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/* INTERP 
Loadinst the Semantic Interpreter 
C.H., 27/7/81 

X --------------------------------------¾ First, deal with operator declar~tions 
¾ --------------------------------------

:- [ 

'oPs.Pl' % For semantic interpreter 

:- compile( C 

¾ -----------------------------------
¾ Basic datastructures and operations 
¾ -----------------------------------

'env.cPl', 
'task.cpl', 
'obJ.cpl', 
'bind.cpl', 
'index.cpl', 
'undo.cpl', 

% 0Perations on the •environment• parameter 
% Task construction and accessjns 
¾ Basic oPerations on obJects 
¾ KeePinst track of variable bindinsts 
¾ Indexed database facilitw 
¾ D~tabase •undo• facilitw 

¾ ---------------------------------
¾ ToP level of the inference swstem 
¾ ---------------------------------

'toPdb.cPl', 
'infer.cpl', 
'forwar.cPl', 
'demon.cpl', 
'create.cpl', 
'silh,.cPl', 
'Predic.cpl', 
'dbase.cPl', 
'assu11 .. cPl', 
'meta.cpl', 
'nudste.cPl', 

¾ ------------------
% Compiled utilities 
¾ ------------------

'map.cpl', 
'invoca.cPl', 
'Portra.cPl', 
'listro.cPl', 
'util:writef+Pl', 
'util:trace.Pl', 
'util:flastro.Pl', 
'util:files.Pl', 
'util:Cfflisce.Pl', 
'util.cPl', 

¾ Top level interface 
¾ Underlwins backwards inference 
¾ ToP level of forwards inference 
¾ Forw~rds jnference facilitw 
¾ Creation of obJect tokens 
¾ ReJection of sillw assertions 
¾ Prediction 
¾ ToP level of database 
¾ Default ~~sumPtions 
¾ Pickin~ stratesies for tasks 
¾ Forcin~ held constraints 

¾ MaPPinst over obJect-level assertions 
¾ Invoc~tion routines 
¾ Special version of 'Portraw' 
¾ List maniPulation utilities 
¾ 'writef' utilitw 
¾ Tracing utilities 
% Flast operations <onlw for 'tlim'1) 
¾ File existence checkinst routjnes 
% Misc compiled utilities 
% Yet more miscellaneous utilities 

¾ ----------------------------------
¾ ExPandin!I •aminss aPPlied to sets 
% ----------------------------------



'distri.cPl', 
'exPand.cPl', 

,:; ExPandin~ operations on sets 
,:; ExPand an assertion with lists as arsuments 

r. ----------------------------------
¾ Meta level database and Properties 

r. ----------------------------------
'1J1etami.cPl', 
'types.cpl', 
'Plcode:Preds+Pl', 
'Plcode:mlPrP1+Pl', 
'Plcode:mlface.Pl', 
'Plcode:meta.Pl', 
'Plcode:must.Pl', 

'Plcode:load.Pl', 
'Plcode:ks+Pl', 

'Plcode:rulef.Pl', 
'Plcode:kstYPe+Pl', 
'Plcode:t1.Pl', 
'plcode:t2.Pl', 
'Plcode:t3+Pl', 
'Plcode:t4+Pl', 
'Plcode:tYload.Pl', 

'Plcode:err.Pl' 
J). 

r. ---------------------
r. Interpreted Utilities 
,:; ---------------------

:- C 

J. 

'util:aPPlic+Pl', 
'util:imisce.Pl', 
'util:edit+Pl', 
'util.Pl' 

,:; Misc meta-level Properties 
,:; Inference in tYPe hierarchies 
Z SimPle meta-level Properties 
¾ Interface to Predicate library 
¾ meta·-] evel Properties ( PLIB :interface> 
Z meta-level declarations 
¾ meta-level Police 

,:; Load Predicate library files 
,:; Low level KS structure maniPulation 

,:; Rule f'orms 
,:; KS tYPe definitions 

,:; How to load type hierarchies 

Z Error messases 

,:; 

Z Misc interpreted utilities 
Z Editins facilities 
,:; Misc utilities 

,:; Initialise KS system 

X ---------------------------------------
¾ Now load in the object-level Predicates 

¾ ---------------------------------------

:- load( C 
'Plib:time.def', 
'Plib:sPace.def', 
'Plib:sollin+def', 
'Plib:contac.def', 
'Plib:objp.def', 
'Plibtobjr.def', 
'Plib:motion.def', 
'Plib:units.def', 
'Plib:ases.def', 
'Plib:nlpred.def', 
'nltYPe+hi' 

J) • 

Z Time 
¾ SPace 
Z Solid lines 
,:; Contact, 
Z Properties of objects 
Z Relations between objects 
Z Motion o~ obJects 
Z Measures and Units 
,:; Odd thinss for AGE problems 
Z Odd hacks for NLU 
¾ TYPes (includes PlibttYPes.hi) 



:- C 'operat.Pl', /■ Prediction operators 
'schetrta.Pl', r. Forwards inference r•Jles 
'alt.Pl' /■ Alternative a>{ i omat i sat ions 

J. 

:- do_schetrtas. /■ Set IJP forwards r•Jles 

/■ --------------------------------

/■ Semantic Interpretation Routines 
r. --------------------------------

:- C 

J. 

'init.Pl', 
"ters.Pl', 
"ternP.Pl", 
"terPP.Pl', 
'meas.Pl', 
'teradv.Pl', 
'tmods.pl", 
"dict.Pl", 
"int.erf.Pl" 

r. -------------
/■ Verb routines 
r. -------------

:- C 

J. 

"verbs.Pl.,, 
.,vers•JP.Pl., 

r. ToP level of interpreter 
r. Interpretation of sentences 
r. Interpretation of noun Phrases 
r. Interpretation of Prepositional Phrases 
r. Interpretation of various measure Phrases 
r. Interpretation of adverbs 
X Interpretation of time modifiers 
r. Ilictior,arY 
r. Interface with s~ntax 

X The routines themselves 
X Support routines 

X --------------------------------
% Expansion of underlYins meaninss 
r. --------------------------------

:- C 

J. 

.,meanl.Pl.,, 

.,mean2.Pl", 

.,time+Pl., 

/■ -------------------------

/■ Actions at the meta-level 
;. -------------------------

:- C 

J+ 

.,metact.Pl.,, 

., ml}<Pro. Pl', 

.,metadb.Pl', 

.,filter+Pl., 

:- clean_db. 
:- setfile. 
:- tt. 

r. General meaninss 
X Simple word meaninss 
r. Basic operations on times 

X Certain meta-level actions 
X Extra uniaueness Properties 
r. Meta level database 
X Filterins output 

% Initialise database 
X Make UP save file name 
r. Set medium level of tracins 



OPS+Pl 
env.cPl 
·task .cPl 
obJ+cPl 
bind.cpl 
index.cpl 
undo.cpl 
toPdb+cF-1 
infer.cpl 
t'orwar.c,:,,l 
demon.cpl 
create.cpl 
sill':l+CPl 
PrediC+CPl 
dbase.cPl 
assum+cPl 
meta.cpl 
nudSe+CPl 
maP.cr:-1 
invoca.cr:-1 
POrtra+CPl 

istro.cPl 
.... til+CPl 
distri+CPl 
exr:-and,cPl 
metami.cPl 
t':IPes • CP 1 
uti l • Pl I: 
OPerat.Pl 
schema+Pl 
alt+Pl 
init,Pl 
ters.Pl 
ternP+Pl 
terPP+Pl 
meas.Pl 
t,eradv+Pl 
tmods.pl 
dict,Pl 
interf+Pl 

erbs+Pl 
cal'SUP+Pl 

meanl+Pl 
mean2,Pl 
time+Pl 
metact,Pl 
mlxPro,Pl 
metadb,Pl 
t'ilter,Pl 



; INTERP.MIC Load InterP '<silence> . , 
; 
; 
; 
; 
; 

This Junk allows for automatic loadins believe it or not 

Call as: 

.on error:backto death 

.error 1 

/interP 
/interP auto 

.on oPerator:backto death 

.operator ! 
• Soto cor,t 
death:: 
*-c 
*-c 
+if ($a= •auto•> .let el = •error• 
! INTERP.MIC HALTED 
+mic return 
cor,t:; 
; 

- to load interP (normal use) 
- used b'!:I MAKSYS 

; Use latest version of Prolos 
cd [400,434,Prosl <005> 

.run ProloSC400,444l '<revive> 
* :- CinterpJ. 
* :- ir,it • 
• save interp.exeC400,444l 
+Cd -



s~s: = [400,444], usr:, dske:Cl,5], dskeiCl,4], POPt 
sen: = [400,434,senl 
s~n: = [400,434,ssnl 
Prb: = C400,445,PrbJ 
winssn: = [400,434,s~n,winssnl 
Parse:= [400,434,Parsel 
Pros:= C400,434,ProsJ 
PaPers: = [400,434,PaPersJ 
home:= [400,434] 

-~mechO+P~hC400,444J 



/* INTERP.DEF 
Extras for the semantic interpreter 

known(writef(_,_),'util:writef.pl'). 
known(error(_,_,_),'util:trace.Pl'). 
known(tlim(_),'util:trace.Pl'>• 
known<ton(_),'util:trace.Pl'>• 
known(toff(_),'util:trace.pl'>• 
known(toff,'util:trace.Pl'>• 
known<trace(_,_,_),'util:trace.Pl')• 

known<senswm(_,_),'util:cmisce.pl'). 

known(checklist(_,_),'util:aPPlic.Pl'>• 

known(continue,'util:imisce.Pl'>• 
known(\=(_,_),'util:imisce.Pl'>• 

.nown<load(_),'Plcode:*.Pl'>• 
known(twPe_pattern(_,_),'Plcode:*•Pl'). 

known<same_predicate(_,_,_),'Plcode:Preds.Pl'). 
known<tYPe-Predicate(_),'Plcode:Preds.Pl'>• 
known(tvPe-Predicate(_,_,_),'Plcode:Preds.Pl'>• 
known(copy_arSs(_,_,_),'plcode:Preds.Pl')• 

known(exists(_,_,_,_,_),'Plcode:mlPrP1.Pl'>• 
known<exists(_,_,_),'Plcode:mlPrP1.Pl'>• 
known<uniaue(_,_,_,_,_),'Plcode:mlPrP1.Pl'). 
known(uniaue(_,_,_),'plcode:mlPrP1.Pl'>• 
known<function(_,_,_,_,_),'plcode:mlPrP1.Pl'). 
known(commutative(_,_,_),'Plcode:mlPrP1.Pl'). 
known(aliorelative(_,_,_),'Plcode:mlPrP1.Pl'>• 

known(function_Pattern(_,_,_),'Plcode:mlface.Pl'>• 
known<exists_Pattern(_,_,_),'Plcode:mlface.Pl'>• 

,own<uniaue_Pattern(_,_,_),'Plcode:mlface.Pl'>• 
.~wn<normal_form(_,_),'Plcode:mlface.Pl'>• 

known(obJect_level-rule(_,_),'Plcode:mlface.Pl'>• 
known(obJect_level-nes_rule(_,_),'Plcode:mlface.Pl'>• 
known(default-rule(_,_),'Plcode:mlface.Pl'). 
known<arsument_names(_),'Plcode:mlface.Pl'>• 
known(arsument_types(_),'Plcode:mlface.Pl'>• 

aPPlies(error<A,B,C>,C>. 
aPPlies(checklist(A,B>,A+1). 
aPPlies(findall(A,B,C),B). 
aPPlies(not<A>,A>. 
aPPlies(aPPars<A,B>,A+1>. 
aPPlies(maParS(A,B,C>,A+2). 
aPPlies(aPPconJ<A,B>,A+1>. 
aPPlies(maPconJ(A,B,C>,A+2>. 
aPPlies(sPecial_test(_,_,_,A),A). 

called(do_schemas). 
called(helP). 



called(hit(_)). 

called(init). 
called(Portra~<->>. 
called ( r•Jles >. 
called(run(_)). 
called(t). 
called(tt). 
called(ttt). 
called(unhit(_)). 
called(-(_)). 
called(o(_)). 



.cd s~m 
+COP'!d wins'!:ln:'A+s'!dn = 
.delete 'A+s'!dn 
.cd Pros 

'A. S'!dr, 



I* OPS 
Operator declarations for the semantic inter?reter 
CiN+, 1/9/81 

*I 

I* For Print.ins out constrained variables *I 

:- OP(45,fx,$). 

I* For Predicate library entries *I 

:- oP(400,fx,define). 

I* For indicatins assertions to be sot from the Parser *I 

t- OP(45,fx, ✓ @@ ✓ ). 

t- OP(45,fx, ✓ @ ✓ ). 

I* For certain utilities *I 

~ oP(700,xfx,\=). 
- i- oP(34.,fx,o>. 

I* For inference rules of various sorts *I 

X Hain connectives: 

:- OP(1160,xfx, ✓ ==> ✓ >. 

:- oP(1160,xfx,C-->,<-->,<--J). 
:- OP(1160,xfx,<->• 
:- oP(1160,xfx,<=>• 
:- oP(1160,xfx,<->>. 

¾ Rule names: 

:- OP(905,xfx,<<>. 

X Lambda expressions: 

- oP(900,xfx,:>. 
~- OP(85O,fx, ✓ \ ✓ ). 

X Losical connectives 

:- op(800,xfx,where). 

:- OP(75O,xfy,t). 
:- OP(75O,xfy,&). 

X Word meanins rewrite 
¾ ImPlications 
X ImPlication for forwards rules 
X ImPlication for operators 
X TYPe definition 

X To separate off rule name 



I* ENV 
Basic accessins of thinss in the environment Parameter 
C.H., 6/8/81 
This is the only file that knows what 'Env' looks like 

¾declarations¾ 

:- Public 
current_time/2, 
cvars/2, 
definite/!, 
firstenv/1, 
indefinite/!, 
isenv/1, 
newenv/3, 
nextenv/2, 
objects/2, 
recordedenv/1, 
recordenv/1, 
remove_envs/0, 
t_focus/3, 
tense/2, 
UPdef/3. 

,:; imPortst 
::c new_evar/2 

rewrite_cvars/3 
(from obj.cpl) 
(from obj.cpl) ::c 

::Cend¾ 

:- mode isenv<+>. 
:- mode firstenv(-). 
:- mode nextenv<+,->. 
:- mode newenv<+,+,->. 
:- mode uPdef<+,+,->. 
:- mode objects<+,->. 
:- mode definite<+>. 
:- mode indefinite<+>. 
:- n,ode toP_of<+,->. 
:- mode re_toP<+,+,->. 

_ .... :- n,ode e_main<+,->. 
:- mode cvars< + ,->,• 
:- mode current-time<+,?>. 
:- mode recordenv<+>. 
:- mode recordedenv(-). 
:- mode tense<+,1>. 
:- mode t_focus<+,+,->. 
:- mode gc_env<+,->. 

I* Structure of the 'environment' Parameter. 
The strocture has main functor'/', with two Parameters: 

1. The 'toP'• This represents the transient features of 
the environment, and is a structure with functor 'top' 
and 2 arsuemts: 

1. An atom sPecifYing 'definite' or 'indefinite' 

2. Something representing the current time moment/Period 



2. The main Part of the environment. This has functor 'env' and 
arit~ 4, the arsuments beins: 

1. A functor of bis arit~, effectivel~ an arra~, where each 
arsument is an entr~ recordin~ the values and suspended 
actions associated with a constrained variable. 

2. A list of the obJects that have been encountered so far 
with their t~Pes as ascertained so far. 

3. An atom Sivins the tense of the current clause. 

4+ A structure Sivins the time foci (Past, Present and future). 

I* Recosnisins an environment *I 

isenv(top(_,_)/env(_,_,_,_)). 

'* Creatins an environment for a S *I 

,irstenv(Env) :­
Env=toP(indef,_)/env(Cv,_,_,tfoc(_,_,_)), 
new_evar<C1,Env>, 
current_time(Env,C1). 

nextenv(Env,toP(indef,M)/env<V,R,_,F)) :­
Env = top(_,C)/env<V,R,_,F), 
new_evar<M,Env), !. 

I* Creatins environments with differences in def/indef *I 

UPdef(top(_,M)/E,Def,toP(Def,M)/E) :- ,. 

newenv<E,def,E1) :- !, uPdef<E,def,E1>. 
newenv(E,indef,E). 

I* Definite and indefinite *I 

~finite<toP(def,_)/_) :- !. 
_ndefinite(toP(indef,_)/_) :- !. 

I* Thinss with the •top• *I 

current_time(T/_,C) :- !, ars<2,T,C). 

top_of(T/_,T) :- !. 
re~toP(T,_/E,T/E) :- !. 

I* Accessins the main fields *I 

e_main(_/E,E> :- !+ 

cvars<Env,C> :- !, e_main(Env,M>, ars<i,M,C). 
obJects<Env,R> :- !, e_mainCEnv,M>, arsC2,M,R>. 
tense<Env,T) :- !, e_main(Env,M>, ars<3,M,T>. 
t_foci(Env,F> :- !, e_main(Env,M>, ars<4,M,F). 

I* Time foci *I 



t_~ocus(past,Env,List> :- !, t_foci(Env,F>, ar-(1,F,List>. 
t_focus(Pres,Env,List> :- !, t_foci(Env,F>, ars<2,F,List). 
t_focus(future,Env,List) :- !, t_foci(Env,F>, ars(3,F,List>. 

I* Recordins environments *I 

recordenv(Env> :- !, 
sc_env(Env,Env1>, 
recorda(env,Env1,_), I. 

recordedenv(Env> :- !, 
recorded(env,Env,P>, !. 

remove_envs :-
recorded(env,X,P>, eraseCP>, fail. 

remove_envs. 

I* Garbase collect an environment *I 

dc_env(ToP/env(Cv,M,T,TF>,ToP/env(Cv1,H,T,TF>> :­
rewrite_cvars(O,Cv,Cv1>. 



I* TASK 
Basic operations on tasks to be Performed 
C.M., 24/7/81 

Xdeclarations7. 

:- Public 
actiori/2, 
hold_task/3, 
mark-done/1, 
newtask/3, 
Proposition/2, 
•Jndone/ 1. 

:r. imports: 
7. demons/3 

gappend/2 
satisft:1/3 
trace/3 
unbound/3 

7. 

7. 

/4end7. 

:- mode 
newtask<+,+,->, 
mark_done<+>, 
•Jndone ( + ) , 
mark_held(+), 
held(+>, 
action<+,?>, 
ProPosition(+,1>, 
hold_task(+,+,+>, 
holdall(+,+,+,+,+>, 
wait(?,+,+,+>. 

(from obJ.cpl) 
('from bind.c?l) 
(from toPdb+CPl) 
(from util:trace.Pl) 
(from bind.cpl) 

I* Creating a task *I 

newtask<Act,Ass,task(Act,Ass,Undone,Notheld)). 

* Accessing the components *I 

action(task(Act,_,_,_),Act). 
ProPosition(task(_,Ass,_,_),Ass). 

undone(task(_,_,f,_)) :- var(F). 

mark-done(task(_,_,done,_)). 

held(task(_,_,_,F)) :- nonvar<F>. 

mark_held(task(_,_,_,held)). 

I* Suspending a task *I 

hold_task<Task,Ans,Env> :-



held(Task>, !. 
hold_task(Task,Ans,Env) :­

mark-held<Task), 
PrOPOSition(Task,Ass), 
action(Task,Act>, 
trace('Holdins action %Pon %P\n',CAct,AssJ,hold>, 
functor(Ass,F,N>, 
holdall(N,Ass,Task,Ans,Env>. 

holdall(O,_,_,_,_) :- !. 
holdall(N,Ass,W,Ans,Env) :-

ars<N,Ass,A), unbound(A,an~,Env>, !, 
wait(A,W,Ans,Env>, 
N1 is N-1, holdall<N1,Ass,W,Ans,Env>. 

holdall(N,Ass,W,Ans,Env) :-
N1 is N-1, holdall(N1,Ass,W,Ans,fnv). 

I* Hans constraints off a sinsle variable *I 

wait(W,P,Ans,Env> :-
unbound<W,an~,Env>, !, 
demons<W,Env,D>, 
SaPPend<P,D>. 

wait<W,P,Ans,Env> :­
satisf~<P,Ans,Env). 



/* OBJ 
Objects and their components 
C.H., 3/9/81 

%declarations¾ 

:- P•Jblic 

¾ imPorts: 
:r. 
X 
:r. 
r. 
¾ 
r. 
r. 

¾end¾ 

a_constant/2, 
demor,s/3, 
fix/2, 
iscvar/1, 
kr,own/2, 
mark_knowr,/2, 
mark_ref/2, 
r,ew_evar/2, 
obJ_bind_info/3, 
obJ_t\:IPe/3, 
Prevent_bind/3, 
ref/2, 
rewrite_cvars/3, 
sl<.olemise/2, 
universal/2, 
universalise/2,. 

"$diff" /1 
bound/2 
cvars/2 
error/3 
lastof/2 
ndsiri/2 
obJects/2 

:- mode new_evar<-,+>, 
new_uvar<-,+>, 
iscvar<+>, 
demons<+,+,->, 
a_constant<+,->, 
obJ_entr\:l(t,+,->, 
obJ_bind_info<+,+,1>, 
obJ_t\:IPe<+,+,1>, 
obJ_diffs<+,+,1>, 
Prevent-bind(+,+,+>, 
uriiversal <+,+>. 

I* Information kePt with an obJect: 

(from undefined) 
(from bind.cpl) 
( f ro11, env. CP 1) 
<from utilttrace.Pl) 
(from listro.cPl) 
(from listro.cPl) 
(from env.cPl) 

An obJect is either a constant or a constrained variable. 
A constrained variable is represented bY an entry in the 
environment, which consists of a •t\:IPe• indication and 
a variable-terminated list of actions 
to be carried out when the variable becomes instantiated. 
The type indication has 5 components: 

1. instantiated or not, accordins to whether the variable is 
•existential• or •universal• 

2. instantiated or not, accordins to whether the variable is 
•v..nown• or not 



3+ instantiated or not, accordins to whether the variable is 
a •referent• or not 

4. a twPe Pattern <maintained bw ✓ twPes.cPl 1 etc> 
5. a Pattern that will not match with the corresPondins Pattern 

of objects supposed to be different 

The variable is represented bw a term $(N), where N is the inteser 
sPecifwins where the entrw aPPears in the environment. 

A constant onlw has the last two components 
*I 

I* Creation functions *I 

new_evar($N,Env) :- setwaits(N), marl'-... exister,tial ($N,Er,v>. 

new_uvar($N,Env> :- setwaits<N>, mark_universal($N,Env>. 

setwaits<N> :­
retract(waits(N1 », !, 
N is N1+1, 
assert(waits(N)>. 

setwai ts < 1 > :-
assert (waits ( 1)). 

I* Enumeratins constants *I 

a_constant(Env,I) :-
obJects(Env,ObJs), ndsin(obJ<I,_),ObJs>. 

I* Gettins the info kept about an obJect *I 

obJ_entrw($N,Env,Ent> :- !, 
cvars(En~,Cv>, functor<Cv,cv,101), varentrwl<N,Cv,Ent). 

obJ_entrw(ObJ,Env,Ent) :-
obJects(Env,ObJs), 
ndsinCobJ(ObJ,Ent),ObJs>, !. 

obJ_entrw(ObJ,Env,Ent) :­
obJects<Env,ObJs), 
lastof(ObJs,obJ(ObJ,Ent)). 

varentrw1<N,Cv,Ent) :- N<101, !, 
ars<N,Cv,Ent), ! • 

varentrw1<N,Cv,Ent) :-
N1 is N-100, 
arS(101,Cv,Cv1>, 
functor(Cvl,cv,101), 
varentrw1(N1,Cv1,Ent). 

I* Lookins inside the obJect entrw *I 

¾ Info to be unified on bindins 

obJ_bind_info(I,Env,Bind> :-
obJ_entrwCI,Env,Ent>, 
functor(Ent,o,2>, ars<1,Ent,Bind>. 

¾ Term representins the twpe info 

obJ_twpeCI,Env,Patt> :-



obJ_bind_info(I,Env,Bind>, functor(Bind,b,3), arS(2,Bind,Patt). 

¾ Term distinsuishins it from different obJects 

obJ_diffs(I,Env,Diffs) :-
obJ_bind_info(I,Env,Bind), functor(Bind,b,3), ars(3,Bind,Diffs>. 

¾ Actions to be Performed w~en it sets bound (cvar onl~> 

demons<I,Env,Dem) :-
obJ_entr~(I,Env,Ent), functor(Ent,o,2), ars<2,Ent,Dem). 

¾ Extra bits for cvars 

vart~Pes(Cv,Env,T~) :-
iscvar<Cv>, obJ_bind_info<Cv,Env,Bind), 
functor(Bind,b,3>, ars(l,Bind,Ty), functor<T~,v,3). 

mark_existential(Cv,Env> :- vart~Pes<Cv,Env,Ty), ars(l,T~,exists). 

-ark_universal(Cv,Env) :- universal(Cv,Env>. 
iiversal(Cv,Env) :- vartYPes(Cv,Env,T~>, ars(l,TY,V>, var(V). 

mark_known(Cv,Env) :- vart~Pes(Cv,Env,T~>, ars<2,TY,known). 
known(Cv,Env> :- vartYPes(Cv,Env,T~>, ars(2,T~,K>, nonvar(K). 

mark_ref(Cv,Env) :- vart~Pes(Cv,Env,T~>, arS(3,TY,ref). 
ref(Cv,Env) :- vart~Pes<Cv,Env,T~>, arS(3,TY,K>, nonvar(K). 

/* Prevent two obJects from beins bound tosether */ 

Prevent_bind(A,B,Env) :­
obJ_diffs(A,Env,Diffsl), 
obJ_diffs(B,Env,Diffs2), 
new_diff_ars<N>, 
diff_patts<N,Diffs1,Diffs2,D11,D22>, 
ars(1,D11,1), ars<1,D22,2>. 

diff_patts(O,D1,D2,D1,D2) :- !, 
functor(Dl,diff,3>, 
functor(D2,diff,3). 

diff_patts<N,D1,D2,D111,D222) :­
Nl is N mod 2, N2 is N/2, 
diff_patts(N2,D1,D2,D11,D22>, 
discrim(N1,D11,D111), 
discrim(N1,D22,D222). 

discrim(O,Diff,Diffl) :- !, ars<2,Diff,Diff1), functor(Diffl,djff,3). 
discrim<1,Diff,Diff1) :- !, ars(3,Diff,Diff1>, functor(Diff!,diff,3>. 

new_diff_ars<N> :-
retract('$diff'(N>>, !, Nl is N+1, asserta('$diff'(N1>>• 

new_diff_ars<l> :-
asserta('$diff'<2>>. 

/* Recosnisins function for constrained vars */ 

iscvar($_). 

/* Skolemise an entit~, chansins variables into evars */ 



skolemise<S,Env> :- var(S), !, 
new_evar<S,Env>. 

skolemise(_,_) :- !. 

I* Chanse variables into uvars *I 

universalise<S,Env> :- var<S>, !, 
new_uvar(S,Env>. 

universalise(_,_) :- !. 

I* Fix an~ universal variables *I 

fix<A,Env> :- nonvar(A), mark_existential(A,Env>, !. 
fix(_,_). 

I* Garbase collect information about cvars *I 

rewrite_cvars<_,Old,Old) :- var(Old), !. 
rewrite_cvars<N,Old,New) :-

functor(Old,cv,101), functor(New,cv,iOi>, 
r_c1(100,N,Old,New>, 
ars<101,0ld,Old1), ars(101,New,New1>, 
N1 is N+101, 
rewrite_cvars(N1,0ld1,New1). 

r_cl(O,_,_,_) :- !. 
r_ct<N,Sofar,Old,New> :­

ars<N,Old,Oars>, ars<N,New,Nars>, 
Realno is N+Sofar, 
bound($Realno,Z>, 
r_c2<Z,Oars,Nars>, 
N1 is N-1, 
r_c1(N1,Sofar,Old,New). 

r_c2<Z,Old,New> :- iscvar<Z>, functor(Old,o,2>, ars(1,0ld,[lem>, var(Item>, ! • 
r_c2CZ,Old,Old) :- iscvar(Z>, !. 
r_c2(_,Qld,New>. 



I* BIND 
KeePins track of variable bindinSs 
C.H., 27/7/81 

¾declarations¾ 

:- Public 
bind/5, 
bound/2, 
bo•Jnd/3, 
SaPPend/2, 
matchable/4, 
Possinstance/4, 
P•Jre/3, 
unbound/3, 
•Jnif'!:1/5. 

:r. imPorts: 
¾ ase/1 
". 

,. 
7. 
7. 
7. 
7. 
7. 
7. 

7.end¾ 

aPParS/2 
assumPtion/1 
bind_check/3 
demons/3 
inde>t_add/2 
inde>t_find/3 
iscvar/1 
list/3 
makein/2 
maPars/3 
obJ_bind_info/3 
satisf'!:1/3 
universal/2 

:- mode bound(?,?>, 
ur,bound ( ? , +, + > , 
bour,d ( ? , +, + ) , 
satisf'!:1-all<+,+>, 
bindins<+,+,+,+,->, 
bindinss<+,+,+,+,+,->, 
allunbound(+,+,+,+>, 
allbound<+,+,+,+>, 
urti f '!:I ( +, +, + , + > , 
ke'!:l(f ,->, 
bind(+,?,?,+>. 

(from undo.cPl) 
(from map.cpl) 
(from •Jndo.cPl) 
(from metami.cPl) 
(from obJ+cPl) 
(froll inde>{. CP 1 > 
(from inde>t+CPl) 
(from obJ.cPl) 
(from listro.ci:,l) 
(from listro.cPl) 
(from maP.cPl) 
(from obJ.cPl) 
(from toPdb.cPl> 
(from obJ.cPl) 

I* What is the root of the eouivalence class containins A? *I 

bound(A,B) :- var(A), ! , A=B, 
bound(A,C) :- b_recorded(A,B>, !, bound(B,C>. 
bound(A,A). 

unbound(V,_,_) :- var(V), ! • 
unbound<V,S,Env) :- bound(V,R>, matchable(R,S,Env). 

matchable(Cv,an'!:I,_) :- !, iscvar(Cv). 
matchable(Cv,strict,Env> :- iscvar(Cv>, universal(Cv,Env), 



allunbound(CJ,_,_,_) :- !. 
allunbound(CNINsJ,Ass,S,Env> :- !, 

ars(N,Ass,A>, unbound(A,S,Env>, allunbound(Ns,Ass,S,Env). 

bound(V,S,Env> :- unbound<V,S,Env>, !, fail. 
bound(_,_,_). 

allbound(CJ,_,_,_) :- !. 
allboond<CNINsJ,Ass,S,Env) :-

ars(N,Ass,A>, bound(A,S,Env>, allbound<Ns,Ass,S,Env>. 

Pure(Ass,S,Env> :- aPPars(bound<S,Env>,Ass>. 

b_recorded(R1,R2) :- keY(R1,K), 
index_find(K,_,bo•Jnd(K,R2)), ! • 

l'-.eY ( $N, N) : - ! • 
key(V,V>. 

I* Cause two thinss to become bound tosether *' 
:nd(S,V1,V2,Ans,Env) :­

bindins<S,V1,V2,Env,Dems), 
satisfY(Dems,Ans,Env>. 

I* Carry out all binds to make two assertions match*' 

unifY(S,Ass1,Ass2,Ans,Env) :­
maPars(matchable(S,Env>,Ass1,Ass2>, 
functor(Ass1,F,N>, 
bindinss<N,S,Ass1,Ass2,Env,Sats>, 
satisfy_all(Sats,Ans,Env>. 

bindinss<O,_,_,_,_,cJ> :- !. 
bindinss<N,S,A,B,Env,CSalSsJ) :-

ars<N,A,A1>, ars<N,B,B1>, 
bindins<S,A1,B1,Env,Sa>, 
N1 is N-1, bindinss(N1,S,A,B,Env,Ss). 

satisfy_all(CJ,_,_) :- !. 
satisfy_all(CSalLJ,Ans,Env> :- var<Sa>, !, satisfy_all<L,Ans,Env). 
satisfy_all(CSalSsJ,Ans,Env> :-

satisfy(Sa,Ans,Env>, satisfy_all(Ss,Ans,Env>. 

I* Basic bindins operations*' 

bindins<S,V1,V2,Env,Dems) :­
bound(V1,R1>, bound(V2,R2), 
bind1<S,R1,R2,Env,Dems). 

bindl<S,R,R,_,_) :- !. 
bind1(S,Cvt,Cv2,Env,_) :-

matchable(Cv1,S,Env>, matchable<Cv2,S,Env>, !, 
obJ_bind_info(Cv1,Env,Bind>, 
obJ_bind_info<Cv2,Env,Bind>, 
assumPtion<Cv1=Cv2), 
b_record(Cv1,Cv2>, 
combine_demons(Cv1,Cv2,Env). 

bindt(S,V,Cv,Env,Dems> :­
matchable<Cv,S,Env>, !, 



bind1<S,Cv,V,Env,Dems>. 
bind1(S,Cv,V,Env,Dems) :­

matchable(Cv,S,Env>, 
bind_check(Cv,V,Env), 
obJ_bind_info(Cv,Env,Bind>, 
obJ_bind_info(V,Env,Bind>, 
assumPtion(Cv=V>, 
b_record<Cv,V>, 
demons(Cv,Env,Dems). 

b_record(R1,R2) :- keY(Rl,K), ase(N), 
index_add(keys(N,K),bound(K,R2)). 

I* Combine the demons for two cvars *I 

combine_demons(Cv1,Cv2,Env) :­
demons(Cv1,Env,D1), demons<Cv2,Env,D2), 
saPPend<D1,D2>, saPPend<D2,D1>, 
hole<It1 ,H>, hole(D2,H) • 

daPPend(New,Old) :- var(New>, !. 
;PPend(New,Old) :­

list(New,First,Rest), !, 
makein(First,Old>, 
saPPend(Rest,Old). 

SaPPend(New,Old) :­
makein(New,Old). 

hole(Var,Var) :- var(Var), ! • 
hole(List,Var) :­

list(List,_,Rest>, 
hole(Rest,Var). 

I* Cound one entity be an instance of another? *I 

Possinstance(A,B,S,Env> :- bound(A,A1>, bound(B,B1>, Pi(Al,Bl,S,f.nv>. 

Pi(X,X,_,_) :- !. 
Pi(_,X,S,Env> :- matchable(X,S,Env). 

* See if two entities may be matchable 
(auick test that lets too much throush) *I 

matchable(A,B,S,Env) :- bound(A,Al), bound(B,Bl>, mtch(Al,Bl,S,Env>. 

mtch(A,A,_,_) :- !. 
mtch(A,B,S,Env> :- matchable(A,S,Env), !. 
mtch(A,B,S,Env> :- matchable(B,S,Env), !. 



/* INDEX 
Basic indexins facilitw for database 
C.M., 21/4/81 

¾declarations% 

:- Public 

¾end¾ 

index_add/2, 
index_find/3. 

:- mode add_kews(+,+,+>. 

index_add(Kews,Item) :- !, 
functor(Kews,kews,N>, 
add_kews<N,Kews,Item). 

add_kews(O,_,_) :- !. 
add_kews<N,K,I) :- !, 

ars<N,K,Kew>, 
recordz(Kew,db(K,I),_), 
Ni is N-1, 
add_kews(N1,K,I>+ 

index_find(Kew,Kews,Item> :- !, 
recorded(Kew,db(Kews,Item),_). 



/* UN[IO 
Maintainins a database where additions can be undone 
C.M., 21/7/81 

%declarations¼ 

:- p1Jblic 
ase/1, 
assumPtion/1, 
clean_all/0, 
clean_db/0, 
db_state/1, 
restore_dbase/1. 

r. imports: 
:r. '$ase' /1 

ir,dex_ find/3 
remove_envs/0 
trace/3 

7. 
r. 
;. 

:- mode 
ase<->, 
r•Jle_zero (- >, 
dbase_zero<->, 
chanse_ase<+>, 
db_state<->, 
restore_dbase<+>, 
remove_all(+,+>, 
rem_keYs<+,t,+>, 
ass•JmPtion(t). 

I* Backtrackable additions -

(from undefined) 
<from inde:H. CP l > 
<from env.cPl) 
(from util:trace.Pl) 

'db_state(N)' says •remember the current state, 
and make N the number siven to it• 

'restore_dbase(N)' says •restore the database 
to where it was at state N• 

Assertions are stored under the number of the 
last database state. 

ase<X> :- call(-'$ase-'(X>>, ! • 
ase(X) :- dbase_zero(X). 

rule_zero(50000). 
dbase_zero(50001). 

chanse_ase<N> :- retract('$ase'<->>, ~Ril. 
chanse_ase<N> :- asserta('$aSe'(N)), !. 

db_state(N1) :­
ase(N), 
N1 is N+1, 
chanse_ase<N1), !. 

clear,_db :- ! , 
dbase_zero(X>, restore_dbase(X), 



abolish('$diff',1), 
remove_envs. 

clean_all :- f, 
rule_zero(X), restore_dbase(X), 
abolish('$diff',1), 
remove_envs. 

restore_dbase(N) :-
ase(Nl), 
remove_all(N1,N), 
chanse_ase(N), !. 

remove_all(N1,N) :- Nl<N, ! • 
remove_all<N1,N> :-

index_find(N1,Kews,Others), 
functor(Kews,kews,Ks), 
rem_kews<Ks,Kews,db(Kews,Others>>, 
fail+ 

remove_all(N1,N> :­
N2 is Nl-1, 
remove_all(N2,N). 

rem_kews<O,_,_) :- !+ 
rem_kews<N,K,I> :- !, 

ars<N,K,Kew>, recorded(Kew,I,P>, 
erase(P), 
Ni is N-1, rem_kews(N1,K,I>. 

ass•JmF-tion(A) :- call(A), ! • 
assumF-tion(A) :- !, 

trace('\nAssumins that %F-\n',CAJ,assum>, 
db_state<N>, 
(tr•Je; 

(restore_dbase(N),trace('\nMawbe %F- is not true\n',CAJ,assum),fail)). 



I* TOPDB 
Hish level interface to database and inference 
C.H., 6/8/81 

¾declarations¾ 

:- p1Jblic 
add/2, 
declare/2, 
satisf'!:1/3, 
test/2, 
test/6. 

¾ imPorts: 
¾ action/2 
¾ 
¾ 
¾ 
¾ 

¾end¾ 

:- mode 

add/6 
aPPars/2 
definite/! 
enter/5 
indefinite/! 
list/3 
maPars/3 
meta_act/2 
ndsin/2 
newtask/3 
notsill'!:11/2 
n•Jdse/3 
Possinstance/4 
Proposition/2 
skolemise/2 
test/8 
trace/3 
undone/! 

declare<+,+>, 
add<+,+>, 
test<+,+>, 
test<+,+,+,+,+,+>, 
new_perform<+,+,+,1,1,+), 
Perform<+,f,1,1,+>, 
Proceed<+,+,+,+,1,1,+,+>, 
Proceed1(+,+,+,+,1,1,+>, 
looPcheck<+,+,+,-,-,+>. 

declare<Ass,Env> :-
indefinite(Env>, !, 
new-Perform(add,Ass,Env,_,_,cJ>. 

declare<Ass,Env> :-
definite(Env>, !, 
test<Ass,Env,deeP,an'!:l,an'!:1,CJ>. 

(from task.cpl) 
(from meta.cpl) 
(from maP.cPl) 
(from env.cpl) 
(from meta.cpl) 
(from env.cPl> 
(from listro.cPl) 
(from maP.cPl) 
(from metact.Pl) 
(from listro.cPl) 
(from task.cpl) 
(from sill'!:1.CPl) 
(from n•Jdse.cPl > 
(from bind.cpl) 
(from task.cpl) 
(from obj.cpl) 
(from meta.cpl) 
(from util:trace.pl) 
(from task.cpl) 

add(Ass,Env> :- !, new_perform(add,Ass,Env,_,_,cJ>. 

test(Ass,Env> :- !, test(Ass,Env,deeP,an'!:l,an'!:l,CJ>. 

I* Underl'!:lins calls to inference *I 



test(Ass,Env,DeP,S,immed,Ans) :- !, 
new_perform(test(DeP,S),Ass,Env,H,CJ,Ans>, 
nudse<H,C(test<DeP,S),Ass)IAnsJ,Env>. 

test<Ass,Env,Dep,S,an~,Ans) :- !, 
new_perform(test(DeP,S>,Ass,Env,_,_,Ans). 

/* Create and Perform new tasks*/ 

new_perform(_,true,_,H,H,_) :- !. 
new_Perform<Act,Al&A2,Env,H3,H1,Ans> :- !, 

new_perform<Act,A1,Env,H2,H1,Ans>, 
new-Perform(Act, A2, Er,v, H3, H2, Ans>. 

new_Perform(_,{Asss},Env,H,H,_) :- !, 
meta_act(Env,Asss). 

new_Perform(Act,Ass,Env,Hs,H1s,Ans) :- !, 
aPPars(skolemise(Env>,Ass>, 
notsillYl(Ass,Env>, 
newtask(Act,Ass,Task>, 
Perform(Task,Env,Hs,H1s,Ans). 

Satisfy a set of Pendins adds/tests*/ 

satisfy(Z,Ans,Env) :-
var(Z), ! • 

satisfy(List,Ans,Env> :­
list(List,Task,L>, undone(Task>, !, 
Perform(Task,Env,H,CJ,Ans>, 
satisfy(L,Ans,Env). 

satisfY(List,Ans,Env> :- !, 
list(List,_,L), 
satisfy(L,Ans,Env). 

/* Perform an action on some assertions*/ 

Perform(Task,Env,H1,H2,Ans> :- !, 
action(Task,Act>, 
Proposition(Task,Ass), 
looPcheck<Act,Ass,Ans,Ansl,Env,ResPonse>, 
proceed(ResPonse,Act,Ass,Task,Hl,H2,Ans1,Env>. 

Proceed(yes,test(_,_),_,_,_,_,_,_) :- !, fail. 
Proceed(Yes,add,_,_,_,_,_,_) :- !. 
Proceed<no,Act,Ass,Task,H1,H2,Ans,Env> :- !, 

lensth(Ans,L>, 
trace('XrXt XP\n',C'.',L,Act,AssJ,~ct), 
Proceedl(Act,Ass,Env,Task,H1,H2,Ans). 

Proceedl(add,Ass,Env,Task,Hl,H2,Ans) 1- !, 
add(Ass,Env,Task,H1,H2,Ans>. 

Proceedl(test<S,D>,Ass,Env,Task,Hl,H2,Ans) :- !, 
test(S,D,Ass,Env,Task,Hl,H2,Ans>. 

Proceed1(enter,Ass,Env,Task,H1,H2,Ans> :- !, 
enter(Ass,Env,Task,H1,H2>. 

/* Fail if we are in a loop*/ 

looPcheck(Act,Ass,Ans,Ans,Env,yes> :­
functor(Ass,F,N>, functor(Sk,F,N>, 
strictness(Act,S>, 



ndsin<<Act,Sk>,Ans>, 
maParS(Possinstance(S,Env),Sk,Ass>, !. 

looPcheck(Act,Ass,Ans,C(Act,Ass)IAnsJ,_,no) :- !. 

strictness<test(_,S),S) :- !. 
strictness(_,an~). 



I* INFER 
Basic ir.-ference 
C+M., 21/7/81 

%declarations¾ 

:- r:-ublic 

¾ imr:-orts: 
7. 
7. 
X 
7. 
7. 
7. 
:r. 
:r. 

,> :r. 

,. 
:r. 
7. 
7. 
:r. 
,:; 
7. 
¾ 

7.end7. 

:- mode 

ir,'fer/7, 
uniin'fer/4. 

ar:-?ars/2 
a??cor,J/2 
bo•.md/2 
comm•Jte_ass/2 
co?Y-arss/3 
'findall/3 
in_dbase/3 
ma?ars/3 
normal_'form/2 
obJect_level_rule/2 
?redict/4 
test/6 
to'f'f/2 
ton/2 
trace/3 
unify/5 
•Jniaue/5 
•Jniversal ise/2 

in'fer<+,T,?,+,+,+,+>, 
in'fer1<+,?,T,+,+,+,+>, 
uniinfer<+,+,+,+>. 

('from ma?.c?l) 
('from ma?.c?l) 
('from bind.cr:-1) 
('from metami.cr:-1) 
('from ?lcode:?reds.?l) 
<'from invoca.c?l) 
('from dbase.c?l> 
('from ma?.c?l) 
('from r:-lcode:ml'face.?l) 
('from ?lcode:ml'face.?l) 
('from ?redic.c?l) 
('from to?db+c?l) 
('from util+Pl) 
('from util+?l) 
( 'from utilltrace.?l) 
('from bind+c?l) 
(from ?lcode:ml?r?1o?l) 
('from obJ.c?l) 

I* Usins database, ?rediction and obJect-level in'ference 
rules *I 

.n'fer(G&Gs,H1,H3,S,D,Ans,Env) :- !, 
in'fer(G,H1,H2,S,D,Ans,Env), 
in'fer(Gs,H2,H3,S,D,Ans,Env>. 

infer(Goal,H1,H2,S,D,Ans,Env) :-
commute_ass(Goal,Goal1), 
infer1(Goal1,H1,H2,S,D,Ans,Env>. 

infer(Goal,H1,H2,S,D,Ans,Env) :- !, 
infer1(Goal,H1,H2,S,D,Ans,Env>. 

infer1(Goal,H1,H2,S,D,Ans,Env> :­
normal_form(Goal,Goals), !, 
aPPconJ(universalise(Env>,Goals>, 
test(Goals,Env,D,S,immed,Ans). 

infer1(Goal,H,H,S,dee?,Ans,Env> :­
?redict(Goal,S,Ans,Env>+ 

infer1(Goal,H,H,S,D,Ans,Env> :­
in_dbase(Env,S,Goal). 

infer1(Goal,H1,H1,S,D,Ans,Env> :- !, 
functor(Goal,F,N>, 



functor<Patt,F,N>, 
call(obJect_level_rule<Patt,Gs>>, 
unify(S,Goal,Patt,Ans,Env>, 
aPPconJ(universalise(Env>,Gs>, 
trace('trYins subsoals %P for %P\n',CGs,GoalJ,inference>, 
test(Gs,Env,D,S,immed,Ans). 

I* SPecial inference for uniaue soals *I 

uniinfer(Ass,D,Env,Arss> :­
same_Predicate<Ass,Assl,N>, 
copy_arss<Arss,Ass,Assl>, 
aPParS(universalise(Env>,Assl>, 
uniin1(Ass1,D,Env,Arss>, !, 
unify(anY,Assl,Ass,CJ,Env). 

uniinl(Ass,D,Env,Arss> :­
same_predicate(Ass,Assl,N>, 
copy_arss<Arss,Ass,Assl>, 
aPPars(universalise<Env>,Assl>, 
toff(assum,Y_N), 
(truef(ton(assum,Y_N),fail>>, 
infer<Ass1,H1,H2,strict,D,CJ,Env>, 
nident<Ass,Assl>, !, 
ton(assum,Y_N), 
unify(anY,Assl,Ass,CJ,Env>, 
uniinl(Ass,D,Env,Arss>. 

uniinl(_,_,_,_). 

nident<A,B> :- same_predicate(A,B,N>, nid(N,A,B>. 

nid(O,_,_) :- !, fail. 
nid(N,A,B> :- ars<N,A,Al>, ars(N,B,Bl), 

bound(A1,A2), bound(B1,B2>, A2=B2, !, 
Nl is N-1, nid(Nl,A,B). 

nid(_,_,_). 



/* FORWAR 
Forwards inference when we add a new assertion 
C.M., 8/7/81 

7.declarations7. 

:- Public 

7. imports: 
7. 
7. 
7. 
r. 

7.end7. 

:- mode 

forwards_infer/3. 

add/2 
commute_ass/2 
normal_form/2 
trYschema/3 

forwards_infer<+,+,+>, 
fw1<+,+,+>. 

<from toPdb.cPl> 
<from metami.cPl) 
(from Plcode:mlface.Pl> 
(from demon.cpl) 

,orwards_infer(P,Ans,Env) :- commute_ass(P,Pl>, !, 
fw1<P,Ans,Env>, fw1(P1,Ans,Env). 

forwards_infer(P,Ans,Env) :- !, fwl(P,Ans,Env>. 

fwl<P,Ans,Env) :- normal_form(P,Asss>, !, add(Asss,Env>, trYschema(P,Ans,Env>. 
fwi(P,Ans,Env) :- trYschema(P,Ans,Env> • 

• 



I* [IEMON 

ImPlementation of forwards inference rules 
C.M., 25/8/81 

¼declarations¾ 

:- Public 

7. imPorts: 
:r. 
7. 
7. 
7. 
7. 
¾ ., 

1. 
7. 
7. 
7. 
7. 
r. 
¾ 
¾ 
r. 
¾ 
r. 

¾end¾ 

do_schemas/0, 
forwards_rule/6, 
r1Jles/O, 
trYschema/3. 

·(- /2 
add/2 
a!fe/1 
assumPtion/1 
bind/5 
bound/2 
clean_all/0 
db_state/1 
findall/3 
firstenv/1 
index_add/2 
inde>t- find/3 
maPcor,J/3 
restore_dbase/1 
test/6 
toff/2 
ton/2 
trace/3 
writef/2 

:- mode Proc1<+,+,+>, 
selectc<+,1,1), 
Proc2<+,+,+,+,+>. 

(from 
(from 
(from 
(from 
(from 
(from 
(from 
<from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 

schema.PI) 
toPdb.cPl) 
ur,do +CPl > 
undo.cpl) 
bind.cpl) 
bind.cpl) 
undo.cpl) 
undo.cpl) 
ir,voca. CPl) 
env.cPl) 
i nde>: • CP 1 > 
index.cpl) 
map.cpl) 
ur,do.cPl > 
toPdb.cPl) 
util.Pl) 
util.Pl) 
util1trace.Pl) 
utiltwritef.pl) 

* Convert schemas from a readable into a usable form *I 

do_schemas :­
clean_all, 
firstenv(Env>, 
call((A <- B where C <<Name>>, 
add_rules(A,B,C,Name,Env), fail. 

do_schemas. 

I* See what demons a !liven assertion will Plu~ into *I 

trYschema(L,Ans,Env> :- !, 
findall(rule(H,L,B,F,Name>,forwards_rule(L,H,L,F,B,Name>,List>, 
Procl(List,Ans,Env>. 

Proc1(CJ,Ans,Env> :- !. 
Proc1(Crule(H,G,B,F,Name)lListJ,Ans,Env> :­

len!fth(Ans,Len>, 
trace('¾rTrYin!f demon 7.P\n',C'>',Len,NameJ,demon>, 
db_state(N), 



toff(assum,Y_N), 
findall(0ther, 

(all_in_dbase<F,anY,Env>, 
test(B,Env,shallow,anY,immed,Ans>, 
maPconJ(bound,B&F,0ther>>, 

Others>, 
ton(assum,Y_N), 
restore_dbase(N), 
Proc2(0thers,B&F,H,Name,Env>, 
Procl<List,Ans,Env). 

Proc2(CJ,_,_,_,_) :- !. 
Proc2(C0:0sJ,B,H,Name,Env) :­

Proc3<0,B,H,Name,Env>, 
Proc2(0s,B,H,Name,Env). 

Proc3<0,B,H,Name,Env) :­
maPconJ(bind(strict,CJ,Env>,0,B>, !, 
trace( ✓ >Runnins demon r.P,n',CNameJ,4>, 
add(H,Env). 

Proc3(O,B,H,Name,Env> :­
maPconJ(bind(anY,tJ,Env>,0,B>, 
assumPtion(aPPlicable(Name>>, 
add(H,Env). 

Proc3(_,_,_,_,_). 

I* Make additions for a rule with siven 
conseouences, forwards and backwards conditions*' 

add_rules<H,F,B,Na,Env> :­
selectc<F,G,Fl>, 
Rule= fwd(G,H,Fl,B,Na>, 
ase<N>, 
functor<G,Fn,Ar>, 
index_add(keYs(rule,N,G>,Rule>, 
fail. 

add_rules(_,_,_,_,_). 

selectc(A&B,A,B>. 
selectc(A&B&C,D,A&E> :- !, selectc(B&C,D,E). 
selectc(A&B,B,A> :- !. 
selectc(A,A,true) :- !. 

I* Find a rule with a siven assertion as a condition*' 

forwards_rule(KeY,Head,Goal,Fwd,Bwd,Na> :­
index_find(Key,_,fwd(Goal,Head,Fwd,Bwd,Na)). 

I* Print out current rules *I 

rules :­
forwards_rule(rule,Head,Goal,Fwd,Bwd,Na>, 
writefc 1 ,nRule r.t,n',tNaJ>, 
writef(' waitins for r.t,n',CGoalJ>, 
writef(' 
writef(' 
writef(' 
fail. 

rules. 

conclusion r.t,n',tHe~dJ), 
also needs r.t,n',tFwdJ>, 
constraints r.t,n',tBwdJ>, 



I* CREATE 
Create obJect tokens 
C.M., 4/9/81 

¾declarations¾ 

:- ?•Jblic 

% imPorts: 
,:; 
¾ 
,:; 
¾ 
:r. 
% 
:r. 
,:; 
"/ 

/4 
:r. 
,:; 
:r. 
% 

¾end% 

:- mode 

initref/4, 
stronscreate/2, 

add_t\:IPe_info/3 
a rsument_r,ames/ 1 
a rS•Jment_ t!:IPes/ 1 
definite/1 
sens!:lm/2 
sens!:lmlist/3 
Sround/1 
indefinite/1 
meanins/3 
meta_act/2 
meta_add/2 
new_evar/2 
trace/3 
•Jnbo•Jnd/3 
unif!:1/5 

initref(+,+,+,?>, 
stronscreate<+,+>, 
createvals<+,+,+,+>. 

I* Initial referents *I 

in it ref ( _, _, _, R > : - s ro•Jnd ( R) , ! • 
initref(Env,1,Noun,CR~fJ> :­

definite(Env>, !, 
new_evar(Ref,Env>, 
meta_add(known(Ref),Env>. 

initref(Env,N,Noun,Ref) :­
indefinite(Env>, !, 
sens!:lmlist(N,Noun,Ref). 

initref(Env,_,Noun,CRef1,Ref2J) :-

(from t!:IPes.cF-1) 
(from Plcode:mlface.Pl) 
(from Plcode:mlface+Pl) 
(from env.cPl) 
(from util:cmisce.Pl) 
<from util,cPl) 
(from util.cPl) 
<from env.cPl) 
(from mean1.?l) 
(from metact.Pl) 
(from metadb+Pl) 
(from obJ.cpl) 
(from utilttrace.Pl) 
(from bind.cpl) 
(from bind+c?l) 

trace('Assumins there are two %Ps,n',CNounJ,assum), 
new_evar<Ref1,Env>, new_evar(Ref2,Env), 
meta_add(known(Ref1),Env>, 
meta_add(known(Ref2),Env>, 
meaninS(Env,different,<Ref1,Ref2)). 

I* Create tokens to make an assertion true *I 

stronscreate<L,Env> :- !, 
functor<L,Pred,N>, 
functor(New,Pred,N>, 
createvals<N,L,Env,New>, 
uni f!:I < an!:I, New, L, CJ, Env >, ! • 

--- ----------------



createvals<O,_,Env,_) :- !. 
createvals<N,L,Env,New) :-

ars<N,L,A>, 
unbound<A,an~,Env>, 
not(meta_act<Env,test(known<A>>>>, !, 
functor<L,F,Ar), 
functor(Names,F,Ar>, functor(T~Pes,F,Ar>, 
arsument_names<Names>, ars<N,Names,Name>, 
arsument_t~Pes(T~Pes>, ars(N)T~Pes,T~Pe>, 
Sens~m(Name,Al>, add_t~pe_info(TY"F-e,Al,Env>, 
ars<N,New,Al>, 
Nl is N-1, createvals<Nl,L,Env,New>, !. 

createvals(N,L,Env,New> :- !, 
Nl is N~l, createvals(Nl,L,Env,New>, !. 



'* SILLY - Characterisation of 'silly' soals, ie 
Soals where the answer is 'no' rather than 'I dont know' 
C.M., 30/7/81 

%declarations:>.: 

:- P•Jbl ic 
notsill1:11/2, 
notsillY213. 

r. imPorts: 
:r. 
r. 
r. 
r. 
r. 
r. 
:r. 
:r. 
r. 

:r. 
:r. 
7. 

add_t1:1pe_info/3 
aliorelative/3 
aPPars/2 
aPPconJ/2 
arsument_types/1 
bound/2 
fi>,/2 
iscvar/1 
obJect_level_nes-rule/2 
Prevent_bind/3 
test/6 
trace/3 
t1:1Pe-Predicate/l 
universalise/2 

:- mode 
notsi11Y1(t,t), 
not_sillYl(t,t), 
twpe_check(t,t,+,+>, 
t_check<+,+,+>, 
notsillw2<+,+,+>, 
sillY2(+,+,+>. 

I* Version 1 - tried on all soals *' 
notsil1Y1(Ass,Env> :­

t1:1Pe-Predicate(Ass>, !. 
Jtsi11Y1(Ass,Env) :­

functor<Ass,F,N>, 
functor(Patt,F,N>, 
arsument_twPes(Patt>, 
t1:1pe_check<N,Ass,Patt,Env>, 
not_si11Y1 (Ass,Env>, ! • 

notsillYl(Ass,Env> :-

(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
<from 
(from 
(from 
(from 

trace('7.P is sillY!,n',CAssJ,sill~>, fail. 

not_sillY1(Ass,Env> :­
aliorelative(Ass,Arss,_), Arss=CN1,N2J, 
ars(N1,Ass,Ars1>, ars(N2,Ass,Ars2>, 
bound(Arsl,A), bound(Ars2,B>, 
makediff(A,B,Env), ! • 

not_sillYl(_,_). 

makediff<A,A,_) :- !, fail. 

tYPes.cPl) 
PlcodetmlPrPl.Pl) 
map.cpl) 
maP+CPl) 
Plcodetmlface.pl) 
bind.cpl) 
obJ.cpl) 
obJ.cPl) 
Plcodetmlface.Pl) 
obJ.cPl) 
toPdb.cPl> 
utilttrace.Pl) 
PlcodetPreds.Pl) 
obJ.cPl) 

makediff(A,B,Env) :- (iscvar(A);iscvar(B)), !, Prevent_bind<A,B,Env>. 
makediff(_,_,_). 



type_check(O,_,_,_) :- !. 
type_check<N,Ass,Patt,Env) :-

ars(N,Ass,A>, arS(N,Patt,TY), t_check(A,TY,Env), 
Nl is N-1, tYPe-check(N1,Ass,Patt,Env). 

t_check(_,number,_) :- !. 
t_check(_,unit,_) :- !. 
t_check(A,TY,Env) :- add-tYPe-info(TY,A,Env). 

I* Version 2 - tried only on uniaue soals *' 
notsillY2(Ass,Ans,Env) :­

sillY2(Ass,Ans,Env>, !, 
trace('%P is sillY!\n',CAssJ,sillY), fail. 

notsillY2(_,_,_). 

sil1Y2(Ass,Ans,Env) :­
obJect_level_nes_rule(Ass,Asss>, 
aPPars<fix(Env>,Ass>, 
aPPconJ<universalise<Env>,Asss>, 
test(Asss,Env,shallow,strict,immed,Ans). 



/* PREDIC 
Simple Prediction caPabilit~ 
C.M., 30/6/81 

¾dee la rat i or,s¾ 

t- Public 

,:; imPorts: 
,:; 
X 
X 
X 
X 
X 
,:; 
,:; 
~ 

,.end¾ 

:- mode 

oPerator/4, 
Predict/4. 

<= /2 
add/2 
aPPconj/2 
assumPtion/1 
meta_act/2 
ndconjin/2 
test/6 
trace/3 
universalise/2 

Predict(+,+,+,+>, 
oPerator<-,+,-,->. 

Predict(Ass,S,Ans,Env> :- !, 
oPerator(Prec,Ass,Res,Name>, 

(from oPerat.pl) 
(from toPdb.cPl) 
(from maP.cPl) 
(from undo.cpl) 
(from metact.Pl> 
(from util.cPl> 
(from toPdb.cPl) 
(from util:trace.Pl) 
(from obj.cpl) 

trace('tr~ins to use operator x~,n',CNamel,Predict>, 
aPPconJ(universalise(Env>,Prec>, 
test(Prec,Env,deep,S,immed,Ans>, 
assumPtion(Name>, 
meta_act(Env,use(Name>>, 
add(Res,Env). 

oPerator(Prec,Ass,Res,Name> :- !, 
call((Res <= Pree <<Name>>, 
ndconJin(Ass,Res). 



I* ttBASE 
ObJect level database facility 
C.M., 24/7/81 

¾declarations¾ 

t- Public 
add_to_dbase/2, 
any_ir,/2, 
ir,_dbase/3, 
GIJick_retrieve/4, 
al l_ir,_dbase/3. 

% imports: 
Y. 
r. 
,:; 
r. 
r. 

ase/1 
hold_task/3 
inde:>,_add/2 
index_find/3 
isenv/1 
maPars/3 
matchable/4 
newtask/3 
Pure/3 
same_Predicate/3 
sPecial_add/3 
special_test/4 
urtify/5 

Xer,d:r. 

:- mode 
add_to_dbase<t,t), 
add_main<+,+,+>, 
Perhaps_enter<t,t,+>, 
ir,_dbase(t,t,t), 
retrieve_main(t,t,t), 
any_in<+,->, 
Guick_retrieve(t,+,->, 
G_r(t,t,-), 
all_in_dbase<+,+,+>. 

I* Addins to a database *I 

add_to_dbase<P,Env) :- isenv<Env>, !, 
ase(N>, ! , 
add_main(P,Env,N). 

add_main(P,Env,N) :-
sPecial_add(P,Env,Z>, !, 
Perhaps_enter<P,Z,Env>. 

add_main<P,Env,N> :- !, 
index_add(keys(N,obJect,P>,CJ). 

Perhaps_enter<P,Z,Env> :­
Pure<P,an1:1,Env>, !, call(Z). 

Perhaps_enter(P,Z,Env> :-

(from undo.cpl) 
(from task.cpl) 
(from inde:>,.cPl) 
(from index.cpl) 
(from env.cPl) 
(from map.cpl) 
(from bind.cpl) 
(from task.cpl) 
(from bind.cpl) 
(from Plcode:Preds.Pl) 
(from undef i r,ed > 
<from alt+Pl) 
<from bind.cpl) 

newtask(enter,P,Task), hold_task(Task,CJ,Env). 

I* Retrievin~ from a database *I 



in_dbase<Env,S,P> :- isenv(Env>, !, 
retrieve_main<Env,S,P). 

retrieve_main(Env,S,P) :­
SPecial_test(P,Env,S,Z>, !, 
call<Z>. 

retrieve_main(Env~S,P) :- !, 
index_find(P,keYs(_,obJect,Y>,CJ>, 
unify(S,P,Y,CJ,Env). 

/* Retrieval of any fact *I 

anY_in(Env,P> :- !, 
index_find(obJect,keYs(_,obJect,P>,fJ>. 

I* Quick retrieval without Proper matchin~ *I 

auick_retrieve<Ass,S,Env,Assl) :- !, 
a_r(Ass,Env,Assl>, maPars(matchable(S,Env>,Ass,Assl). 

a_r(Ass,Env,Assl) :-
same-Predicate<Ass,Assl,N>, 
sPecial_test(Assl,Env,anY,Z), !, call(Z). 

a_r(Ass,Env,Assl) :- !, 
index_find(Ass,keys(_,obJect,Assl),CJ). 

I* Findins multiPle assertions *I 

all_in_dbase<true,_,_) :- !. 
all_in_dbase(A&B,S,Env) :- !, 

all-in_dbase<A,S,Env), all_in_dbase<B,S,Env>. 
all_in_dbase<Ass,S,Env> :- in_dbase(Env,S,Ass). 



/* ASSUM 
What relations hold in the default ~ase? 
C.M., 30/6/81 

¾declarations¼ 

:- Public 

% imPorts: 

7.end¼ 

:- mode 

assume/2. 

assumPtion/1 
default_rule/2 
test/6 
unify/5 

assume<+,+>. 

sume(Ass,Env) :- !, 
functor(Ass,F,N>, 
functor(Ass1,F,N>, 
default_rule(Ass1,Goals), 
unifY(strict,Ass,Ass1,CJ,Env>, 
test(Goals,Env,deeP,anY,immed,CJ), !, 
assumPtion(Ass). 

(from undo.cpl) 
(from Plcode:mlface.p]) 
(from toPdb+CPl) 
(from bind+cPl) 



/* META 
Usins meta-level information to decide what to do 
C.M., 1/8/81 

¾declarations:Y. 

:- Public 

¾ imports: 
r. 
r. 

:z 
r. 
r. 
r. 
r. 

:r. 
:z 
r. 

¾end¾ 

- mode 

add/6, 
enter/5, 
test/8. 

add_to_dbase/2 
add_type_info/3 
ass•Jme/2 
bound/3 
test_constrained/3 
add_constrained/3 
e>dsts/3 
find_type/3 
forwards_ir,fer/3 
hold_task/3 
in_dbase/3 
infer/7 
mark_done/1 
notsillY2/3 
Predictable/1 
Pure/3 
a•Jick_ ret rieve/4 
stronscreate/2 
tYPe_predicate/3 
•Jnbound/3 
IJnify/5 
•Jni infer/3 
unia•Je/3 
unia•Je_ tYPe/2 

add(t,t,t,-,?,t), 
test(t,t,t,t,t,?,?,+>. 

I* StrateSY for new information *I 

add(Ass,Env,Task,CTask:HJ,H,Ans> :­
tYPe-Predicate(Ass,T,X>, 

(froff1 dbase.cPl) 
(from tYPes.cPl) 
(from assum.cPl) 
(from bir,d.cPl) 
(from metami.cPl) 
(from metami.cPl) 
(from PlcodetmlPrP1+Pl) 
( t'rom types.cpl) 
(from forwar.cPl) 
( f rolh task.cpl) 
(from dbase.cPl) 
(from infer.cpl) 
(from taslr. .• cPl) 
(from silly.cpl) 
(from metami+cPl) 
(from bind.cpl) 
(from dbase.cPl) 
<from create.cpl) 
(from PlcodetPreds+Pl) 
<from bind.cpl) 
(from bind.cpl) 
(from infer.cpl) 
(from PlcodetmlPrP1+Pl) 
(frOfft types.cpl) 

unbound(X,anY,Env>, !, hold_task(Task,Ans,Env>. 
add(Ass,Env,Task,H,H,Ans> :­

type_Predicate(Ass,T,X>, !, 
mark_done(Task>, 
add_t~Pe_info(T,X,Env>, 
forwards_infer(Ass,Ans,Env>. 

add(Ass,Env,Task,H,H,Ans> :­
uniaue(Ass,anY,Env,Arss,_), !, 
mark_done(Task), 
notsillY2(Ass,Ans,Env>, 
uniinfer_create(Ass,Ans,shallow,Env,Arss>. 

add(Point_of(A,B>,Env,Task,H,H,Ans> I-



bound<A,an~,Env>, !, 
mark_done(Task>, 
notsill~2(Point_of(A,B>,Ans,Env>, 
infer_or_create(Point_of<A,B>,an~,shallow,Ans,Env>. 

add(Ass,Env,Task,Hl,H2,Ans) :­
add_constrained(Ass,an~,Env>, !, 
mark-done(Task), 
notsillY2(Ass,Ans,Env>, 
dbfind(Ass,Ans,Env,Task,Hl,H2). 

add(Ass,Env,Task,CTasklHJ,H,Ans) :­
hold_task(Task,Ans,Env>, to_dbase(Ass,Ans,Env>. 

I* Strates~ for Postponed database additions *I 

enter(Ass,Env,Task,H,H> :- Pure(Ass,anY,Env>, !, 
mark_done(Task>, 
to_dbase(Ass,CJ,Env). 

enter(_,Env,Task,CTasklHJ,H) :-
hold_task(Task,CJ,Env). 

/* Strategy for tests *I 

vest(_,S,Ass,Env,Task,H,H,Ans> :­
type_predicate(Ass,T,X), bound<X,S,Env>, !, 
mark_done(Task>, 
add_type_info<T,X,Env>. 

test(_,S,Ass,Env,Task,H,H,Ans) :­
tYPe-Predicate<Ass,T,X>, unbound(X,S,Env>, 
uniaue_type(T,Env>, !, 
mark_done(Task>, 
find_type(T,X,Env>, !. 

test(_,_,Ass,Env,Task,CTasklHJ,H,Ans> :­
type_predicate<Ass,_,_), !, 
hold-task(Task,Ans,Env). 

test(D,S,Ass,Env,Task,H,H,Ans) :­
uniaue(Ass,S,Env,Arss,_), exists<Ass,S,Env,Arss,_), !, 
mark-done(Task>, 
notsilly2(Ass,Ans,Env>, 
uniinfer_create(Ass,Ans,D,Env,Arss). 

testCD,S,Ass,Env,Task,H,H,Ans) :­
uniaue(Ass,S,Env>, !, 
mark-done(Task>, 
notsill~2(Ass,Ans,Env>, 
not_infer_then_assume<Ass,S,D,Ans,Env>. 

test(deeP,S,Ass,Env,Task,Hl,H2,Ans) :­
Predictable(Ass>, !, 
notsillY2(Ass,Ans,Env>, 
infer_or_hold(Ass,S,deeP,Hl,H2,Task,Ans,Env>. 

test(D,S,Ass,Env,Task,Hl,H2,Ans> :­
exists(Ass,S,Env>, !, 
notsillY2(Ass,Ans,Env>, 
infer_or_hold<Ass,S,D,Hl,H2,Task,Ans,Env>. 

test<D,S,Ass,Env,Task,Hl,H2,Ans> :­
test_constrained(Ass,S,Env>, !, 
mark_done(Task>, 
notsillY2(Ass,Ans,Env>, 
infer(Ass,Hl,H2,S,shallow,Ans,Env>, !. 

test(_,_,Ass,Env,Task,CTasklHJ,H,Ans> :­
hold_task(Task,Ans,Env). 



/* Alternatives to be tried*/ 

uniinfer_create<Ass,Ans,D,Env,Arss> :-
uniinfer(Ass,D,Env,Arss>, to_dbase(Ass,Ans,Env), stronscre~te(Ass,Env>. 

to_dbase(Ass,Ans,Env> :- in_dbase<Env,strict,Ass>, !. 
to_dbase(Ass,Ans,Env) :- add_to_dbase(Ass,Env>, forwards_infer(Ass,Ans,Env>. 

infer_or_create<Ass,S,D,Ans,Env) :- infer(Ass,H,H,S,D,Ans,Env). 
infer_or_create(Ass,_,_,_,Env> :-

stronscreate(Ass,Env>, to_dbase(Ass,Ans,Env>. 

dbfind<Ass,Ans,Env,Task,H,H) :­
mark_done(Task>, 
auick_retrieve(Ass,anY,Env,Assl), 
unifY(anY,Ass,Assl,tJ,Env>, !. 

dbfind(Ass,Ans,Env,Task,tTasklHJ,H> :-
hold_task(Task,Ans,Env>, to_dbase(Ass,Ans,Env). 

not_infer_then_assume(Ass,S,D,Ans,Env) I- infer(Ass,H,H,S,D,Ans,Fnv>, !. 
~ot_infer_then_assume<Ass,S,D,Ans,Env) :- assume(Ass,Env). 

~nfer_or_hold(Ass,S,D,H1,H2,Task,Ans,Env) :-
mark_done(Task), 
infer(Ass,H1,H2,S,D,Ans,Env). 

infer_or_hold(Ass,S,D,tTasklHJ,H,Task,Ans,Env> :­
hold_task<Task,Ans,Env>. 



/* NUitGE 

Forcins held constraints to be satisfied 
C.M, 7/9/81 

¼declaratior,s:r. 

:- p1Jbl ic 

:r. imports: 
/n 
:r. 
:r. 
:r. 
:r. 
:r. 
:r. 
:r. .,, 

,. 
r. 
:r. 
r. 
r. 
:r. 
:r. 

i✓..ickrefs/1, 

nudse/3+ 

action/2 
ass1.1me/2 
database_soal/1 
error/3 
find_Patterri/3 
find_t,:,pe/3 
in_dbase/3 
infe"r/7 
list/3 
marf✓.._done/1 

meta_test/2 
obJ_t,,:,pe/3 
Pl1.1s_Pred/l 
Proposition/2 
t~Pe-Predicate/3 
1.1nbour,d/3 
undone/1 

<from 
(from 
(from 
(from 
(from 
<from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 
(from 

task.cpl) 
assum.cPl) 
metami+cPl) 
•Jtil :trace.PI) 
t,:,pes.cPl) 
t,:,Pes.cPl) 
dbase+CPl) 
ir,fer. cpl> 
listro.cpl) 
task.cpl) 
metadb.Pl) 
obJ.cPl) 
metami.cPl) 
task.cpl) 
Plcode:PredS+Pl) 
bind.cpl) 
task.cpl) 

:r. wont_ever_function/3 (from metami.cPl) 

¾end:r. 

:- mode 
kickrefs<+>, 
nudse<'?,+,+>, 
r,udse 1 ( 1, + , + > , 
take_one_soal<+,+,+,->, 
remove_one_task(+,-,-,-,->, 
decomP('?,-,->, 
undone('?,-). 

kickrefs(Env) :­
meta_test(mentioned<X>,Env>, 
unbound<X,an,:,,Env>, !, 
instantiate<X,Env>, 
kickrefs(Env). 

kickrefs(_) :- !. 

instantiate<Ref,Env> :­
obJ_t~Pe(Ref,Env,Patt), 
find-Pattern<Patt,Ref,Env). 

nudse(D,Ans,Env> :- undone(D,D1), nud~ei(Dl,Ans,Env). 

nudsel(D,_,Env) :- <var(D>H•=CJ>, !. 
nudsel(D,Ans,Env> :­

take_one_soal<D,Ans,Env,D1>, 
nudse(D1,Ans,Env>. 



take_one_soa1CD,Ans,Env,D1) :­
remove_one_task(D,D1,Ass,S,DeP), 
tYPe_Predicate(Ass,T,I>, !, 
find_tYPe(T,I,Env). 

take_one_soal(D,Ans,Env,D1> :­
remove_one_task(D,Dl,Ass,S,DeP), 
database_soal(Ass>, 
wont_ever_function(Ass,S,Env>, !, 
in_dbase(Env,S,Ass). 

take_one_soal(D,Ans,Env,D1> :­
remove_one_task(D,D1,Ass,S,DeP>, 
Plt.JS_Pred(Ass), 
wont_ever_function<Ass,S,Env>, !, 
infer(Ass,W1s,Ws,S,DeP,Ans,Env). 

take_one_soal ([t,Ans,Env,r11 > :­
remove_one_task(D,D1,Ass,S,DeP), 
Plus_Pred(Ass>, !, 
infer<Ass,_,_,S,DeP,Ans,Env). 

take_one_soal<D,Ans,Env,D1) :­
remove_one_task(D,Dl,Ass,_,_), 
assume(Ass,Env>, !. 

ake_one_soal(D,_,Env,_) :­
error( 1 cant nudse %P\n 1 ,CDJ,fail). % Assume a context of cwa 

remove_one_task(D,D1,Ass,S,DeP) :­
decomP(D,Task,D1>, 
action(Task,test(DeP,S>>, undone(Task>, 
ProPosition(Task,Ass>, 
mark_done(Task). 

decomP(Ws,_,_) :- var(Ws>, ! , fail. 
decomP(List,W,Ws> :- list<List,W,Ws>. 
decomP(List,W1,CWIW1sJ) :- !, list(l.ist,W,Ws>, decomp(Ws,Wj,Wis). 

undone<V,V> :- var(V), ! • 
undone(CJ,CJ) :- !. 
undone(List,CWlWlsJ) :- list(List,W,Ws>, 

action ( W, test ( _, _ > ) , •.Jndone < W > , ! , 
ur,done(Ws,Wls). 

undone(list,Wls) :- list(List,_,Ws>, !, undone(Ws,Wls>. 



/* MAP 
MaPPins functions over obJect_level assertions 
C.M., 6/8/81 

%declarations¾ 

:- Public 
aPPars/2, 
aPPconJ/2, 
maPars/3, 
maPconJ/3. 

:r. imPorts: 
:r. bind/5 
:r. 

" :r. 

I. 

bound/2 
bound/3 
fix/2 
matchable/4 
Possinstance/4 
same_predicate/3 
sl'-.olemise/2 
universalise/2 

:- mode 
aPPars<+,+>, 
maPars<+,+,1>, 
aPPconJ(+,+>, 
maPconJ<+,+,1>, 
aPP1(f,f,f), 
maP1(+,+,+,+>, 
aPP 1 '!d ( + , 1 > , 
aPP h12 ( + , 1, 1 > • 

I* Over sinsle assertions *I 

aPPars<OP,Ass) :­
functor(Ass,F,N>, 
aPP1(N,OP,Ass>. 

a PP 1 ( 0, - , _) : - ! + 

aPP1(N,OP,Ass) :­
ars(N,Ass,Ars), 
aPPh11 (OP,Ars>, 
N1 is N-1, aPP1(N1,0P,Ass). 

maPars(OP,Ass1,Ass2) :­
same_predicate(Ass1,Ass2,N>, 
maP1(N,OP,Ass1,Ass2). 

maP1(0,_,_,_). 
map1(N,OP,Ass1,Ass2> :-

(from bind.cpl) 
(from bind.cpl) 
(from bind.cpl) 
(from obJ+cPl) 
(from bind.cpl) 
(from bind.cpl) 
(from Plcode:Preds+Pl) 
(from obJ.cPl) 
(from obJ.cPl) 

ars<N,Ass1,Ars1>, ars(N,Ass2,Ars2>, 
aPPlY2(0P,Ars1,Ars2), 
Nl is N-1, maP1(N1,0P,Ass1,Ass2>+ 

I* Over conJunctions *I 



aPPconJ(OP,A&B> :- !, 
aPPconJ(OP,A>, aPPconJ(OP,B). 

aPPCOnJ(OP,Ass) :­
aPPars(OP,Ass). 

maPconJ(OP,A&B,Asss> :- !, 
functor(Asss,&,2>, 
ars(1,Asss,A1>, ars<2,Asss,B1>, 
maPconJ(OP,A,A1>, 
maPconJ(OP,B,B1>. 

maPconJ(OP,Ass1,Ass2) :-
maPars(Op,Ass1,Ass2>. 

/* Known thinss to maP */ 

aPP1Y1(bound(S,Env),X) :- bound(X,S,Env>. 
aPP1Y1(var,X> :- var(X). 
aPPlY1(skolemise(Env>,X> :- skolemise<X,Env>. 
aPPlY1(universalise(Env>,X> :- universalise<X,Env). 
aPPlY1(fix(Env),X) :- fix<X,Env). 

--PP1Y2(bound,A,B) :- bound(A,B). 
~PP1Y2(bind(S,Ans,Env),A,B) :- bind(S,A,B,Ans,Env). 
aPPlY2(matchable(S,Env),A,B) :- matchable(A,B,S,Env). 
aPPlY2(Possinstance<S,Env>,A,B) :- Possinstance<A,B,S,Env). 



I* INVOCA+CPL 
Invocation routines 
C.M., 25/8/81 

:- Public 
findall/3, 
/(not,1). 

:- mode 
findall(?,+,?>, 
after_found<+,+,->, 
not ( + >. 

findall(X,P,List> :-
asserta(found('$mark'>>, call(P>, asserta(found(X>>, fail. 

findall(_,_,List) :-
retract(found(X)>, !, after_found(X,CJ,List>. 

after_found('$mark',L,L) :- !. 
after_found<X,L,Ll> :- retract(found<Y>>, !, after_found(Y,CXILJ,Ll). 

oot(X) :- call<X>, ! , fail. 
not ( X > :- ! • 



/* PORTRA 
Convertins datastructures to thinss that can be read, unified, etc 
C.H., 24/6/81 

%declarations% 

:- Public 

¾ imPorts: 
,:; 
,:; 

Portra1:111. 

bound/2 
isenv/1 

(from bind.cpl) 
(from env.cPl) 

Portra1:1($N) :- !, bound($N,V>, write<V>. 
Portrav<Z> :- isenv<Z>, !, write<'<env>'>• 



I* FILE listro.Pl (compiled> 
Special version for semantic interpreter 
C.M., 24/7/81 

¾declarations:¥. 

:- Pl.lblic 

:- mode 

aPPend/3, 
lastof/2, 
list/3, 
makein/2, 
ndsin/2. 

aPPend('f,1,1), 
lastof('f,1>, 
ndi=iin('f,1), 
makein<'f,1>, 
Sin('f,1), 
list<+,-,->. 

list(CAIBJ,A,B). 

BPPend(CJ,L,L>. 
aPPend(CHDITLJ,L,CHDILLJ> :- append(TL,L,LL). 

lastof(L,X) :- var<L>, ! , L=CXI_J. 
lastof(List,X) :- list(List,_,L), lastof(L,X>. 

r,dsir,<X,L> :- var(L), ! , fail. 
ndsin<X,List> :- list<List,X,_). 
ndsin(X,List> :- list(List,_,L), ndi=iin<X,L>. 

makeir,(X,L) :- var(L), ! , L=CXI_J. 
makein<X,List) :- list(List,X,_), ! • 
makein(X,List) :- list(List,_,L), makein<X,L). 

ciin(X,L) :- var(L), ! , fail. 
tn<X,List) :- list(List,X,_), ! + 

din(X,List) :- list(List,_,L), Sin(X,L>+ 



/* UTIL.Cf'L 
ComPiled misc utilities 
C.M., 8/7/81 

¾declarations¼ 

sens1:1mlist/3, 
sround/1, 
ndconJin/2. 

¾ imports: 
:r. sensYm/2 

:- mode 
sensymlist(+,+,->, 
ndcor,Jin ( 1, + >, 
sround(1), 
arsssrour,d(+ >. 

/* GensYm a list of atoms *I 

(from utilfcmisce+Pl) 

sensYmlistCO,_,tJ) :- !. 
gensYmlist<N,T~,CNewlLJ> :- !, sensYm(T~,New>, 

N1 is N-1, sensYmlist(N1,TY,L>+ 

I* Membership of a conJunction *I 

ndconJin<A,A&B>. 
ndconJin<A,_&B) :- !, ndconJin(A,B>. 
ndconJin(A,A> :- !. 

I* Is a soal sround? */ 

sro•Jnd(L) :- atomic(L), ! • 
sround(L) :- nonvar(L), 

L =•• Cf'redlArssJ, 
arsssround(Arss>, !. 

arsssround(CJ> :- !. 
arsssround(CHDITLJ) :- !, 

sround (HI•>, 
arsssround(TL>. 



I* I•ISTRI 
Interpret Propositions about sets and references 
C.M., 29/9/81 
Use with other interpretation stuff 

%declarations¾ 

:- Public 

r. imPorts: 
;. 

¾end¾ 

function/4, 
function2/5, 
ProPerty/3, 
relation/4, 
relation3/5. 

meanins/3 

t- mode ProPertY(+,+,+>, 
function<+,+,+,->, 
tolist<+,?,?>, 
relation<+,+,+,+>, 
corresP(+,+,->, 
doPairs<+,+,+>, 
function2<+,+,+,+,->, 
fn2<+,+,+,->, 
relation3<+,+,+,+,+>. 

<from meanl+Pl> 

I* Predicates with irresular distributions*/ 

function(Env,C01,02J,coeff,CCJ) :- !, 
call(meanins(Env,coeff,((01,02>,C>>>. 

I* UnarY Predicates *I 

ProPert~(Env,CRef:RefsJ,Key) :- !, 
call(meanins<Env,Ke~,Ref>>, 
ProPerty(Env,Refs,KeY). 

roPerty(_,CJ,_) :- !+ 

I* Result bearins relations *I 

function(Env,CReflRefsJ,Ke~,Res) :- !, 
call(meanins(Env,KeY,(Ref,Ref1>>>, 
tolist(Ref1,Res,Res1>, 
function(Env,Refs,Ke~,Res1>. 

function(_,CJ,_,CJ) :- !+ 

tolist<<A,B>,CAIResll,Res> :- !, 
tolist<B,Res1,Res>. 

tolist(A,CAIResJ,Res> :- !+ 

function2(Env,Ref1s,Ref2s,Key,Vals) i­
corresP(Ref1s,Ref2s,Corr>, 
fn2(Corr,KeY,Env,Vals>. 

f n2 ( C J , _, _, CJ > t - ! + 
fn2<CPIPsJ,Ke~,Env,Res> :-



call(meanin~(Env,Ke~,<P,Val>>>, 
tolist(Val,Res,Res1), 
fn2(Ps,Ke~,Env,Res1>. 

/* Other Relations*/ 

relation(Env,Ref1,Ref2,Ke~> :- !, 
corresP(Ref1,Ref2,Pairs>, 
doPairs<Pairs,Ke~,Env). 

doPairs(CJ,_,_) :- !. 
doPairs<CPlPsJ~Ke~,Env) :- !, 

call(meanin~<Env,Ke~,P>>, 
doPairs(Ps,Ke~,Env). 

relation3(Env,CRef1J,CRef2J,CRef3J,Ke~> l- !, 
call(meanin~(Env,Ke~,<Ref1,Ref2,Ref3))). 

/* Findin~ corresPondin~ Pairs*/ 

corresP([R1J,CR2J,C(R1,R2)J) :- !. 
orresP(tR1J,CR2lRsJ,C(R1,R2)lPsJ) I- !, 

corresp(CR1J,Rs,Ps). 
corresP(CR11RsJ,CR2J,C(R1,R2)lPsJ) :- !, 

corresP(Rs,tR2J,Ps). 
corresp([R1lR1sJ,CR2lR2sJ,C(R1,R2)1P~J> l- !, 

corresp(R1s,R2s,Ps>. 

% Can't do other cases 



relation3(Env,CRef1J,CRef2J,CRef3J,Ke~) :- !, 
call(meanins<Env,Ke~,<Refl,Ref2,Ref3))). ¾ Can't do other cases 



/* EXPAND 
ExPand an action on an assertion with lists as its arsuments 
C.M., 7/10/80 

%declarations% 

:- Public 
exPand/3. 

%end% 

:- mode expand<+,+,+>. 

exPand(Ass,Action,Env> :- !, 
Ass= •• CPredlArssJ, 
exPandl(~es,Pred,Arss,Action,Env>. 

exPand1(Flas,_,_,_,_) :- var(Flas>, !. 
exPandt(_,Pred,Arss,Action,Env> :­

take1(Arss,Arss1,Arss11,Flas>, !, 
Ass= •• CPred:Arss1J, 
Goal= •• CAction,Ass,EnvJ, 
call(Goal>, 
exPand1<Flas,Pred,Arss11,Action,Env). 

exPandl(_,_,_,_,_) :- !. 

take1(CJ,CJ,CJ,_) :- !+ 
take1(CAIAsJ,CA1lA1sJ,CA11lA11sJ,FlaS) :- !, 

take2(A,A1,A11,Flas>, 
take1(As,A1s,A11s,Flas). 

take2(A,B,C,_) :- var<A>, !, A=CB:CJ+ 
take2CCAJ,A,CAJ,_) :- !. 
take2(CAlAsJ,A,As,Yes) :- !+ 



I* METAMI 
Miscellaneous meta-level ProPerties 
C.M., 30/7/81 

%declarations% 

:- P•Jbl ic 
bind_check/3, 
commute_ass/2, 
add_constrained/3, 
test_constrained/3, 
database_soal/1, 
PltJS_Pred/1, 
Predictable/1, 
wont_ever_exist/3. 

7. imPorts: 
7. \= 12 
¾ 
X 

7. 
7. 
7. 
7. 
7. 
r. 
7. 
7. 

:- mode 

bind/5 
bound/3 
commutative/3 
cop~_arss/3 
def a•Jl t_ r•Jle/2 
exists_pattern/3 
meta_test/2 
ndsir,/2 
object_level_rule/2 
oPerator/4 
auick_retrieve/4 
same_predicate/3 
sPecial_test/4 
unbound/3 
uniaue_most_seneral/1 

database_soal<+>, 
Predictable<+>, 
constrained<+,+,+>, 
wont_ever_exist<+,+,+>, 
haPPens_to_be_uniaue(+,+>, 
commute_arss<+,->, 
bind_check<+,+,+>, 
Plus_pred<+>. 

database_soal<Goal> :- !, 
same_Predicate(Goal,G,_), 
not(object_level_rule<G,_)), 
not(sPecial_test<G,_,_,_)), 

(from utiltimisce.Pl) 
(from bind.cpl) 
(from bind.cpl) 
<from PlcodetmlPrP1.Pl) 
<from Plcode:Preds,pl) 
(from Plcodetmlface+Pl) 
<from Plcodetmlface.Pl) 
(from 11,etadb. P 1 > 
(from listro.cpl) 
(from Plcodetmlface.Pl) 
(from Predic.cpl) 
(from dbase.cPl) 
(from PlcodetPreds+Pl) 
(from alt,Pl) 
(from bind,cPl) 
(from mlxPro.Pl) 

not(default_rule(G,_)), ¾ NB we allow Predictables 
% not(time_inher_ars<G,N>,allunbound<CNJ,Goal,S,Env>>, 

database_pred<G>. 

/*Isa soal Potentiall~ Predictable? *I 

Predictable<X> :- oPerator(_,x,_,_), ! + 

I* Will a soal actuall~ succeed in at most one wa~? *I 



test_constrained<L,S,Env) :-
constrained(L,S,Env), wont __ ver_function<L,S,Env>. 

add_constrained(L,S,Env> :-
constrained<L,S,Env>, wont_ever_uniaue(L,S,Env). 

constrained<L,S,Env) :-
database_soal(L), 
haPPens_to_be_uniaue(L,S,Env>, !. 

constrained<L,S,Env) :­
call(uniaue_most_seneral<L>>, !. 

wont_ever_function(L,S,Env) :­
function_Pattern(L,Arss,Vals>, 
ndsin<X,Vals>, ars<X,L,A>, 
•Jnbo•Jnd(A,S,Env), ! , fail. 

wont_ever_function(_,_,_). 

wont_ever_uniGue(L,S,Env> :­
uniaue_pattern(L,Arss,Vals>, 
ndsin(X,Vals>, ars(X,L,A>, 
unbound(A,S,Env>, !, fail. 

wont_ever_uniaue(_,_,_). 

haPPens_to_be_uniaue<L,S,E> :­
auick_retrieve(L,S,E,Al>, 
auick_retrieve(L,S,E,A2), 
Al'-= A2, !, fail. 

haPPens_to_be_uniaue(_,_,_) :- !. 

I* Commute the arsuments of a soal *' 
commute_ass(Goal,Goall) :­

commutative<Goal,Arss,Rest>, Arss=CA1,A2J, 
same_Predicate(Goal,Goal1,N>, 
ars(A1,Goal,Ar1), ars<A2,Goal1,Ari), 
ars<A2,Goal,Ar2>, ars(A1,Goal1,Ar2>, 
cop~_arss(Rest,Goal,Goal1). 

·* Check that a bindins of an obJect level variable is OK*' 

bind_check(Cv,V,Env) :­
meta_test(ref(Cv>,Env>, !, 
meta_test(refers(NP,CV1J),Env>, 
bound(V1,an~,Env>, 
bind(strict,V1,V,CJ,Env>. 

bind_check(_,_,_). 

I* What Predicates aPPear in the database? *I 

database-Pred(diff(_,_)) :- !, fail. 
database-Pred(vacant(_,_)) :- !, fail. 
database_pred(G) :-

X call<<Word ==> Lambdas: Ass>>, 
¾ ndconJin(G,Ass>, 
! • 

database_Pred(G) :­
exists-Pattern(G,_,_), !. 



I* What Predicates do we set Positive in~ormation about1 *I 

Plus_pred<X> :- database_Pred(X), !+ 
Plus_Pred(X) :- Predictable<X>, !+ 
Plus-Pred(X) t- obJect_level_rule(X,_), !+ 



I* TYPES.CPL 
Chris's file for inferences about tsPes 
C.M., 27/7/81 

%declarations% 

:- Public 

% imPorts: 
% 
% 

add_ tsPe_ i r,fo/3, 
find_pattern/3, 
find_twPe/3, 
Print_twPes/2, 
suPer_tsPe/2, 
uniaue_t1:1Pe/2. 

\= 12 
a_constant/2 
aPPars/2 
bind/5 
obJ_tsPe/3 
tspe_Pattern/2 

:- mode not_tsPe(t,+,+,+>, 
uniaue_twPe(+,+>, 
find_tsPe(+,1,+>, 
Print_twPes(1,+>, 
suPer_twPe<+,+>, 
compatible(f,1,+>, 
add_twpe_info<+,+,+>. 

(from utilfimisce.Pl) 
(from obJ.cpl) 
(from ffraP. cP 1) 
( from bir,d •cpl) 
(from ob..i.cPl) 
(from Plcode:*.Pl) 

I* Is one tYPe a super tYPe of another? *I 

suPer_tYPe(Bis,Small> :­
tYPe-Pattern(Bis,Pattl>, 
twPe_Pattern(Small,Patt2>, 
Pattern_subsume(Patt1,Patt2). 

attern_subsume(Bis,Small> :­
not_subsume(Bis,Small>, !, fail. 

Pattern_subsume(_,_). 

not_subsume(Bis,Small) :­
numbervars(Small,1,_), 
Smal l=Bis, ! , fai 1. 

not_subsume(_,_). 

I* Is there at most one individual with a tYPeT *I 

uniaue_twPe(TYPe,Env> :-
type_Pattern(Type,P>, 
a_constant<Env,11>, obJ_twPe(I1,Env,P1>, comP(P,P1>, 
a_constant<Env,12), obJ_tsPe(I2,Env,P2>, comP<P,P2>, 
11 \= 12, !, fail. 

uniaue_tsPe(_,_). 

I* Find an obJect of a tYPe *I 



~ind_type(Type,Ind,Env> :­
tYPe-Pattern(TYPe,P>, 
find_pattern(P,Ind,Env). 

~ind-Pattern<P,Ind,Env) :­
a_constant<Env,Indl), obJ_type(Indl,Env,P>, 
bind(anY,Ind,Indl,CJ,Env). 

/* Add new tYPe information about an individual*/ 

add_type_info(Jype,Indiv,Env> :­
obJ_type(Indiv,Env,Patt>, 
tYPe-Pattern<TYPe,Pattl>, !, Patt=Patt1. 

/* See what we know about an individual*/ 

Print_types(Indiv,Env) :­
obJ_type(Indiv,Env,Patt), 
p_type_ars(Patt,Indiv). 

-tYPes(O,_,_) :- ,. 
_tYPes(N,Patt,Indiv) :-
- ars<N,Patt,Ars>, 

p_type_ars<Ars,Indiv>, 
Nl is N-1, p_types(Nl,Patt,Indiv>. 

p_type_ars<A,_) :- var<A>, ! • 
P_type_ars<Ars,Indiv) :­

functor(Ars,TY,N), 
aPPars(var,Ars>, !, 
write(Jy), write('('), write(Indiv>, write(').'), nl. 

p_type_ars(Ars,Indiv> :-
functor(Ars,_,N), 
p_types(N,Ars,Indiv>. 

/* Two Patterns are compatible*/ 

comP(A,B) :- A \= B, ! , fail• 
comp(_,_). 



/* UTIL+PL 
Utilities 
C.M., 2/7/81 

/*Environment*/ 

save:- (@sentence(_)irecordedenv(_)), !, 
error('Savins unclean state',CJ,fail>+ 

save:- temPfile(File>, save(File). 
restore:- temPfile(File>, restore(File>. 

setfile :- statistics(heaP,CA,BJ>, 
N3 is ((A-B> mod 10>+•o•, 
N2 is <<<A-B)/10> mod 10>+•0•, 
N1 is <<<A-B)/100) mod 10>+•o•, 
aPPend(•scra:Pros.•,CN1,N2,N3J,Name>, 
name(File,Name>, 
asserta((temPfile(File)t-!>>. 

~lBJ :- !, o(A>, -B. 
-CJ :- !, save. 
-F :- !, o<F>, save. 

o(A) :- atom(A), add_ext(•p1•,A,Al>, file_exists(Al>, !, recon5ult(A1). 
o(A) :- atom(A>, add_ext(•cpl•,A,Al), reconsult(Ai). 

t :- tlim(2>, toff+ 
tt :- tlim(4), toff, ton<act>, ton(assum>, ton(sillY), ton(demon). 
ttt :- tlim(4), ton(all). 

/* Add an extension to a file name*/ 

add_ext(Ext,F,F1) :- name(F,Na>, aPPend(Na,C46lExtJ,Na1>, name(F1,Na1). 

/* Puttins tracins on and off*/ 

t(Goal) :- !, hitclause(Goal,C>, asserta(C). 

unhit(Goal> :- !, hitclause(Goal,C>, retract(C). 

hitclause(Goal,(Goal:-unhit(Goal),trace,Goal>> :- !. 

/* Ask user for some value*/ 

user_suPPlY(Att,Arss,Val) :- !, 
seeins<I>, tellins<O>, 
see(user), tell(user>, 
write<'**Please suPPlY '), writef(Att,Arss>, write(': '), 
ttyflush, read(Val). 

/* Temporary trace alterations*/ 

toff(Name,Yes> :- retract(tracins(Name>>, !. 
toff(Name,no>. 



ton(Name,~es> :- !, assertz(tracins(Name)). 
ton(_,no). 



I* NLTYPE.HI 
T~Pes for natural lansuase stuff 
C.M., 13/7/81 

t~pe_hierarch~. 
X=============== 

Person<-> Particle. 

man<-> Person & male. 
man<-> Painter+ bo~. 

woman<-> Person & female. 

n_Particle <-> Particle & neuter. 
n_Particle <->ball+ pulle~ +stone+ train+ blob+ crane t hammer. 

~_rod<-> rod & neuter. 
rod<-> bench t bridse t lever+ Pier+ Pole t scaffold t tower t bar. 

n_Point <-> Point & neuter. 
n_Point <-> cliff t station. 

n_surface <-> surface & neuter. 
n_surface <->Plane+ table. 

strins <-> roPe t cord. 



/* OPERAT 
Operators for Prediction 
C.M., 7/9/81 

minimal_motion(ObJ~M1,M2,S!:ls) 
& bod~_contact(ObJ,Surf,Fin,M2) 
& motion(ObJ,Start,Fin,M1,M2,S!:ls) <= 

minimal_motion(ObJ,T1,T2,M> 
& motion(ObJ,P1,P2,T1,T2,M) 

<< simPle-Path(ObJ,P,T1). 

% motion(ObJ,P1,P3,T1,T3,M) 
:r. 
:r. 
:r. 
:r. << addmotion(M1,M2>. 

bod1:1 ( Ob,j > 
& unsuPPorted(ObJ,M1) 
& at<ObJ,Start,M1) 
& surface(Surf) 
& below<Surf,Start) 

one_cl(P) 
& solid(P) 
& monoPath<P> 

<< fall(ObJ,M1>+ 

& inPlace(ObJ,P,P1,Side,T1) 
& setstarted<ObJ,Path,P1,T1> 
& ifreaches(ObJ,P2,T2> 
& Period<Per,T1,T2> 
& nostOPPins(ObJ,Path,Pl,Per) 
& notakeoff(ObJ,Path,P1,Side,Per) 
& nofalloff(ObJ,Path,Pl,Side,Per) 
& OPPOsite(Side,Oside) 
& end<P,P2,0side) 

minimal_motion(ObJ,T1,T2,Mi> 
& motion(ObJ,P1,P2,T1,T2,M1> 
& motion(ObJ,P2,P3,T2,T3,M2> 



/* SCHEMA 
Forwards inference rules 
C+M+, 23/9/81 

I* A Point in contact *I 

contact<ObJ,P,Mom> 

where 
<- body_contact(ObJ,_,P,Mom> 

Point(ObJ) 

I* SuPPort by a strins, etc. *I 

I* A Point stuck *I 

fixed(ObJ,P,Mom> 

where 
<- body_fixed(ObJ,_,P,Mom) 

Point(ObJ) 

'* Strins connectins two obJects *I 

connects(Str,01,02,forever) 
<- body_fixed(01,E1,_,forever) 

where farend<Str,E1,E2> 
& SPtrinS(Str) 
& body_fixed(02,E2,_,forever) 

<< Point_at. 

<< Point_stuck. 

<< connects. 

/* SuPPorted strins connectins two obJects (Pulley sYstem> */ 

Pulley_sys(Str,Pull,01,02,Sys) 
<- connects<Str,01,02,forever) 

& SUPPOrts(Pull,Str,_) 
where true 

I* SuPPort of a strins *I 

tYPical_Point<Str,Pt> 
fixed(Pt,Por,forever> 

<- body_fixed(ObJ,Str,Por,forever> 
& suPPorts(ObJ,Str,Mom) 

where sPtrinS(Str) << strins_suPPort. 

I* Conseauences of motion *I 

motion(Sys) & 
Period_of(Sys,Per> & 
Period(Per,Mom1,Mom2) & 
motion_of(ObJ,Per,SYs> & 
obJect_of(Sys,ObJ) & 
Path_of(Sys,Path) & 
Path(Path,Left,Risht) & 
Pathat(ObJ,Left,Mom1) & 
Pathat(ObJ,Risht,Mom2) & 
at(ObJ,Start,Mom1> & 
at<ObJ,Dest,Mom2) 

motion(ObJ,Start,Dest,Mom1,Mom2,SYs> 



where true 

/* Distance between two Points*/ 

seParation<Ol,02,SeP,T> 

body_distance(Ol,02,SeP,T) 
where zero_d(Oj) i zero_d(02> 

seParation(Ol,02,SeP,T) 
& PerP-ProJect<Ol,Line,02) 

body_distance(Ol,Line,SeP,T) 

<<motion. 

<<Point_distance. 

where zero_d(Ol) & one_d(Line) <<line_distance. 

seParation(Ol,02,SeP,T) 
& PerP_ProJect(02,Line,01) 

body_distance(Line,02,SeP,T) 
where zero_d(02) J one_d(Line) <<line-distance. 

~ Scaffolds and painters*/ 

true 

/*Accelerations*/ 

accel(P,A,T> 

accel(P,A,T> 

scaffold<Scaff) 
& suPPorts(Sc~tf,Painter,_) 

where 
Painter(Painter) 

<-
SYS-accel(P,A,T) 

where 
Particle<P> 

SYs_accel(S~~,A,T) 
& PUlleYSYs(_,_,p,_,Sys) 

<<scaffold. 

<<Particle_accel. 



I* ALT 
Alternative axiomatisation for some Predicates 
C.H., 21/7/81 

SPecial_test(intersect(X,Y,Z>,Env,_,inters<X,Y,Z,Env>>. 

inters<X,Y,Z,Env> :- bound(X,forever>, f, bind(any,Y,Z,CJ,Env>. 
inters(X,Y,Z,Env> :- bound(Y,forever>, I, bind(anY,Z,X,CJ,Env). 
inters<X,Y,Z,Env> :- bound<Z,forever>, f, 

bind(anY,X,forever,CJ,Env>, bind(anY,Y,forever,CJ,Env>, 
intersCX,Y,Z,Env) :- bind(anY,X,Y,CJ,Env>, bind(anY,Y,Z,CJ,Env), 

(unbound(X,anY,Env> -> error('uninstantiated intersection',CJ,fail); true), 



/* INIT 
ToP level functions of the semantic interpreter 
C.H., 13/7/81 

/* Initialise semantic interpretation s~stem */ 

init :- setfile, core_imase, 
disPla~('DePartment of Artificial Intellisence'>, nl, 
disPla~('UniversitY of Edinbursh'), nl, nl, 
disPla~('[ Semantic Interpretation Prosram l'>, 
ttYnl, ttwnl, restore_state. 

restore-state:- temPfile<F>, file_exists<F>, !, restore. 
restore_state :- !. 

/* Read from file and then run*/ 

run(File) :- inPut(File>, so, outPut(File). 

;* Get inPut from a file*/ 

1nPut<File) :-
add_ext< •swn• ,File,File1 >, 
nica(File1,File2>, 
see(File2>, repeat, 
read(T>, Proc<T>, 
!, seen. 

nice<F,F> :- file_exists<F>, ,. 
nice(F1 ,F2> :-

name<F1,Na1 >, 
aPPend(•s~n:•,Na1,Na2>, 
name(F2,Na2>, 
file_exists(F2>, !. 

nice(Fl ,F2> :-
name(F1,Nal >, 
aPPend<•wins~n:•,Na1,Na2>, 
name(F2,Na2>. 

Proc(end_of_file> :- t. 
Proc<Z> :- srecord(Z), fail. 

I* Run interpreter on inPut siven */ 

so:- clean_db, @sentence<S>, so1(S>, f~il. 
so. 

!lot <S > :-
recordedenv (Env >, !, 
assumPtion(interPretable(S>>, 
nextenv<Env,Envl>, 
sentencetwPe(S,T>, 
newenv(Envl,T,Env2>, 
interp_s(Env2,S), 
final_sent<S,Env2>, 
remove_envs, 
recordenv<Env2>, !. 

sol <S> :- ! , 
db-state(_), 



assumPtion(interPretable<S>>, 
firstenv<Env>, 
meta_act<Env,load(times>>, 
sentencetYPe(S,T>, 
newenv(Env,T,Env1>, 
interP_s(Env1,S>, 
final_sent<S,Env1>, 
recordenv(Env1>, !. 

sentencetYPe(S,def) :- @stYPe(S,auestion>, !. 
sentencetYPe(S,def) t- @stwPe(S,command), !. 
sentencetwPe(S,indef> t- @stwpe(S,statement>, !. 
sentencetYPe(S,def) :- @stwPe(S,wh_auest), !+ 
sentencetwPe(S,indef) :- @conJ<S,_,_,_), !. r. Hack 
sentencetwPe(S,T) t- user_suPPlY('stwPe of r.t (def/indef)',CSJ,T). 

I* Record output on a file *I 

outPut(user) :- !, 
disPlaY. 

""Ut.Put(File) :-
add_ext(•prb•,File,File1>, 
name(File1,Na>, aPPend(•swn:•,Na,Na1>, 
name(File2,Na1>, tell(File2>, disPlaw, told. 

disPlaY :­
recordedenv<E>, !, 
disP1(E). 

disPlaY :-
error('No recorded environment',CJ,continue>, 
firstenv<E>, 
disP1(E) • 

di SP 1 ( E ) t -
anY-in(E,X>, filter(X,E,Y), 
Print<Y>, put(•.•>, nl, fail. 

disP1(E) :-
meta_assertion<X,E>, filter<X,E,Y>, 
Print(Y>, Put(•.•>, nl, fail. 

--lisP1(E) t-
a_constant(E,I>, 
Print_types<I,E>, fail+ 

disP1(_). 

I* Help information *I 

helP :- display(' 

Commands: 

, ) . 

inPut(FILE) 
90 
So1(S) 
outPut(FILE) 
run<FILE> 

- read in the s~ntax trees from FILE.swn 
- Process the current Problem 
- Process sentPnce S 
- output the database to FILE.Prb 
t- inPut(FILE), so, outPut(FILE). 



I* TERS 
Sentence Interpretation 
C.H., 14/9/81 
Use with rest of semantic interpretation stuff 

¾here¾ 

I* Interpret one sentence *I 

interp_s(Env,S> :-
@conJ(S,S1,ConJ,S2>, !, 
conJ_s(ConJ,S1,S2,Env). 

interP_s(Env,S) :- !, 
trace('\n\ninterPretins sentence %t\n',CSJ,2), 
collectnps(Env,S,R~s>, 
set_tense(S,Env>, 
timemods(Env,Res,Resl), 
@main_verb(S,Verb), 
trace('Invokins.semantics for verb ''%t''\n',CVerbJ,2>, • 
interP-Ye~b(Verb,Resl,Env). 

'* Rules for conJunctions *I 

conJ_s(when,S1,S2,Env> :- !, 
interp_s(Env,S1>, 
interp_s(Env,S2). 

conJ_s(while,S1,S2,Env) :- !, 
interp_s(Env,S1>, 
interP_s(Env,S2>. 

I* Collect and interpret top level NP's of sentence *I 

collectnPs<Env,S,Res) :­
findall((Role,NP>,collect(Role,S,NP>,Res), !. 

collect(subJ,S,NP) :- lossubJ(S,NP>. 
collect(obJ,S,NP> :- losobJ<S,NP>. 
collect(obJ,S,NP) :- @passive<S>, @syn_obJ<S,NP>. 
collect(by,S,NP> :- not(@passive<S>>, @pp(S,bY,NP). 
collect<P,S,NP) :- @pp(S,P,NP>, P\=by. 
collect(adv,S,Adv> :- @adverb(S,Adv). 

lossubJ<S,NP> :- @passive<S>, !, 
@pp(S,bY,NP). 

lossubJ(S,NP> :- @syn_subJ(S,NP). 

losobJ(S,NP) :- @Passive<S>, !, 
@syn_subJ(S,NP). 

losobJ(S,NP> :- @syn_obj~S,NP). 

I* Finalisins some of the decisions *I 

final_sent<S,Env> :-
trace('\nFinalisins decisions for sentence ¾P\n',CSJ,2), 
final_time(S,Env>, 
kickrefs<Env>, !. 



/* TERNP 
Semantic interpretation of noun Phrases 
C.M., 8/9/81 
Use with other interpretation stuff 

7.here7. 

/* Noun Phrases *I 
interp_np(Env,NP,Ref) :-

Printhead(NP,N>, 
trace('Interpretins noun Phrase 7.t (%t)\n',CNP,NJ,2), 
i_np(Env,NP,Ref). 

Printhead(NP,N> :- @headnoun(NP,N>, !. 
Printhead(NP,N> :- @name(NP,N>, !. 
Printhead(NP,'<trace>') :- @wh_trace(_,NP), !. 
Printhead(_,?) :- !. 

/* o. Possessive determiner *I 
J nP(Env,NP,Ref) :­

@poss_det(NP,NP1), !, 
@fnof(NP,Fn>, 
interp_np(Env,NP1,Ref1), 
function(Env,Ref1,Fn,Ref>, 
entry(NP,Ref,Env). 

I* 1. We already know the ref*/ 
i_np(Env,NP,Ref) :- refof(NP,Env,Ref>, !. 
i_np(Env,NP,CNameJ) :-

@nameCNP,Name>, !, 
meanins<Env,Name,Name>, 
entry(NP,CNameJ,Env). 

i_np(Env,NP,Ref) :- @wh_trace<NP1,NP>, !, 
i_np(Env,NPl,Ref>. 

I* 2+ ConJoined NP *I 
i_np(Env,NP,Ref) :­

@conJCNP,NP1,NP2>, !, 
interP-nP(Env,NP1,Ref1), 
interP_np(Env,NP2,Ref2), 
aPPend(Refl,Ref2,Ref). 

/* 3. Initial auantifier Phrase to be isnored *I 

i_np(Env,NP,Ref) :-
@auant_front(NP,NP1>, !, 
interp_np(Env,NPl,Ref). 

/* 4. Definite measure *I 
i_np(Env,NP,Ref> :­

@headnoun(NP,Dim), function<Dim), 
@num(NP,_,Def>, 
function_def(Dim,Def), 
not(@ap_det<NP,_)), !, 
ofobJ(NP,Env,Refl,Ref>, 
entrY<NP,Ref,Env). 

function_def(end,_) :- !. 
function~def(Fn,def). 

% NB does indefinite Phr~ses too 

;. Assumes definition o~, es •an end• 



I* 5. Various special Phrases *I 
i_np(Env,NP,Ref) :­

@headnoun<NP,N>, 
sPecialref(N,NP,Env,Ref), !, entrv<NP,Ref,Env>. 

I* 6+ Ordinarv NP *I 
i_np(Env,NP,Ref> :­

@num(NP,Num,Det>, 
newenv<Env,Det,Env1>, 
@headnoun<NP,Noun>, 
(@post_name<NP,Ref);true>, 
initref(Env1,Num,Noun,Ref), !, 
entrv<NP,Ref,Env>, 
Propertv<Env1,Ref,Noun), 
doProPs(NP,Ref,Env1). 

sPecialref(vou,_,_,[vouJ) :- !. 
~ecialref(horizontal,_,Env,CXaxJ> :- !, 

meanins<Env,x_axis,Xax). 
sPecialref(Pr,_,Env,CRefJ) :­

Pron<Pr,Gen,_), ! , 
testmeanins<Env,Gen,Ref>, 
meanins<Env,known,Ref>, 
meanins<Env,ref,Ref). 

SPecialref(earth,_,Env,Ref) :- !, specialref<sround,_,Env,Ref). 
specialref(Sround,_,Env,CGdJ> :- !, 

meanins<Env,sround,Gd). 
sPecialref(sea,_,Env,CSeaJ> :- !, 

meanins<Env,sea,Sea>. 
sPecialref(level,NP,Env,Ref) :- !, @hasfeat(NP,sround>, 

sPecialref(Sround,_,Env,Ref). 
specialref(london,NP,Env,Clondonl> :- !, 

meanins<Env,station,london). 
sPecialref(edinbursh,NP,Env,CedinburshJ) :- !, 

meanins<Env,station,edinbursh). 

'* Routines for Processins modifiers *I 

~oproPs(NP,Ref,Env> :- !, 
doaPs<NP,Ref,Env>, 
doadJs<NP,Ref,Env>, 
doPPs(NP,Ref,Env>, 
dorelc<NP,Ref,Env>. 

doaPs(NP,Ref,Env) :­
@ap_det<NP,GP>, !, 
interP-BP1<GP,Ref,Env). 

doaPs(_,_,_) :- !+ 

doadJs<NP,Ref,Env> :­
findall(AdJ,@hasfeat(NP,AdJ>,List>, !, 
checklist(interp_ap(Env,Ref),List). 

doPPs(NP,Ref,Env> :­
findall(pp(P,NP1),@pp(NP,P,NP1>,List>, !, 
checklist(interp_pp(Ref,Env>,List). 



dorelc<NP,Ref,Env> :­
findall(S,@relc<NP,S>,List>, !, 
checklist(interP_s(Env>,List>. 

I* Handlins measure Phrases *I 

ofobJ<NP,Env,ObJ,Meas> :­
@fnof<NP,Itim>, 
Prep_of<Dim,P>, 
@pp(NP,P,NPt>, !, 
interP_np(Env,NPt,ObJ), 
function<Env,ObJ,Dim,Meas). 

ofobJ<NP,Env,_,Meas) :­
@re 1 c < NP , S > , ! , 
interP_s(Env,S>, 
refof<NP,Env,Meas>. 

ofobJ(NP,Env,ObJ,Meas) :­
@fnof(NP,Dim>, 
ObJ=COJ, 
new_evar<O,Env>, 
meaninS(Env,known,O>, 
meanins<Env,ref,O>, 
function(Env,ObJ,Dim,Meas>, 
entr~(arS(NP>,ObJ,Env). 

I* Reference list in environment *I 

entr~(NP,Ref,Env> :­
meta_act<Env,add(refers<NP,Ref>>>, 
allmentioned(Ref,Env>, !. 

refof(NP,Env,Ref> :­
meta_act(Env,test(refers<NP,Ref>>>, !. 

allmentioned<CJ,_) :- !. 
allmentioned(CRlRsJ,Env> :-

meta_act(Env,add(mentioned<R>>>, 
allmentioned<Rs,Env>. 



I* TERPP 
InterPretinS Prepositional Phrases 
C.H., 18/6/81 

interp_pp(Ref,Env,PP(P,NP>> :- !, 
trace('InterPretins Prepositional Phrase (lt)\n',CPJ,2>, 
i-PP(Ref,Env,P,NP>+ 

i_pp(Ref,Env,full_of,NP) :- !, 
@num<NP,Plur,CJ>, 
@headnoun(NP,N>, 
relation(Env,Ref,CNJ,full_of). 

i_pp(Ref,Env,in,NP> :­
@headnoun(NP,eauilibrium>, !, 
ProPert~<Env,Ref,eauilibrium). 

i_pp(Ref,Env,of,NP> :­
@lone_ap(NP,QP>, !, 
interP_ap1(QP,Ref,Env). 

i_pp(Ref,Env,P,NP) :-
<P=of; P=with>, !, 
interP_indefmeas(NP,Ref,Env>. 

i_pp(Ref,Env,P,NP> ;- !, 
interP_np(Env,NP,Ref1), 
relation(Env,Ref,Ref1,P>+ 



/* MEAS 
InterPretins measure Phrases 
C.H., 18/6/81 

¾here¾ 

/* Interpret an indefinite measure in the context of the 
referents it aPPlies to *I 

interp_indefmeas<NP1,Ref,Env> :­
constit_base(NP1tNP2,_), 
refof<NP2,Env,_), !. 

interp_indefmeas(NP1,Ref,Env) :- !, 
constit_base(NP1,NP,_), 
@fnof(NP,Dim>, 
trace('InterPretins indefinite measure Xt (¾t)\n',CNP,DimJ,2>, 
function<Env,Ref,Dim,Val>, 
entr~(NP,Val,Env>, 
interp_meas_mods<NP,Dim,Env,Val), 
oPtrelc(NP,Env) • 

.. ,,terp_meas-mods(NP,Dim,Env,Val) :-
( (@pp(NP,of,NP1) ,@ap_det<NP1,QP)); @ap_modif~(NP,QP)>, !, 
interp_ap(QP,Dim,Val,Env). 

interP-meas_mods(_,_,_,_). 

oPtrelc(NP,Env> :- @relc(NP,S>, !, interp_s(Env,S>. 
oPtrelc(_,_) :- !. 

I* Interpret a QP in the context of the definite measure 
referents to which it aPPlies *I 

interP-GP(how_much,_,Val,Env> :- !, 
ProPert~(Env,Val,sousht>. 

interP_ap(QP,Dim,Val,Env> :- !, 
measuTes(QP,MPl), 
trace('InterPretins measure Pair ¾t\n',CMPll,2), 
relation<Env,Val,HPl,breakdown(Dim>>. 

asures<GP,CCN,UJJ) :­
@measure(GP,N,U>, !. 

measures(GP,CCN1,U1J,CN2,U2JJ) :- !, 
@conJ(GP,GP1,QP2>, 
@measure<GP1,N1,U1>, 
@measure(QP2,N2,U2). 

I* Interpret a Qp when no dimension siven *I 

interp_ap1(QP,Ref,Env> :- !, 
measures(QP,MPl), 
(HPl=tt_,UJJ; MPl=t_,t_,UJJ), !, 
unit_of<U,Dim>, !, 
function(Env,Ref,Dim,Val>, 
interP-GP(GP,Dim,Val,Env). 

I* General adJectival Phrases *I 

interp_ap(Env,Ref,AP> :- !, 
@head_adJective(AP,A>, 



trace('InterPretins adJectival Phrase (%t>,n',CAJ,2>, 
i_aP(Env,Ref,AP>. 

i_ap(Env,Ref,AP> :­
@head_adJective(AP,A>, 
fnadJ(A,Dim,Pol>, 1, 
function(Env,Ref,Dim,Val>, 
intensifiers(Env,Dim,Pol,Val,AP>. 

i_ap(Env,Ref,AP> :- I, 
@head_adJective(AP,A>, 
ProPertw(Env,Ref,A). 

intensifiers<Env,Dim,Pol,Val,AP) :-
@intensifier(AP,how>, I, 
Val=CVJ, meanins(Env,sousht,V>. 

intensifiers(Env,Dim,Pol,Val,AP> i­
@op_modifw<AP,GP>, 
@measure(GP,N,times>, !, 
@comParative(_,AP,NP>, 
interp_np(Env,NP,Ref>, 
function(Env,Ref,Dim,Val1>, 
Val=CVJ, Va11=CV1J, 
timesoP(Pol,Qp), 
RHS =•• COP,V1,NJ, 
meaninS(Env,eouation,V=RHS>. 

intensifiers(Env,Dim,Pol,Val,AP> :­
@comParative(AP,NP>, t, 
interP-nP(Env,NP,Ref>, 
function(Env,Ref,Dim,Val1>, 
Val=CVJ, Val1=CV1J, 
senswm(Dim,G>, RHS= •• CPol,V1,QJ, 
meanins(Env,eouation,V=RHS>, 
@oP-modifY(AP,GP>, 
ProPerty(Env,CQJ,noun<Dim>>, 
interp_op(QP,Dim,CQJ,Env>. 

intensifiers<Env,Dim,_,Val,AP> :­
@c.u•_modi fy(AP,GP>, t, 
interp_op(QP,Dim,Val,Env). 

I* Which adJectives correspond to simPle dimensions1 *I 

fnadJ(apart,seat_seParation,+>. 
fnadJ(old,ase,+>. 
fnadJ(youns,ase,->. 
fnadJ(lons,lensth,+>. 
fnadJ(short,lensth,->. 

I* What multiPlicative operators correspond to 
what Pola·ri ties1 *I 

timesop(f,*>• 
timesop(-,/). 



/* TERADV 
Semantic interPretation of adverbs 
C.M., 21/7/81 

interP_adv(Env,Adv,Verb,Ref) :- !, 
@adv_head(Adv,A>, 
trace('InterPretins adverb ¾t (¼t)\n',CAdv,AJ,2>, 
i_adv(A,Env,Adv,Verb,Ref). 

i_adv(uPward,Env,Adv,_,Ref) :-
@hasfeat(Adv,vertical>, !, 
function(Env,Ref,velocitw,Vel), 
relation(Env,Vel,C_:C90,desreesJJ,breakdown(velocitw>>• 

i_adv(horizontal,Env,_,Verb,Ref> :-
motion_verb(Verb>, !, 
function(Env,Ref,velocitw,Vel), 
relation(Env,Vel,C_:co,desreesJJ,breakdown<velocitw)). 

i_adv(horizontal,Env,_,_,Ref) :- !, 
ProPertw<Env,Ref,horizontal). 

i_adv(vertical,Env,_,Verb,Ref) :-
motion_verb(Verb), !, 
function(Env,Ref,velocitw,Vel>, 
relation<Env,Vel,C_:C90,desreesll,breakdown(velocitw)). 

i_adv(vertical,Env,_,_,Ref) :- !, 
ProPertw(Env,Ref,vertical>. 

i_adv(free,_,_,_,_) :- !. 



/* TMODS 
Semantics of time modifiers 
C.M., 23/7/81 

Exports: 

Imports; 

timemods(3) 
set_date(3) 

lone_ap(2) 
@(1) 
time_focus(3) 
newmoment(2) 
meanins(3) 
fmeaninS(3) 
function(4) 
interP_ap(4) 
set_moment(2) 
lone_number(2) 

/* Filter list of s~ntactic roles, takins out time modifiers 
and interPretins them */ 

timemods(Env,CJ,CJ) ;- !. 
timemods(Env,C<R,NP>IRsJ,R1s) ;-

time_modifier<Env,R,NP), !, 
timemods(Env,Rs,R1s). 

timemods(Eriv,CRIRsJ,CRIR1sl) ;- !, 
timemods(Env,Rs,R1s). 

/* Deal with individual t~Pes of modifiers*/ 

time_modifier(Env,in,NP) :-
@lone_ap(NP,GP>, 
@measure(GP,N,~ears>, !, 
time_focus(Pres,Env,F>, 
newmoment(Env,M>, 
function(Env,C<F,M>J,Period,Per>, 
function(Env,Per,duration,Dur>, 
interp_ap(QP,duration,Dur,Env>, 
set_time<Env,M). 

time_modifier(Env,in,NP> ;­
@lone_number(NP,I>, !, 
set_date(I,Env,Time>, 
set_time<Env,Time). 

time_modifier(Env,in,NP) ;­
@num(NP,_,def), 
@hasfeat(NP,AP>, @head_adJective(AP,first), !, 
time_decomP(NP,MP,M1,M3,Env>, 
newmoment(Env,M2>, 
meanins(Env,Period,((M1,M2>,Per>>, 
Env=top(_,P)/R, Envl=toP(indef,P)/R, 
adddim(duration,MP~Per,Env1), 
set_time(Env,Per). 



time_modifier<Env,in,NP> :­
@num<NP,_,def>, 
@hasfeat<NP,AP>, @head_adJective<AP,last>, !, 
time-decomP(NP,MP,Ml,M3,Env), 
newmoment(Env,M2>, 
meanins<Env,Period,((M2,M3>,Per>>, 
adddim(duration,MP,Per,Env>, 
set_time<Env,Per>. 

I* Convert an inteser to a date *I 

set_date<I,Env,M~m> :-
newmoment(Env,Mom), 
function<Env,CMomJ,dateof,D), 
relation(Env,D,CCI,~earsJJ,breakdown(duration>>. 

I* Get underl~ins moments and measure Pair for 
••• first X of ••• , ••• last X of tee *I 

iime_decomP(NP,MP,Ml,M2,Env> :- !, 
timeaP(NP,MP>, 
@pp(NP,of,NP1>, 
interP_np(Env,NPl,CRefJ>, 
testmeaninS(Env,Period_of,(Ref,Per>>, 
testmeanins<Env,Period,((M1,M2>,Per>>• 

timeap(NP,Cl,UJ) :- @headnoun(NP,U), !. 
timeGP(NP,CN,UJ) :- !, 

@ap_det(NP,QP), @measure(QP,N,U). 



I* DICT 
ttinctionar!:I 
C.M., 18/6/81 

function(mass>. function(lensth). function(son). function(daushter>. 
function(father>. function<mother). function<velocit!:I). 
function(sPeed). function(acceleration). function<tension>. 
function<end). function<weisht). function(ase). function<ansle>. 
function(distance). function<motion). function(work>. 
function<masnitude); function<force). function(constant>. 
function(toP). function(edse>. function(coefficient). function(heisht>. 

I* Pronouns and Names *I 

Pron(it,neuter,noPoss). 
Pron(its,neuter,Poss). 
Pron(he,male,noPoss>. 
Pron<his,male,Poss). 

on(him,male,noposs>. 
rron(she,female,noPoss). 
Pron(her,female,_). 

unit_of(mPh,velocit!:I). 
unit_of(lbs,mass). 
unit_of(lb,mass). 
unit_of(kS,mass). 
unit_of(U,Dim) :-

user_suPPl!:IC'dimension for unit ¾P',CUJ,Dim). 

I* Prepositions markins function aPPli~ation *I 

Prep_of(tension,in). 
Prep_of<friction,between) :- !. 
Prep_of(coeff,between> :- !. 
Prep_of(Dim,of). 



I* INTERF 
Interface to Parser 
C.H. 14/9/81 
Use with rest of interpretation stuff 

I* Record an assertion from the Parser *I 

srecord<Z> :- recordz(Z,@(Z),_), !. 

I* Provide an assertion to the interpreter. The followins are 
the Predicates that the Parser notional!~ Provides: 

*I 

@adverb(S,A) :- !, 
@@adverb(S,A). 

@adv-head(Ad,A> :- !, 
(@@hasfeat(Ad,A); 

(atom(Ad),Ad=A)). 
ux_verb<S,Aux> :- !, 

@@aux_verb(S,Aux). 
@comParative(AP,NP) :- !, 

@@comParative<AP,NP). 
@conJ(Bis,Sm1,ConJ,Sm2) :- !, 

@@conJ(Bis,Sm1,ConJ,Sm2>. 
@conJ(P,P1,P2) :- !, 

@@conJ<P,P1,and,P2). 
@fnof<NP,Dim) :- !, 

fnof(NP,Dim). 
@embedded_sent(S1,S2) :- !, 

embedded_sent(S1,S2). 
@hasfeat(NP,F) :- !, 

@@hasfeat(NP,F>. 
@head_adJective(AP,A> :- !, 

@@headadJ(AP,A>. 
@headnoun(NP,N> :- !, 

@@headnoun(NP,N>. 
qintensifier(AP,I> :- !, 

@@intensifier(AP,I>. 
~lone_ap(NP,AP> :- !, 

lone_ap(NP,AP). 
@lone_number(NP,N> :- !, 

lone_number(NP,N). 
@lone_ap(NP,GP) :- !, 

lone_ap(NP,GP). 
@main_verb(S,V) :- !, 

@@main_verb(S,V). 
@meas(NP,Dim) :- !, 

meas(NP,Dim). 
@measure<GP,N,U> :- !, 

@@measure<GP,N,U). 
@name(NP,Na) :- !, 

@@name(NP,Na>. 
@num(NP,Nu,Def) :- !, 

num<NP,Nu,Def>. 
@passive(S) :- !, 

Passive(S). 
@poss_det(NP1,NP2> :- !, 

¾ An adverb modif~ins a S 

¾ The head of an adverbial Phrase 

¾ The tense of a sentence 

¾ A •than NP• in a comparative AP 

¾ A constituent is a conJunction 

¾ Default conJunction (with •and•> 

¾ The complete name for a function Phrase 

¾ What sentences are embedded in what 

¾ AdJectives, adverbs, attached to Phrases 

¾ The head of an AP 

¾ The head of an NP 

¾ An intensifier in an AP 

¾ An AP as a sentence constituent 

¾ A number as a sentence constituent 

¾ A GP as a sentence constituent 

¾ The main verb of a clause 

¾ Whether a Phrase is a function Phrase 

¾ How a GP breaks down 

¾ A noun Phrase is a Proper noun 

¾ Number and definiteness of a NP 

¾ Whether a sentence is Passive 

¾ Possessive determiner of NP 



@@poss_det(NP1,NP2). 
@post_name(NP,Na) :- !, ¾ Name aPPears after head noun 

Post_name(NP,Na>. 
@pp(Bas,P,NP> :- !, ¾ Prepositional Phrase attached to some base 

PP(Bas,P,NP>+ 
@ap_det(NP,QP) :- !, ¾ Prenominal QP in an NP 

GP-det(NP,QP). 
@ap_modifY(X,QP) :- !, ¾ Postnominal QP in an NP 

@@ap_modify(X,QP). 
@auant_front(NP,NP1> :- !, ¾ NP minus initial auantifier Phrase 

auant_front(NP,NP1). 
@relc(NP,S) I- !, ¾ Relative clause attached to an NP 

@@relc<NP,S>. 
@sentence(S) :- !, ¾Atop-level sentence 

@@sentence(S). 
@sPecial_np(NP,N> :- !, ¾ Head of NP <followins bindin~s etc> 

SPecial_np(NP,N). 
@stYPe(S,TY) :- !, ¾ T~Pe of a sentence (auestion, statement etc) 

@@st~Pe<S,T~>. 
@syn_obJ(S,NP> :- !, ¾ s~ntactic obJect of a sentence 

s~n-obJ<S,NP). 
&n_subJ(S,NP) :- !, ¾ S~ntactic subJect of a sentence 
@@s~n-subJ(S,NP>. 

@wh_trace(NP1,NP2) :- !, ¾Abound trace 
@@wh.trace(NP1,NP2,_). 

@X :- writef('Warnins - funn~ s~ntax Soal ¾t\n',CXJ>, @@X. 

I* lmPlementation of some of the above *I 

¾ Embedded sentences 

embedded_sent(S1,S2) :- @relc(NP,S1>, sent_of(NP,S2). 
embedded_sent(S1,S2> :- @@np_comP_s(NP,S1), sent_of(NP,S2). 

sent_of(S,S> :- @sentence<S>, !. 
sent_of(NP,S> :- PP(Bs,_,NP>, !, sent_of(Bs,S). 
sent_of(NP,S> :- @s~n-subJ(S,NP>, !. 
sent_of(NP,S) :- @s~n-obJ(S,NP>. 

o/ Passive 

,•dssive(S) :- @@Passive_sent(S>, !+ 
Passive(S) :- @@embedded_sent(S), @aux_verb(S,Past>, 

@s~n-subJ(S,NP), @wh_trace(_,NP>, !. 

¾ Prepositional Phrases 

PP(Base,P1,NP) :­
@@pp_linked(Base,PP>, 
@@is_preP(PP,P,NP), 
set-PreP(PP,P,P1). 

pp(Base,P1,NP) :­
@@s~n-obJ(Base,NP1), 
@@pp_linked(NP1,PP1>, 
not(@headnoun<NPl,_)), 
@ap_det(NP1,QP), 
@@is_PreP(PP1,P,NP), 
@measure(GP,N,U>, 
Pl= •• CP,CN,UJJ. 

¾ QP PP as sentence constituent 



set_preP(PP,P,Pl) :­
@ap_modif~(PP,QP), !, 
@measure(QP,N,U>, 
Pl= •• CP,CN,UJJ. 

set_prep(_,P,P> :- !. 

r. s~ntactic obJect 

s~n-obJ(S,NP> :- @@s~n-obJ(S,NP>, 
not((pp(S,_,NP1>,@@pp_linked(NP,PP>,@@is_preP(PP,_,NP1))). 

r. Function Phrases 

fnof<NP,Dim) :- !, @headnoun<NP,D>, function<D>, morefn<D,NP,Dim>, !. 
fnof(NP,_) :- @headnoun(NP,N>, error('dont know function %P\n',CNJ,abort>. 

morefn(force,NP,fric_force) :- adJ_mod(NP,frictional>, !. 
morefn(end,NP,lend) :- adJ_mod(NP,left>, !. 
morefn(end,NP,rend) :- adJ_mod(NP,risht>, !. 
morefn(end,NP,other_end) :- adJ_mod(NP,other>, !. 
morefn(end,NP,ends) :- @num(NP,Plur,_), !+ 
morefn(coefficient,NP,coeff) :-

@pp(NP,of,NP1>, @headnoun<NP1,friction>, !+ 
morefn(Dim,_,Dim> :- !. 

adJ_mod(NP,A> :- !, @hasfeat(NP,AP>, head_adJective(AP,A>. 

r. What are the interestins bits of a noun Phrase? 
r. Follow links to set the basic NP token and ~lso 
r. a token that one can Perform simPle tests on 

constit_base(NP,NP,NP2> :-
@conJ(NP,NPl,_), ! , 
constit_base(NP1,_,NP2>. 

constit_base(NP,NP1,NP2) :­
@wh_trace<NPO,NP>, !, 
constit_base(NPO,NP1,NP2). 

constit_base(NP,NP,NP> :- !. 

-ost_name<NP,tRefJ) :­
@ap_modif~<NP,QP>, 
@measure(QP,Ref,arbs), !+ 

num(NP,2,def) :- @@num(NP,1,indef>, @@auantifier<NP,each), !. 
num<NP,N,Def) :- @@ap_det(NP,QP), @@measure(QP,N,arbs), !, @@num(NP,_,Def). 
num<NP,1,Def) :- @@num(NP,1,Def>, !. r. NB handles variable in 2nd ars 
num(NP,Plur,Def) :- @@num(NP,Plur,Def>. 

ap_det(NP,QP) :- @@ap_detCNP,GP>, not(@@measure(QP,_,arbs>>. 

r. Identif~ various funn~ lone constituents 

lone_ap(NP,how_much) :­
constit_base(NP,_,NPl>, 
not<@headnounCNPl,_)), 
@hasfeat(NP1,AP>, 
@@headadJ(AP,much>, 
@intensifier(AP,how>, !. 

lone_ap(NP,GP> :- !, 
constit_base(NP,_,NPl>, 

r. •How much• does he weish? 

r. He weishs •150 lbs• 



not(@headnoun<NP1,_)), 
@ap_det(NPl,QP>, 
@measure(QP,_,U), 
not(@pp(NP,_,_)). 

lone_number(NP,N> :- !, 
constit_base(NP,_,NPI>, 
not(@headnoun<NP1,_)), 
@@ap_det(NP1,QP>, 
@measure(QP,N,arbs), 
not(@pp(NP,_,_)). 

lone_ap(NP,AP> :- !, 
constit_base<NP,_,NPI>, 
not<@headnoun(NP1,_)), 
@hasfeat<NPl,AP>, 
@@headadJ(AP,_). 

X Tests on NP's 

sPecial_np(NP,N> :- !, 
constit_base(NP,NP1,_), 
@headnoun(NP1,N>. 

meas<NP,Dim> :- !, 
constit_base(NP,_,NP1>, 
@headnoun(NP,Dim>, function(Dim). 

auant_front<NP,NP1> :­
@@auantifier(NP,each>, 
not(@headnoun<NP,_)), 
@pp(NP,of,NP1>. 

/* Get an assertion from the Parser*/ 

@@Z :- recorded(Z,@<Z>,_). 

% It is •3 lb heavier than••• 



I* VERBS 
Semantic routines for verbs (above 'distrib' level> 
C.M,, 14/9/81 
Use with other interpretation stuff 

interP_verb/3 

Imports: 

@(1) 
defmeas<2> 
function(4) 
set_date(3) 
interP_indefmeas<3> 
inter,:-,_np ( 3 > 
interp_pp(3) 
interP-~P(4) 
interr=-_ap(3) 
lone_ap(2) 
lone_number<2> 
lone_ap(2) 
makecontacts(3) 
newenv(3) 
PT'OPert1:1(3) 
relation(4) 
set_time(2) 
sPecial_np(2) 

interp_verb(arrive,C(subJ,NP1>,<P,NP2)J,Env> :­
(P=in;P=at), ! , 
interp_np(Env,NP1,ObJs>, 
interP_nP(Env,NP2,Places>, 
relation(Env,ObJs,Places,motion_Point>. 

interp_verb(attach,C(obJ,NP1):Rolesl,Env) :- !, 
interp_np(Env,NP1,Ref1>, 
att_ars<Roles,Env,Ref2,Advs>, 
function2<Env,Ref1,Ref2,stuck_somewhere,Pt>, 
aPPl1:1_advs(Advs,Pt,attach,Env>. 

att_ars<C<P,NP2>:Advsl,Env,Ref,Advs> :-
(P=to; P=at), !, 
interp_np(Env,NP2,Ref). 

att_ars(Roles,Env,CRefJ,Roles> :- !, 
constraint(solid,CRefJ,Env>, 
entr1:1(null,CRefJ,Env>. 

interp_verb(be,C(subJ,NP1>,<obJ,NP2>J,Env> :­
@headnoun(NP1,it), 
@lone_number(NP2,N>, !, 
set_date(N,Env,Time), 
set_time(Env,Time). 

interp_yerb(be,C(subJ,NP1>,<obJ,NP2>J,Env) :­
not(@meas(NP1,_)), 
@lone_number<NP2,N>, !, 
interP_np(Env,NP1,Ref>, 
function(Env,Ref,ase,Ases>, 



relation(Env,Ases,CCN,~earsJJ,breakdown(ase)). 
interP_verb(be,C(subj,NP),(obj,NP1)J,Env> :­

@meas(NP,Dim>, @lone_ap(NP1,QP), !, 
interP-nP(Env,NP,Ref), 
interP_op(QP,Dim,Ref,Env). 

interP~verb(be,C(subj,NP2>,<obj,NP1>J,Env> :­
@special_np(NP1,what>, !, 
interP_nP(Env,NP2,Ref>, 
ProPert~<Env,Ref,sousht>. 

interP_verb(be,C(subj,NP>,<obj,NPl>J,Env) :­
@lone_ap(NP1,AP>, !, 
interp_np(Env,NP,Ref>, 
interP_ap(Env,Ref,AP>. 

interp_verb(be,C(subj,NP1),(of(CN,arbsJ>,NP2>J,Env> :­
@meas(NP1,_), 
@meas(NP2,_), !, 
interP-nP(Env,NP1,Ref1), 
interP-nP(Env,NP2,Ref2>, 
function2(Env,CNJ,Ref2,Product,Refl). 

interp_verb(be,C(subj,NP)lModsJ,Env> :- !, 
interp_np(Env,NP,Ref), 
aPPl~PPS(Mods,Ref,Env). 

interp_verb(bear,C(obj,NP1)J,Env> :- !, 
interP_np(Env,NP1,PeoPle), 
ProPert~(Env,PeoPle,born>. 

interp_verb(calculate,Roles,Env) :- !, interp_verb(find,Roles,Env). 

interp_verb(carr~,Roles,Env> :- !, interp_verb(SUPPort,Roles,Env). 

interp_verb(connect,C(subj,NP1),(obj,NP2>J,Env> :- !, 
interP_nP(Env,NP1,Str>, 
interP_nP(Env,NP2,P~>, 
Ps = CP1,P2J, 
relation3(Env,Str,CP1J,CP2J,connects>. 

interp_verb(connect~C(subj,NP1>,<obj,NP2>,<to,NP3)J,Env) :- !, 
interp_np(Env,NP1,Str>, 
constraint(strins,Str,Env>, 
interP_np(Env,NP2,P1>, 
interP-nP(Env,NP3,P2>, 
relation3<Env,Str,P1,P2,connects). 

interP_verb(do,C(subj,NP1),(obj,NP2)1_J,Env) :- !, 
interP_nP(Env,NP1,Qbj), 
interP-indefmeas(NP2,Qbj,Env>. 

interp_verb(droP,C(obj,NP1),Cfrom,NP2)J,Env> :- !, 
interp_np(Env,NP1,Part>, 
interp_np(Env,NP2,Place>, 
ProPert~<Env,Part,stationar~>, 
Propert~CEnv,Part,unsuPPorted>, 
relation(Env,Part,Place,motion_start>. 

interP_verb(fall,C(subj,NP1>,<throush,NP2>J,Env> :­
interP_np(Env,NP1,Ref>, 
function<Env,Ref,motion_of,S~s>, 
interp_indefmeas<NP2,Ref,Env). 

interp_verb(find,C<subj,NP1>,<obj,NP2>J,Env> :-



interP-nP(Env,NPl,Ref>, 
Ref=C~ouJ, !, 
interP-nP(Env,NP2,Meas>, 
ProPert~<Env,Meas,sousht). 

interp_yerb(hans,C<R,NP1>,<from,NP2>J,Env) :­
<R=subJ;R=obJ), 
interP-nP(Env,NP1,Strs), 
constraint(strins,Strs,Env>, 
interp_np(Env,NP2,Pts>, 
function(Env,Strs,rend,Rends>, 
relation<Env,Pts,Rends,stuck). 

interP_verb<hans,C<subJ,NP>IAdvsJ,Env) :- !, 
interP-nP(Env,NP,ObJ), 
relation(Env,CStrJ,ObJ,suPPort), 
constraint<strins,CStrJ,Env>, 
aPPl~_advs(Advs,ObJ,hans,Env>. 

interp_verb(have,C(subJ,NPl),(obJ,NP2>l,Env> :- !, 
interP_nP(Env,NP1,0bJ), 
interP-indefmeas(NP2,0bJ,Env>. 

~nterp_verb<hit,C<subJ,NP1>,<obJ,NP2)1HodsJ,Env> :- !, 
interP-nP(Env,NPl,Part), 
interp_nP<Env,NP2,Place>, 
function2<Env,Part,Place,contact_somewhere,Point>, 
relation<Env,Part,Point,motion_Point>, 
aPPl~PPs(Mods,Part,Env). 

interp_verb(hold,Roles,Env> :- !, interP_verb(suPPort,Roles,Env>. 

interp_verb(incline,C<obJ,NP1),(at,NP2>,<to,NP3>J,Env> :- !, 
interp_nP(Env,NPl,ObJ>, 
interp_np(Env,NP3,Ref>, 
function(Env,ObJ,tansent,Tanl>, 
function<Env,Ref,tansent,Tan2>, 
function2<Env,Tanl,Tan2,difference,I1iff), 
@lone_ap(NP2,QP), 
interp_ap(QP,ansle,Diff,Env). 

1terp_verb(leave,C(subJ,NP1>,<obJ,NP2)J,Env> :- !, 
interP-nP(Env,NP1,0bJs>, 
interP_np(Env,NP2,Places>, 
relation(Env,ObJs,Places,motion_start). 

interP_verb(make,C(subJ,NP1),(obJ,An~NP>,<with,NP2>J,Env> :- !, 
@meas(AnsNP,ansle>, 
interP_np(Env,NPl,ObJ>, 
interP_np(Env,NP2,Place), 
function(Env,ObJ,tansent,Tanl>, 
function<Env,Place,tansent,Tan2>, 
function2(Env,Tanl,Tan2,difference,Diff), 
interp_meas_mods<AnsNP,ansle,Env,Diff). 

interP_verb(pass,Roles,Env> :- !, interP_verb(run,Roles,Env). 

interP_verb(Pin,C(obJ,NP1),(at,NP2>J,Env) :- !, 
interP-nP(Env,NPl,ObJ>, 
interP-nP(Env,NP2,Place>, 
Pinl(ObJ,Place,Env). 



Pin1(0bJ,Place,Env> :- assumPtion(seParable(ObJ,Place>>, 
function2(Env,ObJ,Place,stuck_somewhere,_). 

Pin1(0bJ,Place,Env> :- Propert~(Env,Place,fixed). 

interP_verb(Place,C(obJ,NP>IPPsJ,Env> i- !, 
interP-nP(Env,NP,ObJ>, 
aPPl~PPs(PPs,ObJ,Env>. 

interP_verb(ProJect,Roles,Env> :- !, interP_verb(throw,Roles,Env>. 

interP_verb(raise,C(subJ,NP1>,(obJ,NP2),(obJ,NP3)J,Env> :- !, 
interP-nP(Env,NP2,0bJ), 
function(Env,ObJ,motion_of,Motn>, 
interP-nP(Env,NP1,Asent>, 
relation<Env,Asent,ObJ,aPPlied_force>, 
@headnoun(NP3,heisht>, 
function(Env,ObJ,seParation_travelled,SeP>, 
function(Env,SeP,direction,Dir), 
relation(Env,Dir,CC90,desreesJJ,breakdown(direction>>, 
function(Env,SeP,masnitude,Mas>, 
interP_meas_mods(NP3,masnitude,Env,Mas>. 

interp_verb(rest,C(subJ,NP>,<on,NP1)1PPsJ,Env> I- !, 
interP_np(Env,NP,ObJ>, 
interp_np(Env,NP1,Place>, 
relation<Env,ObJ,Place,on>, 
aPPl~PPs(PPs,ObJ,Env>. 

interP-Yerb(rest,C(subJ,NP>IPPsJ,Env> :­
interP-nP(Env,NP,ObJ), 
new_evar(Place,Env>, meta_add(ref(Place),fnv>, 
relation(Env,ObJ,CPlaceJ,on>, 
aPPl~PPs(PPs,ObJ,Env). 

interp_verb(run,C(subJ,NP1)1PPsJ,Env) :- !, 
interp_nP(Env,NP1,Str), 
constraint(strins,Str,Env>, 
aPPl~PPs(PPs,Str,Env). 

interP_verb(sit,C<subJ,NP),(obJ,NP2)J,Env> :­
@num(NP,Plur,CJ), 
@headnoun(NP,N>, lone_ap(NP2,AP>, 
interp_ap(Env,CNJ,AP). 

~ sliShtlY hack~ 

interP_verb(sit,Roles,Env> :- !, interp_verb(rest,Roles,Env>. 

interP_verb(stand,Roles,Env> :- !, interp_verb(rest,Roles,Env>. 

interP_verb(stretch,[(_,NP1>,(_,NP2>J,Env) :­
@lone_ap(NP2,QP), !, 
interP-nP(Env,NP1,Ref), 
function(Env,Ref,stretch,Val>, 
interp_ap(QP,stretch,Val,Env>. 

interp_verb(SUPPort,C(subJ,NPl),(obJ,NP2)1Advsl,Env> :- !, 
interP-nP(Env,NPl,SuPP), 
interP-nP(Env,NP2,0bJ), 
function2(Env,SuPP,0bJ,stuck_somewhere,_), 
relation<Env,SuPP,ObJ,suPPort>, 
aPPl~_advs(Advs,ObJ,suPPort,Env). 



interP_verb(throw,C(obJ,NP>IModsJ,Env> :- !, 
interP_nP(Env,NP,Ref>, 
Mo= motion<Ref,Start,Dest,CM1J,M2,S~s>, 
current_time<Env,M1>, 
OPt-Point(from,Mods,Start,Env,Modsi>, 
oPt-Point<to,Mods1,Dest,Env,Mods2>, 
aPPl~_advs(Mods2,Ref,throw,Env>, 
exPand(Mo,declare,Env>, 
ProPert~(Env,Ref,unsuPPorted). 

interp_verb(travel,C(subJ,NP1),(obJ,NP2>J,Env) :- !, 
interP-nP(Env,NP1,Ref), 
function<Env,Ref,motion_of,S~s>, 
interp_indefmeas(NP2,Ref,Env>. 

interp_verb(wei~h,C(subJ,NP1>,CobJ,NP2)J,Env> ,_ !, 
interp_np(Env,NP1,0bJ>, 
function<Env,ObJ,mass,Res>, 
@lone_ap(NP2,GP>, 
interp_Qp(QP,mass,Res,Env). 

,terP_verb(Verb,Roles,Env> :-
error('I don''t know this use of %P\n',CVerbJ,fail). 



/* VERSUP 
SuPPort routines for verb semantics 
C.M., 18/6/81 

/* APPi~ all PPs to a ~iven obJect */ 

aPPl~PPs(tJ,_,_) :- ,. 
aPPl~PPs(t(P,NP)IPPsJ,ObJ,Env> :- !, 

interp_pp(ObJ,Env,PP(P,NP>>, 
aPPl~PPs<PPs,ObJ,Env). 

/* Constrain the t~Pe of an obJect */ 

constraint(TYPe,Refs,Env) :­
newenv<Env,def,Env1>, 
ProPertY(Env1,Refs,T~Pe), !. 

/* Get an optional modifier*/ 

opt_mod(P,Mods,Ref,Env,Mods1> :­
aPPend(M1,t(P,NP)IM2J,Mods>, 
aPPend(M1,M2,Mods1>, !, 
interp_np(Env,NP,Ref). 

opt_mod(_,Mods,_,_,Mods) :- !. 

/* Get an optional Point specification*/ 

opt_point<P,Mods,Ref,Env,Mods1) :- !, 
opt_mod(P,Mods,Ref1,Env,Mods1), 
(nonvar(Ref1) -> function(Env,Ref1,Point_of,Ref); true). 

/* APPlY adverbs and PPs to a ~iven obJect */ 

aPPlY-advs<tJ,_,_,_) :- !. 
aPPlY-advs(C(adv,A)IModsJ,Ref,Verb,Env) :- !, 

interp_adv<Env,A,Verb,Ref), aPPlY_advs(Mods,Ref,Verb,Env>. 
aPPlY-advs<C<P,NP)IModsJ,Ref,Verb,Env> :- !, 

interp_pp(Ref,Env,PP(P,NP)), 
aPPlY_advs<Mods,Ref,Verb,Env>. 



/* MEAN1 
ExPansion of word meaninss (below 'distrib' level> 
C.M., 30/6/81 
Use with rest of semantic interpretation stuff 
This file should not mention obJect-level Predicates 

ExPorts: 

meaninS(3) 
testmeanir,s < 3) 

ImPorts: 

UPdef(3) 
current_time(2) 
SUPer_t':IPe(2) 
test(2) 
declare(2) 

'* Ordinar':I meaninss *I 

~eanins<E,above(MP),(Above,Below>> :- !, 
meanins<E,bod':l_distance,<(Below,Above>,S>>, 
meanins<E,breakdown(seParation>,<S,MP1f90,desreesl>>. 

meaninS(E,adddim(D),(0,MP)) :- !, 
adddim(D,MP,0,E). 

meanins<E,at,ObJs) :- !, 
adddim(seParation,CO,arbsl,ObJs,E). 

meanins<E,breakdown(_),<V,MP>> :­
add_t~Pe-info(vector,V,E>, !, 
meanins(E,masnitude,<V,M>>, 
meanins<E,direction,<V,D>>, 
breakdown<M,D,MP,E). 

meaninS(E,breakdown(_),<M,MP)) :- !, 
breakdown<M,Cl,MP,E). 

:anins<E,ends,(ObJ,<E1,E2))) :- !, 
meanins(E,lend,(ObJ,E1>>, 
meanins<E,rend,(ObJ,E2)). 

meanins<E,from(MP>,ObJs) :- !, 
adddim(seParation,MP,ObJs,E>. 

meanins(E,eauilibrium,Ref) :- !, 
adddim(acceleration,CO,arbsl,Ref,E>. 

meanins<E,on,<Above,Below>> :- X •on the left end of the rod• 
add_t':IPe_info(Part,Below,E>, !, 
meanins<E,contact_somewhere,C(Above,Below),_)). 

meaninS(E,on,(Above,Below)) :- !, X •on the table• 
meanins<E,contact_somewhere,<(Above,Below),_)), 
meaninS(E,suPPort,(Below,Above)). 

meanins<E,over,<Above,Below>> :- !, 
meaninS(E,contact-somewhere,<<Above,Below>,_)), 
meanins<E,suPPort,(Below,Above)). 



meanins<E,roush,Ref) :- !, adddim<coeff,Cmu,arbsJ,Ref,E>. 

meanins<Env,KeY,Refs) :- ¾ default case 
current_time(Env,T>, 
11~eans <KeY, Refs1, T, Tests, Ass>, 
match_type(Refs,Refs1>, !, 
test<Tests,Env>, declare(Ass,Env). 

meanins<Env,PerhaPsTYPe,X) :­
match_type(X,_), !, 
trace('>>Assumins null tYPe for ¾P\n',CPerhaPsTYPeJ,assum>, 
declare(entitY(X),Env). 

meanins<Env,KeY,X) :-
user_suPPlY('the meanins of ¾P',CKe~J,Lexp), 
assertz<<KeY ==> Lexp)), meanins(Env,Ke~,x>. 

I* Make sure that meanins has the risht functionalit~ *I 

match_t~Pe(R,R1> :- individual<R>, !, individual(R1>, R=R1. 
match_t~Pe((A,B>,Patt) :- !, nonvar(Patt), Patt=(A1,B1>, 

match_t~Pe(A,A1>, match_type(B,Bt>. 

individual<X> :- var(X), !. 
individ•Jal((_,_)) :- ! , fail. 
individual(_). 

I* Basic maniPulations on measurements *I 

adddim(Dim,MP,ObJ,Env) :- !, 
meanins<Env,Dim,(ObJ,Res>>, 
meanins<Env,breakdown<Dim>,<Res,MP)). 

breakdown(M,thZtCN,UJ,E> :- var<Z>, ! , 
meanins(E,measure,(D,<N,U))). 

breakdown<M,D,CN1,U1J:CN2,U2J,E) :- !, 
meanins<E,measure,<M,<N1,U1>>>, 
meaninS(E,measure,<D,<N2,U2))). 

breakdown<M,D,Chow_many,UJ,E> :- !, 
meanins<E,sousht,D). 

hreakdown<M,_,CN,UJ,E) :- !, 
meanins<E,measure,<M,<N,U>>>. 

I* See if a meanins can be aPPlied *I 

testmeanins<E,Ke~,ObJs> :- !, 
UPdef<E,def,E1), 
meaninS(E1,Ke~,ObJs>. 

I* APPlY a meanins in a 'new' environment *I 

addmeanins<E,Ke~,ObJs) :- !, 
UPdef(E,indef,E1), 
meanins(E1,KeY,0bJs). 



I* MEAN2+PL 
Primitive word meaninss 
C.M., 24/9/81 

means(Word,ObJs,T,PresuPP,Mean) :­
(Word==> Vars: Mean where PresuPP), 
sort_vars(Vars,ObJs,T>. 

means<Word,ObJs,T,true,Mean> :­
(Word==> Vars: Mean), 
sort_vars<Vars,ObJs,T). 

sort_vars(\Vars,A,B> :- nonvar(Vars>, V~rs=CA,Bl, !. 
sort_vars(\A,A,_) :- !. 
sort_vars(\(A,B>,<A,B),_) :- !. 
sort_vars(\(A,B,C>,<A,B,C),_) :- !. 

'acceleration'==> 
\C(ObJ,Accel>,TJ: s~s-accel(ObJ,Accel,T>. 

'ase' ==> 
\C(P,A),TJ: birth(P,B)&Period(Per,F,T>&duration(Per,A). 

'aPPlied_force' ==> 
\[(X,Y>,TJ: reaction(X,Y,R,T> & exerts(X,R,T>. 

'ball'==> 
\X : ba 11 < X) • 

'bar'==> 
\Xt bar(X >. 

'before'==> 
\(M1,M2>: Period(Per,M1,M2). 

'bench'==> 
\X: ber,ch(X) • 

'bod~_distance' ==> 
\C((B1,B2),SeP),TJ: bod~_distance(B1,B2,SeP,T>+ 

born'==> 
\[Pers,TJ: birth(Pers,T). 

'bridse' ==> 
\X: bridse(X>. 

'cliff'==> 
\X: cliff<X>+ 

'coeff' ==> 
\C(O,C>,TJ: coeff_friction<O,C,T>. 

'coeff' ==> 
\CC(01,S>,C>,TJ: coeff_friction(01,S,C,T>. 

'connects'==> 
\(Str,01,02>! connects<Str,01,02,forever>. 

'constant' ==> 



\C(0,C>,TJ: elasticitY(0,C,T). 

'contact'==> 
\C(01,02>,TJ: contact(01,02,T). 

'contact-somewhere'==> 
\C((01,02>,P>,TJ: body_contact(01,02,P,T). 

'crane'==> 
\X: crane(X). 

'dateof' ==> 
\(Mom,Date>: dateof<Mom,Date). 

'daushter' ==> 
\(Per,Daus>: daushter_of(Per,Daus>. 

'difference'==> 
\((G1,Q2),GJ>: difference(Q1,Q2,G3)&{add(eauation(Q3=Q1-G2))), 

'different'==> 
\(01,02): diff<01,02). 

'direction'==> 
\(Vec,Dir>: direction(Vec,Dir>. 

'distance'==> 
\C(0bJ,Dis>,TJ; dist_travelled(0bJ,Dis,T>. 

'duration'==> 
\(Per,Dur>: duration(Per,Dur>. 

'edse' ==> 
\(0,E); solid_rishtend(0,E). 

'end'==> 
\(0,E>: solid_rishtend(0,E>. 

'ends'==> 
\(0,<E1,E2>>: solid_leftend<0,E1)i~olid_rishtend(0,E2>. 

eauation' ==> 
\Ean: {add(eauation(Ean))}. 

'father'==> 
\(Per,Fath): father_of(Per,Fath). 

'female'==> 
\X: female<X>. 

'fine'==> 
\C0bJ,TJ: mass(0bJ,Mass,T)&measure<Mass,0,arbs). 

'fixed'==> 
\0bJ: fixed(0bJ,forever). 

'fric_force' ==> 
\C(0,F>,TJ: friction(S,0,F,T> 

where body_contact(0,S,_,T). 



"sround" ==> 
\Sround: <load(sround)}. 

"heisht." ==> 
\[(X,H),TJ: lenst.h(X,H,T). 

"horizontal"==> 
\O: t.ansent.<O,Tan)&measure(Tan,O,desrees). 

"inextensible"==> 
\O: st.rins(O). 

"John'==> 
\John: man(John). 

'lt,r,own' ==> 
\X: <add(known<X>>>. 

'lend'==> 
\(0,E): solid_left.end<O,E). 

enst.h' ==> 
\C(ObJ,L),TJ: lenSt.h(ObJ,L,T). 

'lever' ==> 
\X: lever<X>. 

'lisht.' ==> 
\CObJ,TJ: mass(ObJ,Mass,T)&measure(Mass,O,arbs). 

'masni t.•.rde' ==> 
\(Vec,Mas>: masnitude(Vec,Mas>. 

'·male' ==> 
\X: male(X). 

'man' ==> 
\X: man(X). 

'marY' ==> 
\marYI woman(mary). 

'mass'==> 
\X: blob< X) + 

'mass'==> 
\C(ObJ,Mass),TJ: mass(ObJ,Mass,T). 

'meas•.rre,. ==> 
\(Q,(N,U>>: measure(G,N,U>+ 

'mother' ==> 
\(Per,Mot>: mot.her_of(Per,Mot.>. 

'motion' ==> 
\(ObJ,Motn>: true where 

motion(ObJ,_,_,_,_,Mot.n>&maximal_motion(ObJ,Mot.n>. 

'motion.Point.'==> 
\C(ObJ,Place),TJt motion(ObJ,_,Place,_,T,_). 



'motion_start' ==> 
\C(ObJ,Place>,TJ: motion(ObJ,Place,_,T,_,_). 

'motion_of' ==> 
\C(ObJ,Mot>,TJ: motion(ObJ,_,_,Moml,Mom2,Mot> 

where Period<T,Mom1,Mom2>. 

'neuter'==> 
\X: neuter<X>. 

'other_end' ==> 
\(0,E2>: true 

where solid_farend(O,E1,£2) i {test(bound_mentioned(E1>>>• 

'Painter'==> 
\X: Painter(X). 

'Particle'==> 
\X: Particle(X>. 

-eriod' ==> 
\((M1,M2>,Per): Period(Per,M1,M2). 

'Period_of' ==> 
\(Event,Per>: Period_of(Event,Per). 

'Pier'==> 
\X: Pier(X). 

'Plane'==> 
\X: Plane(X). 

'Point'==> 
\X: Point<X>. 

'Point_of' ==> 
\(ObJ,Pt>: solid-Point_of(ObJ,Pt>. 

'Pole'==> 
,x: Pole(X). 

'product'==> 
\((Q1,G2),Q3)t {add(eauation(Q3=G1*G2))}. 

'Pulle~' ==> 
\Xt Pulle~(X). 

'ref'==> 
\Xt {add(ref(X))}. 

'relvel' ==> 
\[((01,02>,V>,TJ: relvel(01,02,V,T>+ 

'rend'==> 
\(0,E)t solid_rishtend(O,E>+ 

'rod'==> 
\Xt rod(X>. 



'roPe' ==> 
\X: roPe(X). 

'scaffold'==> 
\X: scaffold<X>. 

'sea'==> 
\sea: {load(sea)}. 

'second'==> 
\X: true. 

'separable'==> 
\(01,02): separable(01,02). 

'separation'==> 
\[((ObJ1,0bJ2),SeP),TJ: seParation(ObJ1,0bJ2,SeP,T). 

'separation_travelled' ==> 
\C(ObJ,SeP),TJ: Period(T,M1,M2) & Pathat(ObJ,P11,M1) & Pathat(ObJ,P12,M2) 

& seParation<P11,P12,SeP,T>. 

small'==> 
\O: Particle(O). 

'smooth'==> 
\CObJ,TJ: coeff_friction(ObJ,Co,T>imeasure(Co,O,arbs). 

'son'==> 
\(Par,Son>: son_of(Par,Son>. 

'sousht' ==> 
\O: {add(sousht(O>>}. 

'speed'==> 
\C(ObJ,Sp),TJ: vel(ObJ,SP,T). 

'sPrins' ==> 
,x: SPrinS(X). 

~tation' ==> 
\X: station(X). 

'stationary'==> 
\CObJ,TJ: vel(ObJ,Vel,T)&masnitude(Vel,Mas>&measure<Mas,O,~rbs). 

'stone'==> 
\X: stone(X). 

'stretch'==> 
\C(O,S),TJ: extension<O,S,T). 

'strins' ==> 
\X: strins(X). 

'stuck' ==> 
\(01,02): fixed(01,02,forever). 

'stuck-somewhere'==> 
\((01,02),Pt>: body_fixed(Ol,02,Pt,forever). 



'SIJPPOrt' ==) 
\[(SUPPorter,SUPPOrtee),TJ: SUPPOrts(SUPPOrter,SUPPOrtee,T). 

'surface'==> 
\X: surface(X). 

"system' ==> 
,x: SYStem(X). 

"table'==> 
\X: tableCX> • 

'tansent' ==> 
\CO,Tan>: tansentCO,Tan). 

'tension'==> 
\C(ObJ,Tens),TJ: tension(ObJ,Tens,T). 

'toP' ==> 
\(O,T>: solid_leftendCO,T>. 

tower'==> 
\X:'tower<X> & tansentCX,T) & measure<T,90,desrees> 

& <load(Sround)} 
& solid_rishtendCX,Bot> & body_fixed(Bot,sround,_,forever>. 

'train'==> 
\X: train(X). 

't~Pical_Point' ==> 
\(ObJ,Pt): tYPical-Point(ObJ,Pt). 

'unsupported'==> 
\CObJ,TJ: unsuPPorted(ObJ,T). 

"velocity"==> 
\C(ObJ,Vel),TJ: velCObJ,Vel,T). 

'vertical"==> 
\O: tansent<O,Tan>&measure(Tan,90,desrees). 

"weisht" ==> 
\C(ObJ,Wst>,TJ: mass(ObJ,Wst,T). 

'weisht" ==> 
\X: blob(X). 

'woman'==> 
\X: woman(X). 

'work'==> 
\C(X,W),TJ: work_done<X,W,T) 

where exertsCX,_,T). 

'>t-a:<is' ==)· 
\x_axis: line<x-axis>&tansent(x_axis,zero>. 



I* TIME 
Basic operations on time Periods and moments 
C.M., 14/9/81 

I* Imports: 

@(1) 
bind(4) 
addmeanins(3) 
current_time(2) 
error(3) 
sens'!:Jm(2) 
lastof(2) 
tense<2> 
t_focus(3) 
unbound(!) 

Exports: 

final_time<2> 
newmoment(2) 
set_time(2) 
time_focus<3> 

I* Set up tense information *I 

set_tense(S,Env> :- @embedded_sent<S,_), !. 
set_tense(S,Env> :- @aux_verb(S,T>, tense(Env,T>, !. 

I* Set UP default time at end of sentence *I 

final_time<S,Env> :­
current_time(Env,M>, 
not(unbound(M,an'!:i,Env>>, !, 
set_time(Env,M). 

final_time<S,Env> :­
eventclass(S,Ec>, Ec=event, 
tense(Env,T>, 
exists_time_focus<T,Env,F>, !, 
current_time(Env,C>, 
time_after<F,Env,C,M>, 
set_time(Env,M>. 

final_time(S,Env> :-
tense(Env,T>, 
exists_time_focus(T,Env,F>, !, 
set_time(Env,F>. 

final_time(S,Env) :­
current_time(Env,C>, 
add_t'!:JPe_info(moment,C,Env>, !, 
newmoment(Env,M>, 
set_time(Env,M>. 

final_time(S,Env) :­
newPeriod(Env,P>, 
set_time(Env,P). 

% 1. Time already known 

% 2. Time after last focus 

¾ 3. Time as last focus 

¾ 4. Time is new moment 

% 5. Time is new Period 

I* Create a new time after the previous time focus. 
4 cases accordins to whether the new time (=current time> 
and the focus are Periods or moments. 



Create a moment if Possible, otherwise a Period 

time_after(F,Env,C,H> :­
add_twpe_info(moment,C,Env>, 
add_twPe-info(moment,F,Env>, f, 
newmoment<Env,H>, 
addmeanins(Env,before,<F,M>>. 

time_after<F,Env,C,H> :­
add_twpe_info(moment,C,Env>, f, 
addmeanins<Env,Period,((_,H),F)). 

time_after<F,Env,C,P> :­
add_twPe-info(moment,F,Env>, !, 
newPeriod(Env,P>, 
addmeanins(Env,Period,<<F,_),P>>. 

time_after<F,Env,C,P> :­
newPeriod(Env,P>, 
addmeaninS(Env,Period,((_,M>,F>>, 
addmeanins(Env,period,<<H,_),P)). 

/* Create new times*/ 

. _wmoment(Env,H> ;-
senswm<moment,H>, add_twPe_info<moment,M,Env>, !. 

newPeriodtEnv,P) :-
senswm(Period,P), add_twPe-info(period,P,Env>, !. 

/* Set current time to a specific time*/ 

set_time(Env,Val) :-
current_time(Env,H), 
nonvar(Val), !, 
bind(an~,M,Val,CJ,Env>, 
tense<Env,T>, 
t_focus<T,Env,List>, 
lastof(List,Val). 

/* See if there is alread~ a time focus*/ 

ists_time_focus(Tense,Env,F) ;­
t_focus(Tense,Env,List>, nonvar(List), !, 
l~stelt(List,F). 

/* Get time focus, creatins a moment if necessarw */ 

time_focus(Tense,Env,F> :-
t_focus<Tense,Env,List), nonvar(List>, f, 
lastelt(List,F). 

time_focus<Tense,Env,F> :- !, 
t_focus(Tense,Env,List>, 
newmoment(Env,F>, 
List= CFI_J. 

lastelt(CXIYJ,X> :- var<Y>, !. 
lastelt(C_IYJ,X> :- !, lastelt(Y,X>, 

/* Does a sentence describe a state or an event1 *I 

eventclass<S,event) :-



@main_verb(S,V>, verbtYPe(V,event>, !. 
eventclass(S,event) :­

@embedded_sent(S1,S>, 
@main_verb(S1,V>, verbtYPe(V,event), !. 

eventclass(S,state). 

verbtYPe(raise,event). 
verbtYPe(bear,state>. 
verbtYPe(Pin,state). 
verbtYPe(suPPort,state). 
verbtYPe(fall,event). 
verbtYPe(stand,state). 
verbtYPe(be,state). 
verbtYPe(connect,state>. 
verbtype(Pass,state>. 
verbtype(find,state>. 
verbtype(hans,state>. 
verbtype(Place,state). 
verbtYPe(remain,state). 
verbtYPe(weish,state). 
verbtype(carrY,state). 

rbtYPe(attach,state) • 
. ~rbtype(have,state). 
verbtYPe(hold,state>. 
verbtype(rest,state). 
verbtYPe(susPend,state). 
verbtYPe(contain,state>. 
verbtYPe(run,state>. 
verbtYPe(droP,event). 
verbtYPe(hit,event). 
verbtYPe(throw,event>. 
verbtYPe(reach,event>. 
verbtype(Project,event). 
verbtype(calculate,state>. 
verbtYPe(sit,state). 

verbtype(Verb,TY> :-
not(clause<verbtYPe(Verb,_),true>>, !, 
user_suPPlY('type of ¾t (state/event)',CVerbJ,Ty). 



/* METACT,PL 
Meta-level actions associated with meaninss 
C,M., 24/7/81 

meta_act(Env,add(Ass>> :- !, 
trace<'>>Enterins XP into meta-level database\n',CAssJ,meta), 
meta_add(Ass,Env>. 

meta_act(Env,test(Ass>> :- !, 
trace<'>>Lookins for meta-level fact %P\n',CAssJ,meta>, 
meta_test(Ass,Env>. 

meta_act(Env,use(OPerator>> :-
meta_test(used(Qp),Env>, unifs(ans,OP,0Perator,CJ,Env>, !, fBil. 

meta_act(Env,use(Qperator)) :- !, 
meta_add(used(Qperator),Env). 

meta_act(Env,load(Sit)) :- meta_test(loaded(Sit>,Env>, !. 
meta_act(Env,load(Sit)) :- !, 

7 

trace('>>Loadins situation ''XP''\n',CSitJ,load>, 
load_sit(Sit,Env), 
meta_add(loaded(Sit),Env>. 

. 4 Load in a standard situation *I 

load_sit(Sit,Env) :- !, 
add_ext<•sit•,Sit,File>, see(File>, read<R>, 
process_rule<R,Env>, !, seen. 

Process_rule(end_of_file,_) :- !. 
Process_rule((A<--B),_) :- !, assertz(obJect_level_ruleCA,B>>, 

read(R>, Process_rule(R,Env>. 
Process_rule((A ==> B>> :- !, assertz((A ==> B>>, 

read(R>, Process_rule(R). 
Process_rule<Ass,Env> :- add(Ass,Env>, read<R>, Process_rule(R,Env>. 



/* MLXPRO 
Extra meta-level Properties 
C.M., 25/8/81 

uniaue_most_seneral(intersect(X,Y,Z>> :­
bound(X,forever>; bound(Y,forever); bound<Z,forever>. 



/* METADB.F'L 
Accessins the meta-level database 
C.M., 24/7/81 

meta_add(known<X>,Env> :- !, mark_known<X,Env). 
meta_add(ref<X>,Env) :- !, mark_ref<X,Env). 
meta_add(Ass,Env> :-

ase(N), index_add(ke~s<meta,N,Ass>,rJ>, !. 

meta_test(known<X>,Env> :- !, known<X,Env>. 
meta_test(ref(X),Env) :- !, ref(X,Env). 
meta_test(bound_mentioned(X),Env) :- !, 

findall<z,y-((meta_find<mentioned<Y>,Env>,bound<Y,an~,Env),bound<Y,Z>>>,I_), 
rev_member<A,L>, bind(an~,X,A,CJ,Env>. 

meta_test<Ass,Env> :- meta_find(Ass,Env>. 

meta_find(Ass,Env> :- !, 
index_find(Ass,ke~s(meta,_,Ass>,CJ). 

rev_member<X,C_:LJ> :- rev_member<X,L>. 
rev-member<X,CXI_J) :- !. 

meta_assertion(Ass,Env) :-
index_find(meta,ke~s(meta,_,Ass),CJ). 



/::*', F-f~ER 
s-iictins out assertions for outPut 
C.N •• 22/6/81 

filter<measure<A,B,C>,E,siven<A>> :­
, not<meta_test<sousht<A>,E>>• 

filter(known(_),_,_) :- !• fail. 
filter<refers(_,_),_,_) :- !, fail. 

'filter<mentioned(_),_,_) :- ! , fail. 
filter(loaded(_),_,_) :- !, fail. 
filter(used(_),_,_) :- !• fail. 
filter<X,_,X) • 

• 



isa(solid,sea). 

b~low<sea,_) <-- true. 



/* SCAFF.SIT 
Knowled~e about scaffold situations 

true<-



Knowled~e about the earth 

Point(earth>. 



/* GROUND.SIT 
Rules for sround situations 

surface(Sround). 

below(sround,_) <-- true. 



I* TIMES.SIT 
Knowledse about times 

period(~orever,alPha,omesa>. 



/* Check throush a .SYN file *I 

run<F> :- inPut<F>, so. 

/* DisPlaY the Parser output in another form *I 

so:- @sentence(S), so1<S>, nl, fail. 
so. 

I* Sentences *I 

So1(S) :- !, d1<S,O). 

d1<S,T) :-
@conJCS,S1,ConJ,S2>, !, 
nwritef<T,'sentence ¾t - ¾t(¾t,¾t)\n\n',CS,ConJ,S1,S2J>, 
d1(S1,T), nl, 
d1(S2,T). 

d1(S,T) :-
nwritef<T,'sentence ¾t\n\n',CSJ>, 
T1 is Tt1, 
set_sentencetype(S,TY), 
nwritef(T1,'envir\t¾t\n',CTYJ>, 
PassivitY(S,P), 
nwritef(T1,'¾t\n',CPJ), 
set_tense(S,Te), 
nwritef(T1,'tense\t¾t\n',CTeJ>, 
@main_verb<S,V>, 
nwritef<T1,'verb\t¾t\n',CVJ>, 
check_verb_rou(V>, 
collectnPs(Env,S,NPs>, 
dnPs(NPs,T1). 

dnPs(CJ,_) :- ,. 
dnPs(C(R,NP)INPsJ,T> :- !, 

nwritef<T,'¾t\t¾t\n',CR,NPJ>, 
T1 is Tt1, 
drole(R,NP,T1>, 
dnps(NPs,T). 

~t-sentencetYPe(S,'n/a') :- @embedded-sent(S,_), !. 
set_sentencetYPe(S,Ty) :- sentencetYPe(S,Ty). 

Passivity(S,passive) :- @Passive(S), !+ 
PassivitY(S,active) :- !+ 

set_tense<S,'n/a') :- @embedded_sent<S,_), !. 
set_tense(S,T> :- @aux_verb(S,T>, !+ 

check_verb_rou(V) :-
clause(interP_verb(V1,_,_),_), V==V1, !. 

check_verb_rou<V> :-
nosem(V). 

I* NPs and other constituents *I 

drole(adv,A,T) :- !, 
@adv_head(A,Ad>, !, 
nwritef<T,'head\t¾t\n',CAdJ>, 



chadv(Ad>, 
adv_feats(Ad,A,T>. 

adv_feats(Ad,A,T) :- @hasfeat(A,F>, F\==Ad, 
nwritef(T,'feature\t¾t\n',CFJ>, fail. 

adv_feats(_,_,_). 

chadv(A) :- cla•..tse( i_adv(A,_,_,_,_) , __ ), ! • 
chadv(A) :- nosem(A). 

drole(_,Nf',T) :-
@lone_ap(Nf',GP>, !, 
dap(QP,T>. 

drole(_,NP,T) :­
@lone_number<NP,N>, !, 
nwritef<T,'number\t¾t\n',CNJ). 

drole(_,NP,T> :-
@lone_ap(NP,AP>, 
daP(AP,T> • 

. ·ole(_,NP,T> :-
@special_np(NP,N>, 
<N=~ou; N=what>, !, 
nwritef<T,'sPecial\t¾t\n',CNJ>. 

drole(_,NP,T> :-
@poss_det<NP,NPl>, !, 
nwritef(T,'det\t¾t\n',CNPlJ>, 
Tl is Ttl, 
drole(np,Nf'l,Tl>, 
@fnof(NP,Fn>, 
nwritef(T,'function\t¼t\n',CFnJ>, 
chsem(Fn). 

drole(_,NP,T> :-
@name(NP,Na>, !, 
nwritef(T,'name\t¼t\n',CNaJ>, 
chname<Na>. 

chname(Na) :- namesender(Na,_), !. 
chname(Na> :- nosem(Na>. 

drole(_,NP,T> :-
@wh_trace<NPl,NP>, !, 
nwritef(T,'trace\t¾t\n',CNPlJ). 

drole(_,NP,T) :-
@conJ<NP,NP1,NP2>, !, 
nwritef(T,'conJunction\t¼t %t\n',CNP1,NP2J), 
Tl is Ttl, 
drole(nP,NPl,Tl), 
drole(nP,NP2,Tl). 

drole(_,NP,T) :-
@auant_front(NP,NPl>, !, 
nwritef<T,'auantifier + ¾t\n',CNPlJ>, 
drole(np,NPl,T). 



drole(_,NP,T> :-
@fnof(NP,Dim>, 
not(@ap_det(NP,_)), 
@num(NP,_,def>, ! , 
nwritef<T,'function\t¼t\n',CDimJ>, 
chsem(Dim>, 
dmars(Nf',Dim,T>. 

dmars(NP,D,T> :- PreP_of(D,P>, 
@pp(Nf',P,NP1 >, ! , 
nwritef(T,'ars\t¼t\n',CNf'lJ>, 
Tl is T+1, 
drole(nP,NP1,T1). 

dmars(Nf',_,T) :- @relc(Nf',S), ! , 
nwritef(T,'relc\t¼t\n',CSJ>, 
Tl is T+1, 
d1(S,T1). 

dmars(NP,_,T) :- !, 
nwritef<T,'ars\temPt~\n',CJ). 

drole(_,NP,T> :-
@fnof(NP,Dim>, 
not<@aP-det(NP,_)), !, 
nwritef<T,'indmeas\t¼t\n',CDimJ>, 
Tl is Tt1, 
chsen, <Dim>, 
imars(NP,T>. 

imars(Nf',T> :-
@pp(NP,of,NP1>, @ap_det(NP1,GP>, !, daP(GP,T>. 

imsrs< NP, T > :-
@ap_modif~<NP, GP>, !~ dap(QP,T>. 

imarsHNP,T) :-
@relc(NP,S>, 
nwritef(T,'relc\t¼t\n',CSJ>, 
d1(S,T). 

drole(_,NP,T> :-
@headno•Jn (NP, N) , 
clause(specialref(N1,_,_,_),_), Nl==N, !, 
nwritef(T,'sPecial\t¼t\n',CNJ>, 
feats(NP,T>. 

drole(_,NP,T> :-
@headnoun(NP,N>, Pron<N,_,_), !, 
nwritef<T,'Pronoun\t¼t\n',CNJ). 

drole(_,NP,T> :-
@num<NP,Nu,De>, 
nwritef<T,'number\t¾t\n',CNuJ>, 
nwritef(T,'envir\t¼t\n',CDeJ), 
@headno•Jn <NP, N > , 
doPtname<NP,T>, 
nwritef(T,'noun\t¼t\n',CNJ>, 
chsem<N>, 
dmods(NP,T). 

doPtnameCNP,T> :- @post_name(NP,N>, !, 
nwritef<T,'ref\t¼t\n',CNJ>. 

doPtname(_,_) :- !. 



dmods(NP,T> :-
@ap_det(NP,QP), 
nwritef(T,'ap_det\t¾t\n',CQPJ>, 
Ti is T+i, 
dap(QP,Ti>, fail+ 

dmods(NP,T> :-
@hasfeat(NP,AP>, 
nwritef(T,'ap\t¾t\n',CAPJ>, 
T1 is T+i, 
daP(AP,T1), fail+ 

dmods(NP,T) :-
@pp(NP,P,NPi>, 
nwritef(T,'PP\t¾t\n',CPJ>, 
chP(P), 
T1 is T+1, 
drole(nP,NPi,Ti), fail+ 

dmods<NP,T> :-
@relc<NP,S>, 
nwritef(T,'relc\tXt\n',CSJ), 
Ti is T+1, 
d1(S,Ti>, fail+ 

dmods(_,_). 

chP(with) :- !+ 
chP(of> :- !+ 
chP(P) :- clause(i_pp(_,_,P1,_),_), P==Pi, !+ 
chP(P) :- chsem<P>. 

feats<A,T) :- @hasfeat(A,F>, 
nwritef(T,'feature\t¾t\n',CFJ>, 
fail+ 

feats(_,_) :- !+ 

dap(QP,T) :-
measures(QP,MPl), !, 
nwritef<T,'ap\t¾t\n',CMPlJ>. 

daP(how_much,T) :- !, 
nwritef(T,'ap\thow much\n',CJ). 

daP(AP,T) :­
@head_adJective(AP,A), 
nwritef(T,'head\t¾t\n',CAJ>, 
chadJ<A>, 
daPmods(AP,T>+ 

chadJ(A) :- dimadJ(A,D,_), !, chsem<D>+ 
chadJ(A) :- chsem(A). 

daPmods(AP,T) :-
@ap_modif~(AP,QP), 
dap(QP,T>, fail+ 

daPmods(AP,T) :­
@intensifier(AP,H>, 
nwritef(T,'intens\tXt\n',CHJ>, 
fail+ 

daPmods(AP,T> :­
@comparative<AP,NP>, 



nwritef(T,'comPar\t%t\n',CNPJ>, 
Ti is T+i, 
drole(nP,NP,Ti), fail. 

daPmods(_,_,. 

I* Utilities *I 

chsem(W) :-
clause( meanir,s < _, Wi, Pi>,_>, Wi==W, ! . 

chsem(W) :-
means< W, Pi,_,_,_>, ! • 

chsem(W) :- nosem<W>. 

nosem ( V > : - ! , 
writef('** WarninSI - no semantics for %t\n',CVJ). 

nwritef(T,M,As> :- !, 
ttab(T), writef<M,As>. 

ttab(O) :- ! • 
ttab(N) :- Put(9), Ni is N-i, ttab(Ni). 

Get inPut from a file *I 

inP•Jt <File> :-
flush, 
add_ext(•s~ni,File,Filei>, 
nice(Filei,File2>, 
see(File2>, repeat, 
read<T>, Proc(T>, 
!, seen. 

riice<F,F> :- file_exists<F>, ! . 
nice(Fi,F2> :-

name(Fi,Nai>, 
aPPend(•s~n:•,Nai,Na2>, 
name(F2,Na2). 

Proc(end_of_file> :- !. 
Proc<Z> :- srecord<Z>, fail. 

srecord<Z> :- recordz<Z,@Z,_), 
recorda(@(_) ,z,_,, I. 

I* Get an assertion from the Parser *I 

@@Z :- recorded(Z,@Z,_). 

I* Flush all inPut *I 

flush:- recorded(@(_),Z,P>, 
erase<P>, recorded<Z,@Z,Pi>, erase(Pi>, fail. 

flush. 



I* REWRITE.CPL 
Rewriting to create cvars, etc 

I* ImPorts: 
newevar/2, 
newtJvar/2, 
mark_existential/2 

:- P•Jbl ic 
s!(.olemise/2, 
tJniversalise/2, 
fix/2. 

I* Skolemise an entit~, changing variables into evars *I 

skolemise<S,Env) :- var(S), ! , 
newevar(S,Env). 

skolemise(_,_) :- !. 

·* Change variables into uvars *I 

universalise(S,Env) :- var(S), !, 
new•Jvar(S,Env). 

universalise(_,_) :- !. 

I* Fix an~ 1Jniversal variables *I 

fix(A,Env) :- nonvar(A), mark_existential(A,Env>, !. 
fix(_,_). 



/* TYLOAD+PL: Read in twPe hierarchw 
Represent twPes bw Prolos terms 

Imports: 

errmess/2, 
load_start/1, 
load_finish/1, 
read-next. 

:- Public 
tw-start/0, 
twPe-Pattern/2, 
or_rule/2 • 

. - mode tw_Process<+>, 
basifw(+,+,->, 
hidden_ors<+,->, 
add_hidden_ands<+,+>, 
twpe_name(t,->, 
tw_nmember(t,-,->, 
subtwPe(t,1>, 
tw_intersect(+,->, 
maketwPe(t,+>, 
twPe-Pattern<+,->. 

t'!:l_start :-
repeat, read_next(Next>, 
t'!:1-Process(Next>, f. 

t'!:1-Process(X <-> Y> :- !, 
add_rule<X,Y>, fail. 

t'!:1-Process<<include<F)}) :­
seeins(Old>, 
see<F>, 
repeat, read(t'!:IPe-hierarch'!:1), !, 
repeat, read(T>, 
(load_finish(T);(t'!:1-Process(T),fail>>, 
!, seen, see(Old), fail. 

tw-Process(Fin> :­
load_finish(Fin>, f, 
finish_twPes, 
load-start<Fin). 

ty_process(Garb) :-

Chris 
UPdated: 27/8/81 

¾ CALLed in findall 

errmess('Invalid t'!:IPe sPecification',Garb>, fail. 

finish_twPes :­
rewrite_t'!:IPes, 
do_basic_t'!:IPes, 
do_derived_t'!:IPes, 
remove_rules, 
fail+ 

finish_twPes. 



I* Rewrite decomposition of derived types *I 

rewrite_types :-
repeat, rewrite_a_tYPe, !, 

rewrite.a_type :-
or_rule(X,RHS1>, 
and_rule(X,RHS2), !, 
basify(RHS2,entitY,BasRHS>, 
BasRHS = Bas&RHS21, 
remove_rule(X,RHS1>, 
hidden_ors(RHS1,RHS11), 
add_rule(Bas,RHS11>, 
add_hidden_ands(RHS11,RHS21), !, 
fail. 

rewrite_a_type. 

basifY(A&B,Sofar,New) :- !, 
basify(A,Sofar,Sofar1), 
basifY(B,Sofar1,New). 

basifY(A,Sofar,New) :­
and_rule<A,RHS>, !, 
basifY(RHS,Sofar,New>. 

basifY<A,Sofar,Sofar> :-
subtYPe(Sofar,A>, !, 

basifY(A,Sofar,A&Sofar). 

hidden_ors<A•B,hidden(A)IC) :- !, hidden_ors(B,C). 
hidden_ors(A,hidden(A)). 

add_hidden_ands(hidden<A>•B,Ands> :- !, 
add_rule(A,hidden(A)&Ands>, 
add_hidden_ands(B,Ands). 

add_hidden_ands(hidden(A),Ands) :­
add_rule(A,hidden(A)&Ands). 

I* Deal with and/or tree of basic tYPes *I 

do_basic_types :­
treeP(entitY,Patt,Patt>. 

treeP(TYPe,Patt,Pattars> :­
findall(RHS,or_rule(TYPe,RHS),List>, 
lenSth(List,Arity), 
tYPe_name(TYPe,Name>, 
functor(Pattars,Name,AritY>, 
maketYPe(TYPe,Patt), 
ty_nmember(List,N,RHS1), 
ars<N,Pattars,NewPattars>, 
subtYPe(RHS1,TYPe1>, 
treeP(TYPe1,Patt,NewPattars>, 
fail, 

treep(_,_,_). 

type_name(hidden(A),A) :- !. 
tYPe_name<A,A). 

ty_nmember(CAl_J,1,A). 
ty_nmember(C_lLJ,N,A) :- ty_nmember(L,Nl,A>, N is N1+1. 



subtYPe(AtB,C) :- subtYPe(A,C). 
subtYPe(AtB,C> :- !, subtYPe(B,C>. 
subtYPe(A,A). 

I* Dealins with derived types *I 

do-derived_tYPes :-
and_rule<X,RHS>, 
basifY(RHS,entitY,RHS1), 

•tY-intersect(RHS1,Res>, 
maketYPe(X,Res), 
fail. 

do_derived_tYPes. 

ty_intersect<A&B,Res) :- !, tY-intersect(A,Res>, ty_intersect<B,Res). 
tY-intersect<A,Res> :- tYPe-Pattern<A,Res>, !. 

I* Retrievins rules*' 

or_rule(LHS,RHS) :- !, call(LHS <-> RHS), RHS = -•-• 
~d-rule<LHS,RHS> :- 1, call(LHS <-> RHS), RHS ,= -•-• 

add-rule(LHS,RHS> :- assertz(LHS <-> RHS>, !. 
remove_rule<LHS,RHS) :- retract(LHS <-> RHS>, !. 
remove_rules :- abolish(<->,2>. 

I* Information about types*' 

maketype(hidden<T>,Patt) :-
recorded(T,hi-Patt(_),P>, erase(P>, fail. 

maketYPe(hidden<T>,Patt> :- !, 
recorda<T,hi-Patt(Patt),_). 

maketype(TYPe,Patt) :­
recorded(TYPe,tY-Patt(_),P>, erase<P>, fail. 

maketYPe(TYPe,Patt) :­
recorda(TYPe,ty_patt(Patt),_). 

tYPe-Pattern(hidden<T>,Patt) :- recorded(T,hi-Patt(Patt),_), I, 
tYPe-Pattern(TYPe,Patt) :- recorded(TYPe,ty_patt(Patt),_), 1. 
,ype_pattern(TYPe,_) :- errmess('Undefined tYPe',TYPe), fail. 



I* TYLOAD+PL: Read in type hierarch.., 
Represent tYPes bY Prolos terms 

Imports: 

errmess/2, 
load_start/1, 
load_finish/1, 
read-next. 

:- Public 
tY_start/0, 
tYPe-Pattern/2, 
or_rule/2. 

- mode ty_process<+>, 
basifY<+,+,->, 
hidden_ors<+,->, 
add_hidden_ands<+,+>, 
t,..,pe_name<+,->, 
ty_nmember(+,-,->, 
subtype(+,?>, 
tY_intersect(+,->, 
maketYPe(+,+>, 
tYPe_pattern<+,->. 

:- oP(lOO,xfx,<->>. 
:- OP(50,xf..,,t), 
:- OP(50ntf..,,&) • 

ty_start :-
repeat, read_next(Next>, 
t,y_process<Next), !. 

,y_process(X <-> Y> :- !, 
add_rule(X,Y>, fail+ 

ty_process({include(F)}) :­
seeins(Old), 
see(F), 
repeat, read(type_hierarchY), !, 
repeat, read(T>, 
(load_finish(T);(t,y_process<T>,fail>>, 
!, seen, see(Old>, fail+ 

t~-Process(Fin) :­
load_finish(Fin), !, 
finish_t,ypes, 
load_start(Fin). 

t,y_process(Garb) :-

Chris 
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¾ CALLed in findall 

errmess('Invalid t,ype specification',Garb>, fail. 

finish_tYPes :-
rewrite_t,ypes, 
do_basic_t,ypes, 



do-derived_t'!::!Pes, 
remove_ r•Jles, 
fail. 

finish_t'!::!Pes. 

I* Rewrite decomposition of derived t'!::!Pes *I 

rewrite_t'!::!Pes :-
repeat, rewrite_a_t'!::!Pe, !. 

rewrite_a_t'!::!Pe :-
or_rule(X,RHS1>, 
and_rJle<X,RHS2>, !, 
basif'!::l(RHS2,entit'!::l,BasRHS>, 
BasRHS = Bas&RHS21, 
remove_rule(X,RHS1>, 
hidden_ors(RHS1,RHS11>, 
add_rule(Bas,RHS11>, 
add_hidden_ands(RHS11,RHS21), !, 
fail. 

rewrite_a_t'!::!Pe. 

basif'!::l(A&B,Sofar,New> :- !, 
basif'!::1(A,Sofar,Sofar1>, 
basif'!::l(B,Sofar1,New>. 

basif'!::l(A,Sofar,New> :­
and_rule(A,RHS>, !, 
basif'!::l(RHS,Sofar,New>. 

basif'!::l(A,Sofar,Sofar) :-
subt'!::!Pe(Sofar,A), !. 

basif'!::l(A,Sofar,A&Sofar>. 

hidden_ors(AtB,hidden(A)tC> :- !, hjdden_ors<B,C>+ 
hidden_ors<A,hidden(A)). 

add_hidden_ands(hidden(A)tB,Ands) t- !, 
add_rule(A,hidden(A)&Ands), 
add_hidden_ands(B,Ands). 

add_hidden_ands(hidden(A),Ands) :­
add_rule(A,hidden(A)&Ands>+ 

J* Deal with and/or tree of basic t'!::!Pes *' 
do_basic_t'!::!Pes :­

treep(entit'!::1,Patt,Patt>. 

treeP(T'!::IPe,Patt,Pattars) :­
findall<RHS,or_rule(T'!::!Pe,RHS),List>, 
lensth(List,Arit'!::I>, 
t'!::IPe_name(T'!::IPe,Name>, 
functor<Pattars,Name,Arit'!::I), 
maket'!::IPe(T'!::IPe,Patt>, 
t'!::l_nmember(List,N,RHS1>, 
ars<N,Pattars,NewPattars>, 
subt'!::1Pe(RHS1,T'!::1Pe1), 
treep(T'!::1Pe1,Patt,NewPattars>, 
fail+ 

treep(_,_,_). 

t'!::!Pe_name(hidden<A>,A> :- !. 



tw_nmelff:,\e r < [ A l _ J , 1 , A> • 
tv_nmember<C-ILJ,N,A> :- tv_nmember(L,N1,A), N is N1+1. 

subtvPe(AtB,C) :- subtvPe(A,C). 
subtvPe(AtB,C) :- !, subtvPe(B,C>. 
subtvPe(A,A>. 

/* Dealins with derived tvPes */ 

do_derived_tvPes :-
and_rule<X,RHS>, 
tv_intersect(RHS,Res>, 
aaketvPe ( X, Res) , • 
fail. 

do_derived_tvPes. 

tv-intersect(A&B,Res) :- !, tv_intersect<A,Res>, tv_intersect<B,Res). 
tv_intersect<A,Res) :- tvPe-Pattern<A,Res>, !. 

• Retrievins rules*/ 
r 

or_rule(LHS,RHS) :- !, call<LHS <-> RHS>, RHS = -•-• 
and_rule(LHS,RHS) :- !, call(LHS <-> RHS>, RHS \= -•-• 

add_rule(LHS,RHS) :- assertz(LHS <-> RHS>, !. 
re•ove_rule(LHS,RHS) :- retract<LHS <-> RHS>, !. 
remove_rules :- abolish<<->,2>. 

/* Information about tvPes */ 

maketvPe(hidden<T>,Patt) :-
recorded(T,hi-Patt(_),f'), erase<P>, fail+ 

maketvpe(hidden<T>,Patt> :- !, 
recorda(T,hi-Patt(f'att),_). 

maketvPe(TvPe,Patt) :­
recorded(TvPe,tv-Patt<->,P>, erase(P>, fail. 

maketvPe(TvPe,Patt> :-
recorda(TvPe,tv_Patt<Patt),_). 

_vPe-Pattern(hidden<T>,Patt> :- recorded(T,hi_patt(f'att),_), !c 
tvPe-Pattern<TvPe,Patt) :- recorded(TvPe,tv_patt<Patt>,->, !. 
tvPe-Pattern(TvPe,_) :- errmess('Undefined tvPe',TvPe>, fail. 
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