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Board Game Design by Artificial Intelligence

OSAMU FUJITA'™

This paper describes the design of an abstract strategy game by using artificial intelligence. The game uses a square or hexagonal
grid board and pieces symbolizing optical components such as lasers, mirrors, splitters, etc. Two or more players each has one or
more lasers, and controls them to shoot down opponents lasers. In game design, there can be a lot of variations in terms of
playing fields framework, the function and configuration of pieces, the number of players, and playing rules. The problem is

whether the artificial intelligence can find out the best design among these variations.
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Figure 1 Initial configuration of lasers and mirrors.
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3. F—LONNYIT—S3Y

KEEOBREFIITHT 2L ERNT 5.
3.1 R— Fofk

SR BRI (A% PIERTHD (K4).
7L, BB 2RICEECRBTE D, 2054,
EHKT ETRBOMETHME L THEBIZINZ TR 45
EhmpBEmIntHaLtREThHL. 758, EFET
WZBWT, S HITRYD 135 EHmE M THEERI D D 8
MONKERDLR— R ARETHD. £z, 2KTFHE
A= R& BRI F IR T H 2 &b B bND. 72
B, —HR KT CIER < S i RASIC IS > THEATZ Y,
RECHEITLZV 32557, EAFHRTHIND LI 72
BALERKEFEZEZONS. N —XZ A )V HHEEV.
B, FzAZBWTH, SAHOF=ADZHD, R
AR (Fxy I—R—ROTFEoz2gHL, Oods
ZHIEIE LTS5 MK (EADONMA 120 ) ICEAFRLT, £
N 3m O EGbEIIRED X, Mg Ty h—A&
— R 3K EEAONSNER D X 2 ICHFERIRLD T,
ZNEVFEICHE LBIRE]) REREREEN TS,

K4 HFER—F
Figure 4 Variation of grid boards.
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OBIEOFEIZHBIT 2 S D TRIFHIER B2, 54
OWERMLEEIND D, TOFETTIHEHATE 0.
BREZ N Z D ALE RSB SIZE VR, B — ARk & < &b
50T, tHAENL—NE L TRAZRBOE ) — LT 5
AEEEZBEL, —FOBRETHEZIT LT 2R E
A A=Y LIRS, ZORREEZD L, R
B2 —FIC Lo T L7 E— 2 DEENE I R E % B
WINZRDT=FMRWE b s, filxiX, Bz e—2n
DOEARZ HO L L, ZOEFROE—LIZ—FIMATZ (B1E
AREZeECx LT, EREh—FEN L) BEicBT 5
Wiz B —A0HESE HL, FERIZ, %729 E—2A1Xn TN
RICHEDHT OV E—LDERE Hn L5, KL —P—
DREHTIE—L20EA% E0 X L, EERC n FEINLT
HRZ2E—2DEARZ En L T5.F£5E & HOERE—
LDO—ERICER Y R ROPNIE, FOMAEDEDOE F
ik jomyeEgkl LT, BEOCRRNLHZY E—
LEARTHDECOFREEMEARLTHET S, 20
Ba, BRAOFENEE RO T, HEERERE LT AR
Xz T HEE TRV, 727, —FTRRET 256 (i+=1)
R &, MM FEOFRICL > TE R H] LIXRAR S/
WCIEB T DA E <, /AN TFEDSFEBLT D FTRetEI AR
V. 0T, BNFEUSO B — A ERIT DWW TSR R
2 ZE T _RERMMEDH B, TOFEM O TS EOB
FEETH D .

BRAT— % DN — L ER TR~ Va7 ET LD
BHHMERED LN TS, E—AEETREFNCK LT,
WRREEBET AN LERIN DL ES EHR LT
ENOOHEMEEFMT 2 L2520 L, E— AR
OFHICHEVE L TV D LB bhiana, 234, 3
FRONFHEMES, MEHEFOMECRR SICX DMWY &
EBETLHEICAEDBRBPMBEEL RTINS LV
VRER, BT OVIBERIC LB R R T — 2 R ST,
BIMEZIRFE L TAHIZ.
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44 @ILEE

ATE OTERFEM B O ST T RE 22X T A — 2 240
FrirIr, IRTA =B DRI D NTHET VA v—RLTH
—ADVI alb—a rESEEIT O BRICERSIIL,
BROBNT LA ¥ —0D/NRT A =2 ZHVEZERAT 5.
NI A—=BOBERNERIIK LT, VAT AEEOELE
HEL, ZNE 74— Ny LTAT A —F 2 EHlT
HZENTED., THIEY AT LADOEITH R T 5 W
FlRTEI R RICEE T oMb EO—HEE 2 5.

INEHERTETE, T A—F p DO ANTHEEDOKE
DV T, /NT A —2% p+Ap \ZEAL SH 72 N TEIRED SR
W ovtAv T2 T D E, BEa AT S, 0N
PRFABE (Ap - Av) BT DRI, RO X D28 T A
— 4 ZELET 5[10].

Pnew < Pota + 1{4p - 4v)

72770, n (30) EFBEFEHETHDH. ZOBEEEBRY KT &,
WENZEERW BT 5. HEDORT A =X ERIFICE(LE
W, WL OMEDNLE /T A — X ORER~O B % |
ELOD, FHREBEEZMET b TES. ZL, Z
DOFBE I FEORBPEAETENT D, E, VAT LK
BODEF ENRTA—FDEFOLER A/Ap %, FEOBED
B D /NT A —F BT 2 AR & A7 L CAREEZEA L
THRW, NI 2A—=2OENDE 2 JIZ K o TR
DEALELZLTHARLDLIOTHEEZET .

F—=LT A U EITH ATHRICEN T, £ =
— 3 v E A F I B DT A= kL
THEBL, AEOFETY AT AFMBEEREL 725 X9
WCRT A= EFHETE D, THAL RV Lo MEfEd~
AT AOEME TR MBI TED & 5 1B EMANL T
DMICONTHEL, BTSSR RS RE L Bbhs.

5. BHYIC

F—ATHY, ELICHFEDOS — L EBRTH L3
LW, FEAEETZRIE ERISLOR TRV O, £Ho
—HETH H AR, &7 — DT EES 5 D, DT
BEEIBMRLTVDH, RICHEREN. 20—FT, A
THBEN R RRENZ R LoD 5. BIEDATHARET
BRIIHERRRE I N Z L E F, A &S E AR 5 FE
NOHEGRITFETE LTz, RE Sz BEKie BN G 2
HIRWVERY BFRMRITENI TE 20D & BT,
AR NN HCHBHEOREN 2 Lo22odh 5. BN TH
—AZOH Y A A TR & = 3L ¥ — 5 BERCIRE T 5 A
TAMMBIETLZOREDS I ). ZOHHE, BZEHL, 20
WRLBIEHNTINDE LD LEHFL TS,

HE OV —L2OREEBETHANAL THIITEN

TREMEEES AL, BARRIAEIRD &I HHF3EED )T 4
2, BATHHOREZERT D.

(©2016 Information Processing Society of Japan

SEXH

1) Silver, D., et al.: Mastering the game of Go with deep neural
networks and tree search, Nature 529, pp. 484-489, (2016).
(http://www.nature.com/nature/journal/v529/n7587/full/nature16961.h

tml)

2) Boston Dynamics: Atlas, The Next Generation
(https://www.youtube.com/watch?v=rVIhMGQgDKY)

3) Khet (http://www.khet.com/)

4) Flash Board Game
(http://www.osaka-kyoiku.ac.jp/~fuji/koushu/LBeam.html)

5) Three-player chess
(https://en.wikipedia.org/wiki/Three-player_chess)

6) 3 Man Chess in The Round (http://www.3manchess.com)

7) Fujita, O.: Metrics based on average distance between sets, Japan J.
Indust. Appl. Math., Vol. 30, No. 1, pp 1-19, (2013).
(http://link.springer.com/article/10.1007%2Fs13160-012-0089-6)

8) Bonanza (https://ja.wikipedia.org/wiki/Bonanza)
(http://www.geocities.jp/bonanza_shogi/)

9) Coulom, R.: Efficient selectivity and backup operators in
Monte-Carlo tree search, In 5th Int. Conf. on Computers and Games,
72-83, (2006).

10) Fujita, O.: Trial-and-Error Correlation Learning, IEEE Trans. on
Neural Networks, Vol. 4, No. 3, pp. 720-722, (1993).

184


http://www.nature.com/nature/journal/v529/n7587/full/nature16961.html
http://www.nature.com/nature/journal/v529/n7587/full/nature16961.html
https://www.youtube.com/watch?v=rVlhMGQgDkY
http://www.khet.com/
http://www.osaka-kyoiku.ac.jp/~fuji/koushu/LBeam.html
https://en.wikipedia.org/wiki/Three-player_chess
http://www.3manchess.com/
http://link.springer.com/article/10.1007%2Fs13160-012-0089-6
https://ja.wikipedia.org/wiki/Bonanza
http://www.geocities.jp/bonanza_shogi/

