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Searching Optimal Movements in Mahjong Using Tabu Search

KENSHI YOSHIMURAY®  TERUHISA HOoCHINZ'®)  HIROKI NoMrya?2:©)

Abstract:

This paper proposes a search method of optimal movements in multi-player games with imperfect informa-
tion in order to implement a Mahjong player exceeding human top players. The proposed method uses tabu
search. It does not use the record of a game. Tabu search is applied to the states of discarding tiles and using
the tile that other players discarded. The experiments were carried out in order to evaluate the proposed
method. In the experiment of evaluating the rate of concordance of the usage of tiles, the maximum rate of
concordance reached to 85%. This means effective winning hands could be found in the initial states. In the
experiment of playing a game with benchmark players, it is shown that the proposed method is better than
benchmark players. From these results, the possibility of the effective search of optimal solution by using

tabu search was indicated.
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SR IGIE S ¢ EGvA 1 2 3 4 5 6
4 41.7 | 65.0 | 76.7 | 76.7 - -
6 43.3 | 60.0 | 73.3 | 76.7 | 81.7 | 83.3
8 45.0 | 65.0 | 76.7 | 80.0 | 83.3 | 85.0

xR 2 ERPELEEIVLHBEO-EE (%)

A B/ g 1 2 3 4 5 6
5 41.7 | 63.3 | 76.7 | 83.3 | 85.0 | 85.0
10 43.3 | 60.0 | 73.3 | 76.7 | 81.7 | 83.3
15 40.0 | 65.0 | 78.3 | 78.3 | 81.7 | 85.0
80 A
A
//+_77
Figo —
B 40 -
|
20
05 1 p) 3 ] 5 6
EROITEERA RS

1 e o—H®R

5ZrEFRL, ERBIT I MNRORD AN 10 ZEAL
720, RIEBEIIZTE LTINS VETH 5 6 20 HER
THHATEZ L. KEREE 4 & Ukdr>7-0DlF,
5% 6 1 F CREMAENTE D, BWERIZZOEEREN
HHTE2HEMEEZEZERBLZ72OTHS.

RERIEE 6, LlEE 10 & U-GBE0EBREREEZM 1
RS, 155, 1ATO—BRIT43% 7220, 6fiFE
TO—HERIT 3% Lo 7-.
5.2.1.2 =52

EER 1 ORERD S, KEREE 6, EE#E 10 & LTHE
ﬁ%ﬁot.#%%ﬁ3_rﬁ i DB AR VT B 7R FT RS

FIFEN>TVEY, FROBETIX, 1 AICEE R
é@«fv@m EWMED o, LhL, BEORETIX

BT 1 AGERBEAICH o 72 2720, BdF
DESRFFEDZRE TV YHRHELTWAEHEDH D
RT =Y —F2HWEERTIIZDOENEETE T, ER

WZRIRLTWA. 2078, 10 KE»S 12 KHIZ 1 7R
MELRoTWB., F/z, T—REBDRNWD, T—X
BEHEPUTCEREZITI ZLANETHS.

5.2.2 RXVFI—9TLA¥EDTHEER
5.2.2.1 M_I & B_I ODXE

O, MI& BITI1164, RE%Efio7-. #HE%
FAITRT. FHIERIZIE, Y LVFOLREICEY, B
KU 5% THBERERD -1, £4hS, MIIXZBII
WART, SELEMB TRS EED, ARICBENWT LY
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® 3 O —HR

WH | L (%] | 7= 28 | BmA~OHE®E (%]

1 30 10 90

2 30 10 90

3 40 10 80

4 20 10 80

5 40 10 80

6 50 10 70

7 70 10 90

8 80 10 80

9 90 10 90
10 50 8 50
11 50 6 50
12 50 6 100
13 75 4 75
14 100 3 100
15 66.67 3 66.67
16 100 3 100
17 100 2 100

£4 M_IX BIoOxHER (%)

TUAY | FHENEM | FIT R
M_I 2.16 52.80
B.I 2.81 31.47

x5 M ¥ M_II DOXEHER (%)
TUvAY | EHEAL | TR
M_I 2.66 33.09
M_IT 2.28 61.03

K6 M_II ¥ B_II OXRFER (%)

TrAY | FHRER | AT R
M_II 2.34 50.00
B_II 2.63 42.39

THEIWbhorz.
5.2.2.2 M_I& M_II OB

WIZ, M I & M II T34, REETo7. #HEE2R
50RT. SEHEIEAICIE, Tz VTt REICLD, AE
KHE 5% CHRREND o7z, K506, MITIE M IIZ
AT, PHIEMEM TS EED, ARIZEBNT LAY
THBIENbh o,
5.2.2.3 M_II & B_II DRF

%Iz, M_IT ¥ BII T46%, @z iTo7-. %
£ 61ZRT. FHIEMIZIE, Tz VFDtREICED, A
HIKME 5% CTHEREDRD -7, X6no, M_ITXB.II
IZHART, SEEEM SR TS EFD, AREIZEWT LA
YTHEIeWbhot.

6. EXE

6.1 HEEE DITRO—BEICDOWT
F1eR2hH, NITA—REEIETE-HEDK
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ERBERSNED 7. ZhiE, SEDOTFANTF—2X
BEBOBEIZE>7ZHDTHY, L-BHEHFEMELZT
brEZOND. T, FREMP AR -TED, Z
DR TR IZELRESNTH Y, FHUL Bl &
FENZIFFEL TWA RS EZEZ 5N 5.

K155, ke OO —HRIIHEKNTI3% £72->T
W7z, LD - T, BRIZE-> TR -/ TEICIE,
EOHBIZE > TR TONZEMBEEThTHRNWI &)
%<, BBROREIZNLT, B8BATETH S Z 1%
Mofz. UL, 1 TO—HRIL43% L -TED, #
FIZZIT B Z e NTETWTH, EMROITMZERNTET
WRWZ Lotz ZOMHIZDWT, ERETD.

9, MUOEREMBENZ IO NG, EIRL
7 REHEOHIZIE, HFEHOEIE N AN 2R L,
HTEMZ2 B IBELARSNEZ. L, BETILIYX
LIFHEOFENS 1 MO E F Y X LATEAIE, kX
NEFEORPSHBEEO/NS WFRICER 2175, Lk
Mo T, EFE»SMAE 1 MELXE, HOE T2
ARLTH, AITIZIREDVTWRWE, EBT 5T
PR, —F, N EE TS, @z EsL 7
BE, HFLEFEMOSEHS 4 BT ThIE, MK
BINESLKTBZEDTEE20, BT HAHEMHIEE V.
U EOHBD? S, HFEMZ R T ARESMED S, Z0
ORI S T-HMBD—DTHBEEEZOND.

WIZ, LD EBAAIET 2REOFEENET SN,
BE7 LT XL TIE, M2 B OB T RoEM I 742
DXV, EEFET 2EEILHEREEXN ML TLE
W, IETEEBUCEBEL 2 WZ 2 DB o7z, FORE, 1
MTO—HEEZHEDEL WD, 247, 3AMIZHRBICD
NnNT, —HEPKELHWEL.

BB, BREO TV A Y ORDITE DFENE TSNS,
FMWEZ 5Nz, LA VYRERBIZEENEEE
MEL, MITHSERI Do LTHBED R WA T
LTWBREEMNFE L. HlziE, foF2HE554,
% 1 o R BOBEIZ, M TRICIZBER N0
BRI N TUESEREH 5. BETILVIY XA
Tk, BREDBEHEMUEZELLTVEZD, ZDLIR
LA, TV YPEELTWAN TRZ2HERETIIED
o, HEPA—-HULahr-7z2EZ 505,

WERE LT, HFEmCMIIBIC, EEEICLC CE
AEEZDEVWSFENPETONS. fIZIE, ETHN
WX, 1DOBE 0% 5 DO ADIET- %2R TE 5 iReEMED
B\, TD, EEHEEERT AR, 1 DMEELL
RPILTBIETEIEDRY 2T 22N TELH L
EF Y (R
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6.2 WRERICDOWVWT
6.2.1 M_I & B_IDXRB

FAhro, MIWXBILXYDEERTENT LAY Lo
7-. BI%, MK ENSSTHARMNDOH B IOEE M
55 VALTHMZIFS> 7LAYTHSE. ZOT 1Y &
DEBNT LAY oA E UT, M_TIZATESE /N
XL THAEMEDD BEDOHFT, EHIIZZ T ANBED
LB ET>TWVWBHEEZ LN, TOME, MTXR
PBIXVbEozEZIONG. HEIX MTT5
ZEHBD LRIV IZE R o T WA 2D, I TERIE
{72722 8T, FHEMNERKEL EH-7-E X650 5.
6.2.2 M_I& M_ITO%E

505, MITWEIMIXOEAEIENT LY E
ol M_ITX, M ITIZIREEEBMULEZTLLIYTHS.
BEE, 75 28I12&oT, V=D WLV &2
HY, MEBIANSKRBGHETH->TH, WIS
RERWZEEZ W, LAL, MITREEEEMULEZZE
T, MITERHRESMEL, ARICELS o722 05,
REFHEIZB I 2EEOTHREITIAENTH S Z & hbn
5. £, ZOMEPS, BEEEMNTHZ LI, LA
YOEHDE EIZDRNREZ L E o7z,

6.2.3 M_II & B_II OXRH

6o, MIIIXBII IhEAFEITERNT LY E
77z, BT ERNTH S, M E /NS T2
BIBEERTOTLAVYTHE., ZOEBKERNLS, M_IT
BERDOHELRZWEEET-oTED, MTRICEEL T
rrEZOENG, BETILITYALTE, BRIZE-TR
Do B MU 2Bl o S E R o b4 61F,
BE24T5. LA -oT, BROMELRWIEE 2175725
4TH, BHLMTHBIZBEETETWEEEZI LN,
F 7, BN BOFTHORIRE E@H & ik, 5L B
PEOEREZBEL LTWEY, MITTEIeRTETY
728, IBEDORERIT > L EMOM T2 HERIZ
LOoTRDIFBILNRTETWELEZONS.

7. FED

PP AT 2 Wo iz 2 AFHECTER2ERT —LI128
WTC, by TREOANMERFEDOELZRED T LA VITFER
INTVBED, K= —PRE L\ > = AHEEARTRER
TF—LTEETEHZEIZHL .

2T, KixXTiE, by TEOAMCESHE T LA
YEEHT 572012, 2ABAZE2ERT — LB 5K
EITHOBRIZOWTHRE Uz, 22T, MEkzHng
EOEBTE2RETE I 2HMELT, YIalb—
Vavilk o TRBMOBREZTHI X TV —F2HV5
FIEERELZ. AETE, HHSEROBELBEORF
HTXRT—Y—F %ML

BETEZEHL, ML OHMO—BRERE RV F
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R=T TV AV DN RFEREIT o7, —EERERIZE -
T, FROBHIZNLT, A2 TEEZHEK 8% TR
DIFENTVBE L VWSHERMPFEONZ, £72, WNEERIC
FoT, BEFUROHMEIGERRYFI -7 TV A Y &
DHENTVEEWIRPE LN, Zh o OfERN
5, BT =Y —FIZ X DEHEMDOERPIREIZENTHR
THHWEENEZR U, Lo T, BETFED, flxid
R=N=—DE5ZTVAY—NFILDOI—FE2ANEX
5, MELITHPELULULTWE TS —LIZBWTERTH S
AL EZ SN 5.

AWFFED—BERERTIE, HA 8% D—HENFLNT
W7zh, 1A TO—ERITHRKTA% Liwo7-. Lizh-
T, BRTHRARZE ST, MBI EAZ T 2EDF
EEMEDBIMZ L > T, 1 TO—FHR2H EEIEEZ L
REBOBETH 5.

7, SEMER LT LAY, BY Z21TFbRV. FE
Tk, EOESLFIETHEZIT>TH, MTICEFETE
BWEELRHD. ULIzAoT, M7 TERWEHZHE L
MFLo 2 IhR 0wk BT EIT> &5, Boa T
LA VBT 3 k2 RET I LE5BOPETH S.

X oz, AREREOMOEHEIFIEL KT ZEH
BETH 5.

Bz, FEHMEEZRRLEZTLLYVICRLT, ARBO
TUA Y ENEERET, EEEIEMMTEZ 2 5%D
HETH 5.
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