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EXNTHEWL. 12, THD] P e 2ETHES
DA AEELTF 0D L IEABERSEXHIC
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= TREEE R, AMBEMBICY 7 by TH
HETHO1-DDOFHED1DOTHSE. 2/ —2 N
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A7V 27 PORPREBEI NG, BYEMER, BZ
DOETIIE L TEALT 2 b0 bbb 0T, £5THLIR
EidbDdbds. ARPOATY =/ MiCBIEEMA
5T&LILE-T, Z OBMMEME(LT 5. Smalltalk
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547V 27 MiCBEENZZCER, 04TV 2
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TEHEODNTWS. UL, TXTOLFLHFR
CNSHICHIET 20 TREL, EBITIZZDO—H7
BTH5. ChoUADEROGICbOBEHED Y 7
Py 2 TRHRRERCHETSd005 5. &2,
Central Heating System® ok,

Once the home temperature reaches tr+2
degrees, the controller deactivates the
furnace. 2.1)

BT, &5 lcontroller), [furnace] (347 Y «
7 b, BifERFK B [deactivate] {3 furnace +
TV =7 PERT AREICST M, £hA 04
7 [temperature] W3 reach) 3/ A4 7V = 2
FPRERXIETS & T AORREARTHS. Mtem-
perature| {3 home BETATYV 27 rD120DE
t, [reach] BZOBHMENBE DI ->TWLh, OF
DATY 27 FORBREZRLTVEEEZ TS
BERTH 2. LichH-T, BRAB L UHEHZEL T
P2l PEFNETOV I MU TEECH-T, &
B-9HT30ENSE. chicDoWnTid, 3.1 &
3.2 HTHR~XS.

2.2.2 HEERTHRAE A v -2 L DORIE
—Riicid, BfFERTBRSS 24TV 27 bic
WIZBELRLTVWEEEZLSN, Z0BREAL
XHA v =Y DEBFCHCT5EELLTEMNTE
5. TDEE, XHOBEFRLE U TCHERT 3 4F0%
TETV27 r DS B, ENRAye—-YORKEE
T, ENOZEMNLELLI2005HETHS. bBAAL
NODBEAMXITRERINTLEZZEbHDS
5. —HENC, TOBMEOBIEENRELX TV 27
FE, BIERRMBREA TV 2/ v 2ETODETS
OHBBERTHS. %0, BfEEA TV =7 + BBIfE
MNRAT V27 MTA v 2=V ERED, ZHEFZFI
BfERA TV = 7 b ORED, ZOBRAMELTH
SENEOBEKRICE > TET 3 EMRTX 5. B
ik, ERIEENEIEE, BNESBELR S
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TV27 b EFAMLETHRTZ2E, R10L S 121

ontrolle furnac:
<instance) deactivete <instance)®

the controller deactivates the furnace

1 BRTHBEXEXF V=7 bEFNEONE
Fig. 1 Correspondence between natural-language
sentences and object model.
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o b TR, BfEFid 2 BENR
L2, ZoBfEIck > TREEPEENEAT ST
V27 FThHBI, BXEORAMELY bHOED
BIERREETEEILEIIBIVEALHE. &
i,
The buoys collect air and water temperature

through a variety of sensors®. (2.2)

EWVAHILTIE, LA collect OEEXSG DS sensor
7Y =/ MT, HIYE temperature (air, water
T2/ VORBYLTEHS) 13 collect BFEIT-
rARREOIhAE MHE) THEEEALEINE
RTHB. 2FDHERVOBMELBIEYRENE »
T3, 1,
(The control mechanism) moves a lift
between floors®. (2.3)

ItB W T, move BfEIcEk » T lift &£ 220D floor
(HI7EBE LR D35 D4 T 27 b DREHBE
T3, cOXdiCBEcE > TREBELT 247
Yz PEXHICEREBERLLD, BEFERLEDOX
SR EELHAETASHLBENRTH -0 T 54
DBH 3. Xoi, BEELEERREETENSER
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FBIBERD 5 DI HEILD.

2.2.4 FEEFTCH b -REFTOI D
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1) BRI BFEORME

2) #H LcBROFEE, BrIEORE

3) #fex, Bfedfosmb

4) BEfEfOBEFRO HH

5) ¥%(E, ZEAT V<7 PORE
L1 5.

3. &£F - BHRAOSW

3.1 & L
ZEOBERUTO XS ickKilgh 3.

1) #7927 b9F TV 27 bPOEE (77 R)
BT 0 WUTF, 735R&HEND)

2) A7V 2/ FORBMEEDHPHOELSZEIET
b (LT, aFALND)

8) A7 Y=y PIiTONZEEEET D (U
T, BfE&FEEND)
NRBE LKA FHET, BELHAPELFD DN
WELTLENLID2DA TV 27 b 2ERL, BEELW
MH2ILMOMBEER 14TV =7 FOKER, O
Dy 5 2EETOIEREING. 2)ORAELT, D
AL ETHE integer DITMNIT,
the room’ ® ‘speed of the motor’ @ [temperature ]
(room D EH:), Mspeed] (motor OEH:) NbHTFSh
3. LDEATOEFR, 77 ALROERERT S
ETXhIcHBT 3 &850, ORI, BiffER
TEE D S RAE L& (fo&k Zid transmission,
receipt 12 &) T, BIZHP to REHMNOFETHET S
TEHHB. to REROHELT,

These (pressing the buttons) cause the lift to

‘temperature of

visit the corresponding floor®. 3.1)
Dk S i FEEHE cause DEIEDD

3.2 W 5]

MDD, AREFEXPFT, BEERTHEFEO
SERERIT, TTRIECELTINGS0HE
AEDL. T, NBEFANTH 3 » & D » ORI
2.2.3 TR~ LD KARMTRENDT, HEIR
BEDELTHewicd, UTTRIERGOBrIE
b2 OHIBFAAIOBENCHE - THIE (FIX 3.2) D3
&) LEHMNE Hix(2.2), 2.3) &LTES.
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ELT, 2OMEMNR o v MCHID SN ERiICHL
TED &S IKHEET 20 &0 ) BKED 5 DT BT
ot BROSHI, 7Y 27 MEREFVERER
TE5d, 47V =7 +@ TBEEK), NREL 8HE]
EVo eSS L LRI T I BEEL ERUOTB T E
K& ->Tf»7e. PbkokSusricky, BHFEZEL
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(1) BB

BAREIZEIL, 7Y =7 FMHOBRGRPA TV b
EEMOMR (1-EX1E, FEBREE) 2RITBHH
T, RTFEELBNEELLSE. 27V =7 FEOKMRK
i, A7V 27 POERPHEBILED LD ICBITICE
tT2c:dd3. UTOHIZ, have HBIFEIFIE
LTHOOHIHIT, IEEREELTHS.

Each lift has a set of buttons,
one for each floor®.
ZoxXiz, 1-20 lift 7Y =7 FBEKED but-
ton 7YV FEBRIF O, Lhbzhooh
® button 7Y 27 Fid& 4 floor 7V =7 MIC
BRESIONTHEC EERNTNS. have PSlic
{Z, contain, consist, provide WX ENBZDAF T VD
B E LTHERINTOEHDH - 7.

LoAFI ) OBREOEERZ, 7 A%LH, BNER
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b 5.

(2) Rue@E

REBFIL, 27V 27 FOBESBBREEEDLS
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FER ARG U IMELT, HEIELRTE
f] (lE&H, BEH, MEFRGRE) 2885, £&X
i,

The lift should remain
at its final destination®. 3.2)
hOEE remain {3, lift OREEZETEEMEMSE S
Lo TWBEPERNTNS.

(3) BiEBE

BfEE R TREIL, BEREL>TVIEBEANERT
7Y 27 FPOBUEEENIRID, TV b
HOBFREE(I LD TIBRATHS. TR,
BHEOEM|TEZAT Yz PBXBOFTEDEL

RO EY &R
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BoTHRELTWZ22IER LTHEEED 5. &L
DRBILONVTRERLEY. BAORILTHX LD
BEXD, XOBBREREXE, BHE MECH
B, SOICHREREL->TVBER (f], #)
L1HOEDONEA T TV IKBT SICER LTHE
T3. DR LELICoRT. action, value, object
i, BREELH, BEF, 75 2A&F/EeR/LTH
3. 75 AZENBETOREAR, BfFick-T, £
DEBRTAT V27 VEEARSEHEINLTES
IKHB L. BYHEPEFREOE(LND S object i3 #,
Z3TRVORBIC-EDFITRLE. @Ab2035
DNTHRVBDR, EBELTHEIVT EERLTY
5. kA, I-5 O FT VBT A28EIL, EE
DI 5 RAEEWT, TOMETCREFENRTA T V=7
FOEMAREC SN, BLOBCZA TV 27 b2
ET7 7 2LZFRAMEELTHT 128>, zhil
NICBMELZR - TV 5D ThhiZ, B OENER
BEZFAPEADIEZNA TV 22 V2FET I 5 AZEHT

® 1 BEBHFROSE
Table 1 Classification of action verbs,
28| == | RIE $1-4n W m
1! object | (value | object-)* (value | object-)*
2| value
3| object- | (value)*
4| object- | object-, (value | object-)*
I|5| object- | objectg, (value | object-)*
6! object- | object$, (object$)*,
(value | object-)*
7| objectf | (object#)*, (value | object-)*
8! object- | object} value
1| object | action
I|2| object object action
3| action
(@lf) Ratii B, a* ROMELILED a, a* 1 LD a
MOR-TOBL EERT.

% 2 BHEBIREFE O

Table 2 Classification of action relational verbs.

NEES| E B 8 5 N
1 object action
2 | object object action
I 3 action
4 | action action
5 action object
6 action object action
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3. HPEESH I THI 2853, BEgHES
ATNETEEET.

(4) BfeBEEEHR
BEOMOBFRERTHFTHS. X 8.1) OflT
i3, press BifEDS visit BifERBl ST EEERL
T34, KENE cause BEHEL R TEFHATH D L%
AB5X0b, BEFHBEHRERTLEZ I BEHRT
H5. DFD cause BRARKFKE VS BEHOBKRE
ZLTWV3. ZhsoBHIE, BEEFEKRERLE

BREEHRPOEY 2 - VEBABLFERONT

LTat. BifFEGREEOXE
2R2ICRT. TDH B, II-1,
II-2, II-3 R EEBIER O AT
Y EEURT, CorFaY
BT 3 BFEIEIEESR, BifE
BREHROmAOL 72 Y i’
T rAEg b B. X B.1) D
cause {2, 1I-6 OBRITH 3.

120N (1)~(4)FT
OHE—DAF TV ICUPBEIR
WEWSDTREL, FALEHR
THEXH TR - - B%RTHEH
ANTWHWBE L&, £40OHHE
MEELATFTVCBTHT L
BbH3B. 2% 1 DOEFMNHE
KoSEAFT YV EFOTLED
b5.

4. EY 12— IViEEDRE
%

AETI, FIETT -8
2bHEic, &3 -FRHELOX
SRLTATY =27 bEFAh
DOEBRERICHIESE, ER
FILBRD € Y 2 —VEEEE R
TEDICDOVTHBNRSE. 120
XDABERICE > fEEDWN
O =R 2 iR

4.1 R, BRAOME - 98

BHREEICLBEEREZ S
hic & &, BOINCTT D %
3, V7 by TOBRERS
HTLEDNEEREBFHOMH
HeHEThs LHITS 1M
D3o0HFTY, BhEL 3.2

(o)

(a)

cause the

DM, S
()

press

s 0

| |

button
0bj

passenger
abj

3.1I-5

W, EE, BEBIRORE
BHEE

passenger

|

press

!

button

BER

BHERPAtR O
(g)

press

QEi;;x’—)b*tﬁi

(n)

Button_class

51!
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MO 4>DHF3 Y iICHET 3.

BRI OWTIR, MAEETH e, Z0FEE,
BHGE, METHEL, BBEEHENEIIELI
V. Balzer b LTV A LS IYERSENI,
HHRPOEAOMD BRI EOE % DIERRMIIERIERE
HERATVSD, BEEERD I, Chdt
ERCT 2EXDLETH S ZofEER, ave
2 — 2 TRAARET, RHBLNELEBRTEILIC
EoTOBITHITEWNTES. HEELEET-ER

These illuminate when pressed

1ift to visit the corresponding floor

(c) Q) visit

cause
S 0 c s ' 01 02
| 1 | | 1 |
press  lift visit 1lift floor floox
Action  0bj Action 0bj Obj 0bj

4.11-6 3.1-7

1) lift 1ift 1ift

|

visit depart  reach

floox floor

floor floox
(parameter)

1lift

aay asi

| ias
visit visit depart visit reach

Floor_class

defar:

xeach

]

Lift class

inform
uut(floofiSolo,xn)
visit(FLOORS1,FLOOR®Z)

depart FLOOR®1
reach FLOOR#2

floor:
<instance>

reach depart
press

uttol 1ift
<instance> ‘“'°'>——>@
A}

Fig.

visig

2 1-0XiB}3fikolh
2 Activity flow for a sentence.
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3.2 TR x—vPEl, B2PDADI/ & —
ViITIE - 1B AR, HBPIRDBIBHBEINTH
WRTREREDS D 2.

Bic, BEBIFE LI NBIEIc LTid, BifE
FORMENLZEE BIENROBRME L2 HAEMN
HFRINTOWIHANELH 20T, +icEEELL
VD, Zhozf-TP3. ¥, Btodbs+7V =
I YERT IS AERMEBNEL LTEATHLELEK
SR (I-1, 12, I-3 15 &) THELU TV 3 HERH
2OV, BLICHMENERINTHROME 5H
F w95,

1o & 2, K2 ofIhoBERE press it T
i3, EBETCOIFESERINTVHEIOT, EITAL
button 24 LR L, FiEE LT passenger % Hl
5. press OHEER, K2 (b) okdHKkKiEs. FiE
0 passenger & HKIZED button & 7 7 XZEHTH

WRREE QR

Nov. 1989

b, U d button {T press BifEiC & » THEIREYS
g 3. KD obj i27 7 XRLFADEKRTD 3.
ThER1DHEELYD, press BEEHETH (W52
Y3) @ I-5 tMEE B,

O - MEEER, HELP- TOHREISHE—IC
BEEVHDOTRIEL, KFEhOMD X 7 v 7O
2rp bEARXZRNBENPTV. LHL, AR
DL LBFOERBRENEREICLTE 1D,
DFHFFED 0147 BT, BARKZEORD
WOOTRRBOMEBDNS. ¥, EOLSEFEE
BEMEBLNTD, 4.4 HTRRB3BMicL-T, @
HIC Y AT LARERTERNWEILEY o — Vi
MTETLE D LB

4.2 BEELHENRORE

& E RO - BEBEIC DWW TR 317K Lo A
28 - T, BifEE, BifEiRERE T 5. K2 (d)0F

* 3 BEBHFOBIEY - BIfERIERM
Table 3 Decision rules for agents and objectives of action verbs.
S HE S B ofF E | B oA R Bl #
1 * & x & BrE, #iF
2 s value ZE#E L TR BfEEEEL
- object
3 * & {45 value #@# & L Ti§> object T BYORNE
RENETEH0D
#{t§ 5 object MEMMBH 3 & %13,
ZhoicxiL 6 DMEAITH
4 1) BHERIEBERM x & BHEDH®D object-mdEhihl > kb0 BWE
HhHL X
2) B ERD B GR At BIETIRITV & LTHIRT B
A value % object-DEHE T3
I 5 x B HHEOHD object % 0 B HE
6 ¥ B BMEOT D objecty oLhnl o EooOBENE
(ChzALT3B)
ALADOBWEBDOED DS objecty B; KW TUTOK S BEIEREMT 5.
A B; A, B; Mo gmE
7 * & ¥5E, HWIE D@ objectt D &h
nlD (ThEALTS)
AP O XE, HEZEDDED DK objectt Bi it oW TLITFO & 5 SEIELBINT 3.
A Bi A, B; DD BEME
8 x & BHIE W B
1 x B BHENELTOWAEFEOBEE
2 * B H 138
I RENELTOABERSVTR
BH#IE HEEMNE L T B BIEOBENSR
3 FENRZELTOBEBIEOBFEE FENELTOEBIEOBIENR
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VeSS visit 12, -7 24 70H)
EBFAT, REMNEATEATY

HRATCEHKDLOEY 2 - VvBBEBIFERLONT
* 4 BMEBRBIFOBEE - BIfEREERA

Table 4 Decision rules for agents and objectives of action relational verbs.
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= 7 b ZBHE (lift, floor, floor) MECESLTOAMIES 1 BMIRICBE LTV BB 2
FoTws. REZkOECE4 | PRE5 n J BERRE 2 B s 2 J YRR 2
7727 bORPLITEEEL 1 (B &ShTW3) Bi#E
> TWD lift B, visit OB ET | EmEomfex EOEOMEE | HNZOBMENR
B, BifEdgE & b lift A 2 (BBEEhTW3) HeE
T rEL BOD 250 ET | B0E B0iE | WEOmANS
floor i3 visit BifED A S151 ¥ & o 3 1:&@”{‘?3—:22? OB (BBENTVS)
5. X5, 2D 250 floor - ~
KOV TEAFL W EfE depart ! zgom&zzT TEOBIEHR E%ﬁ®Mﬁ§?m ENEOBEHR
(ift DITEROREEER B), 5 xi (EBERTLE)
reach (ift OF| ER D REEL L FEOBHEE | HriE FEOYEE | E#E
Z3) #HBAL, Bt L bic 6 x5 s
lift, BERIEE & % 250 floor EOMEE | EIEOMFMR B | mzEomnxg
33, CoOBMOBERICE-T, 2 ({)nkH72
BifEIC B9 5 M3 398 SN 5. depart, reach BifE AP REESSTILE
13, lift A 7Y 2 7 b8 visit BifEE Ei7dhic, lift (3w
LoRIINS. Uicdi-T, visit & depart, visit A .
& reach 213, HEBEFKE Q3. 2FDOHFI Y iii)) T 1 ] e
NhHrzEictss. PrkokS>icE3m I-6, I-7 0
A7) ONENE, TOEEICK > TIRENE(LT S b
ATV 7 PBERBEH BDiIC, 1>FOriEsK
SICEIERMET 2D TH 5. 4

4.3 EfER D BALR . : wm

BFBEROBEESEL, SBMREb LI 41 B
WTHRD SNICWIEE, BIERRP OEZEL TV = Gihaam
7 N AR BEIRIZDONTERS. BERIDBRII,
2H T A=) VIREDABLEDS B Y AT AICD *
WTI3, BrAliMiibDI TEALNSY, ABTR )

—~ BN

TV 2 —AEEERRHTIEOSHMICKD, BT
bD primitive AR TH 2 2 > D EWEHOREM
VDB ERRET S.

4.3.1 MR ERTHH

BERI O BALRIT, BRG] - filA cEEic Kk - ThH
BRI NECENHS. Z2IABINIBIKHE-T
AZRINTOLHANZRAVT, BRICESLTW2E
B LU ZOEEE - BIfERFERD S, ZORA%E
FTARRT. AN G o, K2 (c)nk
S I1-6 oFAKL D, BFRICBEET 28ER, X5E
EIE T3 press, igEE U THELTIWVS visit
T, visit OEIEXTSRIT cause DEMED lift 27015,
4.3.2 B{EMBAGROEE

B o RARBFRE 2THBRRIAB L TEH X B

I

COoRMMA

sims e BY BN
TBE2H>TROVWIELW

B3 REBFOSM

Fig. 3 Classification of causal relations.

&, UFo4-oh5a)ickBlahs.

1) BIRKR : RfTTHBEMBKRT LTHS, ROH
Esths 2 (B 3(1)). & X3,
The controller deactivates the furnace by first

closing the oil valve and then, after 5 seconds,
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stopping the motor®. (4.1)
EWH I, close BIEDSRT L TH 5 5HHIC stop
BELTONECEER LTS,

i) EPBAEE . 7T E8ERTDOATH S5
iZ, ROBIENSEED OND. BEOBIENETTSE
FEX D BEIKERTLTHINL, TKRTLIELLED
i (B3 (i)).

i) 848 : &TT28EMTOATVIRTIC,
ROBWELIEE D, DORTT 3. D DREOEIE
NELCEETNTHEIELETHS. G 1D)DOXHTRE,
deactivate EifEic 2 DD EJE close, stop BIfESE
hTnacEsdsonTns (K3 (i)).

V) BikR: B B4 vENN (oA, BfEHRP
BEOR TR E) KBWT, Z0BESERICTD
hZVBERTHZ (K3 (v)). HEHME E B D
BiTh 5.

Minimum time for furnace restart

after prior operation is 5 minutes®.
12, FIOBIEOKT » 5 5453, start BfEE2E
T2 E%EELTNAS.

4.4 EREFEF TSV FORE
2ODEEICEET 34TV =7 F ORI,
a) —HOBEDOZEAX TV =7 b EMIFDOERE
A7V 22 PHBEL, b) FEAFTV 7 rE
L, ¢) ZEAT7V =7 PHBEL, d) E\EE,
D 4DDEE (R4BR) 5. MAPT,
HizA 7Y =7 b, RABEEEET. KHO%
DEMEN SR, RIOLBEEEA TV 27 PEERLT
V3. Zhd 47084 LFIHOEEHBROME
Bick->T, BE LG F =y BELDENX
Sic, BREATY 27 PERELTOLIRUE
METS. 122, Yoz —vBHBLA
BE, BEVIEV2ZOREHR, 84144 T V27
F O1& O2mitdhich 7wk Ed b0,
V1E V2oRBELELRTNEEY 2 -

b)

c)

d)

a) b)
Al vi 01 a2 At vy o
V2 \;2 v
o) 02 d) €)
AN CM Vi Cm
gvz oD
A2 = 2 02

4 2H0EEEA TV =7 b DOBER
Fig. 4 Relationship between two actions and
objects.

ARLBFLEXE

AlarA2 vi
"

A2 or Al

Al

A2

S

Al

vy U —01 eless—
A2
% e
v2 02
01or02
V1 L4 J— —
! 01 clese
V.
Q2or01

Al

A2
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cEtEB. 2%, d)DLHWE/eF —iIATL
RIBWWE —VTHb. BEEFT V27 P EREL
T BEIIE, TELLEUBENRA TV =27 FR3Z
DFEZEA TV 2/ VLB BESIKT S, 1, B
BERBRTZIDEFICHFLOA TV =7 P EHAT
ZORTEZREIRIBT EICT 5.
MEEIEADR, 1) 3IREP D) RhEEBEROA
BEAGBKEZEAT, A ve—VERELILA TV
7 PSZEATV 27 POBEDNKRT 5% TR
NEESHIBIZTTE, S ST RTENR
\ . Smalltalk 80 ¢ Process 7 5 2D fork # v & —
¢, ABCL®™ @ Past B v £t—Y DL ICEEL T
V27 FOBERT L IEBRICKEA TV D
BELET OB, &L LI LOOPS” @ active
value WED X iTA v & —Y OFFLUS ICBIfEINE

Al or A% clees
01

02

Vi 0t

V2

02

Vi o1

Y2

02

5 RERELFTV=7 FPORE
Fig. 5 Decisfon of senders and receivers.
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BHXNZ LS EBENEINIE SN, X
TR, EHETAA 7Y 27 MEMOERITRE
Zic ABCL @ Past D # v & — I EBEELMH

BROBEERIOEY 2a— VvEBEE2B3FHILOVT

®5
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RRBBRICEICAE - REX TV 7 FORE/KE

Table 5 Decision of senders and receivers based on causal

relations.

boTVBERETS. TORERB, ATHET
HAHMTIRES, RO BBBSAsh p
REAFESERHTES. |
2O08E VL, V2o RREFRELRT !
AiCit, ROLSBE>OFEMBSD, thd |
D IBbOENNERTEEIMIL, BREFOE |
Hick-TRIEE. UTD (1)~ (3)icsBWwT |
VI1ERETT B8 V2 2EkET 2 BfFET
3. %7z, R5RIR4D(d)Dresg —vickS
WTWHW5. Lick->T, Ra(a)Dd/ ¥ -3
BELLEEHDEREA T V=7 P EBEI—FD
EKEF TV 7 PRETH B0, UTO
(2)D#BRfE HHOREEF T V271 Ed5—
FHDOZEAT Y = o bARIEICT
WHDRIE, ZEAT V=7 FREDLIIL.

(1) REAT V27 vBRAILAT V27 P RED
EHicT s (@5 (a)BR). 72720, CoBZHR
TEHICR2DO08E VL, V2 24BEERTTNE
5.

(2) V20OXEATV=7 1%, V1IDREFEAT
27 bERLIRT S (R5(b)).

(3) VIOZEAL 7 V27 bd5 V2 DREES
TV AL HLOEE V3 2amds (X
5 (c)).

(4) V1& V2OEEAT V27 P EELIKE
3X35icT 3 (X6 (d)).

(6 V20OEEA7TYV=rs A2H5 V1 D%
BF7Y=27 1t Ol NALSHFLWENWE V3 2B
L, V2OREEAXT7V=2 b AEFHIi 0173 (E
5 (e)).

BOCE LA TORRBEFRIIHLT, LfoLok
feelid X b ERT. 1c&4E, 2471)0 R
REFRETRT 570113, M5 (a)bLid(ec)D
E3iILT 3. (c)DEHICLIHA, HFLLEE VS
ZHAL, %“ﬁaﬁﬁfVl*“an7/;7r
MVSEZREL, VIEZELILAT Y 27 FIBKIT
¥l V2 2%ETaETIodins.

K2 (g)dHBEIncBERMBEREERLLbDTD
3. press & visit B BT cause DS (K2
(¢)) ki3 1I-6 ZHEALTESNI DD, visit
& depart BX T visit & reach OERIL, visit i

Lf; oo

Y

ZHBN (K5 o BRIV D H)

FH

(a) 7:720L. 2202 UETE 1 >OMESLTFAITUES KW

(c) VIOREEEPastBID 2 , £ — U512 3
] V2

| N
1 S

\K}

(b) VZV)Jifa’EPasl’LO)} g - /;gﬁhfa

(c) VZB L ( I1V30):Efn’2l’as(’!"ﬂ')l gz — /;zf l-.“;’»a

%ﬁ)%ﬁbfé

(e) | &Vsﬂ)”ml!ﬂ(#’&’ E'J’Za

ﬁ3®k7%ﬁmbfﬁéhtﬁmﬁbé cn93
SOEEMBRICE S ORAE#EAL, 2 (h)o=
Va—EEEBL. Thid, FOIV5REY 2 -1
KEDEEMNA Y v FELTHTefbdhihi
L7-BITdh 5. press & visit DEFER AT 1 Th
D, it UCEATEZHANZ, &5k (a)d
(e)D2o0b5. EHEO5EERTIZNIIREITHDOH
Brick 3. cofTid(c)ZBEHAL, FLOEHE in-
form 25 (c)DEE V3 & LTHAT S FH%
Rt chid, 2O0EEOBEEEZRLA 7Y <
2 Mg LT, lift 3% button % press 95, HBWiZ
passenger % lift % visit 3 EMRTILD EHA
ThoEHMLIIDTHE. DXL, BIELT
Yz bEEFER, BEEBERIKC, ZEFTV 7
RRMEETAHREELRBEED, BREEHTD
EDPEIHEBRET IO, HUOBRERED 1D
BHHBTHAD.

H7IY V)OBFREERTZIC, 2 DDEEN
BlLA7Y -7 bl hTORGRIEE L. 2
DOBMEDEBRET>TOEI 5REY a—NVHTH
EfEhimRah s, K6 (e)ld, HLOWEE V3
V2%REIT2HICIE-TEY, V1 & V3DHIER
BEEHETIEICK-T, V1 & V2 OBEESEE
Thicz kiciia.

5. JCRBI & FEE

AFETIR, ERICAFELZER LAl DO TIER
%. @& LTRVE0IR lift o%mNES <, JEER
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HBEOBEXEZE6 icoRT
5.1 &8R- -HROBELSE
AFHAERK6 O lift OFIBEEICERL, B8

An n lift system is to be installed in a building with m floors. -— 1)
(n
The lifts and the control mechanism are supplied by the manufacturer, —— 2)
The internal mechanisms of these are assumed (given). --~ 3}
The problem concerns the logic
to move lifts between floors according to the following constraints : ~— 4)
(3.1-6 agent : control mechanism obj:lift, floor)
1- Each lift has a set of buttons, one for each floor. --- 5)
(1

These illuminate when pressed
(3. 1-1 agent, obj:button) (3.1-5 agent:passenger obj:button)
and cause the lift to visit the corresponding floor. —- 6)
(4. 11-6 AgubPress (agent :passenger obj:button) Aobj:visit)
(3. I-7 agent:lift obj:floor)
The illumination is cancelled
(3.1-3 agent:lift obj:button)
when the corresponding floor is visited by the lift. — 7)
(3.1-7 agent:lift obj:tloor)
2- Each floor has two buttons ( except ground and top floor ).

(1
one to request an up-lift and ore to request an down-lift. --- 8)

(3. 1I-1 agent:passenger Agpjiue-lift (agent, obj:1ift))
(3. 11-1 agent:passenger Aobj:down—lift(agent. obj:lift))
These, buttons illuminate when pressed. --- 9)
(3. I-1 agent.obj:button) (3.1-5 agent:passenger obj:button)
The illumination is cancelled
(3. 1-3 agent:lift obj:button)
when a lift visits the floor
(3.1-7 agent:lift obj:floor)
and is either moving in the desired direction,
(3. I-1 agent.obj:lift)
or has no outstanding requests. -—- 10)
(1)
In the latter case, if both floor buttons are pressed.
(3. I-5 agent:passenger obj:button)
only one should be cancelled. - 11)
(3. 1-5 agent:lift obj:button)
The algorithm to decide which to service
should minimize the waiting time for both requests. ---12)
(3. 1I-1 agent:control mechanism obj:request (obj:1ift))
3- When a lift has no requests to service,
(1)
it should remain at its final destination with its door closed
) (3.1-5 agent:lift obj:door)
and await further request (or model a 'holding floor'). --- 13)
(2)
4- All requests for lifts from floors must be serviced eventually,
with all floors given equal priority. -— 14)
(3. I-1 agent:control mechanism obj:lift)
5- All requests for floors within lifts must be serviced eventually,
(3. I-1 agent:control mechanism obj:lift)

with floors being serviced sequentially in the direction of travel. -—- 15)

(3. 1-7 agent:control mechanism obj:floor)
6- Each lift has an emergency button which, when pressed
() (3. 1-5 agent:passenger obj:button)
causes a warning signal to be sent to the site manager. --— (16)
(4. 11-6 A, 4 :press (agent:passenger obj:button) Aobj:send)
(3.1-5 agent:lift obj:site manager)

The lift is then deemed ‘out of service'. --— (17)
)
Each lift has a mechanism to cancel its ‘out of service® status. —- (18)

(3. I-1  agent:lift obj:lift)

B 6 Lift MELHFHDNE

Fig. 6 Informal specification of lift control problem and classification

of their verbs.
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ZRETIHCOVTRNG. ETFEXREETLTY
LEEE, BRI N TV S FE, BHUEEHOEMN
o, BLETHFIhFa ) IHELTNL. TcEA

&, X 6) b T, BfEEhE press T
T AEE BHHE MECOTHLHE
LTWIENT), EDL S IRERIER
INTHWEhEHEIL, FhotH-7c
BTHEETS. COoBAR, FFEEL
T passenger, HfJEE L LT button %
fliofc. BldoaFTYiciinw s —
YOEREHFEMSHBELTOIEAR, &
ALDPDECNEEINTVEIHRETH
5. %k, BEXOEXRBRILZITEL, B
PHHICHELTHW3EBFEOGT, Y2
FLDHREHRELLDSIZEEbh3d
DICDNTHIEETH. BFEPEHAD
2L, AMOBEREERBROEICK
BEMANBEDLDTKEL, LTLUHKER
DPHE—IZIE 2 ERE L.
SE%Ick 3 DRANCHE-T, BEH
FAOBEE - BEIRERELTVL
B 6 12 i35 HRS R B L UEEE (agent)-
BifExts (obj) dRIN TS, R
S0 1HTHOKRER, 3.2 fio@HED 4
DOGKAH TV OESEET. Uik
»T, 1,2,4 THEZ2HHEI, Bk
LT020TRESOEHMTEhcBFHT
5. Awv, Aovy 13, EFE, BREEEL
TEEZESBERLTHA T EEEL,
Zhicki{ RO sub, obj MK EIE
ZEOEEE, BEMREELTHS.
ok A, Mot HBE LT 3853
service [ZEHETH (HHES3) © I-
1onya Y esaans. child, &
B FoFEHS control mechanism & &
Aoh, BHEEIL request TH 3. &&
request % fl Z & & HEL DI, X
13) b T request b3 BA{RE)E] have (lift
A7V 27 P EOFTFREERT) & &
bicHITVEC EickB. T18b
5, X 13)k by, &5 request 347
Y2/ b lit OB@EEZRL TS L
L. -1 o MATK Y, BIfEER
control mechanism, @ifExtgi lift ¢
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press —————— illuminate
service
move<—F-——- -] |/~ ~Dvisit
close &——==—=cancel

=R i). DRI AFTYVOMEEZES,

T b U2 BHERTEG
Fig. 7 Extracted action relations.

brELI. 6D 14), 15) O X kY, request iZ
floor 5 D & @ (from_floor) & lift 75 ® D
(within_lift) & 2@HIb 2 EEZ SN B, NEHEE
SO ONTORBVERE, Y7 by 2T7EYa—
WERBOSIBWEHINTEFTH .

ZOHRET, M6DXdiciied HELTHIENEE
passenger % HMAI L HMIC K-> THALL. TO
passenger ¥, fEEEHICHBEIL T T HZFOEEDHE
BOALBNSHNTVILL site manager A% lift sys-
tem ZHODHIATBREL 5. —BUICCD KD
BEBETAT Y 27 P BABEORBICRLE LR
Hh 3. button 7Y 27 MTDNTH, ZDBERIC
s L TRAY

L, lift button, up button, down button,

oor
<instance)

energency_botto

{instance> C\Me /
visit
ctqsfl r7,;??;__1
uov: <instance)>
press
send N\\ N\nov:
'91”35‘ serv1ce
site_manager Y
passenger:
cancel 9 ~\\\\
<instance)

111u-in&te

press

1ift_botto /

BREEERLSEY 2 -0

Vg &

floor

~

1
,’

35 FHRIKONT 1489

emergency button & L7z.

5.2 EVa—)ikEDHR

DEOSE®R, UEEETHRICHLT, ho®E
EERRRAFRSH 20E D hEFN, bLdbIHET
3. 16)OXHhD 2 14 7 11-6 DEjF cause {3, press
BifEl send Bifflon 7= ) i) OREEEE L
T3, ZOXIICENE LTHE LT B4,
XPTRAR I N TR BRI OWT HEEEIL
5. BfERIBEGO ML - SBiIFES, ARITL UL
fFARWEXTH 3. HH L-BERBHEO— (up
button @ press EfEICDNT) 2R T iCRT. R
ARELRELZR, BEAEZHELTHL. 12&Z1T, request
(passenger » 5 lift ~d) & press, visit & move
BRAHETH 270, £4OFBELERT . CoBR
DORERFG SN BENEEK 812RT.

T e BIEENE & ByfEBAfRIC DV T, &R 5 OMIE
bEBELENICBEL TV AT Y27 FEDHE
FREERNT 5. 1o & 23 press I!JJ{’EJ; service i
2, A7) 1) oORRBERICH B0, 5 (c)D
FH A FOTH& button o control mechanism ~D
FLOEE inform ZBMT 5. D& ¥ inform {2
Past MOREMSTOND. UED X 5 EFHicL -

up_botton
cmﬁ::d

illumiante
u—"—”

i1luminate

ontrol_mechanisa
{instance)

press

cancel

Dress.
P

own_botton
{instance>

8 FTVLs b EBEORE
Fig. 8 Relationship between objects and actions.
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door f loor 5
{instance> @ i1luminate
- _botton v
emergency_botton \
L) Ndo o L
\ cancel
cancel move /
~
{instance>
send ess
inforn
3ervice
site manager ontrol_mechanism
<instance> @Q press
assenger-
cancel /\ 9 \ \ cancel
{instance> \
press
inform
press
1ift_botton
<instance> infora—- down_botton:
pun
i1iminate——! {instance>
111dlinlt:—J
9 %7 Y=x2 b EEHEORE—RKR

Fig. 9 Relationship between objects and actions—Final version.

T, KEEBXUENOOEBKRE stepwise ICHARE(L
LT &, RIDBEERMNELNS. 10 i3, &
HLUIEY 2 —NVORERIEHRWICBERICSDTH
5.

X 10 TiZ, lift, lift button, emergency button
WENI 5 REI2—NVTdH B, lift 1T location,
direction, status, requests Z Bt L UTH->TW 5.
O DUTHASBHMEORMAERL TS, lift kXY S
Bifte, D% lift @ # vV v Fid, service, move A3
H0, TOAREIEER, BED, BfFROAF 7Y =
7 FOREOE D ZORBBEMSE S LTV ENLE,
ZDBERICRET 2 BESEINTNS.

6 D 15)DiL, service BEIL press BIEMTTH
hiz i B I hTHL OTRIEL, lift OBHTY
ZHAIE LT, 20 lift 5 R TEORED SHIC
service ANTWHL T ERZBRRTWVSE. ZDLHN1
SO TV =7 MAERT 2EROBEDBG (Pl
HEP BN BER) OERR, 2047V 27 +O
752V a2 —VRICELNIZTHIFE S0, K10
OHREFETTERINWAEERAETHE, A7
Sy rEFMCESOLEERINLESBONS. &
ShiERtR, B XUERMELEEFHICOVTRA

RXOBEIL R TN S 0OT, KHOHE LHET
5.

6. % L

6.1 BT
AFHETOTRTONE. T V¥ a— 4 CHBHIC
Fo0R, RECEAREELEBRLOLELTHRY

ETHD. avEa—2REBTEILS5K, BREE
ORXPERZHRL, TLUHEKE Ehbh i

, FIEHR) OreRRETICLIEILOND
5, BHEOV 7 by THRESRBIcBVLT, FIRER
SETRANEREBELEL ORIERICELOER
2135, Lehi-T, SIROBVWEREEF TR
FHBEANE LT, HHBEIHERITERET-
T KB Y —VIBRENTHS. TOBE, &5 -8
SloEMoMmA, FAETENCHUOHERED T2
VYEIZ, HENMELTAS EEDNS.

6.2 FT7T 1y MEMBRHEYEDOHE
AFHT, V79 2T%2FT7V2/ EFLVT
ESLATVEDILE b ST, Booch DA 7TV 27
MEMBRHELIRLD, ATV PRI FREET
#AETRIEL, BFEICEALTZoXRERMIET S
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Control mechanism

A button informs a control mechanism of a request
fTH%HE
1) service the request with a lift.
--- past BI04 ) &— UHE

end control mechanism ;

Lift

B 1ocation : floor
direction : ’up’, ’down’, or ’stopped’
status : ’on service’ or 'out of service’ ---- 18)
requests : set of request ---- 10),13)Dhave §i]
BRI R (ESORLR L)
[sexvice B HELLONET

1) request HE HiTwithin lifts DOXI-bDTHDHE X3,
request Ddestination H1ire ILTLDITNZHID
service BPEASEIENT S 2. --== 15)

A control mechanism services a request with a 1lift

L J) g1
11ift Dstatus Hdon service’ THE,

1)1ift Drequests I, XPCT 3 request BEEH TS,

1) £Drequest {3 1irt Drequests oL 125,
2) £Drequest Difrom_floor M5 EHDTHIUL,
1ift Ddirection t%@request Ddirection i
BIUEE IS > T3,
3)1lift Drequests BT/ > TWUL,
1ift Ddirection i stopped IZIX>TWV5,
--- 13) Dremain at its final destination D3

fIO8E
1) move the 1lift to the destination of the request.
2) 1lift Dlocation . direction A%
C‘Z{)‘:{‘@request (G B AR

=> open the door.
3) £®Ddoor Mopen L7ITE5,

=> close the door.

=> cancel the button.

end service ;

---- 7)), 10) DFFERR

A lift move a lift to a floor

1) D f100x  HVMED HEWEHU/C 1ocation £D b
TORETH A0,
1irt D52 B ROREE EEREORD Icu 5 & &I,

ZD1irt Ddirection fddowm ITX>T3,

2) #D t1oor PMPEICL V2 location &V & LD TH AL,

1itt BETOERTWBE =13,
ZD1ift Ddairection {Xup ITIX>TWN3,
L4223

_1) lift D1location BED t1oor THD,
fTo8E
1) depart from BHFHIICL 7z 10cation.
2) reach the floor(EHf' Y.

end move ;

end 1lift ;

HRAEFLEKDPOEY a — M BBEZBI3FEKEONT
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Up butten
E’f& status : ’on’ or ’off’
illumination : ’on’ or ’off’.
floor : floor

A passenger press an up button
Bt
l;gp button Dstatus H¥otre’ THA.

1) up button Dstatus HPon’ ITIL5,

()
1) up dutton DENWE IS on? Tl 7o,
=> inform a controller of a request
=> illuminate the up button

end press ;

A lift cancel an up button
i
1) Up button D status H¥on’ THB,
®

1) up button Dillumination A¥ore’ ITILB,
2) up button D status AVofe ITILB,

end cancel ;

end up button ;

Request
within_1ift D5 36D or

from_floor 1HE B HD

witkin_litt 55D

destination : floor
from_floor B>5H{ B HD
destination : floor

direction : ’up’ or ’down’

end request ;

Floor
Bt

: set of lift
integer.

lifts
number :

A 1lift reaches a floor
P

1) FD1ift T 11oor D1ites IBINEINI

end reach ;
A lift departs from a floor
ex‘ni. depart ;

enc'i”floor H

end lift system ;

B 10 =J.-vABOEERNIDE (—K)

Fig. 10 Informal specification of contents of modules.

CTEiILED, ®Ya—WHETEHTLEVIFEE
ELTWS. Thiz,

(1) BREMFT2B8BTZORERLIEL L
AN LTOEY), BRAMMULIDHETO>OLD
b, HEOARHEREFALAY, KD ERSHS
AL 1s 5.

(2) HREEXOEKOPT, BFERRLEEL
HEEEDTEIY, BFEEFLRARTICER
&oT, REABEHXY ERSHASEERERICL
BTE3B.
EVSFIENEZ LN, L LEAFHOSEOMEH
B3 LWHIRE, SELRBREBORT AL



1492 HBMOUBFLRMIGE

L&A EIDOHEBERINTNA.

ZA—=RIFRHTIFAENSTIFRAEY 2 —
NORBEREEOHMIL, Booch DFH:EFERIIC, €T
TRiTblEhotc. LWV, —RITABFH L
HEr#d Lk, 975 AMOBRBYKERT 20T
B3, A7V 20 b &2V v FEHIHL, Z0%IC
BRHEEZERLD EVHFREEEHOTHE. ZOR
KT, BEMEOMEIE, AFERORBICET SE
¥LEZOND.

6.3 BAERMLROR

BOCEZ 52 BASHELRDT, RYRIGHEIR
MEREBDOEZTTH-7ch, ERBFELTW DT
EABEE. AFEIBRSECHICHELTWS
EREYV 7 PY 2 TOERICHIEIF L0 HEE
T BIc®d, Va2 — AREORREELED BT
3, GLICEROHBENLETHS. Lich-T,
XHcHB L TOWARBRDS 2R LicE L 1B S
. AFEEHAURHEED THIBRET, &
27 v Z7CHATARAUMNEL, BHUTHRERIC
Lot iEOBEKICEY, BRAEEDEDOREZEE
BEPBRET L OHIBERTHTHS. FEHED
KROWIE - RO RBH TR EERBT 201,
X9, K10 kO RNERICESNICEY 2 —VERET
ERFEEID ot 24 s 5 0 2ERL, BREL
T O SR LBFHERL. REEINIRE
B, BREELZLO LTEEETY, ZOLTEED
FELRSEFODNEATEOFRICH > TP YE
7.

BARSHIL IR TIE, RESTERICH
BTERLI>UHARERINIONETHS. X
WHBILTWARERE, oI NEHRINATHIE
REIDDXY EMNOWEEEZ L ENTEXS. Hig
INTHBERIR, HHBCBERIIhTHIERES
BT CENTES. FFHTR, HARIN TV IHES
OO IKicETbIN, vt 7Y
7 b EEEST TR N, £ TV =7 FAREGL
BRILLU T BERETHBEINTHW 38 uFbh, T
BLRVDAT Y 27 PROEENEAINS. L1
- T, AMOBRARSELRLFE LA x -V TORARL
LA YEBENEONECE iz, R EE
INTVB] WS EFREHBICERIEEREBEDRE
KEPEZC LS. bHRATOXD IEEHE
i3, BASELROEFESHIKBEKELTHEY, £0
ERHBERTHLLYPTOEEE LTIE, AF
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THBLNIEELARTHADPT DI L EE
Zohb.

.8EbH b I

BHAREE TR I NLIcEd STk tbRg, b
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