEMY, BRDT 5 20570 L hl:
VHEIZR - IR ERITT, FRHONRK %ISR
LTw3. R&EMICIZ, LBIRE;#ET 2B HEF
MBFIL-E AOMFT LT, LBRBTE25E
TOMFOTEIIE + DI N EMHT, LBIRET
BB ADFTBICIE - DS EFFITB LD
IKLTWw3,

12, - 2BV TRMARKOMHE LB
7eBITHSE. - 2L RTIREF (B) »%F (8)
KBWEEHLRTWS, CThHIZENFA LD LV R
HilkE AW LICFERANH S, LIRTIE, Zof%
HWTKkBMOMKEITIZL2E2 5.

12 ORBERITL 7275 ETELEL IIRT.
‘1R, B9—-YIBIBRFDS 5 ETEE,
VBREELER L TV AR I PIRERTVS. =

®1 RKREHAOKS

Table 1 Analysis of failure example.

K 1 2| 314 5
9077 ETKE + |+ -1-1-
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H3DLBHIKE Ol]O|OC|O]O
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Fig.13 Application flow of strategic knowledge.
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Table 2 Effect of failure-driven learning.
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fhThs. oFh, KELI-EHELRITL, BSO
WL HFOEATRE TS T VI NV—T DI bk
BicEES T AR et L, MEEXSLE TREETI
ARITRRE LTHBm#EiciT g, v v F >
FaArOMEENZ o0, L HERCKBEERT
BT ENTREILRDZERDNS.

7.2 AWM ILODR

M A NOREHET S0, 13 D
WRAHIEE 3 t M aR4 %Y, SOV —-T RV
WERLISEEL, 57/ V=TV KR TH
SEICHALZBEO vy F o VMO BEER 3 (2
g
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Table 3 Effect of compilation of strategic knowledge.
W3 | WMk 4
=R ARR: | 37.2 (8) 992.6 (s)
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