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Abstract

A battleship game that uses 10x10 boards and five ships of the sizes from 2 to 5 has been chosen as a target domain
for a representative testbed of the popular board games with incomplete information. The effective strategies for
the attack or the placement of ships have been investigated without considering opponent models. As to the
attacking strategies, a strategy, which is based on the checkerboard strategy and selects a square such that the
number of possible placements is minimized when the attack is assumed to be missed, that is, selects a square
such that the hit probability is maximized, has shown the most excellent results. The accuracy of the attacking
strategy has turned out to get better as the enumeration of possible placements is performed earlier. Considering
the time constraint of experiments, we have selected the attacking strategy that starts the emumeration when the
number of remaining ships is fewer than or equal to 4 and the number of unidentified squares is fewer than or
equal to 70. The examinations of some placing strategies, with the above attacking strategy fixed, have shown
a placing strategy that places ships along the edges is superior. In addition, the above placing strategy with
prohibiting the connected placements of ships has shown the most excellent results.
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1: A position in a battleship game
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2: Squares to be missed
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[ 4: Attack strategy CB (checkerboard)
3: Attack of neighboring squares

abcde
11O|N|L|K|I
2 M|J|H|F
3 G|E|D
4 C|B
5 A

Total number of possible placements: 15046987768 ~ 1.50 x 10
Number on each square from A (center) to O (corner): x10°
A B C D E F G H I J K L M N (0]

321 3.4 306 3.00 292 277 277 267 251 249 239 216 215 173 120

5: Results of enumerating possible placements
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10 x 10 DXE— K _ED x HOKRREEHHN LT, ¥4 X54,3,3,2 DEMEREET 3 5SOHEEEROE
WERRUTTEXA 503,

(x—40)-2x(x-30)-2x(x-20)-2X (x—20)-2x (x-5-4-3-3).-2 < 25¢°

THREETIE x = 100 D TERIZ 7.3x101° 23, Fiz, RO 4 BORKHIEV ERIE 2444 LB,

TR COTRERCEOM X LIT 2T - IERA S N EMic BV ATHEREBEN 5 IoRT. BRI
FTEEENFRUANBLEEZDT, 10x 10 X—RORELD 5x5 D EZABIERLTVS. 27
BEROERIS 1.5x 100 T, FHED B (A) DBRETELRBEED S AT DELEDA O) M
BLDEV. RELHEBREAT2TEORE LHMRSHLW.

5 HRUEEOMERESED
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iDOWT, FICHMEL 10578, B3 BBALIRABEERZRIBENATN 10 FEMNRE B/ KRE2E 1
IR, firstp T secondp I35%8F « BFETS L — VY —DHBREEEET. R, RNB,CBREFhFhS VT LK
R, SUXLRBHEHRR, HRRBERT. MP70 X MHABUR+TREREBR/IME] iKW TERREE
P70 LT TRIREREMA LT 2Th D C L 2EKT 5. LA2.8.70 i3 (AN BR+BFAOTIHAENR
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# 1: Roundrobin results of every 100000 games with changing attacking strategies
 his

firstp secondp winrf winrs htrf seconds
R R 5231(31) 47.69(31) | 20.814(29)  20.641(29) 56
“RNB RNB SL.I2(31) 48.88(31) | 31.407(a1) 31.452(d2) 22
RNB R 94.61(14)  539(14) | 30.918(39) 18.138(33) 32
R RNB 6.26(15) 93.74(15) | 18.227(32)  30.953(39) 31
~CB CB 51.54(31) 48.47(31) | 36.683(46) 36.766(46) 21
CB RNB 70.62(28) 29.38(28) | 36.430(45)  32.001(44) 21
RNB CB 31.54(29) 68.46(29) | 31.863(43)  36.466(45) 22
MP70 MP70 S1.67(31) 4833(31) | 38.171(47) 38.250(a8) | 1253
MP70 CB 56.46(31) 43.54(31) | 37.971(47)  36.897(47) 661
MP70 RNB 7444(27) 25.56(27) | 37.662(46)  32.089(44) 679
CB MP70 4638(31) 53.62(31) | 36.835(47) 38.12347) 639
RNB MP70 2749(28)  72.51(28) | 31.99%(44)  37.723(46) 671
LA28770 LA28.70 | 51.61(31) 4833(31) | 38.178(47) 38257(8) | 9054
LA2.8.70 MP70 S1.71(31)  4829(31) | 38.177(47)  38.250(48) 5239
LA2.8.70 CB 5647(31) 43.53(31) | 37.980(47)  36.910(47) 4687
LA2.8.70 RNB 7456(27)  25.44(27) | 37.710(46)  32.091(44) 4173
MP70 LA2.8.70 | 51.63(31) 4837(31) | 38.172(47)  38.257(48) 5068
CB LA2.8.70 | 46.39(31) 53.61(31) | 36.843(47) 38.118(47) 4521
RNB LA2.8.70 | 27.40(28) 72.61(28) | 31.96%(44) 37.764(46) 4737

AMEL - IC BN TREEEHE 70 LUT T 8 FEO D D 2 FAHH T HABERZR/IMET 3 T L 28K T 3.
ZH, RERMISAHDIASICHNF T E 5728 RNB L OMBEREROMRLUTWS. winrf R winrs i35FF
TRBEFONR—E VM TRLEBRTHS. S5V LMMIC K 2BALRBOFERIFHEEE L TIEMAIIC
95%EEX M DOEMEE 2 HITRL T3, FIXIE, 52.31(31) IE 52.00~52.62 A} 5% BERMTH B L
2%, hinf R hits ZAFERRBFO N~ FTELEADETSH D, FRIC SS%EERMERL
TW5b. seconds IIPHBIDLRTRETHS.

REUBEREORPRIE RA R ICHVTEF 20.8%, BF20.6%T, 25V F LEBSOHERIE 100/100+
(5+4+3+3+2) = 17%ICHARDLKREV. THhiZ REBIZBVTEMS SV EAEHAEHANORRZ L
BWieheEZH5N3B. R RNB,CB DMEICHI AL TWVAS. MP70 12 CB & b X I A, LA2.8.70
BHEBRISDED AT BICEHDD 5T MPI0 LEEENRL Y. MP70 ik LA1 x_70 IcA4 T 3 25,
EHIC I FARABZES LTLA280ICLTESE Y RBIES 5T, FOBLEVWREOGREBIC
BR2E52 2383 KREL AV LREKT 3. K. LA2.8.70 £ MP70 L OHIUCH T LA2.8.70 T
AFRRICBVWTRBROEI 2HBIRDOTH 1.6%BETH > 7=,

ZH, MP® LA TRRBA LIFRRBT 3 REEREDAZ TIFKEVE CRBEEN ERS. MPIC
BOTHEX EITFBAROKREEHEE 1055 80 £ T 10 AB TELT =L 20 CB BRICH T 3BROE
{fLZR 6 IcRT. firstidtf CB TMP ZAFESL—V—L LBA, second RBFSL—Y—L LIIBET
B%. JIE, 10 ARAET MP70 Tik 650 BBETRDADICH L, MPS0 Tl 14 RIBELELTHD
ERREDSHHD T ETNS.

LA BRI MP 8% & FEEOBBRME LA RWIC b hhvb 5 T ERRELS SIS EXBEET LH 5
TRALL, %7 MP80 IIERIFIAHMD TEB 2, SHBVKREMOREL LT MP70 22RT 3.

6 ECiEHiRS & oORSE

A TOMRERIC, UTOREEMEE XL TTOT CORREBOMRE LTSS, =7 LEFEFIUR
UTHEVDT, HLETH LROBRBEMZEELT TIHET 3.

1. SV LECE. ®)
SV HLHIBRUAAZRD TRET .

2. Aicir-> TERE. (ED1)
R—FOIDH-> TSV X LICEEBTS. M78R.
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& 7: Placing strategy ED1 8: Placing strategy ED2

3. WeZzOARAICEE. (ED2)
R—Fo@LZFO—DAROWEARNICS VY Z LICEEET 5. K8BR.

4. BN A XN EED CRE. (PK)
BN A ZOMEZFESBLTECHCRELT, BOOMEERAICED 3. E3EROYA X
Mxxy(x<y) DL E, PKxXy LT, %k, ERARENMEENES VX LCHRD5hB, PK2XS
DFZE 9 ITRT.

ASEEEL TV 3 LIEERREMICE > TROMDEEZ R L A3 ERENSE VD, BEEERCEL
HEVEERHIEZ 5hB. FIEOKREHEEM R, ED], ED2, PK IZDWT, MOEERERRIELI-2DE2EN
Z4\ RSP, EDISP, ED2SP, PKSP £ 9 5. &35, PKSP B/ A XDMLRD OEDIfpL ZEECEL
BT LEEKT 3.

ETPKREERICEVT, EDLSIKEDTRETZONEVHTANS 0, BHIEROY A X%
2x8,2x9,2%x10,3x6,3%x7,4%5,4x6 LZ(LE LT PK WAL THEED T 10 AETOMEE & THE
RN &H, KRR MP0ICEE L. SERY A X LOBRE2ATF, BFRILICHEILED
DERE2ICTRT. AFEFLE 2x 10 PBREBEHVEVDT, LI PK iCEBREOREFL LT PK2X10 2
FES5T LT B.

RICHORIERE % MP70 ICEE L T, BCEERS R, EDI, ED2, PK2X10 ZhFhERYD T 10 FEMRE
g7, SREEMC LOBRELTE, BENLICEILELDOERIICRT. EFHFLE, R PK2XI0,
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9: Placing strategy PK2X8

2% 2: Average win ratios of PK placing strategies with changing the sizes of packing rectangles
rectangle size 2x8 2x9 2x10 3x6 Ix7 4x5 4x6
winrf average | 51.47(12) 52.08(12) 52.32(12) 50.58(12) 51.81(12) 51.69(12) 51.71(12)
winrs average | 47.98(12) 48.70(12) 48.89(12) 47.41(12) 48.47(12) 48.48(12) 48.42(12)

ED2, ED1 DMUCBEFE 55, R & PK2X10 LixMz2724, EDI,ED2 ik b BEA® <, #iC EDI
ORFELNEHTH 5.

RicHERBZRIEUEWES L LIRS L OUBET- o, BIRIREE MP70 ICEEL T, FEEE
R R, EDI, ED2, PK2X10 icxt U T #igE 2281k U7z RSP, EDISP, ED2SP, PKSP2X10 £ EHhFh 10 FE
TOMBERIRERER 4 ITRT. EDISP i3 EDI ITHABESEAS, OB Tl AR 22t
LTWEWSDDAHBENE. TO—RFDERROFERUTOL S ICH#RENS. HEREES
EFaTLicky, AFHBCBEATNIERENDEESZ—F, NIRRT LEERTERDLS—A
KR TAREREEZRONS X S ARBICEIRTVWHAN DS LEX 5N 5. ED]l TIHEHERBOERE
ZRUT ARSI AREVD, MOREMME CRAEERERO NS MRS B> DO TREVEZSH. &b,

BUREIMEZ RNB ICEE U TRBRORRET o I BRER 5 IKRTA, WThOREBRICE N THHEER

BEERIELADEVBRE T T3, RNB HREN CIOEHBIROEREET MR LI TT
AnizbHeEIBOS.
SEOEROMH TIX, BRI MP70 HDOREEEM EDISP DE DL BRELESB TH o7z,

T FEHESHRDOREA

YA X 2~5DM 5 8BL 10 x 10 R— R 2 SRS — LT, HFEFNVE2ERE THRNEBIRIBGER
URCHEBIRSICOWVWTRAN . BRERICEVTIE, TR EERL U TEENINXLICK o B8 D
AHERERERINCT BMERRT 3, Thbb, YU 3HESRAOHERRT ZHEIEE TS .
1272, REEREMNBSOE ERHBICHUSIIV T EZONERTHS. ChiZTEREEA> 22U X
VENVICHET A L TREMICEEN LITBN3RTT, SBOBETH .

BURAERE 2 A RERC BB R RN T AR IR T 3  DICEE LBEOREBOME LT 2L 2 5, #
2O - TRET 28> RFT, ThicmIMOBSEREERIE L2t 0B BH LTI .

& 3: Average win ratios on placing strategies (attacking strategy: MP70)
R ED1 ED2 PK2X10
winrf average | 46.21(15) 60.00(15) 53.43(15) 46.98(15)
winrs average | 42.79(15) 56.84(15) 50.07(15) 43.68(15)

-122—-



% 4: Effects of separated placements (every 100000 games, attacking strategy:MP70)
winrf ~ hitl seconds

firstp secondp winrs hitrs
RSP RSP 5201(31) 47.99(31) | 38.725(48)  38.764(a8) | 1256
RSP R 4845(31) 51.55(31) | 3824147 38.70848) | 1264
R RSP 55.34(31) 44.66(31) | 38.675(48) 38.331(48) | 1249
EDISP EDISP S221(31) 47.79(31) | 34.401(44) 34.465(a4) | 2612
EDISP EDI 52.80(31) 4720(31) | 34950(44) 34.635(44) | 2144
EDI EDISP 50.6431)  49.36(31) | 34.547(44) 35.071(44) | 2173
ED2SP ED2SP 3T.67(3T)  4833(31) | 37.116(86) 37.221(d7) | 163
ED2SP ED2 47.2331)  52.77(31) | 36.529(46) 37.20246) | 1671
ED2 ED2SP 56.18(31)  43.82(31) | 37.103(46)  36.600(46) | 1666
PKSP2X10 PKSP2XI0 | S1.69(31) 4831(31) | 37.092(a7) 38.067(a7) | 1933
PKSP2X10 PK2X10 | 49.5731) 50.43(31) | 37.766(47) 37.98%(47) | 1953
PK2X10  PKSP2X10 | 5428(31) 45.72(31) | 37.973(47) 37.786(47) | 1964
%% 5: Effects of separated placements (every 100000 games, amekmg M%RNB)
firstp secondp winrf winrs ‘hitd
RSP RSP SII6(31)  48.85(31) | 30.465(40) ﬁbls«l) 2
RSP R 5428(31) 45.72(31) | 31342(41) 30.581(41) 23
R RSP 47.8331)  52.17(31) | 30.530(41)  31.389(41) 23
EDISP EDISP 5092(31)  49.08(31) | 30.267(40) _ 30.331(d0) 23
EDISP EDI 5498(31) 45.02(31) | 31271(41)  30.424(d1) 2
EDI EDISP 47.6431)  52.36(31) | 30396(41)  31.296(41) 23
ED25P ED2SP | SL.O4G31) ) ) pij
ED2SP ED2 546031) 4540(31) | 31.267(41) 30.486(41) 2
ED2 ED2SP 48.0531)  51.95(31) | 30.527(41) 3131341 23
PKSP2ZX10  PKSP2XI0 | 5091(31) 49.09(31) | 33.145(d3) 33248(43) p7]
PKSP2X10 PK2X10 | 5226(31) 47.74(31) | 33.542(43) 33.348(44) 2
PK2X10  PKSP2X10 | 4929(31) 50.71(31) | 33.167(43) 33.655(44) 2

5%, TORERREHRNCHFETMEEEBAAEBREREARL, BENCENIABEREU
EEERER-> TV, &8, $EFA ML ZLUSNORBEME S > X LAREREREL D SBHT
BHo7DT, HFETMLCETNVE UTHBRABONRY LEZI SN S.
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