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Abstract: Frank Harary introduced achievement games for polyominoes as generalized Tic-Tac-Toe. Two
players alternately mark cells on a board, and the player who first achieves a given polyomino wins. In this
paper, we propose a new game: GTTT(p, q), that is expanded on the number of the stone that each player
puts on the board for one move. Black player first puts ¢ stones and after that both players put p stones on
the board. GTTT(p, q) is different from the original generalized Tic-Tac-Toe in that the white player can be
a winner although he/she can never win on the original generalized Tic-Tac-Toe. We analyze the property of
the game and decide whether animals are winner, loser or draw for each game. Moreover, we propose new
methods to prove that an animal is draw for GTTT(2,1) and GTTT(2, 2).

Keywords: polyomino, achievement game, generalized Tic-Tac-Toe, pairing strategy, winning strategy, win-
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Fig. 1 Win-loss standings of polyominoes with 1-6 cells in generalized Tic-Tac-Toe.
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&1 GTTT(p,q) \XB 2 n MMLHYZHS T 5 BHIE O —#B
Table 1 Some properties of n cells polyominoes in GTTT(p, q).
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Fig. 3 Pairing strategy for polyomino X in GTTT(1,1).
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Fig. 5 3 cells pairing strategy for the 9 cells square polyomino.
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RATOHET S, AT A~ AEICIE, B 6 I1RT 6
BV 5.
COEIETIE, A4~ AEL, BHLIZEZS 20
IO IR CEHEFO D, AT 4~V ARIIHT HETF
DHDOEE L, 3 AELHEERIZ, MUEICAHE 2D
B, ADEICAZ 1 DT OBLIGED 28 055
5. BESFELEICAHT 2 0EIGEICE, 3 Y AEDY
ALEFEBEIC, BRELZFOBICHE 2OEITIZ L. LaL,
TFrR 42 OEICAZELLGEIE, BFEIENENOED
WOEHEYAIZAZELZITLIEWIT 2w, B 7 IZ/HE
H Tippy & (M 6 O—FLDE) 12T IH0EE TR
T. 7D (a)~(e) RIELWEEFTH LA, (f)13%T
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Fig. 8 Pairing strategy by using combined 4 cells tile Tippy
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for "1-shaped polyomino.
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&, BTHERDITABRETEDIOI, A4~ RE
AW EAFED B BOWE IO T L, ZOEYIIT &5
JHICTH B EHETE D,

HMEE4~vABEHWZEREERIEOF L LT, WO
7T HIEIY RS B, A Tippy &% H 728 & g
*X 8 IIRT. TOEBHEIEIKIIBNT, fiTIE2 VA
FTOMYEEN, MTIZATATOERYRENLDT, &
FYomE LT 8@ DEMOEE FOHEAET S, £
72, B omn X & g &0 T, 48D IFET 575,
COBEHEHIETIE LT, BLOEAHKIZZ > TW
L2OT, BiomEit b (F7213F) &4 (F7213k) 2
WY ZTEZTORW., 2070, OB &R IZE W
T, BOBESHPLI6EYFET S, $XTD16#H D
BXHICOWTHAEEWICELT EIRD 3 Y ABEZEA
TWa7:0, ZOMPIIFIE5ITHTH L.

5.2.3 4 x 4 7 AHEEE

KIZ, 3x 3V ADEMEIZX AIFHEIIEL,, 4x4~
ADBE & 72872 25| 2 ROGEH 2% T
. FF, AxATAOBIEEH VRO L) Ry — 0%
Ez25b.
FTE A4 WE4BIEN). 4 x4~ 2085w 12, BFHRF
PEHICAZEWTW L, BFE1IOESAOKE 12
FLE 2008 L0 LHHICEATHEEE, £1UC
FLUTHRTFPFE LHOAZE . ISt E 2 3MICHE 4
DUWRZZFHBHH L) X —LTH 5.
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Fig. 9 Draw strategy in extended 4 in-a-row game.
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Fig. 10 Draw strategy from Fig.9 (10) by putting 2 stones in

1 turn.
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FIEA. LR 4 HERICBIT 251250 FIEAR 9 BL O
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72, Wi 3 X0, AT EFIOANERZ LT — A DBEMIEE
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F—HEINLADE S HIFEET S, Kb mitidBass
EMREEAL RN H S Z L 2 RT.
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T. 9D (1) & (7) I ETFFAE 20, (9) 1312
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2350



BHRAIEF =G Vol.55 No.11 2344-2352 (Nov. 2014)

FIUE, ROFFEBWTETPEREELZ LN TES
72, BFE2)ITRT L) IO EICHE 1 OB E,
RO 1 OO0 EMO MM EICE . RIZ, BTl 24HE
SHIBBL1THE 24THICHEBAEL 2 LS TE LW
DT, TOTFEFILUANHEZEL EZER L. ZD2D, 5
FIE 3 2DLDWNR, 2 OOFDIEREMV 7 1 DDA,
FThEN (3), ) IWRTHEE LI EE R, I THRED
BTOEMOBEMZ WS T7201213F 2N (4), (6) DE
EHBEZLND. (A)I2BWT, BTV HEEEEL -0
WIEROFETHMLIZ3 OOREZEDIRITES L 2w
2, —HIZ200ALMPELZEFTELRVD, RIZE
FIEINZHCIEDPTESL, LoT, ZOFIHETIIFIE
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(M) IZBVT, HHOZIICAZHELZLIZE ST, $
TORFOEBROBEMEH I EHNTE, B)DLHIT%
L. (8)I2BWVT, BFFEDLIICHEBVELTD,
BFREINEH SN TED D, 5lEF TR 5.
F72, 10 BLOR 11129 @ (10) 1233 55| & 45
JFIEZ/RYT. 1 20AZE A 10 ISR 4580
EZHND. MEH (14), (16) 13X 9 @ (6) & FAIZH] &
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Fig. 11 Draw strategy from Fig.9 (10) by putting 1 stone in 1

turn.

WHIE TR A, 1 OO %ECHEIEIR 11 1I2RT 2
W) AEZ LN L, #EIH (26), (28) 13K 9 @ (4), (6) &
FRRICHI 510 7% 5. T (30) 12K 9 o (2) &L FH LIk
ETHLOFERTIIH 5.

£oT, R4 x4 BIENIZEFEHEFLOICHRETEZIT
TR &3 T E % 5. O

ZD 4 x4 TATS = LLEFICOBFICH LHBEFIEDS
HTWEWIHEEFIHE LT, Ml oERoumr &t
BB E I TH D2 & IS A, WIRKDOIETEIZ
x4~ A% IMELTHESFED L L, Mila 7 DBEMHD
B aR I LI BV T, T 4 x4 Y ADBEED
HICASADERPEINE. LoT, EH 7T LD 4x4
T ADBEICHEREIED Z N TELVWOT, ZOWIZ
FIEGUTRITH 5.

6. ENDHIERER

JEBLW4E, 5 ET/RLA, LHBFIES LUy &4
JRIOFEW 7% FHIWC GTTT(p, q) D BRI 722 77— 412
B 28I L CRFLBME L OBRTFLHBR, 51&45
RO SR EITo 72, ZOMEETR 21T LD D,

ST & G TRBEIC OV TS, FEWIRIES [14] %
W 7-EHERFEERIC L o C, LBEFIEOBGREZ 1T 72, 5]
EFTRNCOWTIE, OO 0BETETH EHE
WA ZOFFCREHTE VD, RELHMEGE 4
TABHEWIES L4 x 4 Y AEEE T, §lE5T
OB 27 L 72,

K2 ERNIDHLBL LI, FL p DMEIZBNT, ¢
EARETFNEREVITE, BTENICL L L0505
"5h.

£ 2 GTTT(p,q) \ZB 5B D55 HkE F
Table 2 Win-loss standings in GTTT(p, q).
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7. TEHESHRORE

KL T, — L= OIRE LT, BFOUFICE
DB E q, TORICELSADHE p & L2 GTTT(p,q)
RIE L. GTTT(p,q) L= LG RL Y, 14
PO LN TELEWIHFIEST L7290, £75— LBl
LE RIS, FLTp & g DMEIZIE L THETLBER,
BT, 51&508Mo 3EEICHELZz. 21T, §l
XM TH LI EEEHT L7200 LWL FEEE L
T, WEEHM AL 4 x 4 ¥ AR IRE L 7.

LSO E LTI b~ E KRB OB b % 55% -
Twh (£2). /2, KWL TlEg<pDHEIZOVTD
BEZTH, L0k GTTT(p, q) I22WT b i %
BT T RELRHL, 2 LT, BFRICHBETICOAERIC
o\, ¢ BLOEWORBRMEEZERTEILUE, 7~
LELTHE GTTT(p,q) 21EAZ EHNTEAS.
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