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A Machine Learning Method Combined with a Feature Generation

YosHIKUNI SATO2 and DAISUKE TAKAHASHIT!

Recently, machine learning has progressed rapidly in the field of game programming. It has
been shown to be effective against a wide range of issues, for example, determining the weights
of the evaluation function, adjustment of search depth and a move selection in Monte-Carlo
simulation. Current machine learning methods in game programming use pre-assessment fea-
tures and learn its weight based on the training set such as records of professional players.
Such methods have the significant advantage to be able to calculate appropriate weight for a
large number of features that human cannot adjust. On the other hand, it is necessary for
human to design the feature manually, and it becomes the major factor determines the per-
formance of programs. Currently, features are manually adjusted by trial-and-error, however,
it is very difficult to generate the effective features for machine learning. In this paper, we
propose a method of generating the effective features by combining automatic feature genera-
tion and machine learning to solve this problem. In our method, we improve performance by
including feature generation in the process of the repeated calculation of machine learning.
The experimental results show the effectiveness of our approach for each learning method that
recently used in game programming.
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VT HIVARBERTOFHEBRE D &/ NS otz fED
JEC T DREENE, 5.2 BiDFER & Lhig U CRIgIic
HLIZoTWVWAT EMbhb. ThUE, logistic [l
OFEEET, L1 ERLZHIHL TV 2729 TH%.

Rt w b 2BRE LIcSHc BT 5, 2Rz v
27 d o L OXRFEBOMERER 6 1IRT.

&6 RMERVETTTT LT B8R RBIERRZD

Fik e (%) R oOES
B S 2 —> | 176 B 200 L 24 43 (0.468) 0.676
REFI 178 % 180 i 42 43 (0.497) 0.783

Fik I (B5%) R oOES
BEHSZ—> | 162 B 191 47 53 (0.458) 0.630
RETF 175 % 166 i 59 57 (0.513) 0.688

FEROFER, 5.2 1, 5.3 MR & [FEREOMEmIOH
ROME5NTz. TNHORREN S, BEFEIPERL
& B LI NS R Y S OISV T, R
BaERMA DD BN LIS L IZIFEFOMEE
ERBTENTERHLEEZIDNS.

5.5 BEOETEIS CTi—BEDEL

Wi E TORBOFEE, FHCTy TV aABERIC
BlF % Elo rating Z HWizfg LFO TN BV T
RFHEOHBEIKREN T, AHITE, FENA %
179 72, Elo rating ZHWzfs LTFOFHIICHIF S
—BERIETIERIC RS T2, #ERER 2 1ITRT

T TOMITELIX, HERLOTED, ZOHE
DOTFE 10 pE| LIz &, EOHIFHICEST 507
BERLTWA. X2 Tid, sHMTHHEEEToO—8ITh
Z, FEAMRETO—HRERL TS, FEREER,
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BEFE (FBAMGE) o BEFE GUEMAME) -
05 - SR =Y (FRBHEGE) - SBH/Z—Y GHERHE) ——

0

0 0‘.1 0‘2 (; 3 (;.4 0‘ 5 (;.6 0‘7 (;.8 (;.9 1‘0
ETE
2 = LOETEICIE e —8EEOE (Elo rating IC X515
LFOTHD

5, FRTRICETE EH A=) ZRVEEES
EHRTHRIZEAEEDN TN DD S, — T
ARSI D US> T, RETFEMERTE%Z Ell-
TN T Ehbhb.

T OREEMN S, RO K S AR, Bk
B SZ— T X B CEBT 3L, Z
DX EF[ENITIHENT, BETFENEINMEHNTNS
HHDM D, FHCE VT IV ABERIC K B DL
BlE, BREME Gk HkEsizsd, EROFHOM
FRERNRENEEZ BN, BETFENRHC R
HELE—DDOMbEEZSNS.

5.6 REFELMRFEDEAFICK B

AHiTIX, Elo rating Ic X35 LFOFHNICINT,
REFEC X D ERI NIR Mz HVizhe &, ek
Fik U SR =) 2 W85G O i 2R d .
RI0BLUR1LEZ, B3D AKX, BRIZENT
Elo rating IZ K26 LFO T HIZIT > 7 BED 14 5 F
ZRLIEEDTH 5.

[AKIZ76 FHA 6 AEET]

[BIXIE 56 FHA 4Rk ET)
9 8 7 6 5 4 3 2 1 9

8 7 6 5 4 3 2 1

H & -4 [BE T HE] 4
ST [BlEE T EEs =F

T[] & 7 o S T e T e B
B H EALE 5 m g
ul 7 e - 7 w®
k! 5 s al | PEL | EEE |~
MEAER Fle o VSIEEEEE |
:57,5 N N 5 EXESIE IN
O EER I |
B3 REFUERMAOE LFOTH LRI 2— 2 RS L

FOTRHOLE (A K, B XD

£ 10 ERTFUEEHOIEL O T B 2 —2Z i L
FOTROLE 1 (A K)

RRT

1 A 7% (0.227)

2 A7 LA (0.183)

3 A3 /\f4 (0.155)

4

5

B 2 —
A3/l (0.258)
A3\ (0.221)
A7 % (0139
A7t (0.127)
A7t% (0.108)

A8 /\$H (0.146)
A7L% (0.122)

X 11 BEFEEMVIELTFO T EHH S 2 —2Z V5L
TFoTFlotk2 (B K)
F—H— REFE B S —>

1 A5 /\JHT (0.247) A5/ \l51 (0.256)
2 A5\ (0.135) A7THE  (0.199)
3 A5 /\RG|(0.154) A 5/\RFT (0.176)
4 A7E  (0.140) A5/\F  (0.168)
5 A5/ (0.130) A5/UR (0.132)

AKTIE, BHSZ—IC X B THITIE, AS/UE
Mg B ER> T3, BRI T O ERET
EWVZ B, HHSZ =R TN ERET 5720
DRHAMFAE LTINS, BVl > Tna. —
U7, ETFECEZTHTIRE DR AT LR
iz >T0a. BEFHRICK D AR U TR E M
HISZ— N KO B U TRz L9 % &, 18R T
FEOBEITIIHH S 2 — 2 ORI IZFEE LY (A
9/LE, AS/\ER, A6/, (A9SLE, A6\,
A SR, ASJUEE, A6/NE) LWVo RN ERR
INTED, KEHEITZ2A/ENAGARETE T
N3 & DOEBMEZFHIAEEL 7> T 5.

BHODBZAEICE AK & [ARE, SN 2=k 5T
HTlE, AS/ERGIRAT HEE VS ERAfR LT
M ERICHN>TWVS. L L, HEFHEOHAIIZ
B SZ =B FEELRY (A6 \E, A5 /R,
A6t ASES A4\ R, (AT NE, A7
A&, N4 LW\ oTe & S a2 sk feis
KD ERENTED, Ko#EyETilnnaesz->
T,

AKX, BRDOKXIIIRETETIE, FRTHRICBY
%, KOBRIENEV X S BB B THIM N
TW5. TOXIEFED, BT HIVOAHER Chy
EEWVERZE—DDOHERKEEZ 5N 5.

6. SERDFE

AT B FERTIE, RO 7% 8 o
FHRHTF DONEBICAHARAL TFEEIRE L, FBRICB»
TZDEMMZRUTE.

SHOFEE LT, MEo7 T L— M 2EEL
ORI E IR TR L OfA S DRI BT END. Sl
WBAERT BHME LT, 3x3 DEID/SZ—, FIED
B BB/ 2 — > LWV TR T 7 L— k&
ELRETCHEBRZIT> T2, TN D ORI 3 THH
MEEDTH 2N, RENTIRAND 5.

REFLETIERT 2RO T T L— MIEEE
NTVBEER L, FIZIEH 6) FOTER M
TickD, XOBEMIRRMZEID IS T L& ATEE
Th%. FERETELVIHMEZSESNTOERNT Y
TIVEEMARINTH D EEZDTEEAEETHD,
DERIER I NIz @ RN E R FE R A B e 2 T
CIMREE K E L WET B AREMEN D .
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ZOMOBE L LTI, PiEZ MO —LickT
BIEFEOAINEORGEENH T 5N, RIBRTE,
TG LT PETEIC K > TIRETEOMROKRE E
IKIEREZENDD ST, BEDT—LTnr I3y
JOSETIE, FHICEST, 2D —LTHAKE
BRI OFEDID ANSNTED, REFENE
DX BT —LDEDE S TP ETFEZAVISEE
ICHEDZMRES % C LIEKELER/NHEHLEZD
ns.

7. EbYIC

AFLTUE, FEEOARR & BB K % HAT
RGO TEERRE L. BRI, B
BONEEDGPT, 1IELWVIHEZS SN TWiEW
YT BT IR R L, BER O LR
DEREFRICITS T 8T, ARy b EER
L7z

BRFEEBES—L 705V T THOLNT
W2 SRS THISET LIRER, 5L T0—8RE
KO RIEBRIC BTk T2 LA D, EEFEO
BIMEzR Uz, SREIOFEBTIE, FcE>7H)bAa
ARERPOIE L FOTRTIRETIES SO AR
L7z, TNEEVYTHIVERBERTRERETFHOY I 2
L—a 115728, —BeR - FHFEROEI/NE W
A BRI ERE MEF LTV i ENEH &
LT#x2bN5.

FT, RBERBERICET % logistic [ K 55
LFEDOTFH, KU Boannza OF{EIC K 2 FHMiRHED
HRCBZEHRTIE, REFEZ LLEARKIC K S
U OFEIR A GDE S T LIic kD, FEBuema
DDEEHN AR LR TES T ERMEFR LTz,

BifE, 7F—=L7mar5 3070, A OMER
PREIRE DFREE IR &, TR AN — L O PR
FIH U247 > T 1% < OFRS) THMEE DYl
HELZ->TED, Rty —Loar7s3v5
ICBWN T AR OHERD B — DR L 7 D DDdH
5. T BEFREATREIC T 2 C LIRS aiE
TH? LT —L7a 7T I 7B TEbiE
BT BRMOKREVETE B VA, SHEROMEIC BT
XD BEEEAT B ICKY, Y=L T3
VHDE SR BMEREN FICEBA LW EEZ TV A,
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