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Abstract: This paper describes characteristics and problems with designing Al players in “Turn-based tac-
tics” games. These environments of these games provide the designers a similar framework of designing Al
players while these provide them some interesting challenges to deal with three major problems described
below. Firstly, branching factors of the game tree search often exceed hundreds millions in the games.
Secondly, the evaluation of game positions is often difficult in the game because the effectiveness of pieces
varies drastically according to the types of opponent pieces in the games. Thirdly, combinations of attack
actions in the games have a potentially great effect on game situations. We discussed the effects made by
these problems in detail suggesting multiple approaches for the problems, moreover we discussed about the
dis/advantages in each approach in example situations. Finally, we made the characteristics of the problems
that AI designers face with in the game.
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Fig. 1 An example of turn based tactics, “TUBSTAP” plat-

form. Each player manipulate their pieces to fight

against each other.
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Table 1 Defference among basic rules of representative turn based strategy games.
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Fig. 2 Cluster analysis of rules of existing turn based strategy
games. The distance between two plots shows the dif-
ference of their rules. In case two plots would locate in

the same coordinate, one of them was slightly shifted.
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A) X, EEREHES L CHMTH D20, Thbhnd
LR — R — 202> Twb, »FLT, £kl
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3 Tubstap A7V —rav b Ob—ILFHDOLHIZK 1 %FHF
). Bo@ye, 555 HP, XEafEEs Ry, v
IEHERAM, W7 EORPAE Y BTONTwL, 728 21E
it 4 FIH O~ ZE L HIEIC, PR, W, £, R,
ERHOWETH %

Fig. 3 Screenshot of TUBSTAP. Color of unit shows its side.

The number on each unit shows its HP value. The char-
acter on each unit shows its unit type. Each tile has its

land type.

I 2 B PE R R ZOC 7 MR L — L dsinb - 7z
TF—=LD7TAYNH 5.

EEICE, Y TOREEEZEN Do) FR ST X —
5 % CIZBOATENEAYE D BT HNY LTWwA SRPG
DI ITAIND L., ATFIENKFEZE)TIVY A LML
BN o725 — D7 AT THo>T, TNEHBEDD
55 —VHANTT IR RIS ORI N5,

Z 9 LCHAl TBS @ 7 J A%, HMHAR— F7r—2A4
EWEDSEL, 2OV ONOBAFS 4 MV EHGER IV —
WVEFZREMZ A, 29 LWEIC L )84 TBS £, xf
HLLTOWMYHMARLTSE, HEDOLZWEY —VHA T
FONREBLTELE LDV — VEZORIE HIE L7
HORMEAM T TEDEEZ 5.

3.3 TUBSTAP

T IO T, #WiAlth) TBS O RHEFIRIZ TUBSTAP
Ty N T A= EAWA, TIUFEMIHICRIE S
= VHIA NG TV AT Ty T A=A THD,
AT TBS OBER w2 w3, AEB L OEHEOEEITH
ens, EBORERZRED.

TUBSTAP 33 AT ARV — VDK [77 323>
7 —ADS2] FETNELTWD, 2 NEEERY O
HRMEETr — L Thb. AZV—ray b%H 3 IR
T, FEERIV IV E L THEEGE T, o HP,
Bide L mR oW, BH), KB, HE, 2808555, B
SO D&, —ED Y — v AR T TH O HP
AT U LATEZ LNE 2L & sTnh, HEO
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& 2 TUBSTAP QBN © £ <2 5 %2 ~OYEET)
Table 2 The relationship of competitiveness between every two
units in TUBSTAP. The value shows a coefficient to

decide the combat damage.

F|A]| P U |R| I
F(skBI6) 55| 65| 0 0 0 0
o A (BER) 0| 0 | 105 | 105 | 85 | 115
i P () 0] 0| 55 |7 |7 7
| U (HER) 0| 0| 60 | 75 | 65| 90
R (xfzesg®) | 70 | 70 | 15 | 50 | 45 | 115

I () 0] o0 5 10 | 3 | 55

#F 3 TUBSTAP OHIED KI5 2 5 Bifz)H
Table 3 Land effect values in TUBSTAP.

| B || AR | i | EE
F, A 0 0 0 0
P, U, R, I 1 4 4 0

& 4 TUBSTAP QA BENZFRT 2 LEBE 2 A+ 5 BDZHE)
JEF, A, P, U R, ITZENENY, 7, 6, 5, 6, 3
Table 4 Cost values for movement actions in TUBSTAP. The
values for moving capacity are also assigned. That is,
9 for F, 7 for A, 6 for P, 5 for U, 6 for R, 3 for I.

B | B | Il | R | i | EER

F, A 1 1 1 1 1 1
P, U, R 1 1 o] 2 oo 1
1 1 1 2 1 fe'e) 1

SO MPIEE KR4 R EP DIBRAZENTE S,

R B UL 6 FEEEC, ZNENIEERICIIR 2 1R
FTREEACTY A=V ES NS, ZOREITEDH
HDORMETH 5. B TIHEIESHRI T, & 2505 AT
FA=V G205 0nEIRe, il 526N wE
Db, FloFXA—=VIEWBEBINLWI LT XD
bREIND.

xR 3 FEIORTREIZE - T, BiROBEHOREE S
b, X)L TMNEELD T D IETTY A — U5
BENb., WEERICHTO HP 20 LLTFI27% 5 2 Ud,
(] LT, ZOMFLSOBEAHEIAYIZRIEEIZAT
bhad.

W) x WL =y s HP + 170 0

100 + (HJERA x Bififl 2= v ~ HP)

HE OB REHEIPH L, BB THRES. F, A, P, U,
R, IOBEHEHWZITHT2BEH I A MIFK 4 IIRSN
LHEBYT, Bk A< AD IR MEIDBE 2
LWHEIBINICS A 1 v AL, EFFICBENTE L. Kh
DOENZ BT E LD MOMIIEBRTE 2. BELKD -
72 ZADBEIZE OB A S UL U DA OBNI I EATE 5.
WELTHhLOBEIETE 2w, UL, BHONH 27 A~
SYALTHEN TV BRI —H I ELITZ 5.
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4. ELBIFAIFE

#AN Y TBS T Al FESZIT 25882 U5 -0 D
fif& LT, WM R— F7r— LA TL L ABNE AT T,
TUBSTAP 7'J v k7 + — & CHEEFA A S NETFHEICD
WTARETHIT 5.

4.1 Min-Max BAKRER & IREFHHRIER

77— AR%E Min-Max % L, FAES ORISEL 72
LIAT/ — FOUMF L & 2 REEFHIBE B Rl L 3 5 F
HTH 5. Min-Max FEZEDOR DV IEH L o HBFEE ik
WCHV 225, B2 FEN D I2 X 2 @@ b L <Arbi s,
FIRBESMBI S, AT L AkERe, B8 o HE)
B2 FHHE S & B (23] 2B 5.

72 LAROL T 0TI, AR TBS D@8y 2 IR
RERHMBA L2 Pl B 3a, €O % Ml HP LBy
MMEDIEHTH- 2 5. T%bL, BMIZHLESTDOEFZ
neno, {(BEFICS 2 b N5 ) x (B HP)} @
BEIA S, WEZhZionTo {(BfEfHICS 2 sz
R ZR)x (B HP)} £~ A F A L72fli%x, ZORMHIC
X9 B EHEE T 5.

4.2 {TEHEHMBIERIC & 2 B —E F &R

J— DB HATENICEHIE S V5 2 & T, BUED
TLAXIZE o TR T LWRITEI 2 BIRT 2 L) % T
BECTHh L. 728 ZITBEATENCIIBENEO ~ 2 DM S
DEE, WBTHZOIE5 255 A—VERBTZITLY
A=YV DEEFHIMEL LT 2 2FHEREBE 2 5N 5.
1= MTEI 72T D% E D Min-Max BIER T3 %,
BUE R OFFAME TS A 7 A SRR L & b 12
ffioTws k)%, 41 HIOFEO—FETHL L) WK
bT&5.

4.3 MCTS

Ty AVaARER (MCTS) X, Ev7Hhlay I
L= a3 ilEoCTREORSZFML 2275, BERIC
J—FEEHL TERFFEO TV THETHL, /- FE
B LZWIEEICIZESBE Y FhNMaEs 2 b, RIETHR
X% UCT RN TH 4. 72 TUBSTAP 77 v b
7= LBV TIE, UCTHELEZL S MCTS 72135
WRE Y T AN OEDOEREF S HAHDTINDHIT Tih5,
4.3.1 UCT

Upper Confidence Bounds applied to Trees [24] I, / —
FOYIal—2a YBERONENS ZER LT, BE
ML — FICEHEEZ ) 2T RA—F A% 525
MCTS ThAb. 29 LTEtHEESNS, / — FICHREOHESE
x5 2 5% UCBEE W) [25]. %O UCB fliid/§
FGA=F DR C EHCTUTOR (2) TRHE SN2,
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In(B/ — FEEREI%) 2)
ARG

(T39B) + c\/

FLTC—EMHDY Ial—Yary2EFENL/—F
R -T, 20OF/—FHE I 2L —2 a3 YO
G — FICLTHS Y I 2 L—3 3 YEHio 5 Tli s
L, F/—FD¥Ialb—3 a2 U722 o 5
A7) £ T 5.

4.3.2 PW %5 UCT

Progressive Widening (445 TIZLAFE PW L B&EL S %)
X, BEREGE D ) — FICT74VY 2T, ERSED
WZONTEA RO EFOFMBEAL R LTV FETH 5.
BREORMR ) — PO/ —FHb, 72ezid (s
POET) Ml a lOREFHMOME LT L., 2L TR
J = FOFBBAMER 5 I120E-> T, FSiMOXFRE %5
J — Foff$x b, ¢ IR L TnL (a<b<e).

CDEIBTRZEIEITIET, HAHMOELZES
ETRECEHAMICRARTLS, BAICEFNIIO T2 5
AT T L) REREPSTE S, HEE L TE UCT
BRICHART, /— FEMlfEIC K& RBEE 2 5 &) 4
ED T % FtAED 290,

4.3.3 REIRERE>TH/O (DLMC)

EYTANAFEDT VT LY I 2L =2 a vy —EDRE
STHLY - TRMFFMELEZEHA L, £ OaFfbifE % >
Jalb—va VISR 2 HEDSRIBS TV 5 [26].

TUBSTAP B3 Cl¥, 2O T FEEE Y T h v aik
A THWZEZEP HRE SN TS [13]. TOFETIE
FT1FHEILBTLIALETFHEELZ VORI VT LI
FrTVTL, ENLE RS LTI ab—Yay
T4, —ERSEERO R 2 IREFFGE R TR L, >
Iab—va YEHOFRELs ) —F (1 FFEDOH LA
THAE 1M OFFMEE 5. BOVESD /) — FIZEW
Yial—Yarx4{#EHTA07T, kFER SREO
BALBLOBREZ AL A LM CHREERIET L LE 2
YR
4.3.4 WETENIRSE (AAS)

WEBATE PO T TH 5 (13, FHEORM, H
FIZCNHOB»PHLELT, A LM (LSN) 5%
BIEATEHOMEYE (EMICIIET 2 ZET 5 7-0E5)
FhENZ, 5 (N - L) HOBOTE) OV—VR—2%
Sl hpeE) BHTZLT, FoTFEOTEMAE R L
A, FLTEDL) % 1 FHRBOHEOTEHAEZ
NENORERE A, REHGNL T, £OFEFILTIRE
HETHACERET LERETH L. HLRENLRLET
NEDOFMAEHE Z BT HTZ L IZ#H L TWwb,

5. EEINEZER1 AJRRBEFOMESLHRRE
AEE & WA TBS 75 AT R L L T30 F s 2
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WTRE S A, AT TBS 257 — 4 & L TROHHEO W
COMIE ALl OFEFIREMEICKRE 28252 5. Fhald
Z)L7-ME %, ATREIRICERE ITREEELE LT3 D
BARD . TPRBEEIFAFERIT 2 HEFOMEE
BEEIZOWVTIRR D,

51 BE

HATH TBS 1213 1 MO FH THEE OB % 4F & Z2)IiRF T
P LHEBETFUNDHL. ZOV—LVDOIZTFED
720 OEEFORIZEEETIHEFICREL KL DL
M, F—UHIA T TFYDO—Y % LD Turn-Based War
Chess game % B 12 Nan 512X D g S T 25 [29).
1Ed 720 OfTE i E n, Bz r L §5 L 1 FHEOITH
DA (n" xr) WY IZH 2B,

e ZIXENFENL10H ) OFTESTRE BN 6 0H 5
KiNEZEZ 5. ZOREOKOBEBIZEAM TBS T3
LA, ElRoFtEICL D, 1 FHFICTEELTEMEG
X T 2,000 HEYICb A, BOFr—2THD 1 TEHD
L DO EETEDS, 2 AT35, HAT250THLI L
REZTHIFBICKRERETH .

5.2 Al FENDOFE
FHEZLORGETFHAEEDOBRKE DD, F 2 AR
D £ 912 Min-Max BIER 2 £IEERE T 57 70— F 12K
Hr b, 221X, HAHRBEORNH AT OFt A HE
RS 10 R AT & Vb AT [27], RIETIRN72 4
ETFTO 742,000 ) OEGEFHEEETTHD ) &
TR, 1 FHEORKERELARLZTTY 7,000 B0 5.
5 RA A DIHNDE TS5 A TG EE IR
BHRHE DT, 0% OBEMALEIILRL. 207285
Bkhs e { B VRIHTIE, M2LooxdfkEIZET 8%
TR s w, DT, HETE27 70 —F 29I
LA,

(a) BEODE :: TTAMT LA YHEEMIZFT > T
57 70—FL LT, ZETLHREOTHENz D L. &k
DREZRFEDH B, FHITRE/NSRFEISE D 517
T, ENENETHICECED. 728 2 dRRD 10 9
DITEH A RER B 6 DT ODORE %, 2 Bix) 2 BiO/NG
3 DIZoEE L TMV ISk Z C, /MR L ORETS
AEFIR VLD LT L, ZOLE, 1 FETHEOREI
102 x 2538 Y x 3/NFHHE T, 600 ) DAFEOIT LV, 2
DL OESCIEINTH 27, Lidwzid < FTRIED
SrBEDSHEDZTTRET, OB REYE R AT ASIEARE KT
TEDLLEDARKTTHT 7U—FThHAb.

(b) BEF O AAL ERVRR I FLLETFITHATKS
Halx, ANETLAYIST) 72 THR L, or—247T Al
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BAREREZTIBICDL LK ALNE. af FEDZD—HI
T, R/ — F® Min-Max fHlifEDOFHEAIR ©ZER B &
PRRESNLZOILHAWONE, T8/ - FTLiLdHh
EODPRETFEHEENLKRLZ LD, B/ — FO Min-Max
EEEZTCLEIRNDE DL DD, L{fTbhTwna,
TR LHETHRLZZEMETT, wbhdb [3 Tl
(HPDOF, HTFOF, 20bLOHSOTFETOHAR) &
10 BRIICATEB ) L £ 2 0E, T4 7Eoh 25 100
FHUHED BTN S . BRI af R THAM A
WEITONLHETD, # 1,000 FISKDAGLEND
5% OF ) AIKEIEICE, REZEOFLEZE ) AT
WCKRELRY) ARZ DT D IODOTRIKDENS.

7ol Z X OITENER %, FE sz 1) ob o (HP
DEVIER, 22T ¥ ¥ LARIE) ORER L T % 4
&?5aiﬁéth@ﬁﬁﬁ,ﬁgﬁﬁ?m%m%u&
B, FE, F—UHIA LT T VL CEBROBEITTEIO
BAOYETE (BELTro0WEL &) oML ) kE
SRV HEHDT, &/ — FTBETEI§ R T2ERDLS
B BN Y 247 21E, BEEEFD2 R ) RECHE SIS S
EHIfEE NS,

(c) BRVWRFEBEDRVEHERE : Lit (b) ol L
WS, BEFRESIIE L THEHMPIS A Ve 5 7 7' a—F
bEZOND., BWERERZ, 722213, BEOEDH b
1 By OATEI DR R %2 3§ 5 & ) ZRIERTH A, HiE
DEHBTOmAOHFE [1 FHFETXTOTHOMER] »
5 1 BIOATEIOFE G ] 1 HAUTBEET 585 — 21310 x 6
(=60) WS THEL., ZFLTE) LEBROEERZITIH
BT, EREEROMERILIRE (F7213178) FEMEKO
WEICRESEEINLEEZ LN,

(d) UCT R UCTHEIHLZI T 7 —FTh
5. FTUCTHERII1IBOTHE 1/ — FIodibsw7-
LA, ROOBRIFESHTERL., £LC, YIalb—
Ta v ORBRICEDVAELEZE ) BAETFIEECEPSE LD
DWEEZELL TV ER* RE 5. Lo T, UCT %
EERE 220 [(b) AFOKYAAR] (/ — FOREE %N
LIZT 20047 B85 DD ETHEVIEH ) & [(c) &
WEF] ZITELTT) 7 7a—F L b wr, Wil TBS
RETTHDHLREOREVMECE S, 722 Likko &
I B DB 72 FOZBC & %17 ) L EDH D513, HHR
RV — FIZIRD TIFTw XD Sikaiky /) — FICEE
FEFRZEPERLTEREVEL ) AL DH 5.

*1 1003 = 10 R x 10 #

*2 Knuth 5 [30] ®OFHFIZED <.

B ABEAA 1 HMOITE L2 E S 2w T, 1 BPEEKZ L ETIC
310x6+10x5+10x4+10x3+10x2+10 x 1 =210
WY OFAIVEN D,
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4 FRETFA =T RECHEA TR 250, HP 2’EW/iEo F
FWELIATL L, REFETH]O U Iy s TLED
Fig. 4 The position where a shallow and naiive tree search
cannot find winning moves of red player. If the unit R
attacks the F unit with higher HP than the other F, the

R should be destroyed by U in the following turn.

5.3 FEDHI
FEILDEFDOL SN S Al FENZT B EEOH %,
X 4 OREOHRDO T VLAY EZHN L CTihR5b, FOFFT
boHETLH (LR, AT BHEKIETXTROFET
HEHLETH). %, HLRELBEOHNDRE?Z L
REL, T4 =TI+ RESOBEEPITI RV DL
T5. 2% 0, MOBSRHEIZIIERTOB2% {5 > T,
FEDOTRTOITHOMEEZH D ) &5 L BEDW KA
22, BE12HAAERERIHEHTE 2 WIRRETS
b EMRET 5.
COREIIRICE o> THES 1 OLIEEESR & B2 )5 mEE
fififg %k (4.1 HizH) 2 HWCTH MY 27828l TE %
WXL oTWVAE, FRORIIFOHES22o00IDEL S
PERMIEEE L CHETE S, EOF OF25HP IEHW
728, FRIIEDOF LVEDF 254 5 & HP #IEANC &
ZRHMMED = e b, FO0, 31 OKRERE E
TR Bl 7 SR EE M 5 2 72 ATIZED F ~NORE %
LN
L LZDOHEIERICHTFDO U ICR 2 WE SN TRIE
BIEICRHT 2RETH A, —HTHD F 2B UUIRIE
ROFHEUREC U oM BEoEN (U1~ R)
NH—HC U ZWE L TR ICE>. 2 hRICEST
S DO IR TRPVLELRFETH S, LUT,
MEICRITED 7 70— F % L7258 OB 5T 5.

e

(a) BEDOHE : CoOREEERIMLzb0L LTe
S aHET 5 L, BIOWR TE 2 10 BELHED - T
RS2 FTORIRHERT, ERmOKIE 1!-101-31-10% T
V100 |E LR WERETH L. TIUEMRTE OHER
XL, HAICMESINARTE 20T, TorIcBEN
BREFRTH D, CORETHES 2 FTHONMLE, £
CHEL72BICHFO U LB SN TR LHESHZD L0
T, AOITEID T E S,
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B 5 FETENZ A ST LT 2 RE OB, FRiE U & B8
SEGVWEBMD T ZBEETEY, WEFIEE-oTLED
Fig. 5 A position where a movement action is needed to win

for red player. Red player must move his U at first.

(b) BFORYNAH ERVER I WEHEL L bz
TEIOFAIY &, [TEEFOEEICE Y, HEREMFOTF
FEOITEIR (RS 2) FTRIT DL, LD F ~OWELT
BRI Z FALICEBETE 2. 20k & OB E I,
JRH RO EFTCTHREED 3 ) OWBITEREI % #:52
Bz 46 DFiELCwab Edh L, 36.36 T 100 X 0w
BETHL. 272208 EMOITHIHTHAAEE OEZEL
Iy dnE&, 60-30.60-30 ¢ 10" FEICH BN
EAoTLES. $7229 L2BEANE, B 5 DX 12
TEDSIEMRE 2 AR CHY AT REL T A7 b
D, ZORETRFEFEORIZU Z2BE L TEGICEZFHD
e\ R EATEI S E L,

(c) BWIRR EBEDOR VEHERIE - HHEHMEE S IC SR
LT, e zIE, ZHELOTEE T LB HTFD
AR L 728020 5 RFH|/IZT 9 B 5 X — T % iFHi B H~
DV REGADNAT AL LTCHEHETLE, FRITFES1
DERTH->ThH, TFTEDF LVEDF ~NOREYL
R,

vz, FHEEBOAF 7T 1 ORI 6 EIZHNRD
BHIVEELL, A4 0T 70 —FI2L D86 b 2
AN, EL. 7ol 2RI ED AL 7B 52l
) BYA—T| OFHEIZIE, B & T OB % i SRR O
AL, WEOBEIT 2 NUHNTHEBTE S 00D 50
NRRTFIUT R B v,

(d) UCT #% : UCT #%E, ZORMETHD F 12L&
5/ —NEEOFICHEST L /- FEFMT 4. 2L T
BEBED /) — N2 SHIEMAT S LT/ — FIZIZFRO REH
O UICHBEBINANEIZEAITS ) — FPBENL, Z020
S 2 OEBHEREAT) ICEA TS RETHEER L2
&, YRR B R AT UCT #EZITE T &2 [
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BLIDBEERD.

AL, UCTIERDZ ) L3 &R OHIBRT T b iR
MICIEREZEE BT L E2RTODOFEREITo72. X 4
DJF T %k A2.1 1R T UCT #% AL ICfEAE 5.

M 4 OJETH % Min-Max #£% & HP #IEM O FMiE T
R D h, FORERMIE, BS1%51.0 3B
T, ®E 245503 3B THL. FEHVOYI 2
L—3 a3 y¥% 100, 1,000, 2,000 & L7-& &, HEHER
134 20.0, 226, 388 I U AY, FNFN 100 [ORIT
W13, 69, 100 AIEMEEWZ, 2F Y, ZOFIETUCT
BRITES 2 O2MFHER L 0 13D % WEHE G THESRMIC
EREEIHT I EIIRENT.

6. ZEEINZER 2 RADOHEZHEICKD
5h 5 RIE4E

RCTHIT 2 D1E, ¥y TBS O 1 OIS 2
4 B O VT TH D, Z DX — LD DILEH
Wik, FRTOHMIL 2o TT) ZEDHLLS, 20
BT L OFACERICKRE RIS EEL LR D, IR
=20V —LDHh, GHIREOLES, <20,
BIOMMED 3 DICRE LMETH 5.

6.1 HE

WA TBS TIXMEZER T LAY T A » L2wilE
WA LA IEE D, EEIEIHA IR L 505
FeLriES. MMOROREFEESCRE, BO~ A0
EORLE, O A XFTHF—2TEIZL LT, M
B b D% 5 4~ A HREORIZEARDE, KB LY,
ATIED 1O~ Al Lo I HIc ks
ZERHLH, LDV ENLIEM T LA VIZE > TIEFFRE
ThrHELE . 29 LzmRmEoZHMIE, 72
RN E I TH 5.
EHFHOEE | 7 = ACFHO R — Fr— 4 TiEohl
FURED?S 7 — 2 006F 5720, HBEEOEVFEED
FBEHICHEIEEEINL. OLOLARFIR ) 25H R FiE
7T LAVICHITONE L) IChsTVE, WhY LT
EHRTT — LR S LT (L — 5 TR TBS 1342
&S 72 RE S 7 — AW E 5720 %9 LR ieEiiid
TEILL, WERTHEORICH L EZL2LELND 5.
HAT Y TBS 12 — I E e B3 2 178 8HE b
LrEZoNbL., 728 21 TIATI OGN EZE 5 OBy ¢
FIATHEBBINLIEEZHS T Lo 4T8hiRE 2 h
WZHT25D, TNHIEEKENT, LB TH
5. T AR X9 2 BAENREHANOIFEOER T
%, FHEEEIRE & OB WEFEIZEE LI v,
SR IBREOFA : /- LOME~Y ADkA %
WRE S 7L A Y OITEPHIR, FHIZBORIZIZE LT,
BN 2 BE 2% {9 a5y, Wil TBS oz, %
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DEFIZWBEIOHP 20 1L TAHZEDH B, ZDi
DT VA XIIER L~ A E X 255 b B O
ERERE R LA ZDDIZ LW, Z LT EOMIE
T ADEEIIFRDO EBY = AT BT EDT, @
MZ9) LINT v ARHFLLEZAZEPEEIL 5.
MEMEIC & ) EHICESH T ZRMEOR - & 5 ITHATY
TBS OEOFMMED NV — L iE, BEOEOMEICE L T #
DY TOREZLMT DD D, F o AR E 51T
EyOffifE L IR LTV h, 74—y RuEFED L %
s 7 BE, e ) LOMERRICK o T—REMIZ) <
W Eidd->Th, FRMERBRIEDLEE W
WRTNZHCAM S 2 232 e iffsns. Lol
AR TBS TIIMEMBRICE SR TYH, HHEOW
B 2WEHLELNAZ LD A.

72% 21X TBSTAP TP I3 A IZHEATEFIT—HMIC
BBEZT 5720, AZTOREEZHTFICTARETP IE
FIEORICEMETH 5. S 51229 LBIOFFIARF O
BRI, =3 AR K ADOTERMEEICZ > TWA S
LGz, PAEWIIMEE O —FT AR % K
WIE L 2722 WRTE S, VW ORE OBfFRIC £ > T
$HNDL., ZO00TVAYIIHTFOT LA YOFOED
MRIEE L 2055 BE OB OMifE~DH 2 2 D> &5
F bt T nEIZEL NS,

6.2 Al FEANDFE

INST— 2O Al OF G (F 72137 EEHm)
ICEBRE2 L. REEHECELT, FICFH 94057
TUO—FOERMET ERAIZEZ TS, FTUHE
HTDOLEEDS, EH - T ORI O 2 1% R 12
b, MAT, REFHE L 75 A > b8 F5: 12
HLZELARTREEVZLZVWETHD R VL b &%
A, €%, B 5EMHEOEY TXIZIZFE CERERO
REMTLARETER VO THS. L TRHDLH
P LY T3 PULERE R O E I 7 — & OFHEH L
b,

EHIZR = Fr— LAORFHFHIIIEELA IS L THRE) L
DOALE BARAIERICH VSN DAY, WAlTH TBS To &k
JE 7 JRRFG O 7290121, BT B I~ 2 Odf 08 b 15
ELTIROLENRH L EEZ D, Z L THIEY ADRE I
F—NTEIRR D10, AN -V 2D DTE
NENOMPIBE G- 2 5N 57212 ZFDHIE~ A DRE
IS L TV LED D 5.

Mz T, BT 2BOMfE D R — K7 — 20 [ 2
AW HNE, F o AR Al O RHEHEEEICS,
BoMMifE % Kk S 2 G TN 5. ZN O EE 2 5l
ThY), BOMBEROEE ZHTTHEZ D%V, L
2 LEGAT Y TBS ClaBuo, AR & 3z L-2nE
ROMEARBHRETRKELED L. £oT, BHELR
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6 MIF & ALNEI) ZLTHATE Z)HME
Fig. 6 A position where assigning larger value to F than A

results in win.

vl vl vl el e

D_';I;__I:.._.. Fr'-l;.;__.:*' |'-r'-l;.;_',:"7'° |'-r'-l;.;_',:'7'°
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7 ORI, 6 L, AR F LDEND L THAT S NHE
Fig. 7 A position where assigning larger value to A than F

results in win.
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6.3 FLEOFI
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=5 7 5EMIEEY TIZX A% UCT AT 100 ¥ 54T
Table 5 Win rate againt UCT AI over 100 matches with dif-

ferent ways of unit evaluation.

AT 6 WIfEE (%) 7 R
A fRE 0 100
F W& 100 0
UcCT 97 28

FIZHb ACDWEDSTER ., ZOLOMHTOF &2 H
DRI ES OIS D BESI N 2D, FEFEICHR
5.
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T x, BufiifiE o7 2 JRHII 3§ 2 Ja Al O R 5
WE T 57280, EY 2% 5B £ Min-Max AEER 7
LAY ey Ialb—3a k) FH%ZT % UCT 7
LAY i &8z, ROTLAYELTUTO3MEH
W ERFEER A AT o 72,

(1) ARER Min-Max . (4.1 HDETIT) A OEfllifit
% 100, F OFfiifiz 1 & L7z FHEEEGEEE v 5,
1 FHESOEES D Min-Max KIERT LA ¥

(2) FRER Min-Max . F OEffifti Z 100, A OAfifti =
132 REFMERERA VS, 1 FHESORSO
Min-Max REER T L A ¥

(3) UCT %R . UCT HRICL WV ETZRDLTL A Y.
FHH7) 1,000 ¥ 32— a3 Y79, 5k A2.1
DALERD S D

FOTLAXIEORICUCTHZRE AL ZH L5, Ih
LAFEIIFEE A21 LWy I 2 b—3 3 YMEKIETE
ZX126,000 A& L7z, FNENDFEIL 16 FFHORE
&, MEORO HP BEAKE VT LA YHHEkH
Eh b,

2T, TNTNORA 100 ROKREER 5 1IRT. F &
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AT EBL, ALY FE2ERITRERETIEZOHMT
»5. UCT HEZEIIBMAFEENTH 5.

Z O X9 ITHEAME TBS TORHERHMEE, EHRTHE
B O SAHE OB ORNICE W ED S, UCTHEZRED Y
2L =3 ryRX—ZAORFEFHMETD 2 DO FHEH THEFRMY
WIELLREZFMITE DY, Y32 —2 3 VI3 HP &
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BIEAE &
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TWZETRTAS, 720721 FHETHUIZ XL Y T_CTHLY &
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7272 %) L7z 1 FHROWBTEH OB & +5rI251 &
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By &L oY) 2 WA G OBPULL L L LT, iz
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LHENH L. FoHBONEEICE L T, FICH@oE
BB E L REICHE N TV ALSE, 250D
WRNEFRE CTZEORELRFOBREDORE N 50 s L
WEL DD, BELZBEV) DI, 728 ZITWEHPEL
LBV THTEDPS OWBIZIZFTVEOZ LT, 29 L
7B BRA T IS S A 2 L 3ERICE R 5%
BORKE W,

EBICZ) LARBITEHMATOEEN O+ 550 &l
LiE, HED [ 12 2% 05 N TEETHL. L)
Db, MFOFFITHICHOE ) ZHNT 21T UL, kKD
MHFEOFIZZE LD O—FREIZSHL SINDE, F4
2L CBCE AN 72 7 L A Y OB N T 8T 1AL
NSET, HFICE o Td b AR 2 WEATEH AL
BHIHEATELREEZEYVHELTLE).

ZLCED L) BREATENCE O A MHEE, Tk
MG DO BBV D% dT> TL A, FINEH\E %1
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HEOEZRET L2 OITHRT, HTORLESIZH S
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b ENDLEEPTRINS., 20X BHEEDOO, #
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Fig. 8 A position where search that focuses on attack actions
works effectively. Red player must decide carefully the
order in which his units make actions and the target

units of attack actions.
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R 6 BUEATEIMLGEUERDAR Z R T C O 5 R
100
Table 6 The success ratio of finding the best move over 100
times in a position where the combination of attack

actions have large effect.

7k Al B (%) | FHEERER (ms)
UCT 17 1,720
PW f§& UCT 89 1,500
AAS 100 176
DLMC 0 1,779
Min-Max 100 4,895
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BT EADE L\ HP HIEAITH 5. Min-Max #5283 [7]
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DEEOIEER LY EERFMIIFT 6 OLHITho7.

T AAS IPEM R B 7 720, WEETOMEEES
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9 PR OMETER S D MR A
Fig. 9 A position A where defensive formations have large ef-

fect.

10 PO B S N5 iR B
Fig. 10 A position B where defensive formations have large
effect.

BEHERRATEY, HTFORBIZLI->-TATPHLE I
o7z bNA. 20X 2NN TBS TIXHED
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BIORE) 2 oM S T2 B EoHEDALND.
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PERNC % 5 RIETH 5.

KA ZoFE ey, FRICEN B2 T %
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11 P OMESEM S A FiRE C
Fig. 11 A position C where defensive formations have large
effect.
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COLEBRIEIRTOLIINIChE o7 1 FHFH YRR
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R T OSFIN R EIEEEORE S E T 2 KO E] [ PW
D& UCT #4: ALK 1,000 8=, 71 v INIE 95% S HEIX 1
Table 7 Win rate values on positions in which forming defen-
sive formation is important, against UCT with PW

over 1,000 matches. The values between blankets

show the 95% confidence intervals.

BEA | B \ C
DLMC JeFHE
DLMC | 48.6%(£6.2%) | 55.5(16.2) | 73.7(£5.5)
DLMC T
DLMC | 51.4(£6.2) | 60.0(x6.1) | 62.4(=6.1)
B
DLMC | 50.0(£4.4) [ 57.8(4.3) | 68.1(x4.1)
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W) 720D REE L LT, Al TBS &\ ) M7 J
ARED, TNPECHED ) LEELR D% 3 D7,
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