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INTERF
Loading the Semantic Interrreter

Co“o!

% Firsts

2777781

‘ors.Fl’

comrile( [

‘env.crl’
‘task.crl’y
‘obd.crl’y
‘bind.crl’
‘index.crl’y
‘undo.crl’s

‘tordbh.crl’y
‘infer.crl’y
‘forwar.crl’
‘demon.crl’y
‘create.crl’y
‘gillg.crl’y
‘Predic.crl’y
‘dbase.crl’y
‘assum.Ccrl’y
‘meta.crl’y
‘mudge.crl’y

s wore cose weas 0es sase seee sses sece Sees Geee Gvee siee ssen sece

‘mar.crl’y
‘invoca.crl’y
‘rortra.crl’y
‘listro.crl’s
‘ytiliwritef.rl’
‘ytilitrace.rl’
‘utilifladgro.rl’y
‘utilifiles.rl’
‘ytilicmisce.rl’
‘ytil.crl’y

NN NN

NN NNNMNNNNN

deal with orerator declarations

Orerations on the "envirorment®
Task construction and accessing
Easic orerations on ob.dects

Keering track of variable bindinsds

Indexed database facilitw
Database "undo® facility

Tor level interface

Underlwing backwards inference
Tor level of forwards inference
Forwards inference facilitw
Creation of obJect tokens
Re.Jdection of sillw =zssertions
Frediction

Tor level of database

[Default zssumptions

Ficking strategies for tasks
Forcing held constraints

Marring over obdect-level assertions

Invacation routines
Srecial version of ‘rortrav’
List manirulation utilities
‘writef’ utilitye
Tracing utilities
Flag orerations (onlwe for
File existence checking routines
Misc compiled utilities
Yet more miscellaneous utilities

rarameter

‘tlim’?)




‘distri.scrl’s %Z Exeanding orerations on sets
‘exrand.crl’y %z Exrand an sssertion with lists a2s arguments

Misc meta—level rrorerties

Inference in ture hierarchies

Simrle meta-level rrorerties

Interface to rredicate library
meta-level rrorerties (FLIR interface)
meta—-level declarations

meta—-level Falice

‘metami.crl’»
‘tures.crl’y
‘rloodelrreds.rl
‘rlcodeimlrrerl.fpl’,
‘rlcodeimlface.r1y
‘rlcodeimeta.rl’y
‘rlcodeimust.r1l’y

RN N NN N

Load rredicate librarwe files
Low level KS structure manirulation

‘rlecodetload.»l’
‘rloodetks.rl’

NN

Rule forms
KS ture definitions

‘rlcodelrulef.=1’y
‘rlcodelksture.rl’y
‘rlcodettl.rly
‘rloodett2.r1’y
‘Frleodelt3.s1l’
‘rlcodeltd.rl’

NN

‘rleodeituyload.rl’y Z How to load ture hierarchies
‘rlcodelerr.el”’ 7% Error messades
1),

%Z Intersrreted Utilities
z ~~~~~~~~~~~~~~~~~~~~~

- ‘utiliarrlic.el’s %
‘utiliimisce.rl’» % Misc intersreted utilities
‘utiliedit.rl’» Z Editing facilities
‘util.el”’ Z Misc utilities
Js
- ks.init. Z Initizlise KS sustem
B e e e e e e e e e e o e e
% Now load in the obJdect-level rredicates
z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i- load( L[

‘rlibltime.def
‘FPlibisrace.def’
‘rlibisollin.def’s
‘Flibicontac.def’y
‘rlibloblr.def’,
‘rliblobdr.def’s
‘FPlitimotion.def’
‘pliblunits.def’y

rlibladges.def’y
‘rlibinlrred.def’»
‘nltuyre.hi’

1.

Time

Srace

Solid lines

Contact :

Frorerties of ob.dects
Relations between ob.ects
Motion of obh.ects

Measures and Units

0dd things for AGE rroblems
0dd hacks for NLU _

Tures (includes rlibltures.hi)

MM NNNNMNNENNN
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C ‘orerat.rl’y % Prediction orerators
‘sohema.rl’y % Forwards inference ruyles
‘alt.rl’ 7% Alternative axiomatisations

I

do.schemas., %z Set ur forwards rules

z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C ‘init.el’y %Z Tor level of interrreter
‘ters.rl’ Z Interrretation of sentences
‘ternr.rl’y Z Interrretation of noumn Fhrasses
‘terrr.rl’y % Interrretation of rrerositionzal rhrases
‘meas.rFl’y Z Interrretation of various measure rhrases
‘teradv.rl’y 7Z Interrretation of adverbs
‘tmods.rl’y % Interrretation of time modifiers
‘dict.rl’ 4 Dictionary
‘interf.rl’ % Interface with suntax

1.

z ”””””””””””””

The routines themselwves
Surrort routines

L ‘verbs.rl
‘versur,.rl’

N

Z Exvransion of underlweing meanindgs

z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L ‘meanl.rl’ % Generazal meanindgs
‘mean2.rl’y Z Simrle word meaninss
‘time.rl’ % Basic orersations on times

1.

z _________________________

C ‘metact.»17, % Certain meta-level asctions
‘mlurro.el’s %Z Extra unicueness rrorerties
‘metadb.xl’> %z Meta level database
‘filter.rl’ % Filtering outrut

1.

Initizlise datazbase
Make ur save file name
Set medium level of tracing

clean.db.
setfile,
tt.

NN



oOrs.Fl

env.crl
task.crl
obJd.crl
pind.orl
index.crl
undo.crl
tordbh.crl
infer.crl
forwar.crl
demon.crl
create.crl
sillg.crl
Fredic.orl
dbase.crl
assum.crl
metz.crl
nudsge.crl
mar.crl
invoca.crl
rortra.crel
istro.crl
~til.orl
distri.crl
exrand.crl
metami.crl
tures.crl
util.rl
orerat.el
schema.rl
alt.rl
init.e1
ters.rl
ternr.rl
terrr.rl
meas.rl
teradv.rl
tmods.rl
dict.rl
interf,.rl
erbs.rl
eTSUF.Fl
meanl.rl
mean2.rl
time.rl
metact.rl
mlxerro.rl
metadb.r1l
filter.rl



INTERF.MIC - Load Inters ‘<silencex
This .Junk allows for aﬁtomatic loading believe it or not

)
]
¥
H
¥ Call asd Zinters - to load interr (normal use)
; Zinterr zuto - used by MAKSYS

4

+0n erroribackto death

error 7

+on oreratoribackto death

«orerator !

sgoto cont

deathil

x~C

x"C

+if (%3 = "zuto’) .let el = *error’

I INTERF.MIC HALTED

+mic return

cont??

-r ®>

Use latest version of Frolosg
cd C4005434yrrog] <005
run Frologf400,4447] ‘<revivelr
¥ 31— Linterrl,
¥ $- init.
«save interr.exel(400y,444]
cd -



sYs: =

sen! = [400y434scenl

sun! = [400+434ss5unl

erbt = [400+445srrh]

winsun! = [400s434ssunrwinswnl
rarse! = [4005434yrarsel

rrogl = [400:434srr0d]

rarers: = [400+,434yrarers]
home! = [4005,434]

_Emecho.rthl[400,444]

L400s444]y usris dskellls5]y dskeillr»4]y ror}

PATHS ceL ((§o0 834 ]



/%X INTERF.DEF
Extras for the semantic intersreter
X/

krnown(writef(_ s )r’utiliwritef.r1).,
known(error{(_r_s. ) utilitrace.r17).
known(tlim(. )s’utilitrace.r1).,
krown(ton{.)y‘utilitrace.r1’).,.
krnown(toff(. )s utilitrace.»1’),
known(toffs‘utilitrace.#17).
krnown(trace(. s ». ) utilitrace,s1’),

kriown(file_exists(_ s utilifiles.r17).
known(gensum(.s_)s‘utilicmisce.r1).,
krnown{(checklist(_ s )s’utiliarrlic.»1/).,

krown(continues’utillimisce.rl1’).,
known(\=(_s ) utiltimisce.r1’).,

nown{load(. )y ‘rlcodetX.»1’),
known(ture_rattern(. s )s’'rlcodetX,r1’).

krnown(same_rredicate(. s s )r’rlcodelrreds.rl’).,
krnown(ture_ rredicate(. )y ’'rlcodelrreds.»1).,
known(ture_rredicate(_ r. .+ )2 'rlcodelrreds.r1’).,
known(coru.args(..r.r..)s‘rlcodeirreds.rs17).,

known(exists(. sy r_ v 2. )2 'rlcodeimlrrrl.s1/).
known(exists{_»_»_ )y 'rlcodelimlrrrli.#1),
known(unicaue{_.s_.r_r_s. )y ’'rlcodeimlrrrli.»17).,
known(unicue(_s_s_)r’rlcodelimlrrrl.f17),
known{(function(_s_r_ 2. )y ’Flcodelmlrrrl.r17).,
knowrn{(commutative(_r»_.». )2 ‘Frlcodeimlrrrl.e1’).,
known(aliorelative(_r_s.)r’'Flcodeimlrrrl.»17).,

kriown{(function_rattern(_ s_.s.)y'rlcodeimlface.r1’).
known(exists_ratterni{_.y_s.)r‘Plcodeimlface.rl1’).
own{unicue.rattern(_ s s )s’'rlcodeimlface.r1/).
qown(normal . form(..s..)y ‘Flcodeimlface.rl’).
krnown{(obdect_level_ . rule(.r_ ) ‘rlcodeimlface.r17).,
krown(obdect_ level. .nesg_rule(_s_ )y rlcodeimlface.r1’).,
known(default_ .rule(_ s )y ‘rlcodeimlface.r17).
krnown(argument. .names(_ )+ ‘Flcodeimlface.r17).,
krnown(argument._ tures(_ ) ’rlcodeimlface.#1/).,

arrlies(error(AsEsC)sC).,
arplies(checklist(ArR)rA+l).,
arrlies(findall(A»EsC)sR).,
arrlies(not(A) »A).,

. arrlies(arrardg(AsR)sA+1) .,

arrlies(marard(AyRsC)rA+2),
arrlies(arrcond{(AsR)rA+l),
arrlies(marcond(Ar»RByC)sA+2).,
arrlies(srecial. test(_ r_»_»A)rA).,

called(do.schemas).
calledg(helr).



calleddhit(.)).

called(init).
called(rortravw(.)).
called(rules).

called(run(.)).,
called(t).
called(tt).,
called(ttt),
called(unhit(.l)).,
called(-(.)).
called(o(.l)).
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/X%

/X

OFSs
Orerator declarations for the semantic interrreter

CiMes 1/79/81
For rrinting out constrained varizbles %X/

OF(45s ),

For predicate libraruy entries ¥/
or {400y rdefine) .
For indicating assertions to be sgot from the rarser ¥/

or(45:sfy "@R‘ ).,
Or(45s s '@7 ),

For certain utilities X/

or {700 xfes\=),
or{(34yfe0).,

For inference rules of various sorts X/

Z Main connectives? Foe,

*e 24 6 e **

or(1160rufxy '==>7),
or(1160sufel—=rpl==ys~=]),
orP(1160yxfir<~),
or{1160rufxs<i=),
0r(1160sxFPe<~2),

Word meaning rewrite
Imrlications

Imrlication for forwards rules
Imrlication for oreraztors

Ture defimition

NN NN

7% Rule names!?

$
+

or (905 fel) %2 To serarate off rule name

% Lambda exrressions?

e

-

or (900 fe ).
or(8350sfr '\’ ),

% Lodgical conmectives

-~

LA R 24
i

i

‘e
{

or (800 xfxrsuwhere).,

or(790sufus¥).
or(750sfus &),

o (3007 ),



/% ENV
Basic accessing of thindgs in the environment rarameter
Ctﬁo? 6/8/81
This is the onlwy file that krnows what ‘Env’ looks like
b 94

ZdeclarationsX

- rublic
current._.time/2,
cvars/2y
definite/1»
firstenv/1»
indefinite/1,
isenv/1s
newenv/3s
nextenv/2y
obdects/2»
recordedenv/1»
recordenv/1s
remove..envs/0»

t.focus/3y

tense/2y

urdef/3.
Z imrortst
4 new.evar/2 (from obd.crl)
4 rewrite._cvars/3 {(from obd.crl)
Zend’

mode isenv(+).

mode firstenv(-).
mode nextenvi(+s—),
mode newenvi(ts+s—),
mode urdef(4s+s—-).,
mode obdects(+s-).
mode definite(+).
mode indefinite(+).
mode tor.of(+r-),
mode re_tor(tetr—-),
mode e.main(+y-),
mode cvars(+s—).
mode current_time(+,7?).,
mode recordenv(+).
mode recordedenv(-).
mode tense(+:7).,
mode t_.focus(+sts-).,
mode dgc..envi{tr—).,

| IS T N N S R A N T A O O |

i

[

CP b b FP PP CP Ph S PE PE S S PP PSP S S e

/% Structure of the ‘ernvironment’ rarameter.

The structure has main functor /7y with two rarzmeters!

1, The ‘tor’, This rerresents the tramnsient features of

the environments and is 3 structure with functor
and 2 arduemts?

1., An atom srecifuwing ‘definite’ or ‘indefinite’

2, Somethindg rerresenting the current time moment/reriod



2, The mzin rart of the ernviromment. This has functor
arity 4, the arguments beinsg!

‘env’ and

1, A functor of big arituy, effectivelw arn arravws where each
argument is an entry recording the values and susrended

actions associated with 2 constrained variable.

58]

with their tures z3s ascertained so far.
3. AN atom giving the tense of the current clause.

4, A structure diving the time foci (rast» rresent
¥/

/% Recodgnising an envirorment X/
isenv(tor(_ s )/ /envi_ s ry.2..)).,
‘% Creating an environment for a S %X/
virstenv(Env) -
Env=tor(indefs_ )/ /env(Cvr_s_stfoc(_ s.2..))s
rnew.evar(ClsEnv)»
current._time(Env:C1).
nextenv(Envstor(indefsM)/env(VsRe_+F)) -
Env = tor(_sC)/env(VsRy_*+F)>»
new.evar(MsEnv), |,
/¥ Creating envirornments with differences in def/indef X%/

urdef(tor(_sM)/EsDlefstor(DefsM)/E) - |,

newenv(EsdefsE1l) i~ !y updef(Erdef+E1l).
newenv(EsindefE) .,

/7% Nefinite and indefinite %X/

“finite(tor(defy ) /) (- 1,
~ndefinite(tor{indefs)/.) ¢— 1,

/% Thinds with the "tor" %X/
current_time(T/_sC) - 1y ard(2sT+C).,

tor_of(T/_»T) -~ 1.
re_tor(Ts /E+T/E) 1~ |,

/¥ Accessing the main fields X%/

e.main(_./EyE) - |,

cevars(EnvsC) I~ 1y e.main(EnvesM)s arg(isMsC).,
obdects(EnvsR) - 1y e_main(EnvsM)y arg(2sMsR) .,
tense(EnvsT) ¢ ly e_main(EnveM)s ard(3sMsT).,

t_foci(EnvsF) - |y e_main(EnvisM)» ard(4sMsF).,

/7% Time foci X/

+ A list of the obdects that have been encountered so far

arnd future),



t..focus(rastsEnvelist) - 1,
t.focus(eressEnvelist) - 1
t..focus(futuresEnveList) -

/% Recording environments %X/
recordenv(Env) {~ I,
ge.env(EnvsyEnvl)y

recordaf{envsEnvis.)y |,

recordedenv(Env) - 1.
recorded{(envsEnvsFis |,

remove.envs -

t_foci(EnvsF)s ardg(lsFslist).
t.foci(EnvsF)s arg(2sFslist).,
ly Lt foci(EnvsF)s ard(3sFslList).

recorded(envsXsF)» erase(F)sy fazil.

remove.envs.,

/% Garbade collect an envirorment X/

se.enviTor/env(CveMe TsTF) s Tor/env(CvlsMs T+ TF)) -

rewrite.cvars(0sCvsCvl).,



/% TASK
Basic orerations on tasks to be rerformed
CeMMer 24/7/81

X/

ZdeclarationsZ

t- rublic
action/2s
hold_task/3y
mark._ done/1»
newtashk /3y
rrorosition/2.
undone/1.,

Z imrorts?

YA demons/3 (from
Y4 garrend/2 (from
4 satisfu/3 (from
y 4 trace/3 (from
Z‘ unbound/3 (from
Lend

i~ mode

newtask(+r+s—-)>»
mark.done(+)
undone(+)
mark._ held(4),
heldd(+)
action{(+s7)»
rrorosition(+s7).
hold._ task(+s+s4) >
holdall{+s+ststet)s
Wwait(Peststet).

/7% Creatindg a task X%/

newtask (ActyrAssstask (ActrAssrUndonesNotheld) ).,

¥ Accessing the comronents X/

action(task(Acts. r_s_)rsAcCt).
rrorosition(task(_rAssy..r_)rASS),

/¥ Affecting the ‘done’ flag X/
undone(task{.s_sFr_)) - var(F).
mark_done(task(_s_rdones.)).

/% Affecting the ‘held’ flag ¥/
held(task(_s_s_»F)) - nonvar(F).
mark._.held(task(_.r_r»_sheld)).

/% Susrending a3 tashk X/

hold_ task(TasksAnssEnv) -

obJd.crl)
bind.crl)
tordb.crl)
utilitrace.rl)
bind.crl)



held(Task)s I,
hold_task(TasksAnssEnv) -
mark.held(Task):
rrorosition(TaskrAss) s
action(Tasksact),
trace(‘Holding action %r on Zr\n’sLActsdssIshold) s
functor(AsssFsN)y
holdall(NrAssyTaskrAnssEnv).,

holdall{(Os_ s s.9.) - 1,
holdall(NrAssrWrAnssEny) -
argi(NrAss+A)y unbound(AsangsEnvds |
wait{(ArWrAnsrsEnv)
N1 is N-1s holdall(NlrAsssWeAnssEnv).,
holdall(NrAssrWrAnssEnv) -
N1 is N-1s holdall(NlrAssrWrAnssEnv).

/% Hand constraints off a2 single variable X/

wait{WsFrsANsEnv) -
unbound{(WsangsEnvd)s 1
demons(WrEnveD) s
garrengd(FI1) .,

wait(WeFrARs+Env) -
satisfe(FrAns+sEnv) .,



/% OBRJ

ObJects and their comronents
CeMes 379/81

X/
Zdeclarations’
- rublic

ag.constant/2,

demons/3s

Fiv/2y

iscvar/ls

kriown/2»

mark_bknown/2s

mark.ref/2,

new._.evar/2y

obhd_bindg._ info/3»

obd. . ture/3

rrevent. bind/3,

ref/2

rewrite.cvars/3y

skolemise/2,

universal/2y

universalise/2.
Z imrorts?
4 ‘$diff’ /1 (from undefined)
i 4 bound/2 (from bind.crl)
y4 cvars/2 (from env.crl)
% error/3 (from utilitrace.rl)
Y4 lastof/2 (from listro.crl)
y 4 nodgin/2 (from listro.crl)
% ob.iects/2 (from env.crl)
Zend%

i- mode new.evar(-s+)s
new. . uvar(-s+)s
iscvar(+):
demons(+s+s—)
ag_constant(+s-)»
obd.entre(+sts—-)»
obd.bind_info(+s++7)y
obd._ture(+s++s7)y
obd. . diffs(+s+27)s
rrevent. birnd(+s+s+)
universal{(+,+),

/% Information kert with an obdect!

An obJdect is either 3 constant or 2 constrained variable.
A constrained variable is rerresented by an entrw in the

enviromnmenty which consists of 3 "ture® indication and
a8 variable-terminated list of actions

to be carried out when the variable becomes instantizted.

The ture indication has S5 comronents?

1. instantizted or not» according to whether the variazsble

*existentiazal® or “"universsal®

2. instantiated or nots according to whether the variable

*krnown" or not

is



3, instantiated or nots zccording to whether the variable is

a "referent® or not
4, 3 ture rattern (maintzined by ‘tures.crl’ etc)

S+ 38 rattern that will rnot match with the corresronding rattern

of obJects surrosed to be different

The variable is rerresented by a3 term $(N)sy where N is the
srecifuing where the entrw arrears in the environmert.

A constant only has the last two comronents
*/

/¥ Creation functions %/
new.evar($NsEnv) - detwaits(N)» mark. . existential ($NsEnv).,
new. . uvar($NyEnv) - detwaits(N)s mark_.universal($N+Env).,

getwaits(N) -
retract(waits(N1))s 1,
N is N1+l
aasert(waits(N)).

getwaits(1l) -
assertl{waits(1)),

/¥ Enumerating constants X/

a.constant(EnvsI) 1~
obdects(Enve0b.ds)» nddgin(obd(I:.)0bds),

/% Getting the info kert zbout an obdect %X/

obd.entrae($NsEnvsEnt) 1~ 1

cvars(EnvsCv)y functor(Cvscvse101l)s varentrei(NsCveEnt).,
obd.entre(ObdrEnvsEnt) -

obdects(Env:0bds) s

nagin(obd(0bJrsEnt)»Obds)sy 1.
obd.entre(ObisEnvsEnt) -

obhJdects(Env:0Dbds)

lastof(Ob.ssobd(0bdrEnt) ).,

varentrel (NsCvsEnt) - NI101s 1y
arg(N:CvsEnt)s 1,
varentruel(NsCvsEnt) -
N1 is N-100»
ardg(101sCvsCvl) s
furnctor(Cvircvs101)
varentrel (N1sCvlisEnt).

/7% Looking inside the ob.Ject entrw X/
% Info to be unified on binding
obd.bind_info(l:EnvsBindg) -

obd_entry(IsEnvsEnt),
functor(Entsos2)s ard(lsEntsBind),

% Term rerresenting the ture info

obd.ture(IsEnvsFatt) -

integer



obd bind_info(IsEnvsBing)s functor(Bindsbry3)s arg(2sRindsFatt).

Z Term distinguishing it from different obdects

obd.gdiffs(IsEnvsDiffs) -~
obd.bind_info(lsErnveRind)s functor(Bindsbe3)s ard8(3sRind,Nliffs).,

Z Actions to be rerformed when it gets bound (cvar onlw)

demons{IsEnvsllem) -
obd.entre(IsEnveyEnt)y functor(Entso»2)s arg(2+EntsDem).

Z Extra bits for cvars

vartures(CviEnveTuw) -
iscvar(Cv)y obd.bind_.info(CvsEnvesRing)
furctor(Bindsb»3)s ard(lsBindyTw)s functor(Tusvs3).

mark_existential(CvsEnv) - vartures(CviEnvseTy)s arg(lsTursexista).

=ark_universal(CvsEnv) - universal(CvsEnv).,
1iversal(CvsEnv) - vartures(CvsEnveTu)y arg(lsTusV)s var(y).,

mark_known(CvsEnv) i~ vartures(CvsEnvsTu)s arg(2yTusknown) .
krown(CvsEnv) - vartures(CvsEnvsTu)s ard(2sTusK)y nonvari{kK).

mark.ref(CvsEnv) i- vartures(CvrEnvsTu)s a3re(3sTysref).,
ref(CvsyEnv) 1- vartures(CvrEnvsTuw)s ard(3sTusK) s monvar(K).,

/% Frevent two ob.Jdects from being bound todether X/

rrevent. . bind(AsEBrEnv) -
obd._diffs(ArEnvsDiffsl),
obd_diffs(RByEnvsNiffs2),
new.gdiff. .ard(N)»
diff_ ratts(NsDiffsl y Niffs2,011.,022),
arg(lsDlls1)y ard(l:N22:2).

Aiff ratts(OsD102:D1s02) 1~ 1,
functor(lsdiffe3)
functor(D2ydiff+3).,

difforatts(ND1,D2,0111,0222) -~
Nl is N mod 2 N2 is N/2»
diff.ratts(N2D1,02,011,022)
discrim(N1,D11,D111)»
discrim(N1.D22,D222).,

discrim(O,DiffsDiffl)

by 2ra(2yDiffsDiffl)y functor(Difflsdiffs3).,

discrim{(lsDiffsDiffl) - 1y arad(3sDiffsDiffl)y functor(Diffl,diffy3),

new.diff_ardg(N) -

retract(‘$diff’ (N))s Iy N1 is N+ly asserta(’/$diff’ (N1)).,
new.diff_ .arg(l) -

asserta(‘$diff’ (2)).,
/% Recodnising function for constrained vars X/
iscvar($.).

/% Skolemise 2n entityy chenging variables into evars X/



skolemise(SyEnv) - var(S)s Iy
rnew.evar(SsEnv).,
skolemise(_s.) - 1,

/¥ Chandge variables into uvars %X/

universalise(SrEnv) - var(S)s |,
new.uvar(Sr»Env).,
universalise(.s..) 1~ |,

/¥ Fix anw universal variables %X/

fix{(AsEnv) - nonvar(A)» mark.existentizl(AsEnv)s 1.,
fFisl.s.)e

/¥ Garbadge collect information about cvars X/

rewrite.cvars(.»01d,01d) - var(Old)s |,
rewrite_cvars(NsOldsNew) -
functor(Oldscovse101)y furnctor(NewscvsiQi)»
T7.c1(100sN»OlcdsNew)
arg(101,01dy01d1)s a3r<&(l10lNewsNewl)
N1 is N+101»
rewrite.cvars(N1,01dlsNewl).

r.cl{O0y_2.9..) - 1,

r.cl(NsSofars0ldyNew) -
arg(N»01dr0arsg)r arg(NsNewsNardg)
Realno is N+Sofars
hournd($ReazlnosZ)»
r.c2(Zs0ardsNars)
N1 is N-1»
r.cl(NlsSofary0ldsNew).,

r.c2(Zs01ldsNew)
r..c2(Z+01d:01c)
r.c2( s0ldsNew) .

- disecvar(Z)s functor(Qldros2)» arg(ls0ldsllem)s var(llemd)s 1.
- iscvar(Z)s 1|,

+
*
+
L)



/%X RIND
Keering track of varisble bindindgs
CeMesr 27/7/81

X/

Zdeclarations’

- rublic

bind/Sy

bound/2»

bound/3»

garrend/2y

matchable/ 4,

rossinstance/4,

FUTe/ 3y

unbound/3y

unife/5S,.
Z imrortst
Y4 adge/1 (from undo.crl)
4 arrarg/2 (from mar.crl)

assumrtion/1 (from undo.crl)
/ bind.chechk/3 {(from metami.crl)
4 demons/3 (from obd.crl)
Y4 index.add/2 (from index.crl)
4 index. . find/3 (from index.crl)
% iscvar/1 (from obd.crl)
% list/3 (from listro.crl)
Z makein/2 (from listro.crl)
4 mararg/3 (from mar.crl)
Y4 obJd.bind.info/3 (from obd.crl)
% satisfu/3 (from tordb.crl)
Z universasl/2 (from obd.crl)
ZendZ

= mode bound(Ts7)s
unbound(Tes+s+)»
boung(?Ps+s+)s
satisfu_31l1(+s4)»
binding(+strtetr—)»
bindings(+ststststr—)y
allunboung(+s+sts+)>y
2llbound(+ststs+).
unifu(testetet)
kew(+y—)»
bind(+sy7sTr4).,

/% What is the root of the ecuivalence class containing AT %X/
bound(AsE) - var(A)s Iy A=E,

bound(A»C) - b.recorded{(AsR)» !» bound(EsC).

bound(AsA) .

unbound(Vs_s..) - vari{V), I,
unbound(VsSsEnv) - bound(VsR)s matchable(RyS+Env).,

matchable(Cveanugs.) -~ |y iscvari(Cv).
matchable(CvrstrictsEnv) - iscvar(Cv)s universal(CvsEnv).



allunbound(Cls_ s.s.) -~ 1,

a2llunbound(LNINslsAsssSyEnv) i~ I
arg(NsAsSsyA)y unbound(A»S»Env) sy allunbound(NssAsssSsEnv).,

bound(V»SyEnv) - unbound(VsSsEnv)s s fail.
bound(._.s..s..) .,

allbound(Lls_.s.s.) - |,
allbound(LNiNslrAss+S»ERV) -
argi{NsAssrA)y bound(AsSyEnv)y allbound(NssAssesSrEnv).

rure{AssSrEnv) - arrard(bound(SsEnv)rass).

b.recorded(R1+R2) - keu(R1sK)»
index. find(Ks_sboung{(KsR2))s !,

ked($NsN) - 1.
keg(VsV),

/7% Cause two thinsgs to become bound todgether %X/

‘nad{S»V1sV2rAns+sEnv) -
binding(S,V1:V2:Enveliems)
satisfue(llemsyAnsrEnv) .,

/7% Carrg out 311 binds to make two zssertions match %X/

unife(SrAsslrsAss2rAnsEnyv) I~
marard(matchable(S*Env)sAssirAss2)
functor(AsslsFsN)» .
bindings(NsSrAsslrAss2sEnveSats)y
satisfu.all(SatsrAns+Env).,

bindings(0s_s_r.r_o[1) - 1,
bindings(NsSsAYBrEnves[Sa315s1) -
arg{N»AsAl)» arg(NsEyR1)»
binding(S*AlsBlsEnveSa)ly
N1l is N-1» bindings(N1sS+AsEsEnv:S8s).,

satisfu. 311(Llr_».) i~ 1,
satisfu_211([SaiLlrAnssEnv) - var(8a)r !y satisfu_all{lLsAnsEnv).
satisfu._2l1([SaiSslrAnssEnv) -

satisfue(SarAnsrEnv) s satisfu_ z3ll(SssAnssEnv).,

/¥ Basic binding orerations X/

pinding(SsV1»V2sEnveliems) -
bound(V1i»R1)s bound(V2,R2)»
hindl(SsR1sR22Enveliems) .

bindl(SsRsRr_».) - 1|,
bindl(SsCvisCvZsEnvse_) -
matchable(CvlsSrEnv) s matchable(Cv2»SrEnvds |
obd.bind._ info(CvlisEnvyRind)
obd.bind.info(Cv2+EnvsBindg)
assumrtion(Cvli=Cv2).,
b.record(CvisCv2)y
combine_demons(CvlsCv2sEnvi.
bindl(SsVsCvrEnvyllems) -
matchable(CvsSrEnv)y



bindl(S,CvsVrEnvesllems).,
bindl(S»CvrVsEnvellems) -
matchable(CvsSrEnv) s
bind_.check (CvsVrEnv)
obd.bind_ info(CvsEnvsEBind)
obd.bind. info(VsEnvsRind)»
assumrtion(Cv=V),
borecord{CvsV)»
demons(Cve+Enveliems) .,

b.record(R1sR2) !~ keu(R1sK)s adge(N).
index_ add(kews(NsK)sbhound(KsR2)) .

/% Combine the demons for two cvars X/

combine.demons(Cvi»Cv2yEnv) -
demons(CvlsEnveil) s demons{(CvZ2sEnv:02)
garrend(l02),y darrend(D2,01),
hole(llisH)» hole(D2+H).

sarrend(Newrs01d) - var(New)s I,
srrend(News0ld) -
list(NewsFirstsRest)s 1,
makein(First,0ld)
garrend(Rest »01d) .
garrend(New,Old) -
makein{News01ld) .

hole{VarsVar) (- var{Var),y |,
fhinle(lList+Var) -
list(Lists_sRest),
hole(RestsVar).,
/¥ Cound ome entity be an instance of asnother? %X/

rossinstance(AsBySyEnv) - bound(ArAl)y bound(BsEBl)s ri(Al+sBl1sSsEnv).,

ril{XeXso.l) - |,
pil{_ s XsSsEnv) - matchable(XsSrEnv).,

¥ See if two entities maw he matchable
(auick test that lets too much through) %X/

matchable(AsReSrEnv) {~ bound{(AsAl)s bound(BsEl)s mtch(AlsEBl1+5Env).,

mtoch(AsArs) I~ 1,
mtoh(AsEsSyEnv) {— matchable(AsSrEnvdy 1.
mtch(AsEBsSsEnv) - matchable(EBErySryEnv)sy |,



/¥ INDEX

Easic indexing facilite for database
«/ CeMer 21/74/81

Zdeclarations’
- rublic
index.add/2y
index. . find/3.

Zend%

i~ mode add_keus(+s+s+).,

indey_ . add(RKeussItem) I~ I
functor(KeusshevssN)»
add._ kevws(NsNKeusyItem).

add. . bkews(Qy_.s.) - I,

add_kevws(NsKsI) -
arg(NsKrKeu)
recordz(Kegsdb(KsI)s_ )
N1l is N-1»
add._kegs(N1:K»I),

iy

index.find{(KewsKeussItem) - |
recorded(Kewsdb(KeussItem)s.).



7% UNDO
Maintzining a2 database where additiorns can be undone
CiMesr 21/7/81

X/

“declarations’

- rublic
age/1»
assumertion/1y
clean.s11/0,
clean_db/0»
dbh.state/1y
restore_dbase/1.,

Z imrorts?

4 ‘$age’ /1 {(from undefined)
% index.find/3 (from index.crl)
4 remove.envs/0 (from env.cel)
4 trace/3 (from utilitrace.rl)
Nz
t—- mode
ade(~)s

rule_zero(-)»
dbase_zero(-)y
chandge.age(+)y
db_state(-)y
restore_dbase(+)
remove.all{+s4+)>
rem.bkews(+sts4+)
assumrtion(+).

/% Backtrackable additions -

‘dh.state(N)’ sauws "remember the current states
and make N the number dgiven to it*
‘restore.dbase(N)’ saus "restore the database

to where it was a3t state N*®
Assertions are stored under the number of the
last database state.
X/

adge(X) - call{ ' $adge’ (X)) I,
age(X) - dbase.zero(X).

rule_zero(50000).
dbase.zero(50001).

chande.age(N) !— retract(‘sage’ (.))s fail.
chandge.age(N) - asserta( $age’ (N))» |,

db_.state(N1) -
age(iN).»
N1 is N+1»
chande.adge(N1)s |,

clean.db 11— 1
dbhase._.zero(X). restore*dbase(X);



abolish( $diff s1),
remove.envs.,

clean.all (~ 1,
rule.zero(X)» restore._dbase(X)s
abolish(’'$diff’ +1)
remove..envs.

restore_dbase(N) -
age(N1)»
remove.all(N1sN)»
chande.adge(N)s |,

remove._a2ll(N1sN) - NI1<N, |,
remove.a3ll(N1sN) -
index . find(NlrKeus»0Others).
functor(KeussheussKs)y
rem.beus(KssKeusrdb(KewssOthers) )
fail,
remove.all(N1sN) -
N2 is Ni1-1»
remove.all(N2sN).

rem.bkeus(Qr_»..) - 1,
rem.beus(NyKsI) - I
arg(NsKrKew)» recorded(KeusIsF)y
erase(F).
Nl is N—-1s rem.keus(N1sK»I).,

/7% Make 3n assumetion %X/

assumrtion(A) (- call(A), |,
assumrtion(A) - |y
trace(’‘\nAssuming that Zr\n’sLAlrassum);
db.state(iN),
(trues
(restore.dbase(N)strace( ' \nMavbe ¥rFr is not

true\n‘sLAlrassum)sfail) ).



/% TOFDE

Hisgh level interface to dstabase and inference
*/ C&Mo! 6’8/81

“declarations’

- rublic

add/2»
declare/2s
satisfu/3»
test/2»
test/é6.
Z imrorts?
4 action/2 (from task.crl)
y4 add/é (from meta.crl)
% arrarg/2 (from mar.crl)
4 definite/1 (from env.crl)
4 enter/S {(from meta.crl)
’ indefinite/1 (from env.crl)
list/3 (from listro.crl)
Fa mararg/3 (from mar.crl)
4 meta._.act/2 (from metact.rl)
4 nadgin/2 (from listro.crl)
% newtask/3 (from task.crl)
4 notsillul/2 (from sillw.crl)
y A nudsge/3 (from nuddge.crl)
4 rossinstance/4 (from bind.crl)
A rrorosition/2 (from task.crl)
¥4 skolemise/2 (from obd.crl)
Z test/8 {(from meta.crl)
4 trace/3 (from utilitrace.rl)
% undone/1 (from task.crl)
Zend%
1= mode
declare(+s+)
add(+s+)
test(+++)>

test(+strtetertst)s
rew..rerform{tes+s+sTePrt)y
rerform(+s+sPsPrd)y
rroceed(+rstrstrt+sTrTotrt) s
rroceedl{(+r+ststsPsTrt)y
loorcheck(+rtrstr—s—s+),

declare(AsssEnv) -
indefinite(Env)» Iy
new._rerform(addsAsssEnve_»_2L1).,
declare(AsssyEnv) -
definite(Env)s |
test (AsssEnvedeersangrsanwsL 1),

add(AsssEnv) - |y new.rerform(addrAsssEnve_y_»L1),
test{AsssEnv) -~ |y test(AsssEnvedeersanvrsangsL1),

/% Underluing calls to inference X/



test(AsssEnvellersSrimmedsAng) (- 1y
new._rerform(test(llersS)rAsssEnveHyLIrANS) »
nudge(Hs[{test(DersS)rAss) iAnsIsEnv) .

test{AssrEnvellersSransrans) - |y
new_rerform(test(NlersS)sAsssEnve_ s 2ANS)

/% Create and rerform new tasks %/

new.rerform({_struesr sHoHs.) 1~ 1,

new_rerform(ActsA12A2yEnvsH3IsHIsARS) - Iy
new.rerform{(ActsAlsEnvsH2yH1sANS) »
new.rerform(ActsA2yErnvsH3rH2rARS)

new._rerform(_r{Asss¥sEnvsHsHs ) !~ 1,
meta_.act(EnvsAsss).,
new_rerform{ActsAsssEnvesHssHissARs) - 1y

grrarg(skolemise(Env)sAss)
rotsillul(AsssEnv)y
newtask(ActrAssrTashk)
rerform(TasksEnveHsyHlssARS) .,

T Satisfw a3 set of rending adds/tests %X/

satisfu(ZsAns Env) -
var(Z)s 1,

satisfu(listrAnssEnv) -
list(ListsTasksL)y undone(Task)s I
rerform(TasksEnveHs[lrANRS)»
satisful(lsAnsEnv).

satisfe(listsAnssEnv) - 1y
list(Listr_+L)>»
satisful{l.sAnssEnv) .

/% Ferform 2n action on some assertions X/

rerform(TasksEnvsHl1+H2sARS) - 1,
action(TasksAct)y
rrorosition(TasksAss)y
loorcheck (ActrAssrAnsrsAnslsEnveResronse)
rroceed(ResronsesActrAssrTasksHI H2vANS1sENV) .,

eroceed(uesstest(_y_Je_s_s_9s_9_»_) = 1y fail.
rroceed(uessadds.yrrr..v..) 1~ |,
rroceed(riorActsAssyTasksH1sH2rANSEnv) - 1y

length(AnssL)»
tracel(’ZrZt Ze\n’'sL’ s sLrActrAss]ract)
eroceedl (ActsAsssEnveTasksHLIsHZ22ANS)

rroceedl (addrAssrEnveTasksHIsH2yARS) (- 1y
add(AsssEnveTask sH1HZrARS)

rroceedl (test(SrI)sAsssEnveTasksHI1sHZARS)
test(S»livAsssEnveTaskHI H2yARS) .

rroceedl (entersAssyEnveTaskrHLIsH2sARS) - 1y
enter{AsssEnvsTask sH1»H2) .,

-
i
-

-

/¥ Fail if we are in 2 loor %X/

loorcheck (ActrAssrAnssAnssEnveves) -
functor(AsssFsN)s functor(SksFsN)»
gstrictness{(Acts»S)y



ndgin{(ActsSk)sAns)

marardg{rossinstance(SsEnv)»SkrAss)sy |,
loorcheck (ActsAssrAnsrL(ActrAss) ARSIy 2y n0)

strictness(test(.s5)s8) - 1,
strictness(_sany).



/% INFER

Easic inference
*/ CQMO’ 21/7f81

“declarationsZ

i- rublic

NN NN

infer/7y
uniinfer/4,
imrorts?

arrardg/2
BrFCONJ/2
boundg/2
commute.ass/2
coru._.ardgs/3
findall/3
in.dbase/3
mararg/3
normal. . form/2
obJect. level _rule/2

%~ rredict/4

4 test/é6

4 toff/2

4 ton/2

4 trace/3

A unifa/S

% unicue/S

¥4 universalise/2

Zendi

i~ mode

infer{+s7s»TPotostetst)y
inferl(+s7PesPototstr4+)s
uniinfer{(+s+s+s+).,

(from
{(from
(from
(from
(from
(from
(from
(from
(from
(from
(from
(from
{(from
(from
(from
(from
(from
(from

mar.crl)

mar.crl)
bind.crl)
metami.crl)
rlocodelrreds,. 1)
invoca.crl)
dbase.crl)
mar.crl)
rlcodeimlface.rl)
rlcodeimlface.rl)
rredic.crl)
tordb.crl)
util.Frl)

util.r1l)
utilitrace.rl)
bind.crl)
rlcodeimlerrerl.rl)
obJd.crl)

/7% Using datsbases rrediction and obdect-level inference

rules X/

JMfer(GiGssH1»H3vSeyDivANSEnv)
infer(GeH1sH2+SrIsARSENV) s
infer{GssHIsHI3 S IrANRSEnv) .,

infer(GoalH1»HZ2»SsDvANRSYERV) -
commute_ass(Goal,Gozll),
inferl(GoallsH1:H2:»SsDsANSEnv).,

infer(GoalsH1sH2+sSsDsANSEnV) I~ 1y
inferi(GoalsH1sH2sSsDrARSIENV) .,

- 1l

>

inferl(GoalsyH1»H2ySsyDrANSEnv) -
normal. . form{(GozlrGoals)s !
arrcond(universalise(Env)Goals)
test(GozlsrEnvsDeySrimmedsAns) .,
inferl{(GoalsHyHySsdeerrAns»Env) -
rredict(GoalSrAnssEnv) .,
inferl(GoalsHiyHsSslivANSEnv) -
in.dbase(EnvsSrGoal).,
inferl(GoalsHi+H1sSslisARSENV) 11— 1
functor(GoalsFsN)»



functor(FPattsFsN) s

call{object_level_ rule(Fatt,Gs)),
unife(SrGoalsFattrAnsrEnv)
arrconJd(universalise(Env)+Gs)y

trace(’truing subdoals Zr for Zr\n’s[GssGoallrinference):
test(GssEnvelsSrimmedrAns) .

/X Srecizl inference for unicue dgoals %X/

uniinfer(AsssNsEnvsArdgs) -
same.rredicate(Ass»AsslsN)»
cory._ ards(ATEsrASS1ASS1 )
arrard(universalise(Env)sAssl)
uniinl{AsslsDrEnvsArsgs)y |y
unifue(angrAsslsAss:LIsEnv) .,

uniinl(AssyliyEnveArdgs) -
same._rredicate(AssrsAsslisN)»
corg_ards(ArdsrAssrAssl )y
arrarg(universalise(Env)sAssl)y
toff(assumsY_N)»
(trues (ton{assumsY_N)»f31i1))>
infer(AsslyHl1yH2systrictyDsLIsEnv)
nident{(AsssAssl)y !
ton(assumsY_.N)»
unifu(anysAsslirAsssLIrEnv)y
uniinli(AssyIYEnvsyAr=Es) .,

uniinlid{. s r2.),

nident(AsB) - same_rredicate(AsEsN)s nid(NsAsR).

nid(0s._.»..) - 1y fazil.

nid(NsAsR) - argd(NsArAl)» ard(NsEsEl)»
bound(AlsA2)y bound(E1sR2)s A2=R2s I
N1l is N-1s nid(N1lsA*E).

nigd. .r_»r..),



/% FORWAR
Forwards inference when we add 3 new assertion
CeMey 8/77/81

X/

“Zdeclarations’

i- rublic
forwards_infer/3.

4 add/2 (from tordh.crl)

% commute.ass/2 (from metami.crl)

% rormal. . form/2 (from rlcodeimlfzace.rl)
4 truschema/3 (from demorn.crl)

ZendZ

i~ mode

forwards_.infer{(+s+s+)s
Twl(+s+s4).

sorwards..infer(FrAns+Env) - commute.ass(FsF1)y Iy
ful{PrsAnssEnv)y fwl(FlsAnssEnv).
forwards.infer(FsAnssEnv) - 1y fwl(FsaAnssEnv).

fwl(FsAnssEnv) - normal_fTorm(PsAsss)y |y add(AssssEnv)e truschema(FrAnssEnv).
fwl(PsaAnssErnv) - truschema(FrAnssEnv) .



/% DEMON

Imrlementation of forwards inference rules
« CsMer 25/8/81
/

Ydeclarations¥
i~ rsublic

do_.schemas/0»
forwards.rule/é

rules/0y
truschema/3.,
%4 imrorts?
4 - /2 (from schema.rl)
¥4 add/2 (from tordb.crl)
% age/1 (from undo.crl)
¥4 assumrtion/1 (from undo.crl)
4 bind/S (from bind.crl)
4 bound/2 (from bind.crl)
> clean.all/0 (from undo.crl)
db.state/1 (from undo.crl)
y4 findall/3 (from invoca.crl)
Z firstenv/1 (from env.crl)
% index_add/2 (from index.crl)
% index.find/3 (from index.crl)
4 marcond/3 (from mar.crl)
A restore.dbase/1 (from undo.crl)
y4 test/é6 (from tordb.crl)
% toff/2 (from util.=1l)
4 ton/2 (from util.rl)
A trace/3 (from utilitrace.rl)
4 writef/2 (from utiliwritef.rl)
ZendZ

t— mode rrocl{(+sts+)
selectc(+s7s 7))y
Froc2(testrtstst).,

¥ Convert schemas from a3 readasble into a2 usable form %X/

do.schemas -
clean.alls
firstenv(Env):
ca3ll{{(A <— B where C <<Name)):
add.rules(AsEsCsNamesEnv)sy fail.,
do.schemas.,

/¥ See what demons z given assertion will rlug into %/

truschema(lLsAnssEnv) - 1,
findall(rule{HsLsEBsFeName)sforwards.rule(LsHsLsFsEsNamedsList)
rroclilistsAnssEnv).,

rrocl(LlsAnsEnv) - |,
rrocl(Crule(HsGsEsFeName)ilListlrsbAns,Env) -
length(Ans:Len)ys
trace(’ZrTruing demon Zr\n‘sL'>‘sLensNamelsdemon)s
dh_state(N),



/X

toff{(assums Y. .N)»

findall(Other,
(3ll_in_dbase(FrangsEnv),
test(BrEnvrshallowsanursimmedrAns)y
marconJd(bound»B&F0ther) )

Others).

ton{(assumsY_N)»

restore_dbase(N)»

Froc2(0therssB&FsHyNamersEnv) »

rrocl(lListsAnssEnv).,

Froc2(llr_rr.2) - 1,
Froc2(L0i0s]sEsHyNamesEnv) -
Frroc3(0sEBsHyNamesEnv)»
rroc2(0ssEsHsNamesEnv) .

Froc3(0»EsHsNamesEnv) -
marcorJd(bing(strictLIsEnv)sOsR)» I
trace(’*Running demon Zr\n‘sLNamelrd).
add(H+Env) .,

rraoc3(0sEBsHyNamesEnv) -
marcond(bind(angs[I1sEnv)+0:R)>»
assumption(arrlicable(Name)),
add(HyEnv) .

FProc3( s v s2_),

Make additions for 2 rule with given
consequencesy forwards and backwards conditions

add.rules(HsFsBsNasEnv) -

selectc(FsGsF1l)y

Rule = fud(GrHsF1lsEBsNa)»
age(N)»

functor(GsFrnsAr),
index.add(kews(rulesN»G)sRule)
fail.

add_rules(_s_s_s_9s.),

selectc(A&RsAYR) .,

selectc(ARRECIDIPARE) ¢
selectc(AZByEB»A) - 1,
selectc(ArArtrue) - |

- 1y gelectc(B&CsIIsE) .,

*

L 94

/7¥ Find 3 rule with 2 given zssertion as a condition

forwards.rule(KewrHeadsGoal rFudsBudsNa) -

/%

index.find(Keus. s fwd(GoalsHeadsFuwdsBudsNa) ).,

Frint out current rules X/

rules -

forwards.rule(rulesHeadsGoal sFudrsBuwdsNa) s
writef(/\nRule Zt\n‘ +L[N2l).

writef(” waiting for Zt\n’[Goall).,
writef(” conclusion Zt\n‘sCHeadl).,
writef(” s2lso needs Zt\n’sCFwdl)y
writef(’ constraints Zt\n‘+[Bwdl):
fail.,

rules.,




/% CREATE

Create ob.Jdect tokers
CsMer 4/9/81
X/

Z“declarations’

- rublic

initref/4,
strongcreate/2,
Z imrorts?
y 4 add_ture.info/3 {(from tures.crl)
rA argument.names/1 (from rlcodeimlface.rl)
4 argument._ tures/1 (from rlcodeimlface.rl)
% definite/1 (from env.crl)
YA genswum/2 (from utilicmisce.rl)
Y4 gensumlist/3 {(from util.crl)
y4 ground/1 (from util.crl)
¥4 indefinite/1 (from env.crl)
e meaning/3 (from meanl.sl)
meta_act/2 (from metact.rl)
y4 meta.add/2 (from metadb.rl)
% new.evar/2 (from obd.crl)
7% trace/3 (from utilitrace.rl)
% unbound/3 (from bind.crl)
4 urifuw/S (from bind.crl)
ZendX
= mode

initref(+sds+s?)y
strondgcreste(+s+)»
createvals(+ststet).

/¥ Initial referents X/

initref(_ s s 2R) !- dground(R)y I,
initref(EnvslsNouns[LRefl) -
definite(Env)s
new..evar(Refr»Env)y
meta.add(krnown(Ref)sEnv).
initref(EnvsNsNouns+Ref) -
indefinite(Env)s 1
dgensumlist (NsNounsRef) .,
initref(Ernvs_.sNournr[ReflsyRef21) -
trace(’Assuming there are two Zrs\n’/s[Nounlsazssum).
new_.evar(ReflsEnv)s» new._evar(Ref2yEnv).
meta.add(known(Refl)sEnv),
meta_add(kriown(Ref2)Env):
meaning(Envsdifferents (ReflsRef2)).,

/% Create tokens to make an szssertion true %X/

strongcreate(LsEnv) -~ 1,
functor(LsFredsN)»
furictor{NewsFredsN)»
createvals(NsLsEnviNew) s
uniful(angsNewsLsLIrEnvis |,




createvals(0sr. . 2Enve.) - 1,
createvals(NsLrEnvsNew) -
arg(NsL+A)»
unhound(AsangrEnv) »
not(meta.act(Envytest(known(fA))))s I,
functor(LsFsAr),
functor(NamessFsAr)» functor(TuressFrsAr),
ardgument. names(Names)» ard(NsNamessName)
argument. . tures(Tures)r ard(NsTures»Ture)s
dgensum(NamerAl)» add_ture_.info(TuresAlsEnv).
arg(NsNewsAl)y
N1l is N-1s createvals(NlsLsEnvsNew)s |,
createvals(NsLrEnviNew) (~ |y
N1l is N-1» createvals(NlsLsEnvsNew)s |,



¥ SILLY - Characterisation of ‘sillw’ dozlss ie

goals where the answer is ‘no’ rather thanm ‘I dont know’
CeMser 30/7/81

X/
“Zdeclarations’

*

- rublic
notsilluwl/2,

notsille2/3,

Z imrortsd

4 add. . ture_info/3 (from tures.crl)

4 aliorelative/3 (from rlcodeimlrrel.rl)

4 arrarg/2 (from mar.crl)

4 arrcond/2 (from mar.crl)

Y4 argument_ tures/1 (from rlcodeimlface.rl)

4 boundg/2 (from bind.crl)

4 fin/2 (from obd.crl)

% iscvar/l (from obd.crl)

4 obJect.level_neg.rule/2 (from rlcodeimlfzce.rl)
rrevent.bind/3 (from obJd.crl)

.- test/é (from tordb.crl)

A traces/3 (from utilitrace.rl)

4 ture.rredicate/l (from rlcodelrreds.rl)

4 universalise/2 (from obhd.crl)

ZendX

i~ mode

notsillul{+s+)y

ot .silluel(+s+)y
ture.check(+stests4)y
t.check(+s+et)
rnotsilluZdtstrt)y
s1llu2(+s+s4).,

/% Version 1 - tried on 211 dgoals ¥/

rnotsillwl{AsssEnv) -

ture_rredicate(Ass)s I,
Jtsillul(AsssEnv) -

functor(AsssFeN)»
functor(FPattsFsN)>»
argument.tures(Fatt).
ture._.check(NsAsssFattEnv) ey
not.sillel(AsssEnv)s I,

notsillel{(Ass»Env) -
traced{’%r is silluli\n’s»[Ass]ssillw)s fail.

not.sillel(AsssEnv) 1-
a2liorelative(AsssArdgss . )y Args=[N1sN21»
arg(NlsAsssArgl)y arg(N2sAsssATE2)
bound{(ArglisA)» bound(Ard2:E)s
makediff(AsRyEnvi)s |,

not.silleld_ +.).

makediff(ArdAs.) 31— 1y fail. .
makediffC(AsEyEnv) $- (iscvar(A)iiscvar(B))s» |y rrevent_bind(AsErEnv).
makediff(. r_.s.),



ture.check(Os_ »_v.) - |,
ture_check(NrAsssFattsEnv) -
arg(NsAssrA)s ard(NsFattsTu)y t_check(AyTurEnv),
N1 is N-1s ture.check(NlsAsssFPattsEnv).

t..check(_ snumbers.) - 1,
t.check (. runit».) - 1,
t.check(AyTusErnv) - add.ture.info(TesArEnv).,

7% Version 2 - tried only on unicue dgozls X/

notsillu2(AsssAnssEnv) -
silluZ{AsssAnssEnv)y 1y
trace(’%r is sillel\n‘sLAsslrsillu)y fail.
notsillu2 s_»_ ),

sillu2(AssrAnsrEnv) -
obhdect. level_ neg_ rule(AsssAsss)
arrarg(fix(Env)Ass)y
arrconJd(universalise(Env)rAsss)y
test(AsssryEnveshallowrstrictrimmedsAns) .,



/% FPREDIC

Simrle rrediction
CsMsr» 30/6/81
X/

carabilitu

“declarationsX

it~ rublic

orerator/4,
rredict/4,
Z imrorts?
y A = /2 (from orerat.rl)
y4 add/2 (from tordb.crl)
4 arrCOn.J/2 (from mar.crl)
Y4 assumrtion/1 (from undo.csl)
% meta.act/2 (from metact.rl)
% ndconJdin/2 (from util.crl)
% test/6 (from tordb.crl)
4 trace/3 (from utilitrace.rl)
% universalise/2 (from obd.crl)
mneniz
i~ mode
rredict(+storts4)
orerator{(-s+s—»-),

rredict{AssySraAnssEnv) - |y

orerator(FPrecsAssrRessName)

trace(‘truing to use orerator Zr\n’'sCNamelrrredict).

arrconJ(universalise(Env)sFrec)y

test(FrecsEnvrdeersSrimmedrAns) »

assumrtion{Name)

meta.act(Envrsuse(Name) )

add(ResyEnv) .
orerator(FrecsAsssRessName) - 1,

call((Res <= Frec <aName) )

ndcondin(AsssRes) .



/% DEASE

Obdect level database facilitw

, C.Me» 24/7/81

Zdeclarations’
t- rublic

add_to_dbase/2y

ang.in/2s

in.dbase/3y

auick_retrieve/4,

all_in_dbases/3.
X imrorts?
Z ase/1 (from undo.crl)
%z hold.task/3 (from task.crl)
Y4 index..add/2 (from index.crl)
Z index.find/3 (from index.crl)
y4 isenv/1 (from env.crl)
b mararg/3 {from mar.crl)

matchable/4 (from bind.crl)
% newtashk/3 (from task.crl)
4 rUure/3 (from bind.crl)
% same.rredicates3 (from rlcodelrreds.rl)
yA srecial.addg/3 {(from undefined)
4 srecial_test/4 (from slt.rl)
4 unifu/S (from bind.crl)
ZendZ
{~ mode '

add._ to._.dbase(+s+)
add.main{+s++4)
rerhars.enter(t+s+s+)»
in.dbase(+s+s+)»
retrieve._main{+s++4)»
any.in{(+s—-)s
auick_retrieve(+s+s~)s
a.r{+trstr~)>»
agll.in.dbase(+s+s4).,

/% Adding to 2 database %/

add_to.dbase(FsEnv) (- isenv(Env)s |

age(N)s |
add. . main(FsEnveN) .,

add.main(FsEnvsN) -
srecial add(PsEnveZ)s |
rerhars.enter(F:ZsEnv).
add.ma3in(FsEnvsesN) - 1,
index.add(keus(NsobdectsF)[1).,

rerhars.enter(FsZrEnv) -

rure(FsanusEnvds 1y c23l1(Z).
rerhars.enter(FsZsEnv) -

newtask (entersFeTashk)r hold. task(TasksLIsEnv).

/¥ Retrieving from 2 database %X/



in.dbase(EnveSsF) - isernv(Env)s Iy
retrieve.main(EnvsSsF).,

retrieve.main(EnvsS»F) -
srecizl. test(FsEnveSsZ)s |y
call(Z),

retrieve.main(EnvsSsF) - 1y
index_ find(Frheus(_sobdectsY)s[1)y
Unifue(SesFsYsLIrEnv)

/¥ Retrieval of anw fact %X/

anv. in{EnvsF) - 1y
index_ find(obJectrheus(_sobdectsF)s[ 1),

/7% Quick retrieval without rrorer matching %/

auick. retrieve(Ass»SsEnveAssl) - |y
a-r{AsssyEnvsAssl) s marard(matchable(SyEnv)sAsssassl).,

a.r{asssEnveAssl) -
same.rredicate(AssrAsslsN)»
srecial. test{AsslrEnveanusZ)y 1y ca2ll(d).,
a.r(AsssEnverAssl) - 1y
index.find(Assshkeus(_ robdectsAssl)s[1),

/¥ Finding multirle assertions %X/

all.in.dbasel(trues.»..) - |,

all.in.dbase(AKBySyEnv) 1~ 1
agll.in.dbase(A»SrErv)s all_ in_dbase(E»SrEnv).

all.in.dbase(AssSrEnv) - in_dbase(EnvsSrAss).,




/% ASSUM

What relations hold in the default case?
CeMsr 30/6/781
X/

Zdeclarationsi

+

i- rublic

assumes/2.
% imrortsi
% assumrtion/1 {(from undo.crl)
F4 default_ rule/2 (from =lcodeimlface.rl)
4 test/é6 (from tordh.crl)
7~ unifwu/S (from bind.crl)
rendZ
{- mode

assume(+s+).

sume{AsssEnv) 11— 1

functor{AsssFsN)»

functor(AsslFsN)»

default. .rule(Assl»Goazls)y
unifue(strictrAsssAssi»LIsEnv)y
test{(GoalssEnvsdeersanysimmeds[1)s !
assumrtion(Ass).



/% META

Using meta~level information to decide what to do

C.M.» 1/8/81
X/

ZdeclarationsX

+

- rublic

add/6s
enter/5S,
test/8.,
% imrorts!
% add_to_dbase/2 (from dbase.crl)
4 add_twre_info/3 (from tures.crl)
4 assume/2 (from zssum.crl)
Z bound/3 (from bind.crl)
y4 test.constrained/3 (from metami.crl)
y4 add._.constrained/3 {(from metami.crl)
% exists/3 (from rlcodeimlrrrli.rFl)
% find_ ture/3 (from tures.crl)
forwards_ infer/3 (from forwzar.crl)
. hold_task/3 (from task.crl)
7 in_dbase/3 (from dbase.crl)
Y4 infer/7 {(from infer.crl)
% mark.done/sl (from task.crl)
% notsillew2/3 (from sillw.crl)
¥4 rredictable/l (from metami.crl)
4 Fure/3 (from bind.crl)
¥4 auick._ retrieve/4 (from dbase.crl)
% strongcreates/2 (from create.crl)
4 ture_ rredicate/3 (from rlcodelrreds.rl)
F4 unbhound/3 , (from bind.crl)
Y4 unifwe/S (from bind.crl)
4 uniinfer/3 (from infer.crl)
4 unique/3 {from rlcodelimlerrrli.»l)
4 unique_ tuyre/2 (from tures.crl)
Zend”
-~ mode

add{+strtr—2Tst)
test(+ststrtestr»PesTot).

/% Stratedw for new information X/

add{(AssEnveTasksy[Task iHlsHrARs) -
ture. mredicate(AsssTeX)y
urnbound(XsanwsEnv)» !» hold_ task(TasksAnssEnvd.,
add(AssrEnvsTasksHrHrsARS) -
ture.rredicate(AsssTsX)s |»
mark. .done(Task)
add. . ture..info(TsXsEnv)s
forwards_infer(AsssAnssEnv).,
add(Ass+EnvsTasksHsHARS) (-~
unicue(AssrangsEnvsArgss )y 1y
mark._ done(Task)
notsille2(AssrANssEnv)y
uniinfer_create(AsssAnssshallowsEnvsArdgs).,
add(roint_ of(AsR)sEnveTasksHyHsARS) (-



bound(ArsangsEnv)s |y

mark. .done(Tashk)

notsilluw2(roint_of(AsB)sANsS+Env)s

infer.or_create(roint_ of(ArR)ranvrsshallowsrAnssEnv).,
add(AssrEnve TasksHl»HZ2yANPS) ¢~

add_constrained(AsssangsEnv)s I

mark.done(Task)

notsillue2{AsssAnssEnv)y

dbfind(AsssAnssEnvs TasksH1sH2) .
add(AsssEnveTasks[TaskiHlsHrARs) -

hold. task(TaskrAnssEnv)s to.dbase(AsssansyEnv).,

/¥ Strategsy for rostroned database additions X/

enter(AsssEnvsTasksHsH) {1~ rure(AsssangrsEnvis 1»
mark. .done(Task)s
to.dbase(Assy[IsEnv).,

enter(_ sEnvesyTasks[TaskiHIsH) -
hold_.task(TasksLIsEnv).,

/¥ Stratedgy for tests %X/

west({_ +ySrAsssEnveTasksHsHsARS) -
ture_rredicate(Ass»T»X)s» bound(XsSsEnv)y !
mark.done(Tashk)
add_ ture_info(TsXsEnv).
test{(. .+SrAsssEnveTasksHyHsARS) -
turpe.rredicate(AsssTe X))y unbound(XsSsEnv)y
uniue_ture(TsEnv)s |y
mark.done(Task)
find.ture(TsXsEnv)s I,
test{.r.rAssrEnveTask[TaskiHlsHrANRS) -
ture_rredicate(Asss_s ) |
hold.task(TaskrsAnssEnv).,
test(lI+SrAsssEnveTasksHoHsARS) $-
unicaue(AsssSyEnverArdgsy )y exists(Ass»SrEnveArdss s 1y
mark.done(Task)
notsillue2(AssrsAnsrEnv)
uniinfer_.create(AssrAnssIsEnvsArgs) .
test(»SryAsssyEnveTasksHsHrARS) -
unicue(AsssSrEnvis |y
mark.done(Task) .,
notsillu2(AssrAnssEnv) ey
not.infer.then.sssume{(Ass:SsIsAnsrEnv) .,
test(deerrSrAsssEnveyTasksH1sH2yARS) -
rredictable(Ass)s 1,
notsillu2(AsssAnssEnv) ey
infer.or.hold(AsssSrdeerrHl1H2yTaskrAnssEnv) .,
test(ySrAssyEnvs TaskHIHZ2ARS) -
exists(AsssSrEnv) Iy
notsillu2{(AsssAnssEnv)y
infer.or.hold{(Ass»SsNyH1H2yTasksaAnssEnv).
test(li»SrAsssEnveTasksHIsHZsARS) -
test_ constrazined(AsssS+Envis I
mark.done(Task)»
rnotsillu2{AssrAnssEnv)y
infer{AsssH1»HZ+SrshallowrAnssEnvds |,
test(_ s _rAsssEnvsTasks[TaskiHlsHrARs) (-
hold_.task(TasksAnssEnv).



/% Alternatives to be tried %/

uniinfer_create(AsssAnssDsEnvsArgs) -
uniinfer(AssyDsEnvsArss)s to.dbase(AsssrsAnssEnv)» strongcreate(asssEnv).,

to.dbase(AsssAnssEnv) - in.dbase(Envestrictsass)s !,
to.dbase(AsssAns+Env) - add_to_.dbase(AsssEnv)s forwards_infer{(AsssAnssEnv).

infer.or.create(AsssSrlisAnssEnv) - infer(Ass»HsH»SyDrANSEnv) .
infer_.or.create(Assy_s_ > vEnv) -

strondcreate(AsssEnv)y to_dbase(AsssAnssEnv).,

dbfind(AssrAnsrEnveTasksHyH) 1~
mark._ done{(Task)
auick._ retrieve(AsssangsEnveAssl)
unifu(anuwrAssrAssiLIsEnv)s 1,
dbfind(AssrAnssEnveTasks[Task iHIsH) -
hold_task(TaskrsAns+Env)» to.dbase(AsssAns+Env).,

not_ infer_then_assume(AsssSslisAnssErnv) - infer(AsssHrHySelvARssEnv) e 1,
not_infer_ then_sssume(Ass»SrIrAns*Env) - assume(AssrEnv).

snfer_or_hold(AsssySslisHIYH2yTasksAnssEnv) -
mark._ done(Tashk)
infer(AsssH1sHZ2+sSsDisANSERV) .
infer_or_hold(AsssSy[Is[Task iHlyHyTasksAnssEnv) -
hold.task(TaskrAnssEnv).



/% NUDGE

Forcing held constraints to be satisfied

C.M» 7/9/81
X/
ZdeclarationsX
t- public
kickrefs/1
nudge /3.,
%Z imrorts?
b4 action/2 (from task.crl)
4 assumes/2 (from assum.crl)
% database.g03l/1 (from metami.crl)
4 error/3 (from utilitrace.rl)
4 find_.rattern/3 (from tures.crl)
y4 find.ture/3 (from tures.,crl)
A in.dbases/3 {(from dbase.crl)
% infer/7 (from infer.crl)
v list/3 (from listro.crl)
mark.done/1 (from task.crl)
- meta.test/2 (from metadb.rl)
% obd._ture/3 (from obd.crl)
FA rlus.rred/1 {(from metami.crl)
4 rrorosition/2 (from task.crl)
% ture.rredicate/3 (from rlcodelrreds.rl)
Y4 unbound/3 (from bind.crl)
Z undone/1 {(from task.crl)
4 wont. .ever_function/3 (from metami.crl)
zendZ
i~ mode

kickrefs(+),

nudge(Prs+e+) s

nudgel (Trs+r4)

take_ one._ goal(+s++++-)>
remove.one. task(t+s—9s~r—9-)>
decomr(Tys—9-),

undone(Fs-).,

*
*

-

kickrefs(Env)
meta.test(mentioned(X)sEnv)
unbound(XsanusEnvis !
instantiste(XsEnv).»
kickrefs(Env).

kickrefs(.) -

* !0

instantiate(RefEnv) 3
obd.ture(RefsEnveFatt),
find_.rattern(FattrRefsEnv).

*
*

rudgel(lrAnssEnv) - undone(DsD1)y nudgei (il

nudgel (0 _sEnv) 3

nudgel{lisAns+Env) ¢
take_one.gosl(llrAnssEnveLil)
nudge(lllsAns+Env) .,

L

(var()sh=01)»

-

rANsEnv) .



take_ one_goal(lyAns+EnveN1) -
remove.one._ task(lly[11yAsssSeller)
ture_rredicate(AsssTsI)y 1y
find. .tuere(TsIsEnv).,

take_one_gosl(llrAns+EnveD1) -
remove.one.task(lsNl1rAsssSrller)
database.dgo03l(Ass)
wont_ever_function(Ass»SyEnv)y I
in.dbase(EnvsSrAss).,

take_ one_goal(lisAns»Envstl) ¢~
remove._one.task(ly[IlrAss»Seller)
rlus_ rred(Ass)
wont_ ever_function(AsssSsEnv)sy !y
infer{(AsssWissWssSrlerrAnssEnv).,

take_one_do03l(bsAnssEnv,D1) -
remove._one_task(li»[I1yAsssSsller)
rlus_rred(Ass)s |
infer(Assy_ s..+SellersAnssEnv) .,

take_ one_goa3l(lsAnssEnveil) ¢~
remove.orne._task(lisDlrAsss_ s )
assume(AssyEnv)y |,

ake_one_goal(Ds_sEnvs.) -
error(‘cant nuddge Zr\n’/sLhl»fail). Z Assume 3 context of cwa

remove.one._task(lis11rAssySsyller) -
decomr(DsTasksI11)
action(Tasksytest(Ders»S) )y undore(Task).
rrorosition{(TaskrAss)y
mark._ done(Task).

decomr({lss_s..) - var(Ws)s Iy fail.,
decomrp(ListsWsls) - list(ListsWsWs).,.
decome(ListsWlsLWiWlsd) ¢~ 1y list(listsWelWs)y decomr(ls WirlNis).

undone{V,V) - var{V), I,

undone<(C1,L1) - |,

undonel{lLists[WiWls]) - list(ListsWsls)s
action(Wstest(_y.))» undonelW)s 1.
undone(ls:Wis).,

undone(listsWls) !~ list(Listr_sbs)» !» undone(lWss:Wlis).



/X MAF

Marring fumctions over ob.ect.level assertions

Coﬁo! 6/8/81
X/

Ydeclarations’

- rublic

3Frarg/ 2y
aFFCONJ/ 2y
mararg/3y
marcon.d/3.,

% imrorts!?

“ bind/S

y 4 bound/2

% bound/3

yA fin/2

% matchable/4

% rossinstance/4

d same.rredicate/3
skolemise/2

A universalise/2

ZendZ

- mode

arrardg(+s+)
mararg(ts+27) >y
arreonJ(tet)e
marcond(+s+:7)»
arrl(testrt)y
marl(tstestrt)s
arrlel(+:7)y
arrlu2(+:7»7),

/¥ Over sinsgle assertions X/

arrardg(0rrsAss) -
functor{AsssFsN)»
arrl(NsOrsAss) .,

arel(Qys.) - 1,
arrl{NsOrsAss) -
arg(NsAsssArg)
arrlul{OrsArg)

N1 is N-1s arrl(N1sOrrAss).

marargd(OrsAsslsAss2) -
szme.rredicate(AsslrAssZsN)
marl{(N+sOrsAsslrAss?).,

marl(Os_ r_2.2,
marl(NsOrrAsslisAss) -

(from
(from
(from
(from
(from
(from
(from
(from
(from

ard(NsAsslsArgl)s arg(NsAss2rATHI)

arrlu2(0rsArglsATE2)

N1 is N~1» marl(NlsOrrAsslrAss).,

/¥ Over condunctions %X/

bind.crl)
bind.crl)
bind.crl)
obd.crl)
bind.crl)
bind.crl)
rlcodelrreds.rl)
obd.crl)
obd.crl)



arrcond(0rrARR) - |,
arrcond(0rsA)» arrcond(0rsER).

arroonJd(0rsAss) -
arrarg(0rrAss).,

marconJd(0rsAgRrAsSsSS) §~ I
functor(Assss&s2)
arg(lsAsssrAl)r» argH(2rsAsssrBl)»
marcond(0rsArsAl)
marconJd{(0rsByR1).,

marconJ{0rsAsslsAss2) §
mararg{(0rrAsslrAss) .

¥ Kmown things to mar X/

arrluyl(bound(SrEnv)+X) - bound(XsSrEnv).,
arrlul(var:X) - var(X).

arrlul(skolemise(Env)sX) - shkolemise(XsEnv).
aprlul(universalise(Env)+X) - universalise(XsEnv).,
arrlul (Fix(Env)»X) - fix(XEnv).,

Teprlu2(boundsArB) {- bound(AsE).

Prlu2(bingd(SsAns Env)»AsB) - bind(SsAsEBsANSENV) .,
arplu2(matchable(SsEnv)sAsE) (-~ matchable(AsEsySrEnv).,
arrlu(rossinstance(S»Env)sAsB) I~ rossinstance(ArEySsEnv).,



/¥ INVOCA.CFL

Invocation routines
Co”o! 25f8/81

X/

i- sublic
findall/3,
Z(nots1).,

>
i

mode
findall(Ps++27)>s
after.found(+s+r-)s
not(+).

findall(XsFslList) -

asserta(found( ' $mark’))y c2ll(F)y asserta(found(X)), fail.
findall(_ s sList) -

retract(found(X))s 1 after_found(Xs[JlelList).

after.found{ $mark’sLsL) - 1|,
after_found(X,LsL1) - retract(found(Y)), |y after_foundg{(Y,[CXiLIsL1).

not(X)

- c8l1(X)» 1y fail.
not(X) |

+
.
*
+ LI 2



/% FORTRA

Converting datastructures to things that can be reasds

C.Ms» 24/6/81
*/

“declarationsX

®

$~ public
rortraw/1.

% imrorts?
y 4 bound/2
% isenv/1

ZendZ

/¥ Fortraw X/

FOTtraw($N) - |y bound($NsV)» write(V).
write(‘ <env:>’).,

rortraw(Z) 11— isenv(Z)s .

e

(from bind.crl)
(from env.crl)

unifieds

etc



/7% FILE listro.rl

(comriled)

Srecial version for semantic intersreter

C.Mer 24/7/81
X/

Zdeclarations’
- rublic
arrend/ 3y
lastof/ 2,
list/3»
makein/2y
ndgin/2.

sendZ

t—- mode arrend(PsPsP)s

lastof(7+s7)
nadgin(FsT)
makein(?s?)y
gin(?Ps»7)y
list(+s—9~),

list(CAIBlsAsR).,

arrend(CIsLL),
arrend(CHDITLI Ly CHOLLT)

lastof(LsX) 3~ var(l)sy 1

ndgin{(XsL) - vard{l)s i,

mdgin{(XsList)

¢
4

- arrend(TLsLsLL),

L=CXi1.7,
lastof(listsX) 1- list({lLists_.sL)y lastof(l+X).,

f‘azl .
ndgin(XsList) 1~ list(lListsXs.),

- list{lLists.sLl)y ndgin{(XsL).

makein{(XsL) - var(lL)s !y L=[Xi1_.3.

makein{(XsList)

- list{lListeXs.)s I,

makein(XsList) - list(Lists_sL)y makein(X:L).

gin(XsL) - vardlL)s !y fail.

in{XsList)

iI— list{lListsXs )y I,

Sin{Xslist) I~ list(Lists_sL)y gin(XsL).



/% UTIL.CFPL

Comriled misc utilities
) C.M.» 8/7/81

ZdeclarationsX

i—~ rublic
gensumlist/ 3

ground/1»
ndconJdin/2.
Z imrorts?
y 4 densum/2 (from utilicmisce.rl)
ZendX
= mode

gensumlist{(+s+s~)»
ndconJin(?s+)
groundg(T)
ardgsdground(+).

/¥ Gensum a3 list of atoms X%/

gensumlist(0y_»[1) - 1,
gensymlist(NsTuslNew!l1) !~ !, dgensum(TusNew):s
Nl is N-1s dgensumlist(N1lsTusl).

/¥ Membershir of a conJunction X/

ndconJdin(ArA&R) .
ndconJin{(A» .&RB) 1- 1y ndconJin(AsE).
ndconJdin(AsAa) - 1,

/% Is a doal dground? %X/

ground(L) - atomicd(lL)s I,
groundd(lL) - nmonvari{l).,
l. =¢+ [FrediArdgsly
ardasdround{(Args)y !,

argaground(L]) - 1,

argsground(CHOITL]) - 1,y
ground(HD) »
ardsground(TL).



/% DISTRI

Interrret rrorositions about sets and references

CiMer 29/9/81

Use with other interepretation stuff
X/

ZdeclarationsX

+

- rublic

function/4.
function2/5,
rrorertu/3,
relation/4,
relation3/5.
Z imrorts?
% meaning/3 (from

Zendx

t~ mode rrorertu(tstrt)s
Ffunction{+s+s+s-)>
tolist(+sPs7)s
relation(+s+str+)
corresp(t+sts-)
dorairs(+s+s+)s
furnction2{+s+ststr—)»
Frn2{+estrtor—)y
relation3(+eststrds+).,

/¥ Predicates with irresular distributions X/

function(Env:LO01,02]rcoeffLCI) - 1
call{meaning(Envscoeff»((01,02):C))).,

/% Unare predicates %X/

rrorerte(Envs[RefiRefslsKew) (- |y
call(meaning(EnvsKeuvsRef))»
rrorertuy(EnvsRefssKevw) .,
rorerte(_sLIs) - 1,

/¥ Result bearing relations %/

function(Envs[RefiRefslsKeuwsResg) - |,
call(meaning(EnvsKeus (RefsRefl))).
tolist(ReflsResrResl)
function{EnvsRefssKewsResl),

function{(_»Clsy_»[1) - 1,

tolist((AsR)s[AlIResllsRes) !~ I
tolist(EsReslsRes).
tolist{(A»[AIRes]sRes) - |,

function2(EnvsReflssRef2ssKewsVals) -
corresr(ReflssRef2ssCorr),
fri2{CorrsRKewsEnvsVals).

FR2¢LIs..vsL1) - 1,
fri2(CFiFslsRevwsEnvesRes) -

meanl.rl)



call(meaning(EnvsKedr (FsVUal1))),

tolist(ValResrResi)
fn2{FssyKewsEnvsResl).,

/X Other Relations ¥/

relation(EnvsReflsRef2rKeu) (- 1y
corresr(ReflsRef2yFairs),
dorairs(FairssKewrEnv).,

dorairs(Llr.».) - 1|,

dorairs(LFiFslsKewsEnv) - 1y
call(meaning(EnvsKegsF) )y
dorairs(PssKewsEnv).,

relation3(EnvsLReflls[Ref21s[Ref3lsKew) - Iy
call{meaning(EnvsKeur (ReflsRef2sRef3))).

/¥ Finding corresronding s3irs ¥/

corresr(LR11,CR2IsL(R1:sR2)1) - 1,
orresr(LR1Iy[R2IRsIsL(R1+sR2)IFsg]) (- I
corresr(LR11sRssFs).,
corresr(LR1IRsI+sLR2I+L(R1sR2)IFs]) I~ 1
corresr(RsyLR21sFs).,
corresr(LR1IR1s1IsLR2IR2s]1sL(R1sR2)IFs]) (-~ 1
corresr(RissR2s5+Fs) .,

Z Can‘t do other cases



relation3(Envs[Reflls[Ref2lsLRef3lsRKeuw) - 1,
ceallimezning(EnvsRKevs (ReflsRef2sRef3)))., Z Can‘t do other cases



/% EXFAND

Exrand an action on an assertion with lists
Coﬁo! 7/10/80
X/

Zdeclarations’

- rublic
exrand/3,

send’
i- mode exrand{(+s+r+).,

exrand{(AsssActionsEnv) - 1y
Ass=,.[FPrediArgs],
exrandl (vessPredrsArdgsrActionsEnv).,

exrandl(Fladgs_ v.r_s.) - var(Flasg)sy |,
exrandl(_sFredsArdgssActionsEnv) -
takel(ArgssArdgslrArdslisFlag)s |y
Ass=, .[FrediArdsll,
Goal=,.[ActionrAsssEnv],

call(Goal)y
exrandl(FlassFredrArgsllsActionsEnv).,
expandl( s s v.o.) - 1,

takel(C1sCIsL1s) 1= 1,

takel(CAIAs]»[AlIAls]»[ALLIAlls]sFlag) 11— |y

take2(AsAlsAlLlsFlad)y
takel(AssAlsrsAllssFladg).

take2(A»EsCy.) - var(A)s |y A=[EIC],
take2(LAlsAsCAT,) 1~ |,
take2(LAlAs] AYASIRES) - |,

as its ardguments



/% METAMI

Miscellaneous meta—-level rrorerties

C.Msy» 30/7/81
x/

Zdeclarations’

t- rublic
bind.check/3»
commute._ass/2»
add_.constrained/3,
test.constrained/3s
database._g031/1,
rlus_rred/1y
rredictable/1
wont. .ever_exist/3.,

Z imrorts?

A \= /2

% bind/S

y 4 bound/3
commutatives/3

- coru.a3rds/3

4 default_ rule/2

A exists_rattern/3

% meta.test/2

4 ndgin/2

y 4 obJect.level_ rule/2

4 orerator/4

% auick_retrieve/4

Y4 same.rredicate/3

4 srecizl_test/4

% unboundg/3

% uniceue_most._seneral/1

ZendZ

i~ mode

database.dgo3l(+)
rredictable(+)
constrained(+s++4)>
wont.ever.exist(++s+++)>»
harrens_.to_be_unicue(+s+)
commute._.ards(+s-)
bind_.check{(+s+s+) >
rlus_rred(4).

database.dg0a2l(Goal) 1~ 1,
same. rFredicate(Goal:sGr.)
not(obdect_ level_ rule{(Gy_)),
not(srpecial . test(Gr_.r_v..))>
not{(default. .rule(Gs.))>»

(from utiliimisce.rl)
(from bind.crl)

(from bind.crl)

(from rlcodeimlrrrl.rl)
(from rlcodelrreds.rl)
(from rlcodeimlface.rl)
(from rlcodeimlface.rl)
(from metadb.rl)

(from listro.crl)

(from rlcodeimlface.rl)
(from predic.crl)

(from dbase.crl)

(from rlcodelrreds.rl)
(from alt.rl)

(from bind.crl)
(from mlxerro.rl)

7%Z NE we 2llow rredictables

%Z not{time_inher_arg(GsN)sallunbound([NI»GoalsSrEnv)).

databasse_rred(G).,

/X Is a3 doal rotentialle predictable? X/

rredictable(X) - orerator(_s+Xs_.2.)>

/% Will 2 ozl actuzlly succeed in at most one wau? %/



test . constrained(L:SsEnv) -

constrained(Ly»S»Ernv)» wont_ever.function(Ls»S+Env).,

add. .constrained(LsSsEnv) -

constrained(L:S»Env)s wont._.ever_unicuel(l.sSsEnv).,

constrained(LsSrEnv) -
database_doal (L)
harrens.to be_unicue(l»SsEnv)y |,
constrained(L»SsEnv) -
call(unicue_most. general(l))s |,

wont. .ever.function{LSsErv) -
function.rattern{lLsArgs,sVals),
ndggin(X:Vals)s ard(XsLsA)»
unbound(A»SyEnv)s 1y fail.,

wont._ever_function{(_»_»_),

wont. ever_unicue(L»SyEnv) -
unique_rattern(LrArdgssVUals)
nadgin(X.Vals)y ard(XsLrA)y
unbound(AsSsEnv)s 1y fail.

wont.ever._.unicuel(. .s.s..).,

harrens.to.be_ unicue(l.+S»E) -
auick._ retrieve(LsSsEsAl),
auick_ retrieve(LsSsE»A2)
Al \= A2y Iy fail.

harrens.to_ be_unique(_y_+.) - |,

/¥ Commute the arguments of z dHoal %X/

commute_ass(Goal»Goall) -

commutative(GoalrArgssRest)r Ards=LAirAZ],

same..rredicate(GozlGozallsyN)y
ard{AlyGozlrArl)s arg(AZ2sGoallsAri).
argd(A2»GoalsAr2)» ard(AlsGoallrar)y
cory.ards(Rest»Goal+Gozll).,

‘¥ Check that a3 binding of an obdect level varisble is 0K

pind_check(CvyVrEnv) -
meta.test(ref(Cv)sEnv)sy Iy
meta_test(refers(NFsLV1I1)sEnv).
bound(VlsangryEnv)y
bind{(strictsV1:VsL[IrEnv).,

bind.check(_s_»_).

/% What sredicates arrear in the database? %X/

database.rred{(diff{(.s.2) - Iy fail.
database.rred(vacant(.».)) - 1y fail,
database.rred(() -
%z e3ll((Word == Lambdas! Ass))»
Z ndcondin{(GrsAss)
' *
database_rred(G) -
exists_rattern(Gr__s_)s .,

x/



/% What rredicates do we det rositive information sbhout? %/

rlus_rred(X) {- database_.rred(X)y I,
rlus_rred(X) - rredictable(X)» !,
rlus.rred(X) - obdect_level_ rule(Xs.)s |,



/¥ TYFES.CFL

Chris‘s file for inferences about tures
CiMer 2777781
X/

ZdeclarationsX

i- rublic
add_ture_info/3»
find.rattern/3,
find.ture/3,
rrint_tures/2,
surer.ture/2,
unicue.ture/2,

Z imrorts?

Y4 \= /2 (from utilliimisce.rl)
YA a.constant/2 (from ob..crl)

¥4 arrarg/2 (from mar.crl)

Y4 bindgsS (from bind.crl)

“ obd.ture/3 {from obJ.crl)

) ture. . rattern/2 (from rlcodelX,r1l)
ZendZ

it~ mode not.ture(tststst)s
unicue.ture(+s+)y
find.ture(+sPet)
Frint. .tures(Ts+)»
surer.ture(+s+)y
comratible(+sTr4)
add_ ture_info(+s+s+).

7% Is one ture 3 surer ture of another? %X/

surer_ture(RigsSmall) -
ture. _rattern(BigsFattl)
ture._rattern(SmallsFatt2)y
rattern.subsume(FattlFatt2).

attern.subsume(RigsSmall) 1~
not. .subsume(BigsSmall)s 1y fail,
rattern.subsume(_.s..) .

rnot. .subsume(RigySmall) -
numbervars(Smallslis_)y
Small=Rigy 1y faz3il.

not.subsume(..s..) .

/¥ Is there at most ome individuzal with 2 ture? %X/

unieue._ture(TurerbEnyv) -
ture_rattern(Ture,»F).
a_constant(EnvsI1l)» obd_ ture(llsEnvsFl)y comr(FsF1l)>»
a.constant(EnvesI2)s obd.ture(I2sEnvsF2)y comr{PsF2)»
I1 \= 12 s fail.,

unique_ ture(_r_).,

/¥ Find an obdect of a ture X/



find.ture(TuresIndsEnv) -

ture.rattern(TuresF)
find.rattern(FsIndsEnv).

find.rattern(PryIndrEnv) -
ag.constant(EnvsyIndgl)s obhd.ture(lIndlsEnvsF)y
bind(ang»IndsIndlsLI2Env).

/¥ Add new ture information zbout anm individusl %X/

add_ ture_info(TuresIndivsEnv) -
obd.ture(IndiviEnveFatt),
ture.rattern(TuresFattl)s 1y Fatt=Fatti.

/¥ See what we know shout a2n individual %/

rrint.tures(IndivsEnv) -
obd.ture(IndivsEnvsFatt)y
r.ture_ard(FattsIndiv).

~tures(0r_s..) - 1|,
Ltures(NsPattsIndiv) -
ard(NsFattrArs).
r..ture_ard(ArgsIndiv)
N1l is N-1» r_tures(NlsFattrIndiv).

r.ture_ard(As.) - var(A)y |,
r.ture.ard(Ards Indiv) §-

functor(Arg,sTusN)»

arrargi{varsArg)sy 1

write(Ty)sy write(’(’)s write(Ingiv)s write(’),’)s nl.
roture_ard(ArgyIndiv) -

functor(Args__sN)»

r.tures(NsArgs Indiv) .,

/% Two rpatterns are comratible X/

com={AsEB) - A \= By !y fail.,
comr{._ »..).



/7% UTIL.FL
Utilities
CeMes 2/7/81

X/

/% Environment %/

save - (@sentence(.)irecordedenv(.))s I
error(’Saving unclean state’sLlryfail).

save 1~ temrfile(File)s save(File).

restore (- temrfile(File)s restore(File).

setfile - statistics(hears[AsE1)»
N3 is ((A-B) mod 10)+"0*,
N2 is (((A-E)/10) mod 10)+°0",
N1l is (((A-B)/100) mod 10)+"0°*,
arrend(*scralrrog, "s[N1sN2yN3lsName)
name{FilesName)
asserta((temprfile(File)i-1)).,

- sy 0C(A)y —R.,

+
*
=Ll - s gsave.
~F t= 1ty 0(F)» save.

olA) - stom(A)» add.ext("rl"r»ArAl), file_exists(al), !y reconzult(ai).
o(A) - atom(A)s add_ext("crl®rArAl)s reconsult(hai).

/% Tracing X/
t - tlim(2)s toff.
tt - tlim(4)s toffs ton(act)s ton(assum), ton(sillw), tonldemon).
ttt - tlim(4), ton(zll).
/% Add an extension to 2 file name X/
add.ext(ExtsFsF1l) - name(FsNa)» arrend(Nas[46iExtIsNa3l)y name(FlsNal).
; /¥ Futting tracing on and off X/
g t(Goal) - !y hitclause(Goal:C)» asserta(C).
unhit(Goal) - !y hitclause(GoalsC)» retract(C).
hitclause(Goals (Goali-unhit(Gozal)stracesGoal)) - |,
/% Ask user for some value X/

-

user.surrlu(AttsArds,Val) - 1y
seeing(I)y telling(0).
see(user)s tell{user):
write(’ X¥Flease surrle ‘) writef(AttsArdgs)s writel(’? 7).
ttuflushy read({Vazl),

/% Temrorarwy trace zlterations X/

toff(Namesues) !~ retract{(tracing(Name))s |,
toff(Namesno). '



ton(Namesges) (- |y assertz(tracing(Name)).
ton(.yno)d.



/7% NLTYPE.HI

Tures for natural languadse stuff
CeMs» 13/7/81
X/

ture_ _hierarche.,

{include(’rlibltures.hi’ )2,

rerson <-> rarticle.

man <-> rerson & male.
man <—-> rainter # boy.

woman <-> rerson & female.

n.rarticle <-> rarticle & neuter.
n-rarticle <-> bzll # rullew % stone # train # blob # crane % hammer,

. -Tod <-> rod & neuter.
rod <-> bhernch # bridde # lever # rier # role % scaffold # tower % bar,

n.roint <-> roint & reuter.
n-roint <-> cliff # station.

n.surface <-> surfzce & neuter,
n.surface <-> rlane ¥ table.

strindg <-> rore % cord.



/% OFERAT
Orerators for rrediction
CeMes 7/79/81

X/

minimal_motion(Ob.jsM1M2ySus)
& bodu_contact(ObdsSurfsFinsM2)
& motion(ObisStartsFinsMlsM2ySus)

2
4
4
3

minimal_motion(ObisT1lsT2:M)

& motion(ObusFLsF2sT1sT2sM) =
&
4
&
4
g
&
&
&
&
&
£

4 gimrle.rath(ObdsF:T1).

Z motion(ObdsFLsF3sTL1sT3»M) <=

%

% g

% &

4 << addmotion(Ml:M2).

<=
bodu(0b.i)
unsurrorted(ObJdrsM1)
at(0ObJsStartsMl)
surface(Surf)
below(SurfsStart)
< fall0bdyMl).,

one.d(fF)

solid(F)

monorath(F)
inrlace(ObdsFsFlsSiderT1)
dgetstarted(ObdsFathsF1,T1)
ifreaches(0budsF2:,T2)
reriod(Fer,»T1,T2)
rnostorring(0bJsFathsFlsFer)
notakeoff(ObhisFathsFlsSidesFer)
nofalloff(ObisFathsFlsSidesFer)
orrosite(Sider0side)
end(F»F2s0side)

minimal_motion(ObdsT1:T2sMi)
motion(ObdsF1sF2sT1sT2:M1)
motion{ObdsF2+sF3sT2s T3 M2)



/% SCHEMA

Forwards inference rules
COM§ ? 23/9/81

X/
7% A point in contact %/

contact(Ob.dsFryMom)
<— body_contact(Obdsr_.»FrMom)
where Foint(0bd)
<% roint.at.,

/¥ Surrort by 3 string, etc. %X/
/¥ A roint stuck %X/
fixed(Ob.dsFsMom)

<- bode_ fixed(Obdr_.rFsMom)
where roint(0bd)

<< roint_stuck.

/¥ Strindg connecting two obdects %/

connects(Str»01,02sforever)
<= bodu_fixed(0lsEls_s»forever)
where farend(StrsE1+E2)
& sptring(Str)
& bodu. . fixed(0Z2+E2y_sforever) << connects.

/¥ Surrorted string connecting two obdects (rullew sustem) X/

rullevy_ sus(StreFull,»01,02ySus)
<= connects(Strs01:,02sFforever)
& surrorts(FPull,sStry.)

where true <4 pullevy._sus.,
/% Surrort of 3 string X/

turical_ roint(StrsFt)
fived(FtsForsforever)
<~ hodu_fixed(Ob.r»StrsPorsforever)
& surrorts(0ObdrStreMom)

where srtring(Str) << string_surrort.,

o,

/% Consequences of motion X%/

motion(Sus) &
reriod.of(SussFer) &
reriod{(FersMoml»Mom2) &
motion.of(ObJsFersSus) &
obJect. .of (Sus,0bd) &
rath.of (SusyFPath) &
rath(FathslLeftsRight) &
rathat(ObdsLeftyMoml) &
rathat(ObdsRightsMom2) &
at(0Ob.sStartsMoml) &
at(ObdsDestyMom2)

motion(ObdsStartsllestsMoml sMom2sSus)



where true wemotion.
/%X Distance between two roints %/

seraration(01+02ySersT)

-

bodu_distance(01:,02»SersT)
where zero.d((0i) § zero.d(02) “Troint.distance.

seraration(01,02+S5erT)
& rerr.rrodect(0l,Line,02)
. bodu_distance(0lLinesSersT)
where zero.d(01) & one._d(Line) <<line_distance.

seraration(01,02sS8er:T)
& PerP“ProJect(OQ;Line,OI)

2. e
e

bodu_ distance(l.ines02sSer,»T)
where zero.d(02) & one.d(Line) <<line._distance.

r Scaffolds and rainters %X/

true
scaffold(Scaff)
& surrorts(ScaffsFzinters.)
where

rainter(Fainter) “ogscaffald,
/% Accelerations %/

accel(FrsAsT)
-
sus_aecel(FrArT)
where

rarticle(F) <orarticle.zccel.

accel(FsAyT)
-(';—.

‘ sus._accel (SussAsT)
& rulleusus(_s_sFy_sSusg) <arpgllevwsus. accel.,



/% ALT

Alternative axiomastisation for some rredicates
CeMMer 21/7/81
X/

srecisl. test(intersect(XsYsZ)vEnve_rinters(XsYsZsErnv)).

inters(XsYsZsEnv) - bound(Xsforever)s !y bind(angsYsZyL[IsEnv).,
inters(Xy»Yr»ZsEnv) - bound(Ysforeverd)s Iy bind(anusZsXsLIvEnv).
inters(XsYsyZryEnv) - bound(Zsforever)s !,
bind(anysXsforever:Ll1sEnv)s bind(anusYsforever:LIsEnv).,
inters(XsYsZsEnv) - bind(anusXsYsLIrvEnv)s bind(angsYsZsyLIsEnv)» ’
(unbound(XsanvsEnv) -> error(’uninstantisted intersection’s»Llsf2il)s true)d.



/7% INIT
Tor level functions of the semantic interrreter
C.Ms» 13/7/81

X/

/¥ Initizlise semantic interrretation sustem %X/

init !- setfiles core.imade:
gdisrlaw (' Derartment of Artificial Intellidence’)r» nl»
disrlaw(‘University of Edimburgh’)s nls nls
disrlav (‘[ Semantic Interrretation Frogram 1)
ttunly ttunls restore.state.

restore_.state
restore.state

- temrfile(F)y file_.exists(F)s {» restore,

*
*
?
[ S !0

/% Read from file and then run %X/
run{File) (- inrut(File)r, gos outrut(File).
/% Get inrut from a file %/

inFut(File) -
add.ext(*sun®sFilesFilel).
nice(FilelsFile2)
gsee(File2)s rereat,
read(T)s rroc(T).
Iy seen.

nice(FsF) - file_exists(F)s !,
nice(F1,F2) -
name(FlsNal)»
arrend("suni"sNalsNa2)»
namel{F2»Na2)y
file.exists(F2), |,
nice(F1l,F2) (-
name(FlsNal),
arrend("winsunl " +NalsNal2).
name(F2:Na2).,

rroc(end.of.file) - 1|,
rroc(Z) - srecord(Z)y fail,

/¥ Run interrreter on inrut given %X/

g0 (- clean.dbs @sentence(S)s =g01(8)y fail.
S0,

g01(8) -
recordedenv(Env)s !
assumrtion{(interrretable(S)):
nextenv(EnvsEnvl)
sentenceture(S»T).
newenv(EnvliT+Env2).
interr s(Env2:8)»
final_.sent(SsEnv):»
TEMOVE. .eNVS:y
recordenv(Env2)s |,

g0l {S) - Iy
db.state(_ )



assumrtion(interrretable(S)).

firstenv(Env):»
meta_act(Envs:load(times))
sentenceture(S»T)
newenv(Ernvs TsEnvi)
interr_s(EnvisS)»
final.sent(SyEnvl),
recordenv(Envi), i,

sentenceture(Srdef) (- Psture(Srauestion)s |,

sentenceture(Srdef) - @sture(Sscommand)s !,

sentenceture(Srindef) - @Psture(Systatement), I,
sentenceture(Srdef) |- @sture(S,wh_cuest)sy |,
sentenceture(Syindef) !~ Rcond(Ss_s_v. )y |, Z Hack
sentenceture(SsT) - user_surrlu(/stupre of %t (def/indef)’ »[851sT),

/% Record outrut on a file %X/

outrut(user) 1~ 1y
disrlay.
~utrut(File) -
add.ext("rrb*sFilerFilel).
name{FilelsNa)» arrend(®suni®sNasNal)»
name(File2sNal)y tell(File2), disrlaw, told.

disrplaw -
recordedenv(E)s I
disrl(E).,
disrlawy -
error({‘No recorded environment’sLClscontinue).
firstenv(E)»
disrl(E).,

displ(E) -
any.in(EsX)s filter(XsEsY):,
Frint(Y)s put(®*.")» nls fail.
disrl(E) -
meta_assertion(Xs»E)s filter(XsEsY).
rrint(Y)s put(®*,*)s nl, fazil.,
tigrl(E) -
a.constant(Es1)»
rrint_teres(IsE)y fail.
displ ().

/% Helr information %/

hele !~ displau(’

Commands:
inrut(FILE) - read in the suntax trees from FILE.swn
g0 - process the current rroblem
g01(S) - process sentence §
outrut(FILE) - outrut the database to FILE.rrb

run(FILE) - input(FILE), dgoy outrut(FILE).



/% TERS

Sentence Interrretation

C.Me» 14/9/81 ,

Use with rest of semantic intergretation stuff
*/

“ZhereZ
/¥ Interrret one sentence %X/

interr_s(Env:8) -
@Gocond(S+sS1sCondsS2)s 1y
conJd.s(Cond»S1+8S2+Env) .,

interr s(EnveS) - I,
trace(’\m\ninterrreting sentence Zt\n‘ »[S1+2)s
collectnrs(EnvsSrRes)
set._tense(SsEnv)y
timemods(EnvsRessResl)
Emain.verbh(SsVerb),
trace(’Invoking semantics for verh ‘%t /\n’s[Verbls2)s
interr_verb(VerbsrReslsEnv).

¥ Rules for conJdunctions X/

cond..s{(whensS1+S2+Env) 1~ 1y
interr_s(EnvsS1)»
interr. s(Env:S52).,
cond.s{whilesS1+S2+Env) 1~ |y
interr. . s(EnvsS1)y
interr. s(Enve:S2).,

/¥ Collect and interrret tor level NF‘s of sentence %/

collectnrs(EnvsSsRes) -
findall{(RolesNF)scollect(RolesSsNF)sRes)s I,

collect(subi»SeNF) - lodgsubd(SsNF),
collect(ob.dsSsNF) !~ logobJd(SsNF).
collect(obdsS»NF) -~ Brassive(S): Psun.obJ(S:NF).,
collect(busSsNF) !~ not(@rassive(S))y @Prr(SsbusNF).
collect(FsSsNF) 11— Brr(SsFsNF)s P\=hu,
collect(advsSrAdv) I~ @adverb(SrAdv),

lodsubd(SIyNF) - @rassive(S8)s |,
Crr(SshusNF) .,
lodgsub (SsNF) - @sun_subi(SsNF).

logobh d(SsNF) - @rassive(S)s I,
Cosun.subJd(SIsNF) .
logobd(SeNF) - Csun.obhJ(SsNF),

/¥ Finalising some of the decisions X/

final.sent(S»Env) -
trace{’\nFinalising decisions for sentence Xr\n’»L[S51:2),
final. . time(SsEnv)»
kickrefs(Env)s !,



/7% TERNF
Semantic interrretation of noun rhrases
C.M.» 8/79/81

Use with other intererretation stuff
X/

ZhereZ

/% Noun rhrases %X/

interr_nr{EnvsNFsRef) -
rrinthead(NFsN)»
trace(’‘Interrreting noun rhrase %t (Zt)\n’sCNPsNIs2)y
i.nr(EnvsNFsRef),

erinthead(NFsN) - Cheadnoun(NFsN)s !,
rrinthead(NFsN) - Cname(NFsN)s !,
rrinthead(NFsy/ <trace>’) i—- @uwh.trace(_sNF)s I,
Frrinthead(._.»7) - |,

/% 0, Fossessive determiner X/
* nr(EnvesNFsRef) -
Cross._.det(NFsNF1)s I,
Cfrnof (NFsFri)s
interr_nr(EnvsNF1isRefl),
function(EnvsReflsFrsRef)y
entre(NFsRefsEnv).

/¥ 1, We alreadw krnow the ref %X/
i.nr{EnvsNFsRef) - refof(NFsEnvsRef)s I,
i_nr(EnvsNFyLNamel) -
Eriame (NFsName)s 1y
meaning(EnvyNamesName)
entre(NFsCNasmelrEnv).
i.nr(EnvsNFsRef) - Cuwh_ trace(NF1sNF)s 1,y
i.nr{EnvesNFlsRef).

/¥ 2, ConJdoined NF X/

i.nr{EnvyNFsRef) -
Coond(NFsNF1sNF2)s 1y
interr_nr(EnvsNFl1lsRefl).
interr. nr(EnvsNF2sRef2),
arrend(ReflsRef2:Ref).

/¥ 3. Inmitial euantifier rhrase to be ignored %X/

i.nrF(EnvsNFsRef) -
Pauant. . front(NFsNF1)s |
interr.nr(EnvesNF1lsRef).

/% 4, Definite measure X/

i-nFr(EnvsNFsRef) -
Cheadrioun(NFsDim)s function(liim). 7# NE does indefinite
Brium(NFs_ s Def)
function.def(DimsDef),
not(Car_det(NFs_))s» I
ofobd(NFsEnvsReflsRef) . %z Assumes definition
entre(NFsRefrsEnv).

function_def(endy.) ~ |,
function.def(Fnsdef).

rhrases too

ofy edg "an



/% 5, Various srecial rhrases X/
i_nr(EnvsNFsRef) -
Bheadrioun(NFsN)»
srecialref(NsNFPsEnvsRef)s |y entra(NFsRefsEnv).,

/%X 6, Ordinare NF X/

i.nF(EnvsNFsRef) -
Grium(NFsNumsDiet)
newenvi(EnvsNetsEnvi),
Gheadnoun{NFyNoun)’»
(@rost_name(NFsRef)itrue).
initref(EnvisNumsNournsRef)s I
entrug(NFsyRefsEnv).,
rrorerte(EnvlisRefsNoun) s
dorrors{NFsRefsEnvi).,

/% Srecial referents %/

srecialref(uwous_s_s[woul) - 1,
wecialref(horizontals_sEnve[Xaxl) 1~ |,
meaning{Envs._.axiss Xa¥).
srecizlref(PrssEnvs[Refl) (-
rron(Fr:Gens_)s |
testmeaning(EnvsGensRef)
meaning(EnvsknownsRef)
meaning{(EnvrrefsRef).
srecialref(earthy_sEnvsRef) 1~ 1y srecialref(grounds_sEnvsRef).
srecialref(sgroundy . 2Envs[Gg31) (- Iy
meaning(EnvsgroundGd) .,
srecialref(seas. rEnve[Seal) 1~ 1,
meaning(EnvsseasSea).
srecialref(level sNFsEnvsRef) 1—- 1y @hasfeat(NFrground).s
srecialref(drounds_sEnvsRef).
srecizlref(londonsNFrErnvelLlondonl) (- i
meaning(Envsstationslondon).
srpecialref{edinburghysNFsEnvsLedinburghl) - |
meaning(Envsstationsedinburgh).,

‘% Routines for processing modifiers X/

0orrors(NFsRefsEnv) 11— 1y
gdoars(NFsRefsEnv)y
doad.s(NFsRefsEnv)
dorrs{(NFyRefsEnv)y
dorelc(NF)RefsEnv).,

doars(NFsRefsEnv) -
Par_det(NFQF)s 1,
interr.arl(QFsRefsEnv).,

doars(..s.r. ) - 1,

doadds(NFsRefsEnv) -
findall{AdusPhasfeat(NFsAd ) sList)s 1>
checklist{(interr_ar(EnvsRef)List).

dorrs(NFsRefsEnv) -
findall(re(FPsNF1)sBre(NFsFPsNF1)sList)s 1y
checklist{(interr_pr(RefsEnv)List).



dorelc(NFsRefsEnv) -

findall(Ss@relc(NFsS)elist)s I»
checklist(interr_s(Env)sList).

/% Handling measure rhrases %X/

ofobJd(NFsEnv,0Ob.isMeas) - !
BFfnof(NFsDim)
rrer_of(DimsF)y
Crr(NFsFPsNF1)s 1,
interr. . nr(EnvsNF1s0b.i)y
function(Envs0ObdsDimsMeas).

ofobd(NFsEnvy__sMeas) -
@relc(NFsS)» I
interr_s(EnvsS)s
refof(NFsEnvsMeas).

ofobd(NFsEnv,Ob.dsMeas) (-
@frnof (NFsDiim)»
Obd=[01,
new..evar{OsEnv)»
meaning(Envesknown:0)
meaning(Envesref:0).
function(Env:0bdsDimsMeas)
entre(ard(NF)0bisEnv).

/¥ Reference list in envirorment %/

entrue(NFsRefsEnv) -
meta_.act(Envsadd(refers(NFsRef)))s
allmentioned(RefsEnv)s |,

refof(NF+ErnvsRef) -
meta.act(Envetest(refers(NFsRef)))

allmentioned(Ll,.) - |,

allmentioned(LRIRs]*Env) -
meta.act(Envrsadd(mentioned(R)))»
allmentioned(RssEnv).,



/% TERFF
Interrreting rrerositional rhrases
CeMes 18/6/81

X/

interr_rr(RefsEnvere(FsNF)) - 1y
trace(‘Interrreting rrerositiornal rhrase
i.rr(RefyEnvsFsNF) .

i.rr(RefrEnvefull _of sNF) ~ |y
@rium{NFsrrlursL1).
Bheadrnouri(NFsN)»
relation(EnvsRefs[NIsfull_of).
i.rr(RefsEnveinsNF) (-
@Gheadnoun{(NFsequilibrium)s I
rrorertu(EnvsRefreauilibrium).
i.rr{RefrEnvsof»NF) -
@Clone.ar(NFsQF)s 1y
interr_erl(QFsRefsErnv).,
i.rr{RefsEnveFsNF) -
(F=0f% P=with)s I,
interr_indefmeas(NFsRefsEnv).
i_rr(RefsEnvsFINF) !~ 1y
interr_nr(EnvsNFsRefl)
relation(EnvsRefsReflF).,

(ZE2\n s LF122)



/% MEAS

Interrreting measure rhrases
. C.M.» 18/6/81

ZhereZ

/¥ Interrret an indefinite measure in the context of the
referents it arrlies to L ¥4

interr_indefmeas(NFlsRefsEnv) -
constit_ base(NF1sNF2s..)>»
refof(NFP2sEnve.)s 1.,

interr_ indefmeas(NFlsRefsEnv) - I
constit. . base(NF1sNFs_)»
Bfrnof (NFsDim)»
trace(’Interrreting indefinite measure Xt (XEI\rn/»[NFsDimls2)»
function(EnvsRefDimVal)ys
entrue(NF:Va1Env)
interr.meas_mods(NFsDimsEnvseVal)s
ortrelc(NFsEnv). '

.aterromeas.mods (NFsDimesEnvsVal) -
({@rr(NFsofsNF1)sCar._det(NF1+QF))}: Par.modifu(NFsQF))s I,
interr.ar(QFDim)ValsEnv).

Sinterr_ meas.mods(_s_s_2.).

ortrelc(NFsEnv) i~ @Crelci(NFsS)y !y interr_.s(EnveS).

+

ortrelc(_»_) - 1,

/¥ Interrret 3 GF in the context of the definite measure
referents to which it arrlies x/

interr.ar{how.muchs_.+Va3lsEnv) - 1
rrorertu(EnvsVal ssoudght).
interr_ar(QFsDimsValrEnv) - 1y
measures(QFsMr1)y
trace(’Interrreting measure rair Zt\n‘sLMrlls2),
relation(EnvsValsMrlsbreakdown(lim)).

asures(QFCCNU1]) -
Cmeasure(QFsNsU)» I,

measures(QFy CONL1ULI»ENZ2yU213) 31—~ 1y
@cond(QFsQF1,QF2)»
Cmeasure(QF1,N1,Ul)
Cmeasure(QF2,N2,U2) .,

/¥ Interrret a2 QF whern no dimension given X/

interr_erl(@GFsRefrsEnv) 11— 1
measures(QF»Mrl)
(Merl=CLL0_.»UJ3% Mepl=[_sC.»Uld)s 1y
urnit_of(UsDiim)s 1»
furction(EnvsRefsDimsVal)s
interr_ar(AFsDim:ValrEnv).,

/% General ad.ectival rhrases X/

interr_ar(EnvsRefAF) - |,
@Bhead._ adJdective(AFA)



trace(’Interrreting addectival rhrase (Zt)\n’»LATs2)»
i~ar(EnvsRefAF) .,

i.ar(EnvsRefrAF) -
@hesd_adJective(AFsA)
frnadd(AsDimsFol)s !
function(EnvsRefsNimsVal)y
intensifiers(Env:DNimsFolsValsAF).,

i.ar(EnvsRefsAF) (-~ Iy
Rhead_adiective(AFsA)»
rrorertu(EnvsRefrad.,

intensifiers(EnvesDimsFol»ValsAF) {-
@intensifier(AFshow)s !
Val=[Vls measning(EnvssoushtsV).,

intensifiers(EnvellimsFolsVUalsAF) (-
Car._modifu(AFsQF)
Emeasure(QFsNstimes)s 1.
Ccomrarative(_sAFSNF)»
interr_nr(EnvsNFsRef)
function(EnvsRefsDimsVall),
Val=[Vls Vali=[V11],
timesor(Fol0r)>
RHS =¢+ [O=2V1sN]>»
meaning(Envsecuation»V=RHS) .

intensifiers(EnvesDimsFol ValrAF) (-
@Ccomrarative(AFsNF)s» I,
interr_ nr(Enve:NFsRef )
function(EnvsRefsDimsVall)y
Val=[V1ls Valli=[V1]1,
gensum{DimsQ)s RHS=,.LF01V1:Q1>
meaning(EnvreauationsV=RHS) »
Car. .modifuw(AFQF)
rrorerte(Enves LQJsnoun(liim) ) »
interr_ ar(QF s Dims LQRIYEnv) .,

intensifiers(EnvesDims_»ValsAF) -
Car_.modife(AFQF)s |y
interr_ar(QFsDimsValsEnv).

/% Which addectives corresrond to simrle dimensions? %X/

fnadd(arartsseat_serarations+).,
friad.i(oldradgers+).

frsdd(wounsgs ages—) .,

friadd(longs lengths+) .,
friadJd(shortslengths-).,

/¥ What multirlicative orerators corresrond to
what rolarities? x/

timesor(+sX%X).,
timesor{(—-»/).



/X% TERAIWV

Semantic interrretation of adverbs

CeMMesr 21/7/81
L 74

interr_adv(EnvsAdvsVerbsRef) - 1,
@adv.head(AdvsA)y
trace('Interrreting adverb %t (Zt)X\n’sL[AdvsATs2)
i.adv(ArEnvsAdveVerbrsRef) .,

i.adviurpwardrsEnveAdvy s Ref) -
CGhasfeat(Advsvertical)sy Iy
function(EnvsRefrvelocitusVel),
relation(EnvsVel [ {[?0sdedgrees]]sbreakdown(velocitu)).,
iadv(horizontalsEnve_sVerbsRef) -
motion.verb(Verb)s 1y
function{EnvsRefrvelocitusVel).
relation(EnveVelsL. . L0rdedreesl]rbreakdown(velocitu)),
i.adv(horizontalsEnvrnssRef) 1~ 1y
rrorertu(EnvsRefshorizontal).
i.advi(verticalsEnvrs_sVerbsRef) -
motion.verb(Verb)s 1
function(EnvsRefrvelocitusVel):
relation(EnvsVel L {[?0rdegrees]lsbreakdown(velocitu)).,
i.adv(verticalsEnvr_r_.sRef) - |,
rrorertu(EnvsRefrsvertical).,
i.adv(frees_s_r_2..) - 1,



/% TMODS

Semantics of time modifiers
CeMor 23/7/81

Exrorts:

timemods(3)
get_ date(3)

Imrorts?

lone.ar(2)
@¢1)
time_focus(3)
newmoment(2)
meaning(3)
fmeaning(3)
function(4)
interr. . ar(4)
set_momenrnt(2)
lone.number(2)

x/

/7% Filter list of suntactic roless taking out time
andg interrreting them

timemods(EnvsLIsL1) - 1,

timemods(Envs[(RsNF)iIRslsR1ls) !~
time.modifier(EnvsRsNF)s 1
timemods(EnvsRssRls),

timemods (Envs[RIRsIsLRIR1s]) - |y
timemods{EnvsRssRls).,

/¥ lieal with individual tures of modifiers X/

time_modifier(EnvsinsNF) -
Clone..ar(NFQF)»
Cmeasure(QFsNrgears), |y
time. . focusi(rresrEnvsF)»
newmoment(EnveM)»
functiorn(EnvsL(FsM)IrreriodsFer):.
function(EnvsFersdurationslur),
interr_ar(QFsdurationsiursEnv)
set.time(EnvsM).,

time_modifier{EnvsinsNF) -
Clone.number(NFsI)s 1.,
get.date(lsEnveTime)
set. . time(EnvesTime).

time.modifier(EnvsinesNF) (-
Crium{NFy_.»def)
ChastTeat(NFsAF)» Phead._.adJiective(AlFsfirst)s 1.
time._.decomr (NFsMrsM1sM3rEnv)y
newmoment (EnvsM2)»
meaning(Envereriods ((M1sM2)sFer))d.
Env=tor(.sF)/Ry Envi=torlindefF)/R>»
sdddim{durationsMrsFersEnvi),
set. . time(EnvsFer).,

modifiers

X/



time_modifier(EnvsinsNF) (-
Crium(NFs _ sdef) '
Chasfeat(NF,AF)y Chead.adJdective(AFslast)s |,
time. decomr(NFsMr+ M1+ M3sEnv).
newmoment (EnvsM2)»
meaning(Envsreriod, ((M2:M3)sFer) ).
adddim{(durationsMrsFersEnv).
set_time(EnvsFer).,

/% Convert an intedger to 3 date %/

get_date(lsEnvsMom) -
newmoment(EnvsMom)»
function(Envs[Momlsdateof 1)
relation(EnvsIis[[Iruvearsllsbreakdowni(duration)).

/% Get underluing moments and measure rair for
ees Tivrst X OFf s4s2 s+ last X of ¢ X/

time.decomp (NFsMesMLsM22Env) - 1y
timear (NFsMr)»
@re(NFrsofsNF1),
interr_nr(EnvesNFlsyL[Refl).
testmeaning(Envsreriod.ofs (RefsFer)).,
testmeaning(Envsreriods ((M1sM2)sFer)).,

timear(NF+sLC1:U]) - @headnoun(NFsU), !.
timear (NF+LCNsUJ) - 1y
Car_det(NFsQF)s Cmeasure(QF:NyU).



/7% DICT
Ilinctionarw
CeMer 1876781

X/

/% DNimensions X/

function{(mass). function(length). function(son). function(daushter).
function(father)., function(mother). function(velocity).
function{(sreed), function(acceleration). function(ternsion).
function(end), function(weight). function(age)., function(angle).
function(distance), function(motion). function(work).
function(magnitude), function(force). function(constant).
function(tor). function(eddge), function(coefficient). function(height).

/¥ Fronouns and Names X/

rron(itesnieuterrnoross).,
rron{itssneutersross).,
sron{hermalernoross),
rronthissmalerross).,
on(himrmalernoross) .
~ron{(shesfemalernoross).,
rron(hersfemaler.).

/% Units X%/

unit_.of(mrhsvelocity).,
unit.of(lbsrmass).
unit_.of{(lbrymass).,
unit. .of{kgsmass).
unit.of(UsDim) -
user.surrle(‘dimension for unit Ze/»LUlsDim).

/X Frerositions marking function arrlication %X/

rrer..of{(tensionsin)d.

rrer_of (frictionsbetween) - 1.,
rrer.of (coeffsbetween) - 1,
rrer..of (llimsof) .,



/% INTERF

Interface to rarser

C.M. 14/9/81

Use with rest of interrretation stuff
X/

ZhereZ
/¥ Record an assertion from the rarser %X/
srecord(Z) - recordz(Z,»@(Z)s. )y .

/% Provide an assertion to the interrreter. The following zre

the predicates that the rarser notionazslly rrovides!
X/

Badverb(SsA) HE % An adverb modifuing 3 §
eRadverb(Ssa).,
Badv._.head(Ad»A) - 1,
(BRhasfeat(AdsA)}
(atom{Ad) rAd=A) ).,

N

The head of a2n adverbial rhracse

uM..verb(SsAux) - 1y 7Z The tense of 2 sentence
BRaux.verb(SrAuUX).,
@comrarative(AFsNFP) - 1y Z A "than NF" in 2 comrarative AP

@Rcomrarative(AFsNF) .,
CeconJ(RigsSmlsCondrSm2) 31— 1,
@econJ(Rig»SmlsCondrsrSm2) .,
BoconJd(FPsPLlsF2) -~ 1y
@Ccond(FsPlrandsF2).,
@fnof (NFsLI1im) e
friof (NFsDim).
Pembedded.sent(51,82) ¢
embedded_sent(S1,52).,
@hasfeat(NFsF) - 1»
B@hasfeat (NFsF).
@head..adJective(AFsA) - |,
E@RheadadJ(AFsA) .,
Cheadnoun(NFsN) 11— I,
ERheadnoun{NFsN) .
Rintensifier(AFs,I) - 1,
@Rintensifier(AF,1).
wlone.ar(NFsAF) {— 1,
lone_ar{(NF:AF).,
@lone.number(NFsN) - I
lone.number(NFsN).,
@lone.ar(NF:QF) - 1,
lone._.ar(NFQF).,

=~

A constituent is a2 condunction

=~

Default condunction (with "arnd®)

™~

The comrlete nmeme for 2 function rhrase

.\.

- 1y What sentences are embedded in what

™~

AdJdectivess adverbss attached to rhrases

™

The head of an AF

™~

The head of an NF

™~

An intensifier in anm AF

™

An AF as 2 sentence constituent

N

A number a2s 2 sentence constituent

N

A QF a3s 2 sentence constituent

Emain.verb(S,V) - 1, % The main verh of 2 clause
@Cmain_.verh(S:V),

CGmeas(NFsDim) 11— I % Whether 2 rhrase is 2 function rhrase
meas(NFsyDiim) .,

Cmeasure(QFsNsU) - 1 % How 3 QGF breasks down
E@Pmeasure(QFsNsU) .,

Pname (NF+Na) HE N Z A noun rhrase is 2 rrorer noun

CeRriame{NFsNa).
Prium(NFsNusDef) - |,

rum{NF s Ny Dlef)
@rassive(S) HE I ]

rassive(S).
Bross.det(NF1sNF2) - |,

Number and definiteness of a NP

N

Whether a3 sentence is rassive

~

Fossessive determiner of NF



@Rross._det (NF1sNF2),
@rost.name(NFsNa) - Iy
rost_name(NFsN3).

@rr(BassFsNF) -
rr(BassFsNF).

@Par. .det(NFsQF) 1~ 1,
er..det(NFQF) .,

ar.modifue(XsQF) $~ 1,
ERar. .modifw(XsQF) .,

Cauant. . front(NFsNF1) 1~ 1,
cuant_ front (NFsNF1).,

N

Name arrears after head rnoun

Frerositional rhrase attached to some base

NN

Frenominal QF in an NF

™

Fostrnominal QF in an NF

™

NF minus initizl cuantifier rhrase

Crelc(NFsS) HE N 7% Relastive clause attached to am NF
CRrelc(NFsS),

Csentence(S) I % A tor-level sentence
@P@sentence(S).,

@srecial. nr(NFsN) I~ 1, 7z Head of NF (followindg bindinss etc)
srecial_nr(NFP!sN) .,

@sture(SsTy) HE % Ture of 2z sentence (ruestion» statement etc)

E@sture(SyTu).
@Csun_obhJ(SsNF) - |y
sun.obJ(SeNF) .,

N..subJd{(SyNF) - Iy
E@Rsun_ subJ(SsNF) .,
Guh. trace(NF1sNF2) - 1, 2 A bound trace
ERwh._.trace(NP1sNF2,_).,
@X - writef(‘Warning - funny suntax goal Zt\n’»[X1)» EEX.

™

Suntactic obdect of 3 sentence

™~

Suntactic subdect of 2 sentence

N

/¥ Imrlementation of some of the above %X/
% Embedded sentences

embedded_sent(S1s82) - @relc(NFsS1)s sent_ of (NF.52),
embedded_ _sent(S1+52) - @@Cnr_comr..s(NF»S1)y sent_of(NFsS52).,

sent.of(S5,8) - @sentence(S)s I,

sent .0f (NFy»S) {~ rr(EBss_sNF)y !y sent_of(BssS).,
sent . of(NFs:S) - Bsun.subJ(SsNF)s |,
sent. . of(NFsS) - Bsun.obJd(SsNF).

¥ Fassive

~assive(8) - @Rrassive.sent(S)y I,
rassive(S) - (@P@embedded._sent(S)s @aux.verb(Ssrast):
@sun_subd(SsNF)s Buwh.trace(_ .sNF)s |,

Z Frerositional rhrases

rr(BasesFLlsNF) -
CRrr.linked(EasesFF)
BRis. .rrer{FFsFsNF)»
get_ rrer(FFsFsFP1).,

rr(BasesFPlsNF) - Z QF FF as sentence constituent
@@sun_ob.J(RasesNF1)»
@@rr_ linked(NF1+FF1),
not (@Gheadnoun(NF1s_)).
Car.det(NF1,QF)
@Ris. .rrer(PFlsPsNF)»
Cmeasure(QFsN2U) »
Fl=..CFsCNsUID,



get. . rrer(PFsFsF1) $-

@ar_modifu(FFsQF)s 1
Crmessure(QF sNsU)»
Fl=.,LFsCNsUIT,

get. .rrer(_sFPsF) ¢~ 1,

ZISBntactic ob.Jdect

sun..obJ(SsNF) - ERsurn_obJd(SyNF)»
not((rr(Ss _syNF1)s@@rr_linked(NF :FF)»@Ris_rrer(FFs_sNF1))).,

Z Function rhrases

fRof(NFsDim) - |y Bheadrnouni{NFsI)s function(l)s morefrn(lsNFsDimd)s !,
fnof(NFy_) - Bheadnoun(NFsN)y error(‘dont krnow function Xe\n‘sL[NIszbort).

morefn{forcesNFsfric_.force) !- adi.mod{(NFsfrictionzl), I,
morefrn{endsNFrlend) - adi.mod(NFsleft), !, '
morefn{(endsNFsrend) - adi.mod(NFsright), |.
morefrn(endsNFrother_end) - adi_mod(NFsother): !,
morefrn(endsNFrends) - @Enum(NFselurs_)s |,
morefn{coefficientsNFscoeff) -

@rr(NFsofsNF1) s Cheadroun(NFlyfriction)s I,
morefn(Dims_»Dim) ¢~ 1.

adi.mod(NFsA) (- 1y @Ghasfeat(NFsaAF)s head.addective(AFsA).

Z What are the interesting bits of 2 noun rphrase?
Z Follow links to dget the basic NF token and zalso
Z a2 token that one can rerform simrle tests on

constit. .base(NFsNFsNF2) -
CoornJd(NFsNF1s_ )y Iy
constit_base(NFly_»NF2),

constit_base(NFsNF1sNF2) -
Bwh. trace(NFOsNF)s |y
constit_base(NFOsNF1:NF2).,

constit_ _base(NFsNFsNF) - I,

~ost.name(NFs[LRefl) -
Car._modife(NFsQF)
@Pmeasure(QFsRefsrsarbs)s |,

rumi{NF+2sdef) ¢
num{NFsNsDlef) ¢
num(NFylsllaf) 3
num{NFselursDNlef

- @@rnum(NFslsindef)y CReauzantifier(NFseach)s !,
- @Rar_det(NF»QF)y CPmezsure(@FsNrsarbs)y 1y BRrium(NFs_slief).

- @BRrium(NFslslief), 1., % NE haendles variasble in 2nd arg
) - @erum{NFsrlurslief).

er..det(NFQF) !~ BRar.det(NFsQF)» not(@Cmeasure(@Fs_sarbs)).

Z Identifwe various funng lome constituents

lone_ar (NFrhow.much) - % "How much® does he weigh?
constit_ _base(NFs_+NF1)»
not (Gheadnoun(NF1ls_))
Chasfeat(NF1sAF)»
@E@headadJ(AFymuch) s
Pintensifier(AFshow)s |,

lone.ar(NFsQF) 31— |y % He weighs *"150 lbs®
constit_base(NFs_»NF1),



not(@headnoun(NF1,_))>»
Car._ det(NF1sQF)»
@Gmeasure(QFy»..sU) >y
not(@rer(NFs_.s..)),

lone..number(NFsN) - I,
constit_ base(NFs_ . »NF1)>»
not(@headnoun(NF1sy_.))>
CRar.det(NF1sQF)
Cmeasure(QFsNrarbs)
not(@rr(NFs_»_)).,

lone.ar(NFsAFP) I~ 1
constit. . base(NFs_»NF1)»
not(@headrnoun(NF1ly_.))
Ehasfeat (NFl1sAF)»
GRheadadd(AFs_ ).

% Tests onm NF’‘s

srecial..ne{(NFsN) I~ I
constit. base(NFsNF1y_)»
@Cheadnoun(NF1sN).

meas(NF+Dim) - 1,
constit . base(NFy_»NF1)»
@headnoun(NFsDim)» furnction(lim).

cuant_ . front (NFsNF1) -
@Rauantifier(NFreach).
not (Gheadrnoun(NFs_))»
@rr(NFsofsNF1).

/% Get an assertiorn from the rarser X/

@RZ !~ recorded(Zs@(Z)s_.).

Z It is

*3 1b heavier than

*

*



/X

X/

VERES
Semantic routines for verbs (azbove ‘distrib”’

C.Ms» 14/9/81
Use with other intersrretation stuff

xrorts?
interr_vertb/3
Imrorts?

@(1)

defmeas(2)
function(4)
get. . date(3)
interr_indefmeas(3)
interr_nr(3)
interr_ pr(3)
interr_ar(4)
intery_ar(3)
lone.asr(2)
lone_number(2)
lone.er(2)
makecontacts(3)
newenv(3)
Frorertu(3)
relation(4)
set_time(2)
grecial..nr(2)

interr.verb(arrivesL{(subdsNF1)s (FsNF2)IsEnv) -

(F=iniF=at)s | .

interr.nr(EnvsNF1,0bs) e

interr_nr(EnvsNF2»Flaces)s
relation(Envs0ObdssFlacessmotion_roint).

interr_verb(attachsL(obisNF1) iRoleslrEnv) §{- 1

interr_verb(besL{(subdrNF1)s (0bJsNF2)I+Env)

interr_verb(besC{(subdsNF1) s (OobdsNF2IIsEnv)

interr_nr(EnvsNFl1sRefl),

att. .ard(Roles»EnvsRef2sAdvs)
function2(EnvsReflsRef2rystuck. somewheresFt)y
arrlu_zdvs(AdvssFLtrsattachrsEnv).,

att. .ard(L(FsNF2) AdvsIrEnveRefrsAdvs) -
(F=tos F=at)s |
interr_nr{EnvsNF2sRef).,

att_ard(RolessEnvyLReflsRoles) - |
constraint(solid,[ReflsEnv),
entre(nullsCReflsEnv).,

*e

Cheadnoun(NFlsit).
Clone._number(NF2sN)» 1,
get._ date(NsEnvyTime)
set time(ErnvesTime).,

*e
i

not (Bmeas(NF1l,_))»
Rlone.number(NF2sN)» 1.
interr.nr(EnvsNF1sRef)
function(EnvsRefraderAdges)

level)



relation(EnvsAdesy[[Nrwearsllybreakdown{asge)).
interr_verb(besL(subldsNF) s (obisNF1)IsEnv) -
Cmeas(NFsDim)» Clone.ar(NF1:QF)s 1
interr. nr(EnvesNPsRef)
interr_ar(QFsDimsRefrEnv).,
interr.verb(bers[(subdsyNF2)ry(obdsNF1)IsEnv) 1~
@srecial..nr(NFlrwhat)y |,
interr_nr(EnvsNF2sRef)
rrorerte(EnvsRefysought).,
interr_verbh(besL{subdsNF)s» (obJsNF1)IEnv) -
@lone_ar(NF1sAP)s 1
interr_nr(EnvsNFsRef)y
interr_ar(EnvsRefsAF) .,
interr_verb(besrL(subdsNF1) s (of (LNsarbs1) s NF2)IsEnv) -
Cmeas(NF1y. )
Cmeas(NF2s_.)s 1
interr_nr(Enve:NFl1sRefl)y
interr nr(EnvsNF2sRef2) s
function2(Envy»[NIsRef2srroductsRefl).
interr_verb(besL(subdsNF) iModslsEnv) - Iy
interr_nr(EnvsNFsRef)
grrlurrs(ModssRefEnv).

interr_ verb(hearsL{(obdsNF1)IsEnv) - I
interr_nr(EnvsNF1sFeorle)s
rrorerte(EnveFeorlesbornd.

interr.verb(calculatesRolessEnv) - !y interp_verb(findsRolessFnv).
interr.verb(carrerRolessEnv) - 1y interr_verb(surrortsRolessEnv).,

interr_verb(connectsL(subisNFP1) s (ObJsNF2)IsEnv) (- |y
interr_nrP(EnvsNF1sStr)y
interr_nr(EnvsNF2sFs) s
Fs = [P1sF2]»
relation3(EnvsStryLF1]:LF2]yconnects).,
interr.verb(connectsL(subdsNF1)s (O0bJdsNF2) s (tosNFI)IsEnv) - Iy
interr_oner(EnvsNF1:8tr)
constraint(strind,sStryEnv).
interr. nr(EnvsNF2+F1)
interr NP (EnvsNF3+F2)
relation3(Env:StresFlF2yconnects).

interr_verb(dorsL{(subdsNF1)s(obJdsNF2) I 1sEnv) (- |,
interr_ nr(EnvsNF1:0b4)»
interr_ indefmeas(NF2s0bdrEnv).

interr_verb{(drorsL(obhJd:NF1) s (fromsNF2)IsEnv) - 1,
interr_nr(EnvsNFlsPart).,
interr_nr(EnvsNF2sFlace)
rrorerte(EnvesFPartrstationary),
rrorertu(EnvsFPartrunsurrorted)
relation(EnvsFartsFlacermotion_start).,

e

interr_verb(fallsL{subdsNF1)y (throughsNP2)IsEnv)
interr_ nr(EnvsNFlsRef)»
function(EnvsRefsmotion.ofsSus)y
interr_indefmeas(NF2sRefrsEnv).

interp-verb(findyt(sungNPl)s(obJ;NPQ)J;Ehv) HE



interr.nr(EnvsNFlsRef)s

Ref=Lwouls !,
inters nr(EnvesNF2sMeas) s
rrorerte(EnveyMeasssought) .

interr_verb(hangs[L(RyNFL)s (FromsNP2)IsFEnv) §-
(R=subiiR=0obd)
interr_nr(EnvsNF1+Strs) s
constraint(string:StrssEnv)y
interr_ner(EnvsNF2sFts)y
function(EnvsStrsrrendsRends) s
relation(EnvsFtssRendssstuchk) .

intere_verb(hang,»[(subdsNF) |AdvslsEnv) - 1,
interr. ner(EnvyNF0bd)»
relation(Envy[StrlsObdssurrort),
constraint(string,[StrlsEnv).
arrlu_advs(AdvsyObdrhangrEnv) .,

interr.verbi{haves [L(subhldrsNF1) s (obhdsNF2)IsEnv) (-~ Iy
inters. ner(EnveNF1:0bd)»
interr.indefmeas(NF2y0bJirvEnv).

sntere_verb(hitsL(subdsNFL1)» (OhJsNF2) iModsIsEnv) (~ |y
interr.nr(EnvesNFlsFart)
interr_nr(EnvsNF2sFlace)
function2(EnvsFartsFlacescontact. somevheresFoint)»
relation(EnvsFartsFointsmotion.roint),
arrlurrs(ModssFartsEnv).,

+

interr.verb(holdsRolessEnv) - 1y interr_verb(surrortsRoles»Env).

interr.verbh(inclinesL(obdsNF1)y (atsNF2)» {(LosNFI3)I1sEnv) (- I
interr_ nr(EnvsNF1:00.4)
interr.nr(EnvsNFIsRef)s
function(EnvsObdrtangentsTanl)
function(EnvsRefsrtangent»Tan2)»
function2(EnvseTanlsTan2sdifferencesltiff),
@lone_ar(NF2:QF)
interr_ar(QFsanglesDiffrsEnv) .,

iterr.verb(leavesL(subdsNF1) s (ohdsNF2)IsEnv) i~ |,

interr_nr(EnvsNF1,0b.ds)
interr_nr(EnvyNF2yFlaces)y
relation(Envs0bdssFlacessmotion_start).,

+

interr_verb(maker[(subdsNF1)s (ObdsARSENF) s (WwithyNF2)IsEnv) - 1
Cmeas(AngENFrsandgle)
interr nr(EnvsNF1+s0b.)
interr_ nr(EnveNF2sFlace)s
function(EnvsODbdrtangentsTanl)
function(EnvsFlacestangent»Tan2)
function2{(EnvsTanl»Tan2sdifferenceslliff),
interr_meas.mods(AngNFrsandlesEnveDiff).,

+

interr_verb(rassyRolessEnv) (-~ 1y interr_verb(runsRolessEnv).,
interr_verh(rinsL(obdsNF1) 2 (3t sNF2)IsEnv) - Iy
interr_oner(EnvsNF1:0bJ)
interr.nr(EnvesNF2sFlace)y
rinl (ObdsFlacersEnv).,



rinli(0bJsFlacerEnv) - assumrtion(serarsbhle(Ob.isFlace))
function2{(Envs:0b.rFlacesstuck. _somewheres_).
Finl{0bdsFlacesEnv) I~ rrorertul(EnvsFlacerfixed).

interr_verb(rlacesL(obJd'NP)IFFslsEnv) §- Iy
inters_nr(EnvsNFs0b.)
arrlurrs(PPsyObdrsEnv) .

interr_verb(rrodectsRolessEnv) - 1y interr.verb(throwsRolessEnv).,

interr._verb(raises[(sub.dsNF1)»(0bJsNF2) s (ObJsNF3IIIsEnv) $~ 1y
interr_onr(EnvsNF2+s0bd)
function(EnvsObJirmotion_ofsMotn) s
interr_nr(EnveNFlrAdent)
relation(EnvsAdentObdrarrlied._force):
@headrioun{NF3sheight)»
function(EnvsObdrseraration_.travelledsSer),
function(EnvsSersrdirectionsDir),
relation(EnvsDir+[[90rdegrees]]sbreakdown(direction))
function(EnvsSerymagnituderMasg)»
interr_meas.mods(NF3rmagnitudesEnvsMag).

interr_verb(restsL(subdsNFIr(ons'NFP1) IPFs]sEnv) (— |y
interr_nr(EnvsNF0bd)
interr_nr(EnvsNF1sFlace)s
relation(EnvsObdsFlaceson)ys
arrlurrs(PPss0bdsEnv) .
interr.verb(resty[(subdsNF)I IFFslsEnv) -
interr_nr(EnveNFyOb.)»
new..evar({FlacesEnv)» meta_add(ref(Flace)sFnv) Z slightly
relation(Env:0b.sLFlacelron):
arrlurrs(PPss0bJdrEnv) .,

interr_verb(rurnsL(subdsNF1) IFFPslsEnv) - 1
interr..nr(EnvsNF1sStr).,
constraint{(string,sStrsEnv)
arrlurrs(FFssStreEnv).,

interr_ verb(sitsL(subisNF)» (ObhJsNF2)1sEnv) -
Erium(NFsrlursL[ 1)
@headnoun(NFs:N)s lone_ar{(NF2sAF)
interr_ar(Enve:INIsAFP) .,

interr.verb(sitsRolessEnv) 1- 1y interr_verb(restsRolesrEnv).,

interr.verb(standsRolessEnv) ¢~ s interr_.verb(restsRolessEnv).

interr.verb(stretchsL(_sNF1)s (_+NF2I)IrEnv) -
@lone..ar(NF2sQF)y 1
interr. nr(EnvsNFlsRef)
function(EnvsRefsstretch»Val),
interr_ar(QFsstretchsVal»Env).

interr_verb(surrortsL(subldsNF1) s (obJsNF2) 1AdvsIsEnv) - |
interr.nr(EnvsNF1lsSurr),
interer nr(EnvsNP2s0bJ)
function2({Env:SurrsObdrstuck_somevherer. )
relation(EnvsSurrOb.dssurrort)y
arrly_advs(AdvssObdrsurrortsEnv) .,

hackw



interr_verb(throwsL(obdsNF) iModslsEnv) - 1y

interr nr(EnvsNFsRef)

Mo = motion(Ref,Startsllest»[M11sM2s8us)>
current_time(EnvsMl)
ort_roint(fromsModssStartyEnvesModsi)
ort_roint(torModsl yllestrEnvsMods2)
arrly..sdvs(Mods2sRefsthrowsEnv)y
exrand(MosdeclaresEnv)y
erorerte(EnvsRefsunsurrorted) .,

interr_verb(travelsL(subisNF1) sy (OhJsNF2)IsEnv) - 1y
interr_nr(Env:NF1:Ref)»
function(EnvsRefrmotion_ofsSus),
interr_indefmeas(NF2yRefsEnv).,

<

interr_verb(weighsL(subdsNF1)y (OobJsNF2)IsEnv) - 1
interr_ nr(EnvsNF1+0b.d)»
function(Env:Ob.drmasssRes)

@Clone.ar(NF2sQF)
interr_ ar(QFsmass+RessEnv) .,

*

iterr.verb(VerbsRolessEnv) -
error(’Il don’’t know this use of Zr\n‘s»[Verhlsfazil).



/% VERSUF

Surrort routines for verb semantics
, CeMsr» 18/76/81
X

/7% Arrluy 2ll FFs to 3 given obdect %X/

arrlurrs(lls_».) - 1,

arrlarrs(L(PsNF) IFFs1s0bJsEnv) $— 1
interr_pr(0bdrEnverr(FsNF) )
arrlurrs(FFPs0bdrEnv) .,

/% Constrazin the ture of an obJect %/

constraint(TuresRefsyEnv) -
newenv(EnvsdefsEnvi)
rrorertue(EnvisRefssTure)y |,

/¥ Get an ortional modifier X%/

ort_mod{FsModssRefrEnvsModsl) -
arrend{(MlsL(FsNF) IM2]syMods)
arrend(MlM2sModsl)s 1
interronr(EnvsNFsRef).

ort.mod(. .sModss_»_sMods) - I,

/7% Get am ortionzl roint srecification %X/

ort.roint(FsModssRefrEnvsModsl) - 1y
ort.mod{FsyModssReflsEnvsyModsl)
(rnonvar(Refl) -> furnction(EnvsReflsroint_ofsRef)s true).

/¥ Arrlg adverbs and FFs to a diven obdect X/

arrlu_advs(Llr_s.2.) - |,

arrlu._advs([(advrA) IModslsRefsVerbrsEnv) - 1y
interr_adv(EnvsArVerbsRef)» arrlu.advs(ModssRefsVerbsEnv).

arrlu_advs(L(FsNF) iModslsRefsyVerbsEnv) - 1,
interr_prr(RefrEnverr(FsNF) )y
arrlu_advs(ModssRefsVerbsEnv).



/% MEAN1

Exransion of word meanings (below ‘distribh’ level)
CeMes 30/6/81

Use with rest of semantic interrretation stuff

This file should not mention obdect-level rredicates

Exrorts?

meaning(3)
testmeaning(3)

Imrorts?

urdef(3)
current. . time(2)
surer.ture(2)
test(2)
declare(2)

X/

/% Ordinare meanindgs X/

meaning{Esabove(Mr)s (AbovesrBelow)) - Iy
meaning{Esbodu._distancer ({(BelowsAbove)sS) ),
meaning(Esbreakdown{seraration) » (SyMril?0sdedgrees])).

meaning(Eradddim(D) s (QsMr)) 1~ |y
adddim(liyMr+0sE),

measnindg(Esat0bds) - |y
adddim{(serarations[0sarbslsObhdsrE) .,

meaning(Erbreakdown( ) (VsMr)) -
add.ture.info(vectorsVsE)s Iy
meaning(Esmagnitudes (VM) )
meaning(Erdirectiony (V1))
breakdown(MsDleMrrE) .,

meaning(Esbreakdown( )s(MsMr)) 1~ I
breakdown(MsL1sMesE)

caning(Esendss (ObJdry (E12E2))) 1~ 1»
meaning(Eslends (ObJdsEL1) )
meaning(Esrendy (ObJdsE2)) .,

meanind(Esfrom(Mr)»0Obds) - 1y
adddim(seraration MrsOb.s»E) .,

meaning(EsequilibriumsRef) - 1.,
adddim(acceleration:[0rarbslsRefsE).,

meaning(Esons {AboverFBelow)) - % ®"on the left end of the rog®

add._ ture.info(rartsBelowsE)sy 1>
meaning(Escontact_somewheres ({(AbovesBelow)s_ )),

meaning(Esony (AbhoverBelow)) - |1, Z ‘*on the table®

meaning(Escontact_somewheres ((AboverEelow)s_ ) )
meanins(Essurrortsy (BelowrsAbove) ).

meaning(Erovers (AbovesBelow)) - 1y
meaning(Escontact_somewherer» ((AbovesRelow)s_ ) )
meaning(Essurrorts (RelowrAbove)) .,



meaning(EsroughsRef) - | adddim(coeffsimusarbslsRefsE).,

meaning(EnvsKeuwsRefs) - % default case
current_time(EnvsT)
means(RKevwsRefsl»TyTestsrAss)y
match.ture(RefssRefsl)s 1y
test(TestssEnv)y declare(AsssrsEnv).,
meaning(EnvsFerharsTuresX) -
match.ture(Xs_ )y I,
trace(’>>Assuming null ture for Zer\n’sLFerharsTurelsassum)ys
declare(entite(X)+Env).
mea2ning(EnvsRKegsX) -
user_.surrle(’‘the meaning of Zr/sLKeuwlslexr)y
assertz({Key ==> Lexr))» meaning(EnvsKeuwsX).,

/¥ Make sure that meaning has the right functionalitws %/

match. ture(RsR1) !~ individual(R)» !y individual(R1)s R=R1.,
match.ture((AsR)sFatt) !~ 1y nonvar(Fatt)s Fatt=(AlsE1l)>
match.ture(AsAl)y match.ture(B»El).,

individual(X) - var(X)s I,
individuasal{((_.».)) - 1y fail.
individual(l).,

/¥ Rasic manirulations on measurements X/

adddim(DimsMr 2 ObdrsEnv) 11— 1y
meaning(Env:Dim» (Oh.drRes) )y
meaning(Envsbreakdown(lim)» (RessMr)).

breaskhdown(MsIIy ZILCNSUISE) - vard(Z)s |
meaning(Esmeasures ([y (NsU)) ).,
breakdown(MsLIis CN1sULIION2,U215E) - 1
meaning(Esmeasures (My (N1:U1)))>»
meaning(Esmeasures (Ity (N2,U2)) ),
breakdown(Ms Dy Lhow.manusUIs»E) 31—~ 1y
meaning(Ersousht D).
hreakdown(Ms s LCNsUIJE) - 1,
meaning(Ermeasurer» (Ms (NsU))) .,

/7 See if 2 mesning can be arrlied X/
testmeaning(EysKewsOblg) - 1.
urdef(EysdefsE1l)
meaning(ElsKews0b.s) .
/X Arrly 32 meaning in a8 ‘new’ environment X/
addmeaning(EsKew»Ob.ds) - 1y

urdef(EsindefsE1l)»
meaning(ElsKewOb.s) .



/7% MEAN2.FL

Frimitive word meaninss
« CiMer 24/9/81
7/

means{Word,0bds: TyFresurrsMean) -
(Word ==> Vars! Mean where Fresusrpr):s
sort_vars(VarssObh.s»T).
means(Word,Obdss TrtruesMean) -
(Word == Vars! Meanr):s
sort.vars(Varsy0b.ds»T) .

sort_vars(\VarssA*R) {- nonvarVars)s Vars=LAsR1s I,
sort_vars(\Asa,_.) - I,

sort..vars(\N(A»R)s(AsR)»..) - |,

s0TtL..vars{\(AsByC)s (AYEsC)»_.) - I,

‘acceleration’ ==>
\NL{Ob.sAccel)»TI: sus_accel(ObdrdAccelsT).,

‘age’ ==
NEC(FesA)»TI: birth(FsR)Ereriod(FersRsT)E&duration{FersA).,

‘arrlied._ force’ ==>
NLC(XeY)»T1! reaction(XsYsRsT) & exerts(XsRsT).

‘ball’ ==3
\Xt ball(X).

‘har’ ==&
\X: bar(X).

‘before’ ==3x
\N(M1isM2): reriod(FersM1lsM2).

‘hench’ ==
A\X: bench(X).

‘body.distance’ ==
\NL{(B1sE2)sSer)»T1! bodu_distance(Rl+R2ySersT).,

born’ ==
\NFerssT1: birth(FerssT).

‘briddge’ ==>x
\X: briddge(X).

‘eliff’ ==3
\X$ cliff(X),

‘coeff’ ==
\NL(OsC)»TI?! coeff_friction(OsCsT).,

‘coeff’ ==
\NLC((O1+8)sC)eTI: coeff_friction(01+:5,C»T).,

‘connects’ ==
\N(StryQ1+02)¢! connects(Str,01,02sforever).

‘constant’ ==



\NLCCO»C)»TI?! elasticitu(0sCsT).

& mevom s,

‘contac =
NCCO1202)T1?! contact(01+02,T).,

o,
=:|

‘contact_somewhere’
bodu_contact(01,02sF»T) .,

\NCCCO1202)P)» T2

‘crane’ ==
\X: crane(X).

‘dateof’ ==
\N(MomsIlzte)! dateof(Momsliate).

‘daughter’ ==>
N{Fers[lIaug) ! daushter_of(Fersliaug),

== e

‘difference’ ==>
NC(QLA2)»Q3) ! difference(Rl1+Q2:,03)&{add(equation(@3=Q1-Qx))*+.

‘different’ ==
\N(01,02)¢ diff(01,02),

‘direction’ ==>»
)3

\{(VecsDir direction(Vecshir),

‘distance’ ==
NLC(Ob.sDig) s TI: dist_travelled{(ObdsDissT).,

‘duration’ ==

\N(FersDIur)! duration{FersDur).

‘edde’ ==
\N(DsE)! solid.rightend(0sE).,
‘end’ ==3
\N(OyE)! solid_ rightend(0sE).,
‘endsg’ ==3
solid.leftend(0r»El) 8xolid_ rightend(0sER),

\N(Osy(E15E2))¢

eauation’ ==
\Eani <{zdd(ecquation(Eanl)X.

‘father’ ==&
N{FersFath)! father_of(FersFath).

‘female’ ==
\X?: female(X),

‘fine’ ==>

\N[Obs Tl mass(ObirMasseT) Emeasure(MasssOsarbs).,

‘fived’ ==>
\OhJit fixed(Obdrforever),
friction(Ss0sFsT)

‘fric.force’
where bodu_contact(0sSe. »T),

NCCOsF) T3



‘droundg’ ==

\ground?! {load{(gdround)>.

‘height’ ==
NC(XeH)» T2

length(XsH:T).

‘horizontzl’ ==>
\NO: tandent(0sTan)imeasure(Tans0rdedrees).

/

‘inextensible’ ==
\NO: string(0).

sdohn’ ==

Ndohnt man(dohn).

‘known’ ==3>

\X?! {add(known(X))3¥.

‘lend’ ==
\N(OsE)

ength’ ==

NLCC(ObdsL)» T2

‘lever’ ==>

\X?: lever(X).

‘lisht’ ==3>

solid._ leftend(0,E).

length(ObdsLsT).

\NLObJ»TI! mass(ObdrMasssT) Emeasure(MasssOsarbs).,

‘magnitude’ ==
\N(VecsMadg) !

‘male’ ==
\X: male(X)

‘man’ ==
\X: man{X).

",
o

‘marw’

>

L4

magnitude(VecsMad) .,

\margi: womani{marw).

‘mass’ ==
\X: blob(X)

‘mass’ ==

*

\NC(ObdrMass)»T1! mass{OhdsMasssT).,

‘measure’

\(G,(N;U)B: measure(Q@sNsLU) .,

‘mother’ ==>
\N(FersMot)?

‘motion’ ==
\N(Ob.JdsMotn)

‘motion.roint’

+
+

mother_of(FersMot).

true where

ase cses *%e,

== 2

motion(Obds_ sy _s_sMotn) Emaximal _motion(ObJdsMotn).

NL{ObJdsFPlace)»T1! motion(Obds. .sFlacer_»Tr_).,




‘motion_start’ ==3
\NC(ObdrFlace)sT1! motion(ObdsFlaces_sTe_s..).

‘motion.of’ ==
\NC(Ob.dsMot)sT1! motion(Obds._.s_sMomisMom2sMot)
where reriod(T,Moml,»Mom2).

‘neyter’ ==3
\X?: meuter(X).

‘other.end’ ==>
N(OE2) true
where solid_farend(0yE1»E2) & {test(bound.mentioned(El))}.,

‘painter’ ==
\X: rainter(X).

‘rarticle’ ==>
\ X! rarticle(X).

~eriod’ ==3
N((M1lsM2)sFer)! reriod(FersMlsM2).

‘reriod.of’ ==>
\(EventsFer)! reriod.of(EventsFer).

‘rier’ ==X
\X: rier(X).

‘mlane’ ==3>
\Xt rlane(X).

‘point’ ==>
AX? roint(X).

u,
-~

‘roint_of ==
\N(ObdsFt): solid_roint_ of(ObdsFt).

‘role’ ==3>
\X?: role(X).

‘product’ ==3>
N((QL»Q2)»Q3) ¢ {zdd(equation(Q3=Q1%Q2))%.

‘Pullew’ ==3
AX: rullew(X).

‘ref’ ==k
\Xt {add(ref(X))>,

‘relvel’ ==>
NCCCOL1502)sV)5TI: relvel(01+02:VeT),

solid_rightend(0sE).

‘rod’ ==>



‘rore’ ==3
\X?! rore(X).

‘gseaffold’ ==>
\X?: scaffold(X).,
‘sea’ ==3
\seas {load(sea)l.
‘second’ ==
\X: true.,

‘gerarable’ ==
\N(01,02)! serarable(01,02).

‘seraration’ ==>
\NLC((Ob.i1»00b2)»Ser)»Tl1! seraration(0bil0bi2sSersT).

‘gseraration.travelled’ ==
\NL(Ob.dsrSer)»Tl! reriod(T:M1»M2) & rpathat(ObhdsFllisM1l) & pathat(OhisF12:M2)
& seraration(FllsFl12sSersT).

small’ ==
\0: rarticle(d).,

‘smooth’ ==
\N[ObJsTI: coeff.friction(ObugrCo»T)Emeasure(CosOsarbs).,

‘son’ ==k
\(FarsSon)! son.of(FarsSon).

‘gought’ ==
\N0: {add(sought(0))>.

‘greed’ ==
\NLC(Ob.JsSr)sT1: vel(OblisSrsT).

‘spring’ ==&
\X?! spring(X).,

station’ ==
\X: station(X).

‘gtationarw’ ==3
\NCObds T vel(ObirVelsT)Emagnitude(Vel +Madg) Emeasure(MagsOrarhs).,

‘stone’ ==>
\X: stone(X).

‘gstretch’ ==

NLCO»S)»TI! extension(0sS:T).
‘gtring’ ==

\ X! string(X).

‘gtuck’ ==
“N(01+02): fixed(01:02yforever).

‘stuck._ somewhere’ ==>
N((O1202)sFt)! bodu_ fTixed(01,02+Ftyforever).,



‘gyrrport’ ==3
\[(SurrortersSurrortee)»Tl! surrorts(SurrortersSurrorteesT).

‘surface’ ==3x
\X! surface(X).

‘gustem’ ==
\X: sustem(X).

‘table’ ==3
\X$ table(X).

s

‘tandgent’ ==
\N(OsTam)! tandgent(O0sTan).

‘tension’ ==>
\NC(ObbrTens)»Tl1! tension(ObdsTenssT).

‘tor’ ==3
\N{OsT)? solid.leftend(0,T).

tower’ ==3
\X?: tower(X) & tandent(X,»T) & measure(T»?0sdegrees)
& {load(ground)? )
& solid_rightend(XsEot) & bodu_fixed(Rotrgrounds.»forever).

‘train’ ==
AX? train(X).,

‘turical.roint’ ==
\N{(Ob.dsFt)! turical_roint(ObisFt).

‘unsurrorted’ ==>
\N[ObJ»T1?! unsurrorted(0Ob.sT).

‘velocity’ ==>
\NL{(ObJrVel)sTI?! vel(ObisVelsT).

‘vertical’ ==>
\NO! tandent(0:Tan)&measure(Tan»?0rdedgrees).

‘weidght’ ==>»
NCC(ObL.sWsSt)s TI: mass(ObdsWst,T) .,

‘weight’ ==3

A\ X: blob(X).
‘woman’ ==

\X: womarn(X).

‘work’ ==3x
NC(XsW)»T1: work_ _done(X>WsT)
where exerts(Xr»_»T).

¢ i’ -
HuBMIES >

\x_axis! line(x_axis)&tandent(x.axisrzerol.,



/% TIME

Ezasic orerations on time reriods and moments

CiMMer 14/9/81
X/

/7% Imrports?

@(1)

bind(4)
addmeaning(3)
current._time(2)
error{(3)
gensum(2)
lastof(2)
tense(2)
t.focus(3)
unbound(l)

Exrorts?

final.time(2)

newmoment(2)

set_ time(2)

time_focus(3)
b 4

/¥ Set ur ternse information %X/

set. tense(SrEnv) Pembedded._sent(Ss.)>»

L

set_ _tense(SsEnv) 1—- RPaumi.verb(S»T)» tense(EnvsT)»

/% Set ur default time at end of sentence

final.time(SryEnv) -
current_.time(EnvsM)»
not (unbound{MrangrEnvd))s 1,
set_ time(EnvesM).,
fingl. . time(S»Env) -
eventclass(SsEc)s Ec=event.
tense(EnvsT)s
exists.time_focus(T+EnveF)s I»
current. . time(EnvsC)»
time.after(FyEnvsLCosM)»
set. . time(Env:M),
finzl_ time(SsEnv) -
tense(EnvsT)»
exists_ time_ focus(TsEnvseF)s 1y
set.timel(EnvsF).
final. . time(SsEnv) -
current.time(EnvsC)»
add. ture_info(momentsCrEnv)s 1
newmoment (EnvsM) s
set. time(EnveM).
final. . time(S»Env) -
newreriod{(EnvsF)»
set. . time(ErnvsF).,

/% Create 3 new time after the rrevious time
4 pases according to whether the new time

and the focus are reriods or moments.

%

x/

1.

3.

Time

Time

Time

Time

Time

-
*

alreadw known

after last focus

as last focus

is mew moment

is mew reriod

focus.,
(=current time)



Create 2 moment if rossiblesy otherwise a3 reriod
X/

time_after(FsEnvsCesM) 1-
add_ture.info(moment»CrEnv)
add. ture.info(momentsFsEnv)s 1
newmoment (ErnvsM)»
addmeaning(Envsbhefores (FyM) ).
time_after(FsEnv,sCsM) -
add_ture_info(momentsCrEnv)y Iy
addmeaning{Envsreriods ({_+M)+F)).,
time_after(FsEnvsCsF) -
sdd_ture_info(momentsFsEnv)s I
newreriod(EnvsF).
addmeasning(Envsreriods ((Fy_ ) sF)).
time_after(FrEnvsCsF) -
newreriogd(EnvsF)s
addmeaning(Envsreriodys ((_+M)sF))>»
addmeaning(Envsreriods ((Ms_)sF) ).,

/%X Create new times X/

. ~wmoment{(EnvsM) -
gensum(momentsM)» add_ture_info(moment:MsEnv)s I,

newreriod(EnvsF) -
gensem(reriodsF)y add_ ture_info(reriodsFsEnv)s |,

/% Set current time to 2 srecific time %X/

set_time(EnvsVal) -
current_time(EnvsH) s
nonvar(Vall, I,
bind(angsMsValyLIvEnv)»
tensel(ErveT)»
t.focus(TrEnvslList),
lastof(ListsVal).,

/% See if there is alreadw a2 time focus %X/

ists. time_focus(TensesEnvsF) -
t.focus{(TensesEnvelList)» nonvar(List)s |,
lastelt(lListsF).

/% Get time focus» creating 2 moment if necessarve %X/

time_focus{(TenserEnvsF) -
t_focus(TensesEnvelist)s» nonvari(lList)s |,
lastelt(ListsF),

time.focus(TensesEnvsF) §- 1,
t.focus(TenserEnvelList)y
newmoment (EnvsF)»
List = L[Fi_ 1.

lastelt(CXiY1sX)
lastelt{(L_.iY1:+X)

- var{Y)s I,
- 1y lastelt(YsX).

*
.
+
*

/¥ Does 23 sentence describe 2 state or an event? X/

eventclass(Srevent) (-



Cmain.verb(S»V)s verbture(Vsevent)s» |,
eventclass(Ssevent) -

Pembedded_ sent(S1+8)»

Cmain.verb(S1,V)» verbture(Vsevent), !,
eventclass(Ssstate).

verbture(raisersevent).
verbture(bearrstate).,
verbture(rinsstate).
verbture(surrortsstate).
verbture(fallrsevent).
verbture(standsstate).
verbture(besstate).
verbture(connectsstate).,
verbture(rasssstate).,
verbture(findsstate).
verbture(handgrsstate).,
verbture(rlacesrsstate).
verbture(remainsstate).
verbture(weighrstate).
verbture(carrusstate).
rbture(attachsstate).
.2rbture(haverstate).
verbture(holdsstate).,
verbture(restsstate).,
verbture(susrendrstate).
verbture(containsstate).
verbture(runsstate).
verbture(drorsevent).
verbture(hitrevent).
verbture(throwsevent).
verbture(reachrevent).
verbture(rrodectrevent).
verbture(calculatesstate),
verbture(sitrsstate).,

verbture(Verb,»Tw) -
not{clause(verbture(Verbs_ )rstruel))ds 1.
user_suprlu(/ture of %t (state/event)’ s[VerblsTu).,



/7% METACT.FL

Meta—level actions asssociated with meanindgs

Co"o! 24/7/81
X/

meta.act(Envsadd(Ass)) (- |,

trace( ' >>Entering %r into meta-level database\n’sLAssIsmeta)s

meta_add(AsssEnv).,
meta.act(Envstest(Ass)) - |y
trace(’>>Looking for meta-level fact “r\n’sLAss]rmeta).
meta.test(AssrEnv).
meta.act(Envsuse(Orerator)) -
meta.test(used(Or)sEnv)y unifu(ang»OrsOreratorsLIsEnv)y
meta._.act(Envsuse(Orerator)) - |,
meta._sdd(used{(0Orerator)sEnv).
meta._.act(Envsload(S8it)) - meta.test(loaded(Sit)s+Env), I,
meta.act(Envsload(Sit)) 1—- |y
trace(’>>lLoading situation ‘%" ’'\rn’s[Sitlrload).,
load_sit(SitsEnv)y
meta.add(loaded(Sit)»Env).

-

. £ Load in 2 standard situation %/

load.sit(SitsEnv) - 1
add_.ext(®sit"»SitsFile)r see(File)s read(R):»
rrocess.rule(RsEnv)s 1» seen.

rrocess.rule(end._.of. . filer.) - 1,

Iy fzil.

erocess_rule((A<--R)s»_) i- |y assertz(obdect_level_ rule(A»E)).,

read(R)s rrocess._.rule(RsEnv).
rrocess.rule((A ==> RK)) (- |y zssertz((A ==> R)).,
read{(R):* rrocess._.rule(R).,

rrocess_rule(AsssEnv) !~ add(AsssEnv)s read(R)» srocess.rule(RsEnv).,



/% MLXFRO
Extra meta—-level rrorerties
C.Mer 25/8/81 :
X/

unicue.most_dgeneral (intersect(X»Y»Z)) -
bound(Xr»forever)s: bound(Ysforever): bound(Zsforever),



/% METADER.FL
Accessing the meta-level database
Co"o L 24/7/31

X/

meta_add(known(X)sEnv) - |y mark_krnown(XsEnv).
meta.add(ref(X)»Env) - !y mark.ref(XsEnv).
meta.add(AsssEnv) -

age(N)y index_.add(keus(metasNsAss)e[I)y I,

meta.test(hnown(X)sEnv) - !y krnown(XsEnv).

meta_test(ref(X)rEnv) (- |y ref(XsEnv).,

meta_ test(bound_mentioned(X)sEnv) - |,
findall{ZsY " ((meta. . find(mentioned(Y)sEnv)sbound(YranvsEnv)sbound(YsZ)))sl.)>»
rev_omember(ArL)y bind{anusXsArLIsEnv).

meta_test(AssyEnv) -~ meta.find(AsssEnv).,

meta_find(AsssEnv) - 1y
index. . find(Assshkevus(metar_sAss)»[]).,

rev_omember(X,L_iL]) - rev_member(XsL).
rev.member(X,LXi_ 1) - 1,

meta.assertion{(Ass»Env) -
index. . find(metarkeus(metars_rAss)es[1).



/% FILTER

‘ Selecting out assertions for outeut

X/

filter(measure(A»E»C)sEsdgdiveni(na)) -
not(meta._test(sought(a)sE)).

filter{known(_ Jds_.»..) - 1y fail.
filter(refers(_.s_)r_2.) t— 1y fail.
filter(mentioned(. . )s_.2..) - 1y fail.,

filter(loaded(. )s..2..) - Iy fail.
filter{used(. )s_»_.) - 1y f3il,
filter(Xs_ X)),



 Rules for ses situations

isa(surfacersea).

iisa(solidysea).

below(seas..) <-- true.



/% SCAFF.SIT
Knowleddge about scaffold situastions
X/ ‘

true <-



/¥ EARTH.SIT
Knowleddge azbout the earth

roint(earth).,



/7% GROUND.SIT

Rules for ground situations
X/
surface(ground).

below(grounds_.) <-- true.



/% TIMES.SIT

Knowledde zbout times
e 74

reriod{(foreversalrhasomedga).



/% Check throush a .SYN file %/ PresT

run(fF) - inrut(F)» do.
/% Dlisrlaw the rarser outrut in azrother form X/

g0 - @sentence(S)y €01(S8)» nls fazil.,
0.,

/¥ Sentences X/
g01(8) - 1y d1(S5:+0).,

d1(SsT) ¢-
Ceond(SyS1sCondsS2)s 1
nwritef(Ty ‘sentence %t — Zt(Zt»ZtI)\r\n’s[S»Conds»S1+527),
d1(S1+T)s nnly
dl(S2,T).,

31(S,T) -
nwritef(Ty ‘sentence Zt\n\n’+LS51)
Tl is T+1»
get. .sentenceture(SyTu) s
nwritef (Tl ‘envir\tZt\n sLTul),
rassivite(SeF)y
nwritef (Tl "Zt\n’+»[F1)»
dget _tense(S5yTe).
nwritef (Tl tense\tZt\n’'+LTel),
Cmain.verb(S,V),
nwritef(T1ls /verb\tZt\n’+LV1),
check. .verb_rou(V),
collectnrs{Env:S+NFs)»
drirs(NFssT1) .

dnes(llsy..) - 1,
Arirs{L(RsNF)INFPs1sT) $— 1y
nuwritef(Ty " Zt\tZt\n’»LRsNFI1)»
TL is T+1»
drole(RsNFsT1)»
dnrs(NFssT) .,

~t.sentenceture(Sy‘n/a’) - @embedded-sent(S;_); I,
get_ _sentenceture(S:»Tu) - sentenceture(S»Tw).,

rassivite(Srrassive) (~ @rassive(S)sy |,
rassivitu(Ssactive) I~ 1,

dgot_tense(S» 'n/3°) - Rembedded_sent(Ss.)s 1,
dgot_tense(S,T) (- @aux.verb(S,»T)s I,

check.verb.rou(y) -
clause(interr_verb(Vlys_»_ ) )y U==VUl, |,
check. .verb.rou{Vy) -
nosem(V) .,

/% NFs znd other constituents %X/
drole(advsAsT) - 1y

@adv_head(AsAd)s !»
nwritef(Ty ‘head\t%Zt\n’sLAd]),



chadv(Ad) s
adv.feats(AdyA»T) .

adv_feats(Adr»A»T) (- @Bhasfeat(AsF)s F\==Ad,
nuwritef(Ts/ feature\tXt\n’»LF1)» fail.
adv.feats(_s_s_).,

chadv(A) - clause(i_adv{Ars_s_s_9_)2s.)s 1|,
chadv(A) - nosem(A).

drole(_ sNF»T) -
@lone..ar(NFsQF)s 1,
dar(QF+T).

drole(_ sNFsT) -
@lone.rnumber(NFsN)s I
nwritef(Ty ‘number\tZt\rn’sLNI1).,

drole(_ sNFsT) ¢~

@lone.ar(NFsAF)»
dar(AFsT).,

cole( s NFsT) -
@srecial. .nr(NFsN)»
(N=wou? N=what)s |,
nwritef(Ty ‘srecial\tZt\n’yIN1).,

drole(..sNFsT) -
Bross..det(NFsNF1)s I
nwritef (T, ‘det\tZt\n’LNF11),
Ti is T+1ys
drole(nrsNF1sT1),
BFfriof(NFsFn)s
nwritef (T ' functiorn\tXt\n’»LFnrnl),
chsem({Fn).

drole( . .sNFT) -
Criame(NFsNad)s 1y
nwritef (T, ‘name\tZt\rn’+[Nal)y
chname{(Na).

- namedender(Nar_)s» !,
- nosem(Na).

chname(Na) ¢

chname(Na) ¢

drole(_ +NPsT) ¢~
Cwh.trace(NPLlsNF)s I
nwritef(Ty‘trace\tZt\n’+[NF11).

drole( . sNFs»T) -~
Cocond(NFsNF1sNF2)s 1,
nwritef(Ty ‘condunction\tXZt Zt\n’»[NF1sNF21).,
T1 is T+1»
drole(nrsNF1sT1),
drole(nrsNF2:sT1).

drole(. sNFsT) -
Cauant. . front(NFsNF1)s 1,
nwritef(Ty ‘quantifier + Zt\n’'LNF11),
drole(nrsNF1,T).,



drole(_sNFsT) -
@Ffrof (NPsDiim) »
not(Rar_det(NFs..))»
Crium{NFPs_rsdef)sy |,
nwritef (T ‘functiorn\tZt\nrn’»Lhiml)»
chsem(llim)»
dmarg(NFsDimsT)

amarg(NFsDsT) - rrer_of(lsF),
@rr(NFsFsNF1)y 1,
nwritef (T, ‘ardg\tZt\n’»[NF11),
Tl is T+1»
drole(nrsNF1sT1).,
dmarg(NFs_.»T) - Crelc(NFsS)s !
nwritef(Ts‘ relc\tZt\n’'»[S1),
TL is T+1»
di(S»T1),
dmargd(NFs_»T) 11— 1y
rwritef(Ty’arg\temrte\nrn‘»L]).,

drole(_sNFT) -
Cfnof(NFsDim)»
not(@ar_det(NFs_))y 1y
nuwritef (T ‘indmeas\tZt\n’sLliiml)
T1 is T+1»
chsem(liim)»
imarg(NF+T) .,

imarg(NF,T) -

Crr(NFrofsNF1)y @ar_det(NF1sQF)s !y dar(QF,T).
imarg(NF,T) -

@rr_ modife(NFsQF)y» !y dar(QFsT).
imarg(NF»T) -

@relc(NF»8)»

nuritef(Tys  relc\tZt\n’+L[S1),

dl1(SsT).

drole(_ +NFsT) -
Cheadrioun(NFsN)»
clause(srecialref(Nls_»y_ s )2 ) Ni==Nsy I,
nwritef(Ts‘srecial\tZt\n’ +LN1)»
feats(NF:T),

drole( sNFsT) - -
Bheadrioun{(NFsN)» rron(Ns_s.)s I
nwritef(Ts ‘rrornoun\tZt\n’»LN1).

drole(. sNFsT) -
Crium(NFsNusDie)»
nwritef(Ty ‘number\tZt\n’ sC[Nul),
nuwritef(Ty‘envir\tZt\n’»[lel).,
@Cheadnouni(NFsN) s
dortname(NFsT)»
nuritef{(Ts ‘nourn\tZt\n’I[N1)»
chsem(N)»
admods(NF»T) .,

dortname(NF:sT) 1— Brost_rniame(NFsN)s 1
nuritef(Ts ‘ref\tZt\r’»IN1).,
dortname(_s.) - 1,



admods (NF+T) 1-
@ar.det(NFsQF)»
nwritef(Ty ‘ar_det\tZt\n’ »L[QAF1)»
Tl is T+1»
dar(QFsT1)s fail.
dmods (NFT) -
@hasfeat (NF+AF)»
nwritef(Ty ‘ar\tZt\n’sLAF1),
T is T+1s
dar(AF»T1)y fail.
dmods(NFs+sT) -
@re(NFsFsNF1),
nuwritef(Ty ‘pr\tZt\n’»[F1),
che(F)y
T1 is T+1»
drole(nrsNF1+sT1)s fail.
dmods(NFs:T) -
@relc(NFs»S)
nwritef(Ts‘ rele\tit\n’»[(S1),
Tl is T+1» ’
d1¢(SsT1)s fazil.
dmods(._.r.).

che{with) - 1,

chr{of) - 1,

che(F) - clauseli_pri{_ s sFls ) )y FP==Fls |,
che(F) (- chsem(F).

/% Odd bits %/

feats(A»T) (-~ @hasfeat(AsF)»
nuwritef(Ts ' feature\tZt\n’'»L[F1).,
fail.

feats(.»..) - 1,

dar(QF,T) -

measures(QFsMr1)s 1y

nwritef (T ‘ar\tZt\rn’'+»[(Mr11).,
dar(how.muchsT) $~ 1y

rwritef(Ty ‘er\thow much\n’+L1).,

dar(AFsT) -
Chead_ addiective(AFsA),
nwritef(Ty ‘head\tZt\rn’»LAl),
chadd(A)y
darmods(AF:T) .

chadd(a) - dimadd(A,is_)y !y chsem(ll).
chadJ(A) - chsem(A).

darmods(AFT) -~
@ar..modife(AFQF)»
dar(QF+T)s fail.

darmods{(AFT) -
@intensifier(AFsH)
nuritef(Tes‘intens\tZt\n’»LH1).,
fail.

darmods(AFT) -
Ccomrarative(AFsNF) s



nwritef (T ‘comrar\tZt\n’sL[NF1).

Tl is T+1»

drole{(rnrsNFsT1)y fail.
darmods(.s..).,

/% Utilities X/

chsem({W) -

clause(meaning (. »WisFl)s ) Wi==Ws I,
chsem{W) -

means(WeFly_ s2.)s I,
chsem(W) - nosem(W).,

nosem(V) - 1,
writef(/ Xk Warning - no semantics for %Zt\n’»L[V]),

nwritef(TsMrAg) ¢~ I
ttab(T)y writef(MsAs).

ttab(0) -~ !
ttab(N) - rut(®)s N1 is N-1s ttab(N1l).

-1,

.« Bet inrut from a file X/

inrFut(File) -
flush, i
add._ext("sun"yFilesFilel).
nice(FilelFile2).
see(Filel)s» rereat:
read(T)s rroc(T).
ly seen.

nice(FsF) i1- file_exists(F)s I,
nice(F1l:F2) -
name(F1lsNal)s
arrend("suni " sNalsNa2)»
namel{F2yNa2).

rroc(end._.of. . file) - |,
rroc(Z) i—- srecord(Z), fail.

srecord(Z) - recordz(Zsy@Zs._)»
recordal(@(_ JdsZsy. ) 1|,

/% Get an assertion from the rarser %X/
BRZ (- recorded(Zs@Zs_).

/7% Flush 311 inrut X/

flush - recorded(@(_)sZsF)>

erase(F)s recorded(Z,»@ZsFl)s erase(Fl), fail.
flush.,



/7% REWRITE.CFL
Rewriting to creaste cvarss ete

X/

/¥ Imrorts?
newevar/2s
rnewuvar/2.»

mark. .existential/2
x/

t— rublic
skolemise/2y
universalise/2y
fin/2.

/% Skolemise an entityy chandgindg variasbles into evars %/
skolemise(S»Env) - var(S)s |,
newevar{(S*Env).
skolemise(.».) ¢~ 1,
. % Change varisbles into uvars X/
universalise(SsEnv) - var(S)s I,
newuvar(SsEnv).
universalise(.+..) - 1|,

/¥ Fix anwy universal variasbles %/

fix(ArEnv) - nonvar(A)s mark_ existential (AsEnv)s |,
fi)‘((...!...)o



/% TYLOAD.FL ¢ Reazsd in twre hierarchw
Rerresent tures bw Frolod

X/
/X
Imrorts?

errmess/2y
load.start/1,
load.finish/1>»
read._.next.

X/

i- rublic
tu_.start/0»
ture_rattern/2y
or_rule/2,

.~ mode tu.rrocess(+):
basifu(tstrs—)
hidden.ors(+s-)
add_hidden_.ands(+s+)»
ture._name(+s—).
te..nmember{(t+s—s—)»
subture(+s7)y
tu_intersect{(+s-)>
maketurel(+s+)
ture. rattern(+s-).,

ty.start -
rereatrs read_next(Next)s
tu_rrocess(Next)s |,

tu_rrocess(X <-> Y) - 1,
add.rule(XsY)s fail.,
tu.rrocess({included(F)¥) -
seeing(0ld),
see(F).
rereatr read(ture_hierarchu)s |»
rereats read(T).
(load..finish(T)i(tu_rrocess(T)sfail)).
Iy geenr see(0ld)s fazil.
ty._.rrocess(Fin) -
load. finish(Fin)s 1,
finish_.turess
load.start(Fin).,
tu_rrocess(Garb) -

terms

errmess(‘Invalid ture srecification’/sGarb)y

finish.tuyres $-
rewrite_ tures,
do.basic.tyress
do.derived_ turesy
remove.ruless
fail.

finish.tures,

Chris
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fail,



/¥ Rewrite decomrosition of derived tures X/

rewrite. tures -
rereatr rewrite_a_ tures |,

rewrite.a_ ture (-
or.rule(XsRHS1) .,
and_rule(X:RHS2)s Iy
bpasifu(RHS2rentitusRBasRHS) »
EasRHS = Bas&RHS21s
remove_rule(XyRHS1) .,
hidder_ors(RHS1sRHS11)»
add._rule(BassRHS11)»
add_bhidden.ands(RHS11+sRHS21)s Iy
fail.

rewrite_a._ture.,

basifuw(A&EySofarsNew) - |y
basifu(AySofarsSofarl),
basifu(BsSofarlsNew).
basifu(ArSofarsNew) -
and.rule(AsRHS)s I
basifu(RHSsSofarsNew).
basifw(AsSofarsSofar) -
subture(SofarsA)y |,
basifu(AsSofarrsA&Sofar).,

hidden.ors(A#Eshidden(A)$C) - !y hidden.ors(EsC).

hidden.ors{Ashidden(A)).

add.hidden.ands(hidden(A)¥EsAnds) - 1»
add.rule(Arhidden(A) &8Ands) »
add_hidden..ands(ErAnds) .,

add.hidden_ands(hidden{(A)rAnds) -
add.rule(Ashidden(A) &Ands) .

/¥ Dezal with and/or tree of basic tures X/

do.basic.tures -
treer(entituysFattFatt).,

treer(TuresFattrFattarg) (-
findall(RHSsor..rule(TuresRHS)rList) >
lendgthi(lList+Aritu)y
ture.name(TuresName)
functor(FattargsNamesAritu),
maketure(TurersFatt)y
tu_nmember{ListsNsRHS1)
ardg(NsFattardrNewFattard)
subture (RHS1yTurel)
treer(TurelsFattsNewFattardg)
fail..

treer(_s..2.).

ture.name (hidden{A)a) - |,
ture_name(ArA) .

tu_.nmember(LAlI. J»1+A),
tu_rmmember(C_iLI1sNsA) - tu_nmember(LsN1lsA)y N is

Ni+1.



subture(A$E,C) - subture(A»C).,
subture(A¥E:C) - |y subture(EsC).
subture(ArA)d.

/¥ Nealing with derived tures X/

do.derived._ tures -
and.rule(XsRHS)»
basifu(RHSsentituesRHS1)
‘tu_intersect(RHS1sRes)
maketure(XsRes)y
fail.

do._derived._ tures,

tu.intersect(A&RrRes) {- 1y tu_intersect(ArRes)s tu_intersect(EsRes).
tu_intersect(AsRes) - ture.rattern{AsRes)s |,

/¥ Retrieving rules X%/

cor.rule(LHSsRHS) - !y c3l1(LHS <-> RHS)s RHS = _#_,
ndorule(LHSsRHS) (- !y c3l1(LHS <-> RHS)s RHS \= _#_.

add.rule(LHS'RHS) !~ assertz(LHS <-> RHS)s I,
remove.rule(LHSsRHS) !~ retract(LHS <-> RHS)» .
remove.rules - abolish(<->+2),

/% Information about tures %X/

maketure(hidden(T)Fatt) -
recorded(Tshi..ratt(_)sF)» erase(F)s fail.
maketure(hidden(T)sFatt) - I,
recorda(Tshi_ratt(Fatt),_).
maketuyre(TurerFatt) -
‘recorded(Turerstu_ratt()sF)s erase(F)y fail.
maketure(TurerFatt) -
recorda{Turerstu_ratt(Fatt),_.).

ture_rattern(hidden(T)yFatt) - recorded{(Trhi_.ratt(Fatt)s_)s 1.
ture_rattern(TuresFatt) - recorded(Turesrtu_ratt(Fatt)s_ ) I,
wre.rattern(Turesr..) - errmess(‘'Undefined ture’ sTured)s fazil.
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TYLOAD.WLFL ¢ Read in tuyre hierarchy
Rerresent tures by Frolos

Imrorts?

errmess/2y
load_start/1»
load.finish/1»
read.next.

rubtlic
tu_start/0y
ture_rattern/2y
or.rule/2,

mode tu_.rrocess(+)y
basifu(tstr—-),
hidden_ors(+s~)y
add_hidden.ands(+s+)
ture_name(+s—-)y
te_nmember(+s—y=-)y
subture(+»7)y
tu_intersect(+s-)»
maketure(+s+)
ture.rattern(ts—-).,

or (100 fy<~2),
or (30 xfus$),
o {350 fusr&).,

start -
rereatr read.next(Next),
tu.rrocess(Next)s |,

rrocess(X <-> Y) - 1y
add.rule(XsY)» fazil.
rrocess({include(F)}) -
seeing(0ld).,

see(F)»

rereatr read(ture_hierarchua)s |
rereats read(T).

(load. . finish(T)i(tuw_rrocess(T)esfail)),
ly seenrs see(lld)y fail.
rrocess(Fin) -
load. . finish(Fin)s 1|,
finish.tures,

load_start(Fin).

rrocess(Garb) -

terms

errmess(’'Invalid ture srecification’sGarb)s

finish_tures -

rewrite._turess
do.basic.tures,

Chris

Urdated?

%

Called in

fail.,

i/8/781

findall



do.derived._ turess
remove.ruless
fail.

finish.tuyres.
/¥ Rewrite decomrosition of derived tures X/

rewrite. . tures -
rereaty rewrite_a_tures |,

rewrite_a_ture -
or.rule(XsRHS51)
and.rule(XsRHS2)y 1,
basife(RHS2yentitwsRaskRHS)
EasRHS = Ras&RHS21»
remove.rule(XsRHS1)
hidder_.ors(RHS1yRHS11)
add.rule(BassRHS11)
add_hidden.ands(RHS11sRHS21)s I
fail.

rewrite_a.ture,.

basifu(A&ERsSofarsNew) - 1y
bpasifue(AsSofarsSofarl),
basifu(BySofarisNew).
basifu(ArSofarsNew) -
and_rule(AsRHS)s |
basifuw(RHSsSofarsNew) .,
basifu(AsSofarsSofar) -
subture(SofarsA)y I,
basifu(ArSofarrA&Sofar).

hidden.ors(A#Brhidden(A)#C) (- ! hidden_.ors(E»C).
hidden.ors(Ashidden{(a)).

add_hidden.ands(hidden{(A)$ErAnds) i- |
add_ rule(Arhidden(A) &8Ands)»
add_hidden.ands(BrAnds) .,

add.hidden.ands(hidden(A)rAnds) -
add.rule(Arhidden(A) 2Ands) .

/% DNeal with and/or tree of basic tures X/

do.basic.tures -
treer(entituysFatt,Fatt).,

treer(TuresFattsFattarg) (-
findall(RHSror_rule(TuresRHS)sList)
length(ListsAritu).,
ture_name{TuresName)
functor(FattardgsNamersArite),
maketure(TuresFatt)
ty_.rnmember(ListsNsRHE1)
ardg(NsFattardsNewFattarsg),
subture (RHS1»Turel)y
treer(TurelsFattsNewFattarg),
fail.,

treer(. r_9..).

ture_name(hidden(A)sA4) - |,



tape-name(ﬁvé).

tu.nmember(LAI_Jrs1:A).,
te_nmember(L_ iL1sN»A) - tu_rmember(LsN1sA)s» N is Ni+1.
subture (A¥R»C) - subture(AsC).

*
subtuere(A$EYC) (- 1y subture(EsC).
subture(ArA).,

/¥ Nealing uith’derived tures X/

do.derived_tures !~
and_rule(XsRHS)»
ty_.intersect(RHSyRes) s
maketure(XyRes)y
fail.

do.derived._ tures,

tu_intersect(A&EsRes) - !y tu_intersect(ArRes)s tu_intersect(BrRes).,
tu.intersect(AsRes) !~ ture_rattern(AsRes)s I,

l Retrieving rules %/

br~rule(LHS,RHS) t= 1y 08l1(LHS <-> RHS)s RHS = _%._.
and.rule(LHS»RHS) (- Iy c3l1(LHS <-> RHS)y RHS \= _#_,

add..rule(LHSsRHS) !~ assertz(LHS <-> RHS): I,
remove.rule(LHSsRHS) {- retract(LHS <-> RHS)s .
remove.rules (- abolish(<->+2),

/¥ Information about tures %X/

maketuyre(hidden(T)yFatt) (-
recorded(Trhi_ratt(_)sF)y erase(P)y fail.
maketure(hidden(T) Fatt) - |,
recordal(Tshi_ratt(Patt)r_).,
maketure(TuresFatt) -
recorded(Turestu_ratt(.)sF)» erase(F),» fail.
maketure(TuresFPatt) -
recorda(Turestu_ratt(Fatt)r.).,

Sre_.rattern(hidden(T)sFatt) - recorded(Trhi_ratt(Fatt)s_)» I,
ture_rattern(TuresFatt) !- recorded(Turesrtu.ratt(Fattl)s_.)s» I.
ture_rattern(Tures.) - errmess(’Undefined ture’sTure)s fazil,
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