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AWXTR, STEHRBHEF U ROREOMENIEE ORBRELBRICOVTERTV S, HEL
RHER, BREHE UOMEFBEREZL, BEBZBEINNIC X - TERT 2. SN0 RESLE
Uranus i858 —2>0HR L B0, SEIMRICH 28K (inheritance) £FNT, BEHBICL 3R
@&%%k%ﬁbtm5.;ﬁ,&b@%uﬁ%%k%&ﬁtwm,%ﬁ%@ﬁ%mﬁtﬁ?k&oﬁ%%%
AUTOE. & SICHAHEMD S 3 BB OB E R T D OREM * LIRFEG & 2 OB LM, £
%% 5 7% D Time Counter LT N TN 3.

. 3 &Iz

Pat. J. Hayes {212 D% 44733 (The Naive Phys-
ics Manifesto)® DihT, BROATHETREED
R O U/ M58 toy world 7213 251
LT3 e R BRI IcI R T & 730, &
BLTVD. BORIIZ T DOBRKE R REEZT
qualitative reasoning®” M /N4 T INHEBL I -
fo. U LR SR OIE A5 b BE L 0 I3RRTIE S
DENCDOWTTHAS. planning 72 & O LFick
DT HRERBEROBRIENRICIIN S PREZEMOE
L& ST implicit iKikb T W7, BIZIZ, 12
iITh action DIV OB DR, 12 & ORIEHIE
TNTOVE?D. EBHE »SHoh TV HES
HE AR OB ICER L7 temporal logic® i, B
DORZ» S R THIDBEZNCHE T 50 278 B assertion
BR300 HW B FFEARER) ic DT oERILE
AT N3, CoRER, HRFCHFELEO
BRELSAFI v JICERLS 330 THBNLE
BI%HD. $7:ZOHEkE LT temporal logic @
WEROBEES 5 7L LTHRL, 20kl 3
HimTA — b= P OREBHE UTIRZ 5 HIED b8
BEXNTWHE. LdL temporal logic TEHEExH
PRI L TOMRIIT X5, temporal logic B
&, HEOHOERR LD, BEOMRICETS
NHEOHN%E Hayes DF 2 13E ICBERL X873

T Temporal Knowledge Representation by Multiple World
Mechanism of Uranus by HiRosHI NAKAGAWA (Department
of Computer Engineering, Faculty of Engineering,
Yokohama National University), HIDEYUKI NAKASHIMA
(Electrotechnical Laboratory) and MASAHIRO YANAGIDA
(Department of Computer Engineering, Faculty of Engi-
neering, Yokohama National University).

tt BEETRETYEHHT SR

1t BTFERRATER

DRRETH 5.

SO DOV O EFEEE LT Oh
DRBRRENTN S, BEESOWE ICET 5 B%
7583t D. McDermott DRV IC H W TREEH
T3, WHIREE O, B8 (event) R 7 o€ 2
OF, ARERBEICOVTRN, Eoekkics
TBAREHD B B HARE KT tree JRICHIK U 7R
HICOWTHAERLTVA. R LBOKEGREDS
BYRFLDA VTN A VT =¥ 3 VitD0OTR, %
DREIZRNTWVWBEEF TH 5. J.F. Allen 28
A v 2=~ ERERE T 3BERBICOVT
McDermott & FEOBELZRE BB L #HHIcOW
TOHREFLTHARYY. HREMAEO #H 2T 4
DAYTYAYTF =Y a VEEDTHBEY, F->TH
SRMSMRIBRAEE LTV 1R THD, KED
EBICE > TR ZFRERERDOTRTEERS ik
DOTRBRTHRY. KIFPRREEERE T 58
FREICESCRES 0, 5 L v/ EERERELTY
5. OYRTLHTH->THBREMEIRZ 1 ETHD,
Ny 7+ 797k ->TBEORERE/L L. B
MOEBICEL > TARMEOAET AR DESEHE—I
KEBIETEIRAIT 100 EBNTERYT A F 78
BT3B,

PEkokSic, BEHAOERP L IZEFLicHE
LTHx DBNIEREREI N4, R 2Ry
BAVYT YA YT = a VIZDONTEZ B ickT
W5, FREMOH ZERBT N TEHET L1 -7
BHESHERTOLURERRICBLTHASDED
BRETBLCERAEBICBBRTES. COMEORR
BBV RERLSDTHAS. 2CTRAIXD
LREEHNZRK - TR ICE > HHROREBIET 2
HEIEEY AT 22 QBUCEL T &Ik » THRILE
MaiuExLd. &FMY X7 L08E, FEZMNE
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ELTOARHEERDE & bERICIR 1ATHS
5. Lichs- THERRBIL BT SAHZOATI
H5bDEFEUBHESEELTONT, FIFEED
MTOBRRERSESTES EHFLTEL. 5
AAFRZBORE LT 2 EEEIIRRKichi »
TWBDTIRIEL, TEVWERKICETE6D0THS
TENBL. Lkedi-T, SHEBASICENTHEE
FEW R ORHBHOAEERELTE X, B O
SRIRABOEZF S UCERT 2 HE wbhid—&
OB (Lazy Evaluation) 23, 58 8, ZHEE
OHE»SEF LWAETHS. ARXTRCDES
RESHS, BEERS v 2 F A EREEZL TV
5.

2. ZBHRTDRICLIBHBORE

Ko BERES BEREBLIC K > THRTS. 20
B, REZICHSTAHERORENSEETS. ERL
7zonid, &4 oHARZWUFOER DREICKE
TEETHY, BEALORERFIOE T, EbT
BZORGUANSBESTHS. AWXTIE, TOX
SR OREER KRR T 2 HHE LT Uranus'® 0%
FEHREZREH NS, 22 T%F Uranus KDWNT
72558844 3. Uranus i3 Prolog/KR DZHEHA
BELIOIINRLUCEETHD, &2 OREERR
LISP L RIU SKREAVWTEREREEINS. FlZ1T append
REDOEHIRDOL S ILTFHI3D.

(assert (append ( ) skx %kx))

(assert (append (ka. kx) ky (%ka. kz))

(append skx ky z)) 2.1)
T LT “kx” “ka” WED k DRI bDREHE
#ZLT03. UF, KX TREDFEEREZ SAOH
TETHDETS.

Uranus 3EMICEEE NS, HLOEWTHIE
HREZRbE L2 DIERTEHEIN TV S RER, 4
HOREZ . B E3HERICAS I WITH &b
HREEFNT,

(with HF & BEFTHL) (2.2)
DEHIKTE. BEFOH LOHHT I3 EBEDREF
CHLDED, EBUNEAEDSODEZEEEEICE
BTx3. HROLFRBEEDOOOZFE-TEXL, £
OMRAMBEICELET UL, ThhlEbh, EELEL
BAcRFmicELhD. T, HRREEIS AR
FLTHVBZENTSE, TOBERMOHRLSIZ
ARloHROEENLMRLS. COHFRHORRT
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4 VT RERMTIRIZ RARICHE S, FIAZER

TAB,CE, PEWVS3AREM, (P PA), (PPB), (P

PC) DL ICERZINTVEETE. Thk

(with A (with B (with C (P kX)) (2.3)
DESICFTHT &, #IT

*X=PC, PB, PA
DJEICTES. ZOMED NV — + BETHICEZSD
T, — Bz OBEEES odIic with Z2FEICH
FRLMBENELS. ULHL, ETRCERRXT
4 VI RERDRED L. £ 2T, Uranus TIZ
within & V5 REHHEMIN TS, within [IB—
B E LTHRDARTF 4 v 2ET Y R MERS.
)2+ DEFES—BRAROHRT, Thh dIECAH
~NEXRAMT S FE2EIEBRRRT with EFKk EE
DOREFOH UsEGFS. HILT

(within (C B A) (P *%X)) (2.4)
i3
(with A
(with B
(with C (P %X))) (2.5)

LEMTHD. Reld, COSEHRIDZANT,
— DDA SELENICS L HROREEZRR LT
3, EVWSTEE L L. XS IcHHROMICHEE
(inheritance) %5 WIMEREOSETEL X BE
THeMICET2ER N ERS NG, ThERI D
iz, within itk A2 HRMO* 2 + 2FATE. X
B1ici3 within OF—BI KM LoEROESH %
EHLTWVWBEEZ S, inheritance T > T, H5
e TOHRIZ, FhEToOMROREEZZER LD
DICIEAB.

3. B5RAhO EIEFFIME

BB A ERE—BRNIE, B2ERAT S
N-bDTREL, Z20KHOMORREROE
&, TROLYEFESLEEILND. TCT, ¥A
FHEEREEZRDOLIICRTHDETS.

(—» A B) 3.1)
CNITEEZ A K% B XDRITH S C &&2RT. &
B, LELOARBRE ORLEFBRICBT 2RI
FIRZSBER L LE2MT T X, within 257
DITIT, RIEFEESHD, ThEBEBIC/IEBZ LT
X OB ER LS TRAESEL. C CTRIEF
BRE ZOREE OBBEFICODNTELTHS.
2—-¥hoEX NI RERFERBROL 572D T
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HBHETA.

((—=A B) (»BC) (-CD) (-»DE)) (3.2)
ZoEA, B850 2EME (EDCBA) 73, X
- TRI)DEEFEETHR ECBF2HM P i3,
Z OWEE D Y 2 b A EEE within OFE—3[HE LT
HZ, ROETITAE L.

(within E D C B A) P) (3.3)
D&t LT G 2) DREFBEFICH T 5 HRMNT
23503 THBM, TT—D2ENEEENDS. D
T, —BICEIEFRRELE > T E, Thk
DRI BRI, BRBRAR—ENCRE -2 &
LTbh, 2ORIKBOTHEL, Tree 2103 CEiT
735, within KBV THE—BIHIMHALZDO Y R +T
BBy, KBEEMIEENR O TR IhTLESR
V. 22T, 1B TR XS IKERT 3 ML 1
A EicT b, Bax RBEHOHEHMIS T 2
Bl 5 52 G B RFIC K » THE O F DS
WEBERETS. DT OREMN S RIFFEHREEA
T3, flZiE, ADRICGEZ 3 &EMEHtickh 258
DHB LD HICBNTIRRD & 5 1K FREMEG
PEITCEICTB.

(IF CONDITION 1 (—A B)) (3. 4)

(IF CONDITION 2 (—A C)) (3.5)
Zhiz CONDITION 1 #A OEETETH T (—
A B) %, CONDITION 2 sEThhid (—A C) %
ABET A LEFERELTART EVHIERTH
%. %7z, CONDITION O/ icidRETTH LA
FLCZEEL, ZOWBEDORKD), £ICK DBDEIE
FRESBERINE C & & T 5. ZOLRMBF&IHE
FRBEZROT, 84S ICE O T—20%408
YDOAEFT kT hid, —DOREFHERD S
BREIINA LBz 1 RETEENTX
3.

COmXTIRY DL S RIEFBFRIE, FIRAEIC
Ko THEAICEBEINTVAODET S, LIEFHRG
BRABCL > TERI N DOLIAITIES DI
BOMEA VTS 2HICB TN S, HIEF
BERo—F1% RICRT.

((—>TO0 T1) (IF CONDITION1 (—T1 T2)) (IF

CONDITION2 (—T1 T3)) (-T2 T4) (—T4

T8) (—»T3 T5) (IF CONDITION4 (—T5 T6))

(IF CONDITION3 (—T5 T7) (»T6 T9) (—

T7 T10) (—»T9 T11) (»T10 T55) (3.6)

ZOEFFRED» S/ SN RREOKIIRO K S 1
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13%.
—(CONDITION1)—T2—T14—T8

T@—TL{
— (CONDITION2)—T3—T5—

l ‘E(CONDITION4)—T6—T9—T11

—(CONDITION3)—T7—T10—T11
(3.7
TO0-T11 BREROHFAOREEZE LT S. CON-
DITION1-CONDITION4 3542 HE T 2 120D
LEFCHLTHD, EBRZRDLIIDICL-F D
DOISEMVERBEICELTIR, “read” 72 & OBE
PROT2 =Y ~OEMERT S Licis5.

ST, HIEDX D KR & RIAFERIC LD 1K
ORHENROND T & L8 fohs, EERICSRMDTE
U TOIROREA S REFREFRN S E 5P - T
HEBRT A PEELITHS. ChiciRduiEd 2
BYOFENEZ ONE., —DHIIZ, H25EHCE
WTRERD B4, £ THMEE ZDICHT 5
BThB. 2Fh, TOFRBROVTEOEADHH
HWERORHBMOmLZRELTEE, BTRELHE
ElEE (ZNE TORM# L Tos, = —¥~
DEMOMERITETCL > TikE3) KELOHDERH
WERRXDICTEOTHS. L, FHoie
¥dBHHICBOTIE, FEHICE  OREE O ZE
MBS, ZoHI, BEFMETIFETHS.
2%, BEEMERTIEGME RN EARE
TR R E DR hiE 3. 2 —F 250
B, Zo®E T o BiiEE R O T #RET
I, LT, VERICERINTHIRONESICONT
2 =50 SENREE SN A IRERE il Uk
BOZMDF = v 72175, ZDESREEDRED
BRI - ~OEMERTS. £LT, £UEIHE
E UK, HURMBOEERET LT3 o
Zo05 b, MERIEFHREIEOE/LHE LT,
EFEEBRNEND ATRFIENS B, K-S
EIEFEROBOEMIcT 2 X 2 ) BOWHEEEZ
5 EERMTIEN. &oT, %EBO “Biifh0BIEFE
fli” 2R3,

4. FRsh &R 5R5E construct

3 TR Kl OB IEFE G L EB T 5 20T,
RNAFFERD SBIEFHRIC L D B E D ) X b 2R
§ 50FE construct TERT D, KK X 17 K
timeline |3, H®bAMD MR, §728bH b standard
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world T assert STV 5 KBEKTH 5. BiE
construct {FRDE S ICHN3S.
construct (%t koldline *knewline) 4.1)

CCT, *kt BEMNOHSA © &7, *koldline 34
T TICHRE LTV 2 KRBT, KIBREHK timeline
D&% FEF. knewline 1T construct € & ¥ BERKX
NEHFLOKHETHD, KREEY timeline OFL
WEE LT assert ¥ a. (4.1) DX S ¢ construct
ZIEUHIT L, %9 koldline Mrhic %t 23EEICELE
Tt koldline OfEZEZD ¥ F knewline & LT
Ee. BELEFNIE, koldline 0 x b 5RJEFE
BRI ED, %t BROh 2 T THESEERT 5.
bL, *t BROHZENCAHEED CONDITION #s
RBOob - 784103, £ THREEORERZHI1E LR
£ @ CONDITION OETEITS. Ok, 2 —
FADHEMBE I TV - ~OB O h T DR
TRUEOHTERT 5. £EswEETE, FhicHE
U7 IRFBEFRE RO CRE# OB EHTT 5.
Tkt BROHNETZ T T TOREEZ *knewline
& LT construct 2% T3 5.

(v 2ty )

BHOMARE LS RWEERE I, = -2
FORMEIZELUTYRF 2R/ LTN Yy 7 b 5y
7ERBRLIZD, FICBEALEBEEE L VEAIK
id back EANTB. back BSASIXN B & construct
X OBRE NI LESIc/ &, —FROEME
MEEETRYD, ThDROBMESEETS. 2L
T, BE#EOBRELT > &L BUORKLED F 2 v 7 2T
W, BlOME S ENC D - TRRTE OB EZTS. C
IUTH LORRESERE NS &, 0T T THERX
NTOLARHESEOMARBRZI <Y, Ny b
Fy 7 ICNBLTRLER D ZH LU X3 48N
AN

5. B TR

5.1 EERAOHFMBLETOES
T T T3 construct iIC K » TR I N2 Kf5Eh ET
ORFEFCH LEGAKERIDOTHRITS. })E
FEFEZC 6 oboE RS, i, TO-TIl &k
BORDRBEETNTOHRH» 5RE S “standard
world” {tEHZ L THEL.
(assert (in-temp high)
(out-temp kx) ( ) kx 10)) (5.1)
(assert (in-temp high)
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(out-temp kx) (=( kx 10)

(heater on)) (5.2)
Z® “standard world” IckiF 2 (5.1), 5.2)DEH
BEHE#EOBRCHLD ST, BicINToHAMS
Rz2b0Tch3. 5.1)oEKE, MMEoBRE (E
FPOEH *x) BIOFELD bHFBIFLLENORE
BEMLN] G.2)1F TAKORESI0ELD KL,
E—ZDXM v F BA>TOIUSERD BREIIEDL
Wl TEEEERLTWVS. Kig, TO, T1 it I TFoD
BEEERTD.

(with TO (assert (out-temp 5))) (5.3)
(with T1 (assert (heater *kcond) (read *x)
(if (== %x on)
(with T1
(and
(asserta (heater off) !
(fail)))
(asserta ((heater on)!))))
(with T1
(and
(asserta ((heater on)!
(fail)))
(asserta ((heater off) !))))
== Xcond 3kx)))) (5. 4)

(5.3)13 TO B TAREMNBETH -7 TEERL
T3, 6. 4H)3 TI T2 —HFic LTE —& DiREEE
ML »oBETHS. 7, (3.6) 0 CONDITIONT
DEBDOBREFOH LIIROSDET 5.

(heater on) (5.5)
CONDITIONZ? i3,

(heater off) (5.6)
L35,

¥C, oL x, BH T2t 0T, (intemp
high) 2R ODRE at Itk ->TEHET 3.
(at T2 (in-temp high)) (5.7)
at IROLHICEHIN TS
(assert (at %kt Xp)
(construct *kt skoldline *knewline)
(within knewline *kp)) (5.8)
at OF—FIHIIEM %= § 2RH0oHA L%, F5]
B ZzoMETERLOREFCHLTHE. 5B
|BRfdE skoldline, MM & knewline T, & 4
KEBEH timeline iK€ v FENTH /b ORTEHT:
kY FENBHDOTHB. at HETTEEG.T0D
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B4, 79 construct i & » T T2 £ CTORED
BEREZRAS, chicRyThidzo#licsnT
(heater on) 2ET4 3. TO LS HR LUIESL,

5.7 DERITIZ (heater on) BNRHEETH 5DT,

Y2FLRChCeyFT506.0%£T7T5. (5.4)
2 =¥~ heater DREDORIWHITZTHIDT,

=% “on” EANFT HiL, T1 i (heater on) |
A3 assert XN, (6.5)>Fh CONDITION1 Aspizh
5. £LTC, HFLOKRM#E knewline & (T2 T1
TO) &183. Lichi->T, (5.7) OERI#ER (within
(T2 T1 TO) (in-temp high)) X h, (5.2)&
vy FLTKITE. LaL, G.4DHERC “off?
& Z 5B & T1 iz (heater off) | A5 assert X1,

CONDITIONI1 %34:8d 3 7%, CONSTRUCT i3,
CONDITION2 2% 1 (heater off) 74 3. T
A&, (B.4)ick » T (heater off) | 2sfEiC assert X
N TH57cp CONDITIONZ 3lTid 5. & - Th
B ¢--T5 T3 T1 TO) LRI ATV, L
D UERIN TS RIEFERD OB S h 2 K
BEBRTR&S, T2 B8RO 5 3 (in-temp
high) B&HT 3. ZoXduhEkick>T, Kl
BRr—¥FOHEMICK > TEZNLRI O HAT assert &
NTW3B assertion R —F BHEDIFZICE-T
FHIT 1 RHBBEFMANICERE LT, dBAA
AR NPAOREMEEF = v 7T 52280
i, back itk >T/Nw 2 b T 9 7%y 27 ACEKR
UT, WiEa#ls@sTbhs. coBs, (5.4)
T asserta L7z (heater on), (heater off) DIEAD |
OHRT, HUEMEFHZCEELCH> 2 &idn
.

5.2 REBGHHEE ETOHERICHITIHES

AT TR R I RIS 5D LOED SN k)E
FEAKBVTRBEEIZ V. LiL, temporal
logic TROoNBX DK, HROETIKELTHES
EEZSNTWIHIEFBEGZED SRS 13 PR
MghzHccER L Z 0 EToRETE>E7 53
&, UTweR~2RELET 3.

PIZZ G TDOBBICEL v ofRICE T
(heater off) A X ¢ CONDITION2 #Eksr L
BRI DNWTEZLTHSE. CDEE, Bz ohicyg
JEFEAD LR E N2 DIADERIEIC DT SE
ORIITEEERERL BT hE RSB0 ETS
&, HMTBRIESWRAN 52 =2 L LTEZD
Nl s T2 BHEOM SN E WS HlTHEMic &k

Uranus 0% THRABBIC X ZMURBEORTESE 301

THEFERFEZIZD. BERESEROOMNIT BT
BOTHEBBEET 2 E2TFHT 2 0END 50
5TH5B. DK ILIERRKHICET Z2HHEA <
L—2, RUBBOEZIOES (WHW3 next time
operator) %{&Z - temporal logic® M¥HH BT B
TERENTWE., Lich»-T, FEOMEREAY
AT LR RV -2 2 BATHETETHS. L
HLEEHROBRRUCESHR BT 2 REDHE I
DICBHEROMRELID, WV RTFLIZBETELD
FHTRIBERSNABROFELEL O3B,

6. MEDITBHLOHEA

‘R DREBIC T BIEDRER” 2EZTH LS.
Kz TO TRY A BAR L, B T1 28T, Bl
T2 THEOTGHTLE -7z, &V HERIRHERE ER
FTBRHEILCOVTERLTHS. TO THGZAMBARL
THRLN TV BRER

(with TO (assert (sale A))) 6.1)
7288, T2 TROYINicC &R, EHAERLESID
HID?, TTROEHiC (sale A) % retract §
B ERBENDL.

(with T2 (retract (sale A))) (6. 2)
LU, TOFETIE TO O (sale A) BHZTLZ
W, FIZE, T~y 27 b 597 LicBICH IR
(sale A) DERD L3 18>T L & L EHAHEL.
ZC T (sale A) OMAEIZFEZRINCITB BT T &
PN D, ZDFedic hide EWVWHIREAHEAL
2. IRbB, LEIEOWRER

~ (with T2 (hide (sale A))) (6.3)
CETA chicky T2 L& (sale A) R
RPRANELES. UL, TO @ (sale A) {3 retract
INTRHKEODT, Tl KXy 2 b5920LTRAB
& (sale A) BRZ 5. 133, hidle TRFTBETO
13, (sale A) 720 ThH3. Lich-T, d LESB
b - Tz, T72h B (sale B) b assert T T
7c&ELThH, (6.3)I3 (sale B) ic 3B L KIZTX TN
(o &d Uranus @ define &R 75 3). assert &
hide DEVFTICL > T, KEOHER s CTHA
Koz onsdo, BEINZ (D, 2246—-X
KERTEZ LD

7. Time Counter

REOMRIC LY 2RERRT 57cwicid, ki
OYJERFBERICIA TERMZRD T &, DEDHAL
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BHEED TORLL Y v MBESERENSE. O
7 BRRAIZZDDREE when & forward ZEHATF
5. '
(assert (when timeline ktnow skKnowtime
kd sktf skftime ske kp kq)
(within >ktimeline
(if ( knowtime 3kftime)
(if ke kp
(forward sktimeline sktnow
sknowtime kd ktf skftime skc
*p *q)
*q)) (7.1)
(assert (forward >kline *ktnow >knowtime
kd ktf kftime kc skp kq)
(+ *knowtime kd knewtime)
(newname ktnow Xtnext)
(retract (— ktnow ktf))
(assert ( — sktnow >kKtnext))
(assert (— sktnext ktf))
(construct ktnext kline sknewline)
(when *newline *tnext sknewtime

skd ktf kftime ke *kp *q))
(7.2)

when {2, ktnow D OEFKOKZ *tf T TOMIK
i ke HBRALT T kp, BOZLIETIUT ki
BWT %kq 2FEITTE, 2EWRT 5. 0E ktnow
» 5 ktf KEBLHEE (& ktnow ktf) BHohU®
FEHEINTO/2ET 5. Kknowtime (3 ktnow THE
TAHERIEEZTHETHS. *kitime [T *knowtime
AREEICUTHI -7, kit ictind 52 EBLTHB.
forward {3 3T ERLAZ %knowtime »» 5 kd Bfr
ICHEY, FH- i ERY knewtime ZEET S, KRic
knewtime ICXIST 554 ktinext 2 {ES. WEE
newname (3B IDRZIZ IR Y 1L —XFeni
THICERLEEEABEEZHD. € LT *tnow,

ktf o R IEFEFREZE ktnext AL, 4D
L (— sktnow 3ktnext), (— >ktnext >ktf) [CEHT
3. OB ETHEE kline 13 (ktnow-) DX
icktnow BEFOBELICIE > TWB. £ Z T const-
ruct (¢ & D ISREEIIE sktnow DK DERZIT LD B
ktnext 224K (ktnext sktnow--) ICHHERX N
72 knewline &£ 75%. T ® sknewline 27 725
e LT, BRMNic when ZIEUHT. K413 when
ZROTERMICET RMREEZ KRB LERTSC
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EMTEZ. FlAIT, sktnow H 5 5 B#%E Tic ACK
FEMBZEINNIT knextmessage EXEL, 5
Tratud koldmessage % () &fFT5, L
BEZobaricBds44 67y UBRRBRORBE
timeout TREINS.

(assert (timeout *koldmessage *knextmessage

ktnow sktimeline ktlimit)

(when >ktimeline *}tnow 0 1 sktlimit 5

(receive ACK) (send sknextmessage)

(send *koldmessage)) (7.3)

TZT, T timeout ZAVIERERT. #7120,
(receive ACK) T2 —¥ it LTHL dDEL,
(send--+) i3 DISPLAY ~i133 b0 &F 3. CC
T, EEE%E T1 (Z0oEKZ=0), RiE#Ez (T1),
timeout DFRET ZERK D KLIE T2 (£ DERZI=
5),

(timeout mes0 mesl T1 (T1) T2) (7. 4)
DRBFET timeout PHEERFHTE. 2 ETTS
& (receive ACK) &b,

ACK received 7
EHVHITTL 5.
iz, 5E “no” EFEZ L, Ml & 2D,
mes0 J5E->TL 5. UL, 5HELRAIKK “yes” & &
AL, mesl BE->TL BT ELICIEB.

when 23 CTHE-7c & &ic, —DE® when D&
AERZ ftime 2K O when ORESFERKZA know-
time K& ET UL, KRB ES ZHEOHEB &R
RT3,

8. HbH b I

A/ TR, FEERDDEFAEUCRKMGREOR
BRI OWTHRIT L. BELLFERSEHR
I} /K (inheritance) itk DIFRIHEBICK B
ROREOEICHIE LTS, Co&d, ITHHL
assertion OEADNEMICDNVTHER L. &5
ICEBO TR IR TR S 1ICBE U TSN & REF
BEEFIALTCWVA. £/ Time Counter T X »T
FERRER D FHEICOVTHER LTS, 2LAE
Y27 LRRIEFRESTRTERINTVLBEEESD
BEZ->TEY, ZOIGHREEY=2 TVEICEN
BERHER 2 A T Fh & PRIERTICET 2 mae &
BAN—2 LTV R T A RB T BMEER R R
EFohs. 4%, 52 HiTHRNIHELX L —4
DOHEA, XD EXHOMMVERIEO KB L HER



Vol. 27 No. 3

EEIEA VTV A VT — /a/ﬁwmgéﬁﬁmm

ISRICOWTRE LT ERD.
W FERECER I U & T AATHEMERS
AIUEO D#KREDERISHm wmﬁmtbiﬁ

g £ X ®

1) Allen, J. F.: Maintaining Knowledge about
Temporal Intervals, CACM, Vol. 26, No.
11, pp. 832-843 (1983).

2) Allen, J.F.: Towards a General Theory of
Action and Time, Artif. Intell., Vol. 23, pp.
123-154 (1984).

3) Allen, J.F. and Koomen, J. A.: Planning
Using a Temporal World Model, 8th IJCAI,
pp. T41-T46.

4) Forbus, K.D.: Qualitative Process Theory,
Artificial Intelligence Laboratory, A. I Memo-
664, Cambridge : M. L. T. (1982).

5) Fusaoka, A. et al.: A Description and Rea-
soning of Plant Controllers in Temporal
Logic, 8th IJCAI, pp. 405-408 (1983).

6) Hayes, P.J.: The Naive Physics Manifesto,
in Michie, D. (ed.), Expert Systems in the
Micro-Electronic Age, Edinburgh University
Press, Edinburgh (May 1979).

7) de Kleer, J. and Brown, J.S.: The Origin,
Form and Logic of Qualitative Physical Laws,
8th IJCAI, pp. 1158-1168 (1983).

8) Manna, Z.: Verification of Concurrent Pro-
grams, Part 1: Temporal Framework, STAN-
CS-81-836 (1981).

9) McDermott, D.: A Temporal Logic for Rea:
soning about Process and Plans, Cog. Sci.,
Vol. 6, pp. 101-156 (1982).

10) hEFZ M : Prolog/KR » 5 Uranus ~N—%E
HRABEOIE— FRUBEFSMETIFEAT

Uranus O$ BHABBIC L 2BMEBORERE 303

ENBERRFE S, 36-2 (1984).
11) Kt : H%Faﬁimﬂfﬂ 75 3 v/ E%E Templog,
A&V 7w = TH¥EE1EAKS, [E-4 (1984).

(FEF1604F 3 A 19 HXA)
(FE71 60 48 10 A 17 HERER)

BRI #mE

FEF0 28 4EA:. HARN 50 £, HHEK
FIFEREITEM R B[RS
&, HRRFERFEGEHIREET.
IS4, BEAIS5448 XD HE
HYRFETERHE. HiE, RART

'%“‘Bea?fﬁiﬁl%ﬂﬁjj%(&’ ATRIREDWIRICIEE.

AIUEO, EF#E%¥4L, HATEB¥S, BAVY
b= TRES, K&E.

hE FZ

WRF0 27 4EA:. WA 52 4EBIEUASE
o LHEEERERI A . 1 53~54
. 4E MIT ®%. W58 LEHATA
REGERTEHEMREET. T%¥
Bt BiE, BERARBKY 27
LFIHE. /\léajamcaiﬂ;‘kéﬁo F# [Prolog],
‘@z & Prolog/KR]. AIUEO, HAFmMA %
&, BAY 7 bv2THEES, ACM Z£8.

wE B=R

WRF0 36 4EA. BEFN 60 4F, HRIE
VRFT¥HEXLEREE B
#E, BRRFEREFED. ATRED
WIRICHER.




