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Recent work on representing action has introduced high-level action languages to describe
the effects of actions in a systematic and theoretically sound way. In this paper, we define a
nondeterministic action language, which is an action language for describing nondeterministic
actions , and study its properties. We first define a new nondeterministic action language NA
from a viewpoint of nondeterministic finite automata (NFA). Then, we provide a formal way
to analyze other action languages that have been already proposed in terms of their applica-
bility. In fact, we prove in this paper (a) the equivalence between the expressive power of NA
and that of the class of finite automata, (b) the equivalence between AMA and AR proposed
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Fig.1 Mary jumped into the lake example.
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Fig.2 Steal the jewels.
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On1,0n2

hs|

ERA—F b ICEDCIREET 7V a v 5B 3667

Cut(Alarm1)
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Fig.3 Steal the jewels carefully.
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EHET L. HEOT 7 av g a LEBEORRE o, o
ZxtL, Newh(o,0') i&, ROGHEOWTRP% 7
TEHFR (Fis o' (F)) DEEEET .
£ (1) FRE®EIV-ZYFTHD, 2D o' (F)

£0(F) Th 5.
&1t (2) £ED (a possibly changes Fify) e D
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WL, oS TR 5.
New(o,0') DERT H L2, o ZEBBAOK
B, o ¥ BRBOREBLLI-L X, BRANLEBEBEZED
KEMOBS2EDLILICHD. 2L TEBEK
Resp DEHRIZBWT, BRI L EBHZROBH 7V —
IV OREBESBNCAEDE I ICERTS. Th
XD EEOERIZERT S
Resp(a,0) = {¢’ € Res)(a,0) |
-30"” € Resp(a,0)
(Newp(o,6") C Newp(o,0))}
3 E F N
S AR W X2 EBERE D L¥5L, 20
%mu,g@mﬁam%&%@ﬂme%m)ra
RoNb. EEOBRICHL, FiaE0EAEL
EFY H. BN M = (Resp,00) &iHbi&E P =
(¢ after ar;---;a,) WXL, RO X 5%F (BEE
HR) 2E2 5.
00,081,601, -, an,0n
ZZTHK o BIRETH Y, 0, € Resp(as,0i-1) T
Hb. HEOBREIIHL, oo PR ¢ 2FHETHELD
&, P00 L ZIZRY, BIR M ICHVTHHMES
PYRTHD. 5B, HEEH D IcEIhs
TRCOFHEiEZ LR T A% 5iF, 20BK% D
DEFNEEETS.
54 AR »5 NA AN
EiE AR I L AL Dar THRL, NAIZ
& BHEBEEIRE Daya TERT. Dar 5 Dya ~D
KL, RO ADDEREEETITbR A, 22T, #
BB GIEN L INVN—ZV V&, FTorvavh, &
O, 7Vv—xr s OEBIIERTH 5 LIRET 5.
(1) FFRETL—T> b DNIE
Dar CEINDTRTOFEM 7 V-1 b 0%
% Fn, TXCDT7 2 a v BOHEEAE ALT 5.
TRTD FeFn, ac AL, ROGE
a possibly changes F
% Dar WA B, WP, Dar ICEIN LTV —
IV ML, TRTBBI V- P L TR,
(2) BETN—I>bOLE
Dar WEEINDZTRCOINV—T M4 F 23t
L, F PE/BUAOELEFO7V—V M BIE,
ROBIEZATH. TIT Rngp = {Vi, Vo, -+, Vu}t &
Th., Dar KCEENBTRCOBEFX FisV; %,
H/BOELFOTIV—LY + Fy, TEEHRZ L. &
512 Dar WCROBIFER 5 ©
.. VFy,

ul CJ!

always Fy, VFy,V

smraE Oct. 1999
T VIS RTHET T, AR TEH SR
5

$1V - Vy
=(¢1V---Vér)A /\ =i A ¢5)

1<i#j<k
(3) possibly changes %78 & hERGENMNIB
lunﬁﬁihéT&T®77V37%aKow
, ROWEEHET. 7, o CHTISRMGEL
AT ED D |

a causes ¢ if Y

poss:bly changes 7

a causes ¢, if Y,

a possibly changes F; if 64

a possibly changes F,, if 0,,
IhH DEEEDP LR SN B EREERE D L 5. D
DFRTOIRE s IZxFL, Resp(a,s) = {s1, -, %}

ZRD, ROGET Dna R 5 .

a causes c(s1\s) | --- | c(sk \ s) if c(s) (8)
Rl t={FR, -, R}, ct) = FLA---AF
t¥5.

(4) FHMESELSHONE

Dag CEIN LM E L H#IE, Dya TH#
DEFFHTELDT, $RT Dy ICI¥—T 5,

COFHEEOTELME TT.

THE3 Sk AR WL A2HEBERE Dar £ T 5.
Dar %, LOEBRFHREICLY), SENAILLHE
BER Dyva WEHT S, ZoL &,

Dar = ¢ after a1;---;an

FERA %xT/7kome%®m%%f?

(1) BFEAR L #EBEEE DL, AFv7
LOREE L 2 BOBERFEAE D' £ 55, TDR
7Ty 7 DELNOIRHIE, FEDT 7V ar g a b
EDIKE o 12K L, Resp(a,0) = Respi(a,0) %R
FTIETHAB.

BB Resp 13, BB L BBHZOEHE 7V —x
YIPOBEEBMNITE LIRS TS, LI
FoT, BEHNORE o CEITNIEFEOIEEY
V—x ¥+ Fid, BBHEOIRE o' € Resp(a,0) I
BOWIHEDMEV € Rngp kL 52 ENTES.

D' 12BWT F %, possibly changes #EHIZ%
W, SHIEBTIV-—Z Y ELTHDbRS, &
T, (a) Res)(a,0) = Resd (a,0) THBHI L L,
(b) New}, DEHEDOEM (2) &b, F ik, BBHEEK
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Resp: IZBWThH, B/MEOMRIZIE RS2V, LA
HBoT, F i3, BBEOIRE ¢ € Resp/(a,0) T8
WC, EEDOMEV € Rngp & BT ENTES.
(2) ARWKBFB7V—Tv i, BEOMEEF
ZENRTEDY, FEBSFIATE2bIFTid%R <,
FNSIIGEMICELZE TS, LdoT, 20D
L) BEERZET-oTH, EFVFFREMICENLT
AT ki,
(3) SHEARICXZHEBERL DLL, AFv T
3OMEEML THLN L EE NAIC X A EER%E
D E¥h, ZOBETDREINETINV—Z )
i, TNCEERTINV-ZVFTHY, FNHIZE/B
DEFFOGEY IV -V b THbH. LD oT,
DK%H%&%%E?ﬁ@%@TH&<,NA@I5

, TRTDTIN =TV FEIZDWT, EEIEAD
7w~1/b@wfn#% CEBLEZHI LT
X%, ZCCOELEMEDOIRHE, FEOT 7 a v
a L EEDORE o 128, Resp(a,0) =6(0,a) R
TILTHE. ZITOHIR D DELLEBEETH
%. Resp(a,0) = {o1,---,0n} EFHE, K (8) &
NA ODBRBEOEHRLD, §0,a) = {01, --,0n}
ERTIENTES,
(4) SFE AR ILBWVWTDH, SFENATBVTH,
Hl#E, RELZFERICHBRT 527 Th 5. £72, &
NETORAT v S THEBOBREENFEL W LAt
FhoTwAE, LA -T, MU HEGEL FOME
BOEFVIZEL W, ]
EHE3 LY, SFE AR KX AEEOERTRIL,
H 5 W 5 EHl BRI BV Tl S7E NA
WEARBICEBRTEXZZ LI H B

55 & # 4l

S AR CRABLAHIEL &, HHOLRFHRE
EHOVT, SENALKLAEBRICELTHRS.
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Lake A Hat | Lake A —Hat
if —Lake A Hat

causes Lake if -LakeA —Hat

—Lake if Lake

- Hat

Jump if LakeN Hat

Jump if LakeA —Hat

GetOut if —Lake

impossible PutOn if Hat

always Lake D Wet

initially —Lake A = Wet A Hat

Jump causes
Jump
GetOut causes
PutOn

impossible

causes Hat  if

impossible
impossible

o4 DERGCR & B & SATELEBICE 2TV

b b VIRETSIFRERT 7V a v BRE 3669

5%, COEBEBRIEIK 1 LR EFVERED,

5.6 NA DB AR A

BENA KL EEOBEBRERIE, UTOX )i
LT, 2Rk S AR IC L ARBICERT S
ZENTES.

ErENA X AEBERET Dva 75, EH 2
WX BT AT, Dyva ZEREFMEZ FA M IS
L, 510 M % DFA M’ 128zt 27, X
B 10) OFREIC LY, M % S5E AL BRI
T 7-bD%E Dy k¥ 5hH. CDEE,

FHE4 FEOFMSE ¢ after ar;- - -
T*,

Dna = ¢ after ar;--;an

& Da k= ¢ after ai;---;an
RIRA mﬁzbloiﬁun@mﬂ6%mwr&%
T&5. (]

EHEAESEAR DY 7Y FTHBDT, A
L BEMBIZ, AR ICEZHMBTEHD. LizdoT,
NA 2 X 2REOHERERIE, 5 2T MGEDIR
HERICBWTHMR S3E AR I[C X A RRICERT
&%,

EH3 EEH4 L), NATEBTEZEBO Y
FGAE, AR CRETELEBDO 7 S AL 3% L WwE
EWGHBH. TDXI, NAWX, o723 arE
ROBHERE BRWICERTHOIFIATE S,

LZAT, EENATREERRTEX B, SE
AR TIREHERLRT ERWEESHFLET 5 (H4)w.
DTFT2D L) BBl HFET S Z L 2RT.

B AR L LB HBECHRE D T4, 22T, K
DEILBREEZD .

Resp(o1,a) = {01,02} (9)
f,g€oi, ~f,g€or £TAH. L DA lZET
% possibly changes fifEZ §ATWEWVWERET
T, BARILDERL Y, BREIC o ¥EIN S
Zlidnv, Lo TREIEIFET S, L >TC, D
RO L) LGEEEATOYLLEND S |

a possibly changes f if ¢ (10)
always —f = —g

i3

* Rk, SE A TEREROTORV, 2L UL, Da k= fiA
fo after @ %, (Da |= f1 after @) A (D4 |= fy after @)
LBBRT A LT, REMAT AL TED

T L ERAEEERTEL L, TOHERTHISATVE Y
V=LY PR EEETIRBTELI LAV IbDET B,
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P e
(e

B4 AR THEERZRTELZWH
Fig.4 An example which can not be represented in AR.

a possibly changes f if ¢
a possibly changes g if ¢ (11)
always (f Ag)V (=f A —g)

ZIT ¢ kKRB 01 CELRLHIRENGTHS. &
CTELICRDE I LBREEZD .
Resp(o2,a) = {01,02,03}

-f,g€o3 &5, LAL, DidX (10) F/id (11)
DEEEEEATVDEDT, gy bos “BRTAHZ L
BTE %W, #IC, DA (10) F7243 (11) ofE%:
FATOWRWEE, R (9) OBBLEBTEL2V, T
kbbb, B AR TRESIRTE L VEBAEE
T5H., LTAT, BiF NA TR L) ICEERLR
T&5% .

a causes (fAg)| (~fA-g)if fAgGAY
a causes (fAg) | (nfA—g) | (=fAg)
if~fA-gAY

ZZT oy 3R o, TELLZIFREGTH S.
6. BAEMZRE

i AR L RICB/NEILOB SR TOT 7 a v E
FEIC, Lifschitz @ DL;s» % Turner ® AC*V%%% % .
AC I3 AR DILFRIE L TRESN TS, DLy b
AC b, FEREET 7Y a v RHlERBRT S LA
T&5. 617, TNHDOFFET, REROKLEH
BeRBET L ENTED .

Lake suffice for Wet
CHRRBICHTAHAME L TEREN S, #HP
always Lake D Wet LIZE% Y, shE% L b2 ¢
BT &R,

T v ay DIFRENHROWY Tz, »y{
DPDTTA—FDH D, LIZHITIBNEILOBEA
CEILT770—-FHEZD12THY, SEENADE
JICHHC R R 2 BB T A7 S U—F 2D 10T
% 5. Boutilier 512 & 5558 AP b NA L AfD
PR E T % IV CIRE AN R % PHthAY I FER L T
WaY, 22720 AND Tk, FOBRE T UL ARE
D—ETHEZTBY, FLMEFEHL, 727V 3

Oct. 1999

Y DEHRFEHFHEICKRL TR 5 2 e v ik
HIER %8R L T2 5. Borncheuer 52 &5 Ay b, 3E
RRERIZNR T WO R AGRE L B AV CRR T
32

Jump alternatively caused Lake A Hat

Jump alternatively caused Lake A ~Hat
LIS, Ay ZRIBREET 7 a2 {5 &
ICHIRL (Ance), ThEBETUY 5 LR
THERETRELFHMELRL TS, AP % Ay
WL BRERE NA X BRBICERTHI L,
REEOBHYTAFHFUT VB Eh s, RBEHES
ThorLEXLNS.

Baral HI2 k5 Ac b FARBEET 7V a2k
HITEHTERY, WO, Ac X BEREIER
BIUT 5 MERT ATETRELFHRELRLC
W5, FARBET 7 a2 RBTELIICNAR
WRTHZ LD, SROBELFRED 1OTH 5.

7. ¥ B

ARHWILTHE, NFAILESKH LWTP 22 a S8
NAZRELZ. NARFIRT2Z LT, o7 2
v arERDOBAHEETEMICERLY, 7oV e
VEBIIBIATS Sy SHEAHAYEL -
FUERICBT AFHEE L ROLMECRESE LY
THILEWTESL, /2, F—F~ b VHEHRBIIHL,
T avEREOA) v bR BERATELEIICE S,

SHBOBEICIE, TR VOB EEFEOER
R, TrvargiEttr—r~ b BT sERRD
RN, SOLIRBNIOMELEND S,

HEE ARICHL T, HERZTHEZ W0
BB KGR LR P BiEBIR I8 B
LET. &8, RO —#iE, XEEHEFERE
Bh& (TR ERBE) L5,
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