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Abstract We investigate the fundamental properties of pushdown automata which are
supplied with two-dimensional rectangular tapes instead of one-dimensional strings as
their inputs. Let "2-NPDA" ("2-DPDA") denote a four-way two-dimensional nondeter-
ministic (deterministic) pushdown automaton. This paper first investigates the
relationships between two-dimensional pushdown automata and other known two-
dimensional automata. For examples, it is shown that 2-NPDAs can simulate two-
dimensional alternating finite automata, 2-DPDAs can simulate 2-dimensional alternat-
ing finite automata with only universal states, and 2-DPDAs can simulate determinis-
tic on-line tessellation acceptors. We also investigate the relationships with
space-bounded Turing machines and the closure properties of two-dimensional pushdown
automata. Finally, we investigate the recognizabilities of connected pictures and
show that a 2-NPDA can accept the set of all connected pictures and that a 2~DPDA can
accept the set of all simply-connected pictures, i.e, connected pictures having no
hole.

1. B U o WMEBHYEOLEIEBRIFLIANBR TNV

LrrbbF -0, 2RARTy v a¥ Iy

2HRAT—TRANLT2F~-+2 b OWR
T, ThETEOXBLLTRZ2ET—FT b
VAR, FOBHBEIFEARShTER. 4R
25 EOPRICR, 2RTERY—-b by, 2
REBEERLI b2 by, DBVWR2URTER
EFa—Y U TBERENEERTWSE 16, F
2F¥FTLHRL, TheR'E@ELF—-FTbro
BRE " TWIFaLAF—0DORBELLL 1,83 {2
AT EF—FT PO 2RATLRETH S, %
hzoeil, £: RETBITvya¥yyy . F—
P2 P UD2RTHLIRRIZEDITHEH>0? &
BRuclic, 2RERBERLEOHATIEX

F—bF P UVEDOVWTRBEETDIELAEXHME
DORBETH B (1-),

Tyva¥yy -+ b OHBRE%EIC
BAEENLIVWRINAKL6E 5L (551,
2RAETvva¥yy F—br2brRBREDED
ZHEEZR--TWB0O», BELTHOR2EN%
HI20», KERK%KAEE6NBLIBTHA
3.

ARoB®NIE, Tyva¥yy o F—bv by
D2RANY - RBEBELE L TORKYBEED
2D, TOBBEHLNIZTEIZLICH S,

ABMOMBEIEXOENNTHB. £32. T2 K

—135—



RTyya¥dyy - F—bo b %28ATSH. 3.
TR, 2Ty >va¥ory - F—bw b
DHLGINhTWE2KTREF— b7 PV DEREHD
HEBETS. X, 2RAFRERT Yy v 2 ¥
Y F—hT by (2-NPDA)Z 2 K E XK ER
F—hvbU(2-AFA) 2BBTE, 2KAREH
Ty va¥yy o F—+r2 bk (2-DPDA)IZ £ R
ROADPH G B2-AFA BT IcRENT VS 10 F
tl—yar7 2279 (2-dota) 28T 52
ENHRBZI LAY, 2-dota DMEICIZ, &
WX —=FT 4 TOBIVEPICHAHEN S, &%
E, #HBRE2RAF 2 - VB OMESD
MAatticowlbERTAH. 4. TiX, AKEEE
DBRBMEIZ> W TH~N, 2-NPDA, 2-DPDA (I ¥
hEhERERE, EEERE (T 2bbROZW
HAERE) 2RETEBI2WLIICTH. 5.
T, AMTHRINWAEARRRMNE, S0REIC
DNWTRNS.

2. E®

[E#2.1]1 Z2#RSOHEXELTS. 2
EO2RAT—~7 (BBVWRAET—T) ki,
ZOBRR»ERB32RNAHKERATHES. 2 LD
FRTD2RETF—TORERZ (DL RT.

F=Tx€T DEHLT, Wx)IExDITH,
QLx)2xDMBETSH, L ILQ (X)1D 1L
Q)2 6, x(L,INZEE(L)IURT SRS
#F T, Hiz, 1K Q, ()2 1585 Qa2 (x) %2
5i,i7%,5,3" e L,

x[(i,3),(i%,3")]

AROXBHELMETI2RAET -7z LTER
353

(i) Qi (z)=i’-i+1 ;D Q2 (z)=j'-j+1,

(ii) & k,r [1<kQ,(2),1¢rQ2(2) ] 2t L,

z(k,r)=x(k+i-1,r+j-1).

AWTI, ROXSK 2RIy ya¥ry
F— bR b UEEETS.

[E%2.2) 2%AIREHTvyV2¥T v

+F— b b (2-NPDA)IZ
M= (Q,q0,F,2,I,z0,8)

ZA3RAONBRTHS. ZZiC

(1) QRRBOHERS,

(2) qo IZHHIRE,

(3) FE QRTHRBRORSE,

(4) T BAHZAZ7 7Ry b (#€TIHRR

5),

B) I' @7y ya¥ v ER7TLTy Ry b,
(8) zo 7w a¥  ERTF—TORES,
(7) § : QUIZ U {#))1X D >
P (Qx {left,right,up,down,stationary]
X ((I" -{z0))U {POP, IDLE}
HREERBRMETH S .

position (0,0) read-only input tape

(0,1)/(1.1) (0,;“1)
# #/ # LI # #
—F 7
(L,LO)| # |a11 a1z |-+« |am | #
# | a21 | az2 « -+ Jam | #
# | 8m1 [Bm2 | | - | Ban | # | (mn)
¥ * # e # #
L 1
1 7
(m+1,0) (m+1,n+1)
m,n: arbitrary
positive integer
finite X1
control
pushdown| Zo

tape

Fig.1 Two-dimensional pushdown automaton.
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