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AWFZEIE, Game Description Language(GDL) % %42
L7z7 — b dbAERICEBWT, KERNIEMMEZ
HEI2H LW ot X2 ERT 5. GDL IFZHk%
F— LM —HICRHETE 2 X4 VEHFFET
Y, F—u7¥A4 YOREMLIZIZS FAH AT
5. RBIFETE, KEBSEE TV (LLM) Z 5 H
L, XEREDWIES iz 2 2R IERS 27 7
n—F 2L X518, o SR
YnBEzEtT -2ty FEHEEL, LLM 2
fidh 774 v Fa—=V 7 THEIE. ZOR
R, BEFEIER NS — 250 ROSHERNCIE
X WZBVWTIERFEL LR 2 HREZ R U 72,

1 IICHIC

Game Description Language(GDL) [1, 2, 3] 1%, Z##
BT — LR RREETRETLE-DI1CH
RENTFXAL VEAESETH 3. 2t 213,
Ludii GDL [3] 1& K — K& — 2 % /02 1,000 FESE
UEDF—snzETMELTVWS. K175 —24
Tic-Tac-Toe @ Ludii GDL TEHE»N7z7 — L5 TH
%. GDL Trtb X7z — 23T et s <
HHOY -z v 2fioTr—0 7142
Tal—YarlRTVEWSIHERD S, ZDX
5 RS &, GDL &7 — 4 @ HENFEAfi 28 L C
BY, BEFX — L7 A4 VO [4,5,6] 1I2BWT
IR MHENTE . BFETIE, KEBESEET LV
(LLM) Z/EH L, BRABETIF XA M2 oEHES — L
e & RS B X A 7 (Game Description Generation;
GDG) IZHHEHMEE > T W3 [7,8]. HRSE R
DE[ELT BT, F—L20HEMUHBEE- 0
ANTHBRBIT =L TH A VIO HAD 2 X512k
e BHfFENT WS,

GDL ® k512, KhlstdEz oMz EmRT
57-9I121%, LLMIZ X A4 YA EEE 857
Ta—FBMRNTHS. ZO—D2DFFEL LT,

— 1956 —

X :

Description :

Tic-Tac-Toe is a game of alignment popular among children.
It is known from the nineteenth century in England and the
United States, but may be older.

Rules :

Play occurs on a 3x3 grid. One player places an X, the other
places an O and players take turns placing their marks in the
grid, attempting to get three in a row of their colour.

y:
(game "Tic-Tac-Toe"
(players 2)
(equipment
{
(board (square 3))
(piece "Disc" P1)
(piece "Cross" P2)

}

)

(rules
(play (move Add (to (sites Empty))))
(end (if (is Line 3) (result Mover Win)))

)
)

B1 % —2 Tic-Tac-Toe) (Z¥3° % Ludii 7' — At D
Bl. x SEARSETT —L%2HHAITEILETDHD, yid
Ludii GDL (Game Description Language) 2 & % 7 — A gtib
Th3.

LLM @ In-Context Learning(ICL) [9] Z FH\>, LLM D
Tay MR RTDNREHRE &D D FELD

5. 72z, W O»DFS (7, 8] 1%, GDL DX
FIRICET BRI & — Aﬂﬁ%ﬁ@ﬂ%?n/7
MZHAIAA, ICL B 5 724" — At b A % 3h 4
7. 50D fEE LT, F—akHHT 28R
SHBTXFAM TS -t RT TF—XEHWT
LLM Z#fifid D 7 7 4 > F 22— =2 (Supervised
Fine-Tuning; SFT) Z i3 7 70 —F HIER AT
% [8]. THH DTS 51%, LLM D@\ HEqE
BRENZEH TR, XV ERERS — L5l 2Rk
TELAREMERRBINTVWS. La2L, LLM 2
BT 27— AR KAR . U TSUEN IS IET#
RIGENRD Y (8], 5 LIEAREMLTERIZS — 24
IV I Y TIELL @ - ARAADTET, ¥3Ia
L—a Vv EFERITTERY., BiERT — A% 4R
3 5121F, 3 LLM D SUGERNCIEMER 7 — LGk
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Earley Parser
board :: = rectangle | square

v

Candidates Q*
rectangle, square

Partial Game Description 5,1,

(game "Tower of Hanoi"
(players 1)
(equipment

— (board

Selected Action w*

rectangle
Partial Game Description y%,;;

(game "Tower of Hanoi"
(players 1)
(equipment

(board rectangle

B2 SCEERERIERAERE.  FHORES (Z0HE, rectangle) 24EMT 2HFTH 5. 5{/;1}‘1 e R B RS
Q' % Early S—HTHEEL, LIM B ZOHD» SEERILE o ZEX. 1 =3-1 +0of DXIICEHFIN 5.
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I2 & 5T, GDL @ & 5 BFhl7aiid % £-0 S3E DA
A LLM IS E 83 2 e 2 HIET. BRI,
T35 — LR T — X5 GDL FSCDRAR BN &
RBES T — AR ER DL, Zh i LT
ER—T 2V ZoEMeHl T2 TT— X
o MR T . KIS, BELET—ZEy bR
FWT LLM I SFT 2 i3 . SEERTIX, EZ A
AFFTICHARSETFRA e —aidid T — 2 DR
TERHAWTHEE LALLM KL, EFEDIZ
IMEDZL DI — AT GDLITHE L X 5 HHEE
-85 BHER L=,

2 %
2.1 Ludii GDL

GDL X, ¥ — 2 %233 5720D KX 4 V[EA
SFETH 5. Ludii GDL [3] 1%, MELTWB 7 — A4
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Ludii (&7 — 2 BH#EE RO BRI 72 IS RS 5
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AT LTHY, 1,000 HEL EOEHEIR T — 4
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(Extended Backus—Naur Form, EBNF) @ it B ik
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valid = Vvalid

(Context-Free Grammar, CFG) TitiR XN TW 3. K
F TlX, LudiiGDL % GDL & L T{#H3 3.

2.2 F—LEGRER

G%GDLXZEY L, L(G) %2 GITXkoTHERX
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N— L%l T 2 AREE /Y x Z AL, MIE
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LRCANVAER PR, RO BRI, RS
F— Lty ZFEDY — AR y ITTE 37203k
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3.2 F—=42ty MEE
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b x 27— LG50 y DR BB N TS, KA
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25,
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7 ayi3l OERTat R TERIEZIRE
FIE.

4.2 R

AW T, LLM & L T Llama3-8B-Instruct [12]
Z R M L, SFT % 1T 5 P& 1T Low-Rank Adapta-
tion(LoRA) [13] = F| H L 7=. BRI 12X, &K
AN = Vv ZAE% 3072 IZ&E L, LoRA D85
X=X a rixdicle L EEIT led,
warmup rate 1% 0.03 ¥ L, TRHDHET 3 TRy
DB EEMML TS,

ARGBRRICBWTIE, HASOEMNCZ YRGS
DAHDP B %5 KD HIRIN 2 ERFEZ AV, ERD
KB ERT % 50 1ICF%E LTz, ARBFZE CTIEHERE
L3 2728, [8] 1wy, 7 — oGt y 2K
T 5 DICHERNEDOSGERAIO A% &8 Gly] &
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R1 Y AGVERONE. B HOBREATICL TS,

Method CompilabilityT Functionality] ROUGET NCD|
GDG-ICL 30.0+1.5 29.3+x1.3  63.3+0.1 0.72+0.01
GDG-SFT 36.3+1.7 36.0£1.5 62.7+0.3 0.65+0.02
IG3-SFT (ours) 47.3+2.4 38.7+2.7 59.9+04 0.64+0.02
DFl 2a7zEHL, IRXTOTRAT—X (game ‘Towet of Hanor
players
ODIFH;’;:M@%%&%?— 5 . (equipment

» Normalized Concept Distance (NCD): Ludii 1235
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b MNIXT, HERNRIEHESZED 51201, SFT Y
%8 LT GDL DH%E LLM IZ5 2 2 BN H 3 Z
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X 512, Compilability Tl IG3-SFT 2% GDG-SFT %
100 KA ¥ F EFEl>TEHED, WofEEL D KEIR
MREWV., 2, BIZTF R e F—aidiioR
7T SFT %M 3 27213 T4 <, GDL XiEDHIGK
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X 31X, IG3-SFTIC X > THEREI N TN 4D
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(board (rectangle 3 1))
(piece "Counter3" P1)
(piece "Counter3" P1)
(piece "Counter3" P1)

}
)
(rules
(start
{(place Stack items:
| {"Counter3" "Counter3" "Counter3"}| (from)
)}

)
(play
(move
(from (sites Occupied by: P1))
(to (sites Occupied by: P1)
if:(or[(is Empty (to)) (is Empty (to)))

(if (is Target {ﬂto) (to) (to)} (count Moves)) (result P1 Win))

(if (!=| (count Moves) (count Moves]) (result P1 Win))

)
)
)

B 3 IG3-SFT THERI NN/ 4 DED Y — Hidib.
TRIARERE DR L TH 5.

B O —siidE R L TWS, F72, [EREATER
DK 41T, RERERDPAEL TP Ao N
2720, XLRIZUEBRDETHEZ BT 5.
¥ NP TH A ZEANIE A E 2 D IR ULRED
EGEN, EFAINEEDH S — IEEIIUR
LTWAAREE R R L TWS. 58%&lE, Z5L7%
D ZfEHEL, EROZBHREZHERT 5 2 & 25E
ER5.

5 &bHDIC

AWZETIE, GDL 231 U= SERNIC IERE 7 7 —
LFCRERE R T 210D FIEEIRE L. Xk
WEOW TR BRGEIRZE 2 et e, &HH
DF—Xtw bW SFT 2fHASbDE-HEE,
REFERERO 7 Fu—F X h b EWSTENEE
HEER L. ZORRIX, LLM 216/ L 7B
F—=LTHA OAEEEERELILT2DDTDH
D, SHROIHE LTX 5% 235 — LDZREMENE
FEm EAHIRF RN S.
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(game "Tower of Hanoi"

(players 1)
(equipment
{
(board (rectangle 1 3))
(piece "Counter3" P1)
(piece "Counter6" P1)
(piece "Counter9" P1)
}
)
(rules
(start { (place Stack items:{ "Counter9" "Counter6" "Counter3"} 0) })
(play
(move
(from (sites Occupied by:Mover))
(to
(sites Board)
if:(and
(!= (from) (to))
(or
(is Empty (o))
(<
(-
(what at:(from) level:(topLevel at:(from)))
(who at:(from) level:(topLevel at:(from)))
Z
(what at:(to) level:(topLevel at:(to)))
(who at:(to) level:(topLevel at:(t0)))
)
)
)
)
)
)
)
(end
{
(if (is Target {3 2 1} 2) (result P1 Win))
(if (= (count Moves) 7) (result P1 Loss))
}
)
)

B4 Ludii GDL TitlRE Nz 4 DED S — stk (FfE7—X).
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