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AOPL: An Agent-Oriented Programming Language
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NTT Communications and Information Processing Laboratories

1-2356 Take, #609C, Yokosuka, Kanagawa 238-03, Japan
akahani@nttkb.ntt.jp

Abstract This paper presents a programming language, called AOPL. in which we can program

agents so that they coordinate with communication. AOPL has the following three main features,

1) The language adopts a version ol agent rationality: an agent takes actions adaptively to il its

commitments. In other words, a program lor an agent specifies actions that the agent should take in

a certain situation to fulfill its commitments. 2) Program is regarded as a mentalistic notion such as

knowledge and commitment, so AOPL is defined as a temporal logic with modalities corresponding

to intentional notions. 3) Communicative action primitives based on specch acts are provided.

We also describe an interpreter for the language and a simulator for multi-agent systems.
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1 (FLsHIC

ABTH, A C@BEL AR REENES 2 Lo —Y =
YIRS IATEODOTwrT I v EREYRETS
K7ur773Iv7EiE AOPL B, RD3D2DT A FT7 Kk
SnTnb.

1. ==Yz v F@i’){/ﬁ"??—:ﬂ/& LT, =—Y=xv b HE
SEHOER (Commitment) % B3 DI, Rt
WCTHBT S, LS EF L 28T 5.

2. Tursak, HESCEHLEEC, T-Y2 bOD
WL e LCRBET 2.

3. RETHRERCES W IBEBWED 7Y I 74 7% H
B¥a.

LD TAF TS T s 7 I v S ERERERT B
DI, HEEPRE L vokx— Yz v F OORRREER 3
BT 20BN BELAD. bhbhik, COX5%E

FEBLTxz—Yz v Mgk EEE ADL 2fivd. -V
v PR SHE LA ER, B, fihh & OMBLRCHIR
F AR R D o ARHBRETH 5. bhbh A COEEY
BAT0”, COBEPHREERREZ D> TEAbHE

gk, ==Yz v FODREL RT3 EE L
FRICTLR AR A M~ AR E 5 T b TH S,
Fic X b, EH, BR, R AL OEEEEE - Vvt D
DHARIE EOBVEL LTERT D LM TED. Eie, x—
Yz v FERSERFHERBICE S T3 DT, BVEDE
EEEOES C L AFRECH S, LHL, =— V= v MR
EFEEAEVELRR T A E S L TRV, Lech o TRRE
Tk, BiWEE, BifE L B CHinT 3 2 DORBRAASEEL
FEX L LTEBATS

FRoksk, Bridxbrz—Vv rixTE IR
L%, 2DI—Yz v b b BRI E-TEHS B OER
ERATHDCETTEIER R LD TH L%
£ T3, COELLESTAT, Txrx 7' v 7 7 6k BVER
ReEEI AT — Y= v MR SEOMER & LCERT
3. Thbb, Turoad, a—Cav ' BHIEHEL -
TnT, XoHDEERERIL L L &K, H5TVELER
FTHCLEELRERCERIND. ERELT, Tu”
I vI7ERER -V v VEEREREYENEL v T LT
HELELDDICAD.

K7wrs v rEg5EE, BEEGCRRBTE 2R S
X TWVBEOT, G2 bhieBllico—Yx v P BFETFE

BVERRET S, TRZ I IV IEROA v E—T ) 2 EH
WF B LHTES. Tur v ERE AOPL i, KERL
BEESUEHRIEKES TWEDT, 2D v 2 -7 J %
&, # OBRBEOTHAARIC A S, L L, — R4
B, AvE—7Y 2 REARAREECLTLES. 22T, B~
&, A vE—7Y 2 % ETAREL T 5 edic, AOPL OFRE
KEH 527 2CHET 5. BRI, fHREheT R
53y rEER, v— VHIRIKELbDICEoT 5.

AEORIL, LTo@EYTcH5. 28T, 77T
SHECHT 2 EREHEET, TORMHEHRT 5 SHOH
AR D. 3FT, T— Y= v MELREFE ADL O
FeowR~, 4 ZeitEolfa% ADL ci8AT 3. 5%
¢, Fury v rEEE AOPL RiE#T 5. 6% T AOPL
DAV E—TY ERBEEL, 4 v £ — 7Y 2 REFERECT
270D WTHR~R3. TETE, cOFHOHHY:

HERANCHBT 3. SET, SBROFALECD W THR
L, ¥L0%f1h5.
2 Fn&5i U sERIINTIEREN

KECH, T— Y=y MEAT v 7 I v S ERBICERE
N5 &R, 20EREEEHET 5 SFBOR T IC
DNTRRS.

Eged 1. EHBERT) (commitment driven) TH5 C k.
T—VzvioTurIalk, F0o—Y=v bOfT
BEET2bOTHE. Tur T LERERT S,
DI, T— Y=y FRETTREEER OIS
LCRET 20 e v B AT — Y=y tDET L
AREIC AL, T— Yz POEFAL LT, HIR-X
J5EF A [Agre and Chapman, 1987] 2HERI LTV
3. LdL, COEFALAy £— VEREITH b, R
KB XNATWERH S c e TER . HIAE
4% 3 IFICRMBE AT " & » 5 BRI - b=
FACHS eDICE, “FHRIFT I (B, 7
vy 7)) b ORI BERIC R S.
zrCeHald, Vv FOEFLELT, TV 2
Y RESEFOBEB R i, RILCEL T
BEFFREBVERRET S, &) BEBRHET %
BE$%. ccTwsEBLE, FEEdd - HE
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[Cohen and Levesque, 1990] % EHONR T — ¥ = v
FEFAWCHREL 2D TH B, BIAE, FH 2RI
T—-Yzv b a BT—Y=zv )t b el T, “Fk
I EBHATAMBICEET S Lo KBERL LT
2. L0E, Yz bk, x—Y=zv b oalext

T, “FRIBCERIRBIECEETS " L)
A%, ERT2ETHI BT L w5EBEdD. &
bic, T—Yx v } bk, ZOBEBERALT O, R
RISUCEBVERRET 5. Plad, b RS T 3R
BETERLELTWRHAICE, “FHRIBIRH
FfTL 7 LS EVER SR L, RERRIREAS S,
“hoT— Y=y MCERET 57 &S EVERERL
b, “T—Yz vt o CEFERAREK LERTD”
LS EWEREERT 2. coEFR, BR POk
[ (BDI) = F 2 [Bratman et al., 1988] ICHEIL 7
BDTHD.

BoREM 2. HtAERRE b o C L.
TV O RT T LARIRT SO, Tk
PESL VoIV v FOLIRERERT 2 S
FEHNBEICRD. Flad, B ABECEET 5 X5
Cx—Yzyv 2T 02 I L6T50DiICE 2FEC

B3 25k (Fl 2, SHEEONME) 2R L AT0HE
Abk\n, TrrT v/ EESHREZERGRE D
Fedicit, T— Yz v b OORPRELEE T 5 E5EA
Bt A ERER R b OB ERDH D, LT, ﬁ"'f(i T
HRREE R BT 5 e DFREL LT, = —
Yz v VEEREEE ADL [Thomas et al] %EHT 3.
z—Yxv MHREE ADL AR ER, BH, fE
72 EOBBERICHIS T DR b o eRHERREET D
D, OEKHE Kripke i [Kripke, 1971] %{KIR
L7 xHvwTtHabh s,

DA NV §Y: ]

XbHa, 7 as 7ok HieES & BECT—
Pxyv FOOMHSLEL, Tul T LHiRT Bk
HEZFrHwciEEa iz — Y= v FERSED
BERT, e sy LkERT S Thbb, 2V
VEEBBZT RIS ILC LERSTWEC &, Mk
FEHPAE FO—V v BT uSTLELTH
T3 L5 DARRIETEBR S W 5. fifficid~7c & 5
K, Y= v R EOEHE R T i CRILICIE
UCSETT~EFBERRET S Lo, 21—V =
viBTurond LT OomBERE, BEHFEEDLT
R LR E EDTRER & OEE 2 bEVEDRR

P RDTHREX~DOERLED.

Bkl 3. T uS I LOREHRBEZHTHET L.

T—Vayv MERT R Y7y VERECEWT, T

7A®ﬁ%ﬁ1—v;/rmtbééﬁﬁfﬁﬁé
3. LahoT, 7'a’ 7A@ﬁﬁu Ta s h
PTRTIWEIC X > TEBP R X n3»rErEMW~2
CECS TR TED. BECE, =V bR
HbEnS bIIERREILT 5T itk vne v R
(Ch R BUFHURSI L PES) 0 b & T, HIHEBER.
FhdR TRy AR TIERET LA L E, XD
BERAHEI N 2D b AEBOHRLT—V =V b
CXoTHROMENE R OE, TO7 a7 7 biditkk
CHoTnd LEHIND

EREM 4. BEMEOT Y T4 TELDCL
T—Yxv bPABELAXDBEABMET S5 R
S AF BB, AT Y=y MCEEEBIED
Ve 7Y 374 7RABETLERDD. Bx 1%, F&h
5% [Searle, 1969] 1€ U723 » CTiBEBIER 57
L, T— V=¥ FOORRE EOTIEE LTERT 2
[Cohen and Perrault, 1979]. #lz K, =—Y= vt a

RL—Yzv+ b CRER ¢ 2R ¢ KBTS L

mﬁﬁﬁm,ﬁﬂtKaﬁhp%ﬂofméca%%#

hb, [ TR IC a2 BHoTRBY &5

EHEEL t+ 11 b BEIoTnE ] 2 ) T LR

L4+ 11K apEHoTRD S T e Ry DIE

CLTEHING. BRoM@iomEHEHWT, Lo

b, Elt+1 b FHIoTnB L L L A

URBglt+1 a2 +11be kEHoTND

Tz EERHoTWE L ERErND.

3 I_‘/I Ve I‘nEJZj__.—E:

AETR, - Vv FEREROYTED<D. COF
EEOPEMNE, [Thomas et al] #BWE N v, Tad, TF
S & RIS 5 BERITESLF & b DRAERRIT MRS &
ERRE S A, KIC, (B8, BiR, N L R TR0EME T %, W
HLEBLHNTERT S,

3.1 40 & EBICHIST HikdEtEE b ORHERE

AEich, 5TV v M BHLRZCEATHH>T
LEE B I UERRERT 20 0BERERT 5. HEW
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i, [t, K(e, )] THEElL KB Tz —Yxv baBp n

SHEEE D >TW5 L & RFT. AR, [10: 00, K(Carol, [9:

00, Full FI£(354)])] &, B30 9 : 00 tc 354 BEASHRE (FullFit)
Frwnsctix—Yxv b Carol 2] 10 : 00 kKA
Tw3r kRES. R, [t,CMT(a,b,p)] TRH L IC
PLTCEI—Yzv b a BT—Yzv b biedlTe &%
HF2 L nwoBEBEbo TS EamRT. FlAE, [10 :

<, BEE L e L LB m : TCUTV — 2P e F—R
+BCERTESD.

K-CMT i, L REEHoRe, rx ZHR L & 1—
Sxv b adb L _EOBLEEEEIR Ry, ~DFR, romT
Rt bx— Vx> b Ofl (a,b) b L EOFHETRE
% Romr,, ~DERELALE, (L,rx,romr) TEFES N
3. »2EEEGICET 55 s EXOTETREELRD & 5iC

00, CMT(Carol, Pat,[10 : 15, HasRsrv(Pat,354)])] 4, 10:15  wesen gy 2.

I, z—Y = v+ Pat 2% 354 BEOF% b (HasRsrv) T
LREET S 2 w5 ER%, Carol 25 Pat icxf LT 10:00 @
BLThoTnBHT LEET.

g & ERICHIE T B REERE T b ORI OB
&, KTEHRIND.

PFOBEERRET 2. TC: HEEROES, TV: FifFg
HoBE, AC: =—V = v FERORE, AV: -V v b
IHOES, P (0 EM LB HE b 0) bFER S 0ERE, I
(0 EELLDB Y o) BBESOME, V: BRORE. C
OrE, HEROL S CEHTES. FRAHETHY, n20
DL E, n-BIROBSEE L nHOE L OMRHTH S, &
bic, B, RTERIND.

1.t ETCUTV,t, e TCUTV LT ¢y <t B%E
XTH3.

2.t TCUTV,p % n HOERTIHIC 2 5 n- 51O
Wis 43 LE, [t HBEXTHS.

3. te TCUTV,a€ ACUAV,be ACUAV, p %
KEF5 e, [t K(a,e)] & [t,CMT(a,b,)] XX
<55,

4o BIU ¢ ZBRETELE, oA & ~p REXT
5.

5.teTV,ac AV,v eV, %8 L T3 L&, Vi,
Ya.p, Vv.p REEXTH 3.

WEOBRPORE L BRI, v, D, 3 Ril¥OME Y KBA
+2. [t,p|At,q % [t,pAq) LEMTEC DB, £,
[t,~p] % —[t,p] LBz dH 3. FROEWEV & DT
SLTHFrTAS. BB L L LR

B OERERIL, Kripke B [Kripke, 1971] OHGRTH
3 K-CMT #sr FlvcERdhd. 5, BESELEA
T3, BEEER, BREoBRE T & T Lo2lifF < &0
(T, <) TERIND. BEROBE L LIEEY L FE
IR T AR 1 TCUTV - T ¥(RETBC &

1 Ity <ty iff 7(t) < 7(t2)-

9. L= [t,p), 7% L p € P, iff p e m(t).
3. 1= g iff 1 .

4l oApiffllg 2ol

5. 1Vt &L te TV, iff &TD teTC kLT
LEot/t), ceT o/t Rt THEEEZ
b DTHD.

6. | k= VYap, KL a€ AV, il £TD o € AC st L
< I ¢(a/d).

7.1k [t K(a, )] iff (L) € Ri,, 2#icd@<ol
LTl .

8. 1 k= [t,CMT(a,)] iff (I,) € Romr,, % Mi%ed 2T
DU CHLT E .

RFGEFRLRIR Ry, . ZYSEBRTD v, FEGETRERIR
Romr, ., DHEBE L USEREMATIOLT S, Lidio
<, BEEEET K & CMT xh%h S5 & KD4 ofiH
Fris. ST s AWRELLTFICORT.

[t, K (a, )] A[t, K (a,0 D 9)] D It K (a,9)]:

[t, K(a, )] D .

[t, K (a,9)] D [t, K (a, [t, K (a,)])].

[t K (a,9)] D [t K (e, -l K (@, @)

[t,CMT(a,b,@)Alt, CMT(a, b, D $)] D [t, CMT(a, b, ).
[t, CMT(a,b,)] D [t, CMT(a,b,[t,CMT(a,b,9)])].

~[t,CMT(a,¢ A ).
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3.2 fhOBFBMDEA

AEITR, M BB ETRIEEETEA T, B2, &
R, BENERTEAIE T B, CH, CAN ®%E%33%. %
¥, [Shoham and Moses, 1989] 1€ U728 - T, S22 EL b 1%
LFBEREEE E LTEsed 3.

[t, B(a,0,9)] E [t K (a,% D @)A([L K (a,~9)] D [t, K (a, ).

Tz, [t Bla, o, )] @, gl t kx— Y=y b a BURE ¢
DY L THRER ¢ EL TV Cli2EDT. coEHL,
FENFMBXEEET LT L2 H->TWT, 20, KEE
LAV EERRS TR C EBRAREHM-TREC &%
BRTICLLI->TERMERILINZ C L RRLT WS,

HIEESS S5 DIERIC Lchid & &, COFEHIC X BE8E KD45

[tv Move(a, P, ‘7)]

At ¢, At(a, p)]
Bl [t +1, At(a, q))

2T, At(a,p) B=—Yxv Fa B p VB E%E
TREETH Y, 1 REWECET REEET. coEHe, B
Hthip K-y | a2, Bk [t, Move(a, p, q)]
CXoTRZt+1 Kiig i TBT) 32CL%RLTNS.

T—Vazv M, BT 3 ERY o TwnE A bER
e FlxE, B TBI) KX ><, =— Y= v b s
EbD2LWIEBRKOLSKEDLTC LHTES.

[t, B(a, [t', At(a, p)] A [t', Move(a, p, )] D [t' + 1, At(a, ¢)])]

42 BEBMEOIYIF4 7

DUSRIC L7455 € & 25RENT W5 [Shoham and Moses, 1989].

Kic, Bk, BYBEICHT 2 8B L EHT 3. [t,CH(a,p)]

B Rt cx— Yy b o 50N o 2B 5%
EbL,IRTEFRIND.

[t,CH(a, )] € [t, CMT(a, a, ).

T oI, BENE, BRI L AVTERT 2. [t, CAN (0, )]

B Rt kz— Y= v o BRER o 2EHT B8NS

0T LEEDL, KTEHREID.
[t,CAN(a,0)] ¥ [t, K (a,[t', CH(a, )] > 0],

T, ' B ¢ DRSBTS B, coERE, BT
KXEERTIRENE DD C LT, Z2ORBEA L BIRThiEsE
BT liHoTCn2B L LEETHDLCLERLTNS.

4 I—vz> MEEEBEAT SBIETEOEA

ko k3, bhbhik, 7vro6%kz—Yzv bic

Lo CTETENZIRFEERZTR L D DL LTEDAT
3. LaL, BifiCER LAT— V= v MIDRSERTIES
T 2HME S L TRAV. 200, AT, =— Vv
TR ERE VeI F B AT B

4.1 EMFOER

Fox ik, BVEE ATHEED BB 72 05 1 — B & ko
HMTERET 2. i e bRz — Y= v VOB SEOWTE
Bans. flad, Bt csnTz—Yx b a2l p >
bl ¢ KBTIF 2 TVE [t, Move(a,p,q)] BIKRD X 5 IKiEsk
T%35.

B CRE L T — Y x v LR SR, SR EH & o
Fex— Yz v b OOREREEY, HFCBET 2 B Mk
BRI AR EL T 5. Lo T, @H, B
K, WA COBEBVER T — Y x v F OOBRREE EoBVE
ELTERTICLHTES. HlA, Yl t KBwTz—
Vv haBI—Vzr b bIC g indC kBT T
Ve [t, Inform(a, b, )] BIRD X 5 CEHTE .

[t,Inform(a, b, ¢))

it [t K (a, )]

Btk [t4+1, K (b, [t, K (@, 0)DIA[t+1, K (a, [t+1, K (b, @)])]

Thbb, B [t,Inform(a, b, )] DML, BXl ¢ I
I—VxV b a®B o BHOTwECETHS. Fi, it
B, Bt cz—Yz v b adip BHoTWE T &%, Bl
t+Hlicz—Yz v b b BHo>THT, OBZ t+1 kx—
Vxvt by #HloTnw3 %, BElt+ 1l tz—Yx
YFaBHoTwBCETHEB. )

FIRRIC, Bl ¢t KTz —V 2V b aBET—Y2v b b
I BT 2 X 5 CERT 2TE [1, Request(a, b, 0)] &
RDXHSICEHKTES.

[t, Request(a, b, ¢)]
Rl [t, B(a, [t, CAN(b,9)))]
Belh: [L+1,K(a,[t +1,CMT(b,a, )]

Thbb, BVE [t, Request(a, b, ¢)] ORifER, B ¢ i
I—Vxv b b o ¥EHTIENEDDE LEL t kx—
Vxv bt oa BMELTWBCETHD. T, BT, HH
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t+tlkxz—Y=zv i b z—Yzvialxdtl Ty 2E
BT3B db>Tn3 ek, BElt+1l kx—Y=> b
a BH-TVE e TH5. HoEEHAT, &fFh b,
Bl t+l cz—Yxv i b z—YxzvbaltdlTe
REHTIEBZ b o T B C e HERND.

¥ 7%, LROBEIED T ) I 74 TERAWT, kil
EEVek EET L5 TE L. FIAE, HE L 5 EED

Vet BICH T 3 ER L BHTE 5. BUKIYICH, BRI ¢ 1T

BhwTz—YxvbtaBz—Yxzv i bie ERT2H
Ve [t, Query(a,b,¢)] DEFEBROMY TH5.

[t,Query(a, b, »)] = [t,Request(a,b,[t + 1, K (a,)])]

5 I—Yxr MERTNSZIVSERE

bhbhid, -V v BHd7ar7 6 LB
Lk, EOT— Yz v MBHBOMREE SO 2 LIAT
WEDT, T ey T AT AR E T EAT S, 7
1277 MCHET B EERA T PROG RT— Y=y M EX
O 23k & 5. EEWICE, [t, PROG(a,p)] dT— Y= v
boa BB L S o IKEES CERET. LT, Lo i,
Tz v FED LR BATEHDEH OEB (Commit-

ment) %R T ADCETF<EBELRTBOTHS. L
IeBoT, 7us I LNERDO LS ICEEREIND.

Turyg a3,y R EE, Y ¥, o ZEED L WEED
EEE L HUTOXTHS.

[t, PROG(a,y A% D [t,CH(a,a)})].

Bl i, MO TFHA Y v 2 OFNT— Y2 v b Carol
EhoS s LR, UFCRT.

[t, PROG(Carol, [t,CMT(Carol,a,t, HasRsrv(a, fit)])]

A[t,CAN(Carol,[t, HasRsrv(a, Finl
S [t,CH(Carol, [t, Book(Carol, a, flt)]
Alt, Inform(Carol,a, [ty, HasRsrv(a, Fi))]
Alt, Revoke(Carol, a, [ty, HasRsru(a, FIHHHN

¢, B It, Book(Carol,a, fIt)] 1k, W%l ¢ WA
T—Yxv b Carol 8 BEX— V= b a BHZEHE fit
FHTATECHS. cnTry I 4k, Carol 25 a XL
<, Bl ¢y 1 a 2% MR flt K TRE DD L EERTS
LWOEBE LTS EE, b L, Carol B5EDEBDON
RAEBRTIENEH 22 LE, RO 3 DOWVELHNT S

CeEELTVS: l)a e Fle wTFHIL, 2) FHa0s &
NieCt%® o KERIL,3) THTHL WO EBEEATS.

6 A94—7V%
6.1 —fEAVET AT YKL
A v E—7Y 2 DOXEEATFE &1, Select & Update ©
2oCH 5. Select it, Hxbhiz—Y= ¥ rs5 4 b
PN EA TR EMEORS R W AT 5 THiECHD. £
7z, Update It, & bhicxt—Y =¥ t DFX b LTI
P BOMRIER, AR OOANERCTERTS. 1>~
5= 7Y % DRI ETVED, ROWY TH 5.
1. 2B B CEFTT~EMVEE, FHEE sclect &
AwTiRET 5.
2. BEDEF K X T, T—Y =¥} o OHPIREED —EF,
BEAEG NG, BN ROIRECZE LR L,
T Yxv FODERREEY, FEEE update EAVWTHE
5.

3.1 KR%.

BIF, S & Select & Update OFRICDOVWTIR~5.
Fgax: Select(t,a,[,AT)

AT
i R

a: T—Y x> b
I =—TCxzv b a BEFE t KBWThoTNRE TR
75 LLOEE
A XOEE
I 2—Yxv b o Lt CBVTH > TR EEH
2F )
HA: BEORS
1. &7 u 294 [t Progla,y,¢,0)] € ML <, T'F
v D AR BIRLT BT RS T Lk RDD. COT
nr o LXOEEE w LT 5.

2. B L, m REFEEELEEEERLT, KTT 5.

3. 2oChiTNE, &7 vy I L3t Progla, v, ¢, a)] €
r KX LT, T o %H», COBEORSEEL T
T35,
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T— Yz v FEERERRICKHT B e ORe A TRTE ¥
ZRELTC, LRCTFREE Ottt L et d AT 5 ¢ & 28
T%5.

Update @&, A bhict— Y= v D5 L bhARZlIC
BUBOHRER, NP LD AN EHCEFT 3.
Fi%x: Update(t,a,A, @)

AT
t: IR
a: T—Yz v b
Ar DEPREER RIXOEE
®: NE»LDANEET LOBE
HJp: DFREE R T X OES
LA=AUD %5 A 2HIRT 5.

2. & [t'9] € A LT, [, UA BEFEA LI
6] % A K TmA 5.

3HBE A BELT, ¥TT3.

6.2 7RSS SEREICNT SR

RIfiC, ==Y = v BB EF T 2 L o5
FETFREE R UE L T dd, RISM AR % £ 2%
bhTwhv. 2T, Kficik, 7ur s 3 v rSEoEE

ENERIRT 5 € Lic &k b, YR 43000 % TTREICT 5.

2.1 FICRB~ 7 BRI D 4 ¥ RO X 5 KT 3

4. P15, Pn 33:0:1/) %gﬁk‘?‘éc‘:%,%v
Y BEATHS.

Vi, V

EEMICE, cofilfRi, B4 s o EHicHRT 5 C &
CHIET 5 b DTHB. T TR~ B RET 2 DBIER
il LTw3.

T ALI—TFYF >3 L L—sOERGI

ARETH, HRE W T w5 L v /S8 254 v 2 —
TYEEY I 2 — X OHEBFICONTIRRE. &K v & —
TYRELyIat—%21E Prolog ¥ wCHEALT 2,
AYE=TV 2, €L 7 b, ToTF—F, Fr—np3
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1= delay(T, T2).
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refuse(T2, carol, A, book(Ti, A, Flt)) ))

:- delay(T, T2).
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