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/* MBASE I Load Meche support code ~ La1-1rence 
UPdated: 1 December 81 

%% Consult this file after runnins MUTIL or UTIL 

% This file loads all the Hecho suPPort machinery, Mecho's sctt1sl knowledse 
% of the domain is not included - this is loaded by the file KNOW. 

%-----------------
% Initialisations 
%-----------------

% Mecho specific operator declarstjons 
% (NB uti],ops & Plib,oPs will also be loaded) 

'mecho,ini", % Initialisations 

%---------------------------------
% Basic Predicate library support 
%------~--------------------------

y _________________________ _ 

·'" 
% The Meche Problem Solver 
%--------------------------

-~, 
-\0 

• tOP? 
m.srPle, 
choose, 
aPPlic, 

%---------------------
% Database manasement 
'" /4---------------------

., inP1.1t. Pl.,, 
-'db-,Pl ,. ' 
·'known., P 1 ., , 
., inde~-~., Pl", 

%-----------------------------
% UnderlYins Inference Ensine 
¥-----------------------------.. ~" .. 

., cc., p J. ,· ' 
·'Prove()., F• J. ., , 
,·Prt~O. Pl ·', 
-~PS◊?Pl ./, 

✓ hi:.t.+Pl ✓, 

-'bound.PI-', 
-~ 111<~ta2 + P 1 ~~ , 

% ComPile Predicate library support 

% ToP level 
% Marples - soal directed Problem solver 
% APPlYins stratesies 
% APPlicable formulae selection 

% <Re)loadins formulae definitions 

;~ InPut f·acts 
% Assertins into database 
~~~ r1a1taba-s-e 1Y,ar,ase1ner,t. 
% Database indexinS 

% Interface to inference system 
% Mecho Theorem Prover 
% Proof execution 
% Proof structure oPerations 

% Proof history operations 
% Instantiation states 
% Miscellaneous meta Predicates 



·'tsPes.Pl", 
·'thload.Pl", 
,·thcrun.Pl ,·, 

%--------------------
% Utilities and Junk 
%--------------------

J. 

·' mechou. P J. ,· , 
_; wd:-:i.n. pJ..,, 
·'vector. Pl", 

ok, 

db .. init. 

% Terminal to? level for inference ensine 

: TYPe hierarchy operations 
% Theory loadins loop (belon~s elsPwhere> 
% Theory transformation (belon~s ~lsewhere) 

% Invariant enforcement 

% Mecho specific utilities 
% wordsin utility 
% -Vector arithmetic 
~ Settins UP runnable imases <~onvenience) 
% odd bits (tq be removed) 
% Various, POS~iblY temporar~, thin~s 
% (General) foreach utility 

% Set UP database 



/*KNOW: Load Mecho's 0 knowledses 

La.1r.1rencE, 
UPdated: 30 November 81 

%% Consult from a Mecho Base <MBASE> 

%----------------------
% The Predicate library 
%----------------------

% Load Predicate library 

,., /4---------------------------------------------------------
% Coded inference rules (ie hacks/stuff to be done better> 
%---------------------------------------------------------

'k: force,. ? ~; (coded) Inf·erence about f·,;;),·Ce:- etc 
--1-dint'er·' ' 

.. , 
;-. (coded) Inference rule:- -· \lBT-iOlJE. 

/ 'k: schema-·· a; 
i'u ( coded) Schemat.a 

%------------------------------
% Physical formulae definitions 
%------------------------------

% NB This is an assertion used by 'fms' 
f·o rmu J. ae ( [ 

., 

···f"m: resolv.f·m', 
'f'm: mom. fm ,· !-' 
'fm: s.um. fm ·' , 
'fmtconst.fm', 
'f·m: re l . t'm' , 
·' fm: hooke. ·f"m' 

------------------------------
% Already known Particular facts 
%-------------------------------

% Resolution of forces 
% Turnins moments 
% Time and len~th sums 
% Motion under constant acceleration 
% Rel•tive motion 
i': SPrinss 

% Load the formulae list 



;; MBASE.SUB: Mecho Base - Problem solver and Inference Swstem 
;; 
9 ; 
; ; 
mbase.sub 
mecho"ops 
mecho+ini 
top 
marPle 
a1.1ar,ts 
choose 
ai:,pl ic 
fms.Pl 
irtPl..!t+Pl 
db.Pl 
known+Pl 
index+Pl 
CC+Pl 
ProveO.r:-1 
mi:>t,hod +? l 

-,..).i:.-1 
,t.Pl • 

bcmnd.?l 
meta2.Pl 
run+?l 
tYPes+?l 
?olice+Pl 
rr,echou + P 1 
wdsin+Pl 
vector.PI 
ok 
hacv..s 

UPdatedt 15 January 82 

,;; This file 
; Mecho specific operator declarations 
;; Initialisations 
; TOP level 
; Marples - Saal directed Problem solver 
; analYse_result machinery 
; APPlYins strategies 
; APPiicable formulae selection 
; (Re)laadins formulae definitions 
; Ir,r-ut facts 
; Assertins into database 
; Database manasement 
; Database indexins 
; Interface to inference swstem 
ii Mecho Theorem Prover 
; Proof methods 
; Proof structure operations 
; Proof hist.orY operations 
; Instantiation states 
; Miscellaneous meta Predicates 
; Terminal top level for inference ensine 
; TYPe hierarchy operations 
; Invariant enforcement 
; Mecho specific utilities 
; wordsin utilitw 
;; Vector arithmetic 
; Set.tins UP runnable imases (convenience> 
; odd bits (to be removed) 



mecho.oPs 

-t,OP• 
marP le. 
rauants. 
choose. 
aPPlic. 
·fms.Pl 
inP•.Jt. ?l 
db+?l 
known.PI 
index+?l 
CC+Pl 
ProveO+Pl 
met.hod+Pl 
Y:..SO+Pl 
hist+?l 
bt1und+Pl 
meta2+P1 
run.PI 
t~Pes.?l 

.~lice.PI 
~JChOl.t+Pl 

wdsin+Pl 
of.r. .• 
hacks. 

Q 



y:,J.code: ?lib+ O?S 

P J. code: Preds. F· 1 
Plcodefm1Pr?2.Pl 
}~ le ode: ml face.? 1 
i~ lcode t meta+ P 1 
PlcodetkstY?e+?l 
Plcodeft1+Pl 
Plcor.:iett2.Pl 
Plcodett3.Pl 
Plcodett4+Pl 

• P lcode i m1..1st. P 1 
Plcodetload+?l 
Plcor.:ietks+P-1 
Plcodetrulef+Pl 
Plcodeft~load+Pl 
Plcodeterr+Pl 
mechotmecho.o?s 
mecho:tor:- .. 
mechotmarPle. 
mecho t G•Jants. 

~chotchoose. 
\_)cho t aF,? 1 ic. 
mechotfms+Pl 
mecho t j_ nP1..1t. P 1 
mechotdb+Pl 
mecho t v..nown. P 1 
mecho: i nde>t. P 1 
mechotcc.Pl 
mecho:ProveO.Pl 
mechotmethod+Pl 
mechofPs0+?1 
mecholhist.Pl 
mechofbound+Pl 
mechotmeta2.i=--1 
m£-~cho t r1..1n. P 1 
mecholt~Pes+Pl 
mechotPolice.Pl 
mechotmechou.Pl 
mechotwdsin+Pl 

~chotok+ 
-icho: hacks. 



Directory listins 
Name Extension Len Prot 

DSKBt [400,441 ,MECTOPJ 
PLIB SFD .,. ,., .:::;~':75)· 
PLCODE SFD c:-

.J <:77'~_;:::-
MECHO SFD c:· 

,J <775> 
MECHO MIC c:-,_, <005> 
EC~ E wn;~ c:· ,., <005> 
FM SFD 5 -<"l75>-
TH SFD 5 .:::775~::• 
t, SFD c:-,., .:;:7;~~5:::. 
COAST SFD i::· ,., <775> 
MOFI SFD 5 <775> 
MBASE Br;t, lO <005> 
KNOW 5 <005> 
MBASE 10 <005> 

Tot.al of· 7~.i blocv..s in 17 ..., 

[400,441 ,MECTOP,PLIBJ 
,::•tIB HL.P :!. !;i -: .. oO!:,.> 

j"f.~ DOC ,::-
,_I <OO~i> 

VATEG 5 <005> 
MOTION DEF 10 <005> 
i~GES DEF 5 <005> 
NOTF?.EC OLD 5 <005> 
TIME DEF 5 <005> 
PLIB FL c:· 

,_I <OO!:i> 
PLDEF ~i <OO!:,> 
PLIB SIJB ,::-,., <005> 
IJNITS DEF 5 <005> 
NLPRED DEF ,::-,., -: .. 005 .. -· 
TYPES HI l 0 -:::0()5)· 

OBJP DEF :t.O <005··:• 
OlUR DEF 1,::-

,J <OO!:i> 
CONTAC DEF 1,::-,., <005> 
SOLL.IN DEF H) <005> 
SPACE DEF :!.O <005> 
PLH~ CNG 1 c:· 

..J <005> 
i::•tIB 10 <005> 

3Tot.a:l of' 170 blod~.s ir1 20 
/ sc._ 

[40011441 ,MECTOP,PLCOIIEJ 
PLIB OPS 5 <005> 
fWLEF PL. 5 <005> 
KSTYPE PL 10 <005> 
ERR PL i::· ,., <005> 
LOAD PL 1 ,:.· .J <OO~.i> 
PREDS PL i::· 

..J <00~5> 
·r3 PL 5 <005> 
1·2 PL ,::-,., <005> 
T4 PL. .,,. ,_, <005> 
MUST PL. ,::-,., <005> 
T1 PL 10 <OO!.::i> 
l4EL.L 5 <OO;.:i> 
MEDIN ,::-

.J <.O•.:.,!:.•> 
KS PL. 15 <005> 
TYL.OAD PL 1() <005> 

1-·Dec-81 
---C reat. ion--····· Mode 

30-No•--1-81 -· ❖ • ..,~ .L ❖ ._;),_! 12-Dec-80 17 
22-Nov-81 2t52 11-AF·r--81 17 

1-Dec-81 21 !25 28-AF, r--81 17 
30-Nov-·81 18: !:i6 1-JtJn-81 0 

4-Nov--81 ;2~3: 5S' 1--,J,.m-81 0 
11-Nov-81 5 t(>5 2-·.J•.m--81. :!.7 
11-Nov-81 7t29 6-·SeP-81 17 
11-Nc,v-81 7~-33 6-·SeP-81 :!.-· I" 

1-·Dec-81 1 t43 23-Nov-·81 :1.7 
1-Dec-8:1. 1 ;43 23-t~OV'-E: 1 17 

30-Nov-81 23 i :~6 30-Nov-81 0 
30-N,::iv-81 23; 4l4 30-Nov-81 0 

1-Dec-81 .!} t 09 1-·Dec-81 0 
t'iles c,n DSi(B; (400,441 ,MF.CTOPJ 

23-·Nov-81 4:26 11 -AF-· r-·81 0 
23-Nov--81 oi20 14-Jt.m-81 0 
22-Nov-81 HH49 13-,.hJl-81 () 

27-Nov-81 18 t ~56 5-·i:'~IJS·-81 0 
26-Nov-8:!. 18t58 5-{~us-81 0 
22-ND\.-'-8:!. 

. 
19t03 !:i-AuS-81 i 

27-Nov-81 2l t46 2!:i··f~JJS-81 0 
26-Nov-81 :i i28 t,-·Ser·-8l 0 
27-Nov--81 :!. !38 6-SeF•-·81 0 
26-Nov-8:t j_ i44 6-SeF-··-81 0 
27-Nc,v-81 12t!:i1 10-·Sei:-,-81 0 
26-Nov--81 ,~? i::•-.r 

7 ~ ,,_1..,5. 14-·Sep-·81 0 
27-Nov-8:t 9t54 14-Sei:-,-81 0 
27-·Nov-81 10:00 23-Sei:-,-81. 0 
27-Nov-81. 9;1,t. 28-Sep·-81 0 
27-··Nov-81 '7'; 28 28-·SeP-81 0 
27-Nc:,v-81 14t27 2-Nov-81 0 
27--Nov-81 14t28 2-·i\Jo\./-8 l 0 
22-N0\-'-81 l L} t 2~') 2-·Nov-81 0 
26-·Nov-81 2(} g 3l 22-·Nov--81 0 

f•i les on DSr~B t (400,441 ,MECTOP?PLIBJ 

1-Dec-81 :i.6;52 1 ;':i-J1.m-:::: 1 0 
1-·Dec--81 16t53 15-,Ji.m-·81 0 
1-Dec-81 :i 6: !:.i3 1 ;'5-,_hJn-81 0 
1-·Dec-81 lt,; 53 :!.5--.Ji.m-81 0 
1-Dec-81 9t04 6-,.lul-81 ;J 
1-Dec-81 15t17 9-·,.lul.-8l 0 
1-Dec:--81 l7t22 9-,.lul-81 (:t 

1-Dec-81 17' t 22 9-.Jul-:31 0 
1-Dec:--81 :i /': 23 9-·.Jul-EH 0 
1-·Dec-81 1 :7 t 24 9-.Jul-81 0 
1-D,.;~c-81 :2!09 10--.Jul-81 0 

22-Nov-8j. •/❖ ... :,:~ 
~ ❖ .L..;J 10-.Jul-·81 () 

22-·Nov-81 15:37 13-·JtJl-81 () 

1-Dec:--81 17 t 0-'} 4-·A1..1s-81 0 
:!.-· Dec--81 14t22 27-·AIJS-81 0 

Pase 1 
Vers.ion 



' 

Direct.orY list.in• 
Name Extension Len Prot. 

META PL. 5 <005> 
MLPRP:l. PL 10 <OO!'.:i> 
PLCODE CNG iO ·-.. 005...-
PLCODE SUB .... 

•J <005> 
PLCODE .... 

.J <005> 
MLFACE PL 10 -:::OO~i:::-

Tot.al of l.~55 blocks :i.n 

[400,441,MECTOP,MECHOJ 
POLICE PL c:-

.J <005> 
SHELF SFD 5 <77~'i> 
INDEX PL ~i <OO!'.:i> 
TYPES PL 10 <005> 
FMS PL 5 <005> 
NORMAL 10 -.::ooe,> 
ot{ c:· 

';;) <005> 
,~1PPL.IC 10 <005> 
VECTOR PL. 5 <005> 

'.!ND PL 10 <OO~i> 
~-IN PL 5 <: () () ~-i )· 

BITS c:· ,_, <005> 
HIST PL. c:· 

.J ·(0(>!.:i)• 

cc PL. c:-._, <OO!:i> 
MECHO HH 5 <005> 
MECHO OPS c:-

._I <005> 
PSO PL. .... ._, <005> 
PRFO PL. c:· 

.;;J ·< () 0 ~-; :::-
META2 PL. !;i <005> 
MECHOU PL. .... ._, <O(i!'.:i> 
PROVE◊ PL. 15 <005> 
INPUT 10 <OO~-;> 
MAfi:PL.E 10 <OO!'.:;> 
KNOl.JN PL 1 .... .J <OOe.i> 
CHOOSE 10 <OO!:i> 
MBASE SLII-~ c:-.. , <OO!:i> 
FLS c:· ·-· <OO!:;> 
FL c:-._, <00:5> 

"lLL .... 
.J <005> 

__.r·' 10 <005> 
RUN PL. 10 <005> 

Tot.al of 220 bloc~ks. in 

21 

31 

1-Dec-81 4:45:34 
Access ---Crest.ion--- Mode 

:l.-Dec-8:l. 
1-Dec-8:l. 

22-·Nov-8:l. 
l-Dec-8:l. 

30-Nov-8:l. 
1-Dec-81 
f·i les on 

1.-Dec-·81 
:l.-·Dec-81 
1-·Dec·-81 
1-Dec-81 
1--Dec--81 
:l.-Dec·-81 
1-Dec-81 
1-Dec-81 

30-Nov-81 
1-Dec--81 
1-·Dec-81 
1-Dec-8:l. 
1-·Dec-81 
1-·Dec-81 
1-Dec-81 
1-Dec--81 
1-·Dec-81 
1-Dec-81 
1-·Dec-81 
1-Dec-81 
1-Dec-81 
1-·Dec-81 
1-Dec-81 
1-Dec-81 
1-·Dec-81 
1-Dec-81 
1-·Dec-81 
1-Dec-··81 
1-Dec-81 
1-Dec-81 
1-Dec-81 
files. c,n 

3t27 
4t :1.0 

22; ~+9 

6-Sep--81 
6-·Se~·-81. 
6-·Sep-81 

22-Nov-81 
22-·No1-..1-81 

1:43 1-Dec-81 0 
DSKB: [400,441,MECTOP,PLCODEJ 

21 t ~iL} :_i--Jul-81 0 
21:34 6-·Jul-81 17 
~ ❖ i::-~ 

-~· ❖ -·~ 6-·.Jul-81 0 
14:09 :I. 3-~lul-·81 0 

6t5Cl 6-·SeF·-81. 0 
l3t44 10-Ar:,r-81 14 

!:if31 6-·Jul-81 0 
3:33 2-._h.m-8l 0 

t4 i (>3 1-Apr-81 14 
23tC 13 30-·Nc,v-81 0 
23:38 30-·No•.-·-81 0 
23:39 30-Nov-·81 0 

0:21 1-Dec-··81 0 
0::34 1-·Dec-81 0 
(): 3<:, l-Dec-81 0 
\) i: 36 1-Dec·-81 1 
:i . i,:.;o 1-·Dec-8:1. 0 
2:30 1-Dec-81 0 
~~: 41 1-·Dec-·81 1 
2!45 1-·Dec-81 0 
3t2'7· 1-·Dec-8:L 0 
3!3s!:, :L -· Dec-·81 0 
3t~i0 1-·Dec-81 0 
:3:57 1-Dec-81 () 

3 i !:i8 1-Dec-81 0 
4: 17 1-·Dec·-·81 1 
4t20 l-Dec--··81 0 
L) i ~~() 1-·Dec--81 0 
4: 2'7' 1-·Dec--81 0 
4t32 1-Dec--81 0 
4:35 i-Dec-81 0 

DSKB: [400,44:l.,MECTOP,MECHOJ 

[400,441,MECTOP,MECHO,SHELFJ 
T1 OLD 5 <005> 4-Nov-B:l. 
TYL0r-1D OLD 
ACCESS OLD 
INPUT OLD 

10 <005> 
10 <005> 

5 -,::oo~;::.• 

4-·Nov-81 
4-Nov-81 
1-Dec-81 

15-._lr.m-81 
27-Jul-81 

0 

0128 27-Feb-81 0 
2:16 1-Dec-81 1 

Vers.ion 

Total of 30 blocks in 4 files on DSKB: [400,441,MECTOP,MECHO,SHFLFJ 

[400,441,MECTOP,FMJ 
RESOLV FM 10 <(H):_i> 23-Nov-8:I. 4: 1e; 2-.J1 .. m-8:l. 0 
MOM FM 5 <OO::'.i> 23-Nov--81 4~2:5 2-Jun-81 0 
HOOt{E FM 5 <005> 4-Nov-81 4:36 2-Jun-81 0 
REL FM c· 

.;;J <005> 4-Nov-81 4 ;~£1 2-Jun-·81 0 
CONST FM ~i <005> 23-Nov-81 :_; t 00 2-Jun-81 0 



Directory listins 
Name Extension Len Prot 

1-Dec-81 4:45:36 Pase 3 
Access ---Creation--- Mode Version 

SUM FM 5 (005> 23-Nov-81 5t05 2-Jun-81 u 
Total of 35 blocks in 6 files on DSKB: [400,441,MECTOP,FMJ 

[400,441,MECTOP,THJ 
R TH 5 <005> 
S TH 5 <005> 

23-·Nov-81 
4-Nov-81 

7t39 
7:40 

29-Ma:~-:31 
29-May•-81 

0 
0 

FOO 5 <005> 23-Nov-81 9t03 29-Maw-81 0 
THLOAD PL 10 (005> 4-Nov-81 22141 13-Jun-81 0 
RELS DEF 5 (005> 4-Nov-81 10138 29-MaY-81 0 

Total of 30 blocks in 5 files on DSKBI [400,441,MECTOP,THJ 

[400,441,HECTOP,KJ 
FORCE 10 <005> 23-Nov-81 16134 8-Apr-81 14 
INFER 15 (005> 4-Nov-81 16:21 20-APr-81 14 
FACTS 5 <005> 30-Nov-81 23154 1-Jun-81 0 
SCHEMA 10 <005> 4-Nov-81 0117 2-Jun-81 0 

Total of 40 blocks in 4 files on DSKBI [400,441,MECTOP,KJ 

HO 
[400,44l,MECTOPJ 
SFD 10 <77:i> l -· Dec-· 8 l 

Total of 10 blocks in 1 file on SCRA: 

[400,44l,MECTOP,MECHOJ 
MBASE RND 40 (005> 1-Dec-81 
MBASE MEM 40 <UU5> 1-Dec-81 

Total of 80 blocks in 2 files on SCRAI 
Grand total of 845 blocks in 107 files 

4I39 1-·Dec-81 17 
[400,441,MECTOPJ 

4136 1-Dec-81, 0 
4t37 1-Dec-81 0 
[400,441,MECTOP,MECHOJ 



/* MECHO.OPS: Operator declarations ~or Mecho (ie MBASE) 

Lawrence 
UPdated: 1 December 81 



/* MECHO.INI : Various initialisations for MECHO, 

:- flas<ccflas,_,on>, 
flas<tflas,_,4), 
flaS(eGlabel,_,O), 
flas(filter,_,in), 
flasCaccept,_,on>, 

% cc create flas 
% trace level 

Lawrence 
UPdated: 1 December 81 

% emuation label counter 
% aPPlicable formulae filterin~ 
% aDo YOU accept, •• • interruPtions 



i-kJ!)•~ vve-btlA 

Nt> t111i&"'®l½ 



PREDICATE 

~/2 ¾J 
ac-c-ePt/1 

add_hidden_ands/2 

E:dd.-. J'1Jle/2 

addi,,.ior·d/3 

********************************** * PROLOG CROSS REFERENCE LISTING* 
********************************** 

MBASE - Problem Solver and Inference System 

FILE 

bits 

utility 

CALLE]) BY 

<user> or_rule/2 and_rule/2 

and_rule/2 run_c-hk_contl/1 run_chk_cont2/4 

marPle marPles/7 

marPle accePt/1 

Plcode:tYload.Pl rewrite_a_type/0 add_hidden_ands/2 

Plcode:tYload.Pl ty_process/1 rewrite_a_tYPe/0 
add_hidden_ands/2 

Plcode:ks.pl add_entrY/5 addtoslot/2 

aliorelative_pattern/3 Plcode:mlface,Pl aliorelative/2 

;;~ 11 __ 9 rc,1Jnd/2 

a 11 boi.md/2 bound.PI 

al J.1Jnbo1Jnd/:2 bound.PI 

already_aPPlied/3 

utilit!::: 

sround/1 all_sround/2 

exists/1 unimue/1 function/2 
unioue/2 allbound/2 

exists/1 function/2 exists/2 allunhound/2 

marPJ.e1:./7 



MBASE - Problem Solver and Inference System 

aPPlicable_formulae/3 

ar-!=Jument. ___ types./2 

blank __ ks/2 

cc/:J. 

csens·dm/2 

chanse_i_Pattern/2 

check_ .. and_.add/ 6 

check ___ p red/2 
' 

c<Jmb :i. ne_r:, 1 ans/ 4 

comm1..1tat.ive/2 

commutative_pattern/3 

SPPlic <user> aPPlicable_formulae/3 

choos-E• 

Plcode:mlface.pl Proof_method/3 

r:-· lcode: ml face. P 1 

Plcode:mlface.Pl handle_definitions/2 

Plcode:ks,Pl ks_flush/2 set/3 backthr-oush/2 

Plcode:tYload.Pl 
do_derived_types/0 

/ 
SPPlic- Par-t.:i. t.j_ on/ 4 

Plcode:ks,Pl new_ks/3 ks_flush/2 
·fetch/3 

bound, i=·l 

utility aPPlY_strateSY/2 

cc.PI db_normal_form/1 

Plc-odelload,Pl loadinS/5 

Plcode:load,Pl loadins/5 

Plc-ode:load,Pl loadins/5 

unkno1..Jn._p red i cate/ 1 

Plcodelload,Pl check_Pred/2 chk_names/2 

cho,:,se marPles./"7 

uti 1 it!::! 1 o a r.:L/ l 

f:i.lt.er_Plan/3 

P 1 code: m J. i=· T'P2-:-F· l 

PlcodelmJ.face,Pl commutative/2 



MBASE - Problem Solver and Inference SYstem 

c-cm,r:-· 1 et.e-L .. k s./2 

concat./3 

cons_ f.;;,ct._name./2 

consider_hist.orY./3 

c-onsider_Pruninm/2 

,:::-ons tamt../ 1 

continue/◊ 

db._.a"!:;se rt../ 1 

db __ fc:,rmet/1 

d!:.1 __ t'orset./2 

db_:i.n:i.t./0 

" ... no rma]. ___ f·orm./1 

i.:"ib_ rest.ore/ 1 

db_ .. scr·ub/2 

db_stat.e/1 

default. __ rule./2 

defin:i. t.:i.on/3 

derived/1 

Plcode:ks.Pl final:i.se/2 

F' r·oveO. F· 1 

utility 

known.PI 

ProveO.Pl 

1Jndefined / 

utilit!::! 

known+Pl 

db.PJ. 

kno1 .. ,1r,. P l 

known.PI 

known.,pl 

known.Pl 

kno1,,.1r1 "Pl 

cc.Pl 

filter_Plan/3 combine_Plans/4 

:i.nPut/1 

next_fact_name/1 db_scrub/2 

Prove/3 

cons. tant/· l 

:i.nt.Prt.2/1 db_assert/1 
F•· roof·_mei:.hod./3 

r.fo_ f o rset./ 1 

db_restore/1 db_scrub/2 

so/0 

Plcode:mlface.Pl Proof_mei:.hod/3 

db.Pl 

meta2.Pl 

Plcode:t!::!load.Pl finish_t\::!Pes./0 

r 
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t::~dit/1. 

0~1 iminable/:l. 

error/:3 

·f i J.e_e~-~i st-s/:!. 

fiJ.J.aJ.1/2 

"ll-!:;lot./:1. 

·filt.er/6 

·fi l ter .... P lan/3 

·final i s-<-:~/2 

·f:i.ndal 1/3 

1'' in i sh __ t.YPes./0 

Plcode:tYload.Pl finish_types/0 

Plcode:mlface.pl size_up_task/3 

uti 1 it-•=: must __ chance/1 

Plcodelerr,Pl load/:l. read_next/:l. 

Plcodelerr.Pl t2_c·heckdo/2 check_Pred/2 check_t~Pe/2 
twPe_ok/2 chkadd/6 ks_slot/3 Prei:Lok/2 

stillf/2 
t'::::Pe._pat. tern/2 

must_know_Pred:i.cate/1. 
db_assert/1 db_restore/1 must_be_term/2 
mus t._be_sround./2 

ProveO.Pl Pos tmo r·tem/3 

uti 1 :i. ty Prove_sinsle/3 

utilit!::! r·r·o 1.le_ .. E-i r1sl e./3 

Plcode:mlPrP2.Pl 

Plcode:m1PrP2cPl method_aPPlicable/2 

Plcode:mlface.Pl exists./1 exists/2 

Plcodelks,Pl set./3 

utilit!::! inPut/:l. 

Plcode:ks,Pl comPlete_ks/2 fillall/2 

Plcode:ks,Pl fillall./2 fillslot/1 

aPPlic aPPlicable_formulae/3 

BPPlic filter/3 filter/6 

ProveO,Pl make_Plan/3 filter_Plan/3 

Plcode:ks,Pl loadins/5 

utility treep/3 soushts/1 
aPPlicable_formulae/3 

Plcode:tyJ.oad,Pl ty_process/1 

uti 1 it-'::~ marPles/7 tel1112 
method_aPPlicable/2 

accept .. /' l 
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fms/0 

forset_fact/1 

·for,111.11 .... sort./2 

formuJ.a_predicate/1 

·formulae/1 

·funct..ion/2 

function_Pattern/3 

:'.'f.ensYm .... arss/:3 

~;et __ j_ __ pat.t.e rn/2 

:'.'f.et __ r·ule/3 

9•:J-/0 

h __ defs./4 

handle_definitions/2 

hidden .. or-s/2 

knot.1n.Pl db_forset/2 db_scrub/2 

SPP J. ic· aPPlicable_formuJ.ae/3 

fms.Pl 

undefined / ·fms./0 

Plcode:mlface.Pl function/2 

known.Pl set_a_keY/4 sak/6 

PrfO.Pl Proof_method/3 sensym_arss/3 

Plcode:ks,Pl commutative_Pattern/3 
aliorelative_pattern/3 function_Patt~rn/3 
exists_pattern/3 unioue_PattPrn/3 
normaJ._form/2 obJect_level_rule/2 
obJect_level_nes_rule/2 default_rule/2 
Brsument_names/1 arsument_names/2 
arsument_types/1 
easy_inference/1 index/2 not_derived/1 

known.PI known2/2 db_add_keys/2 forset_fact/1 

tYPe/2 comPatible/2 add_type_info/2 
Print __ t.\::iPes/1 

Plcodeirulef,Pl normal_for-m/2 obJect_level_rule/2 
dei' .. aul t __ rule/;?. 

solve_Problem/2 set_tYPes/3 marPles/J 

so1,.,.e __ f'•roblem/2 

top 

bound,Pl bo1Jnd/l allbound/2 sround./l 

db,Pl 
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hc;,_.,_.dest/3 

:i._ .. PBttern/2 

:i. np1.Jt./ 1 

:i.nt-Prt/1 

:i.sform/3 

kno1,Jn/2 

known2/2 

known_predicBte/1 

ks __ ini t./0 

ks ___ rec·forms/3 

~--record_ruleforms/1 

ks_ .. slot/3 

k=---translate/4 

load/1 

1 c,ad._.f•ini E-h/1 

Proof __ method/3 

unde·fi.ned /t('.__ <user> his_patt.ern/2 set_indiv/1 

inF·ut.Pl 

:i. nP1 .. rt .• P l inPut./1 

intPrt/1 intPrt2/1 

undef·ined 

kno1,,.1n. Pl <user> soushts/1 sivens/1 
db_assert/1 no_defn/1 def·ird. tion/3 
Proof_method/3 Problem/0 

known.PI definition/3 db_forset/2 

known.PI known/1 known/2 

Plcode:ks.Pl must_know_predicate/1 

Plcode:ks.pl finalise/2 

Plcodelks,Pl finalise/2 unknown_Predicate/1 fetch/3 

Plcode:ks,Pl finalise/2 

Plcode:ks,Pl add_entrw/5 
fet,ch/:3 

Plcode:kstsPe.Pl chkadd/6 

PlcodelkstsPecPl check_type/2 

P 1 code: kstl::=F·e. P 1 
ks_flush/2 

ks_slot .. /3 

Plcodelload,Pl must_chance/1 load/1 

Plcode:load,Pl load_sortout/2 ty_process/1 

CQli!P 1 ete._k E./2 
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fms.Pl fms/0 

1 oBr..L res•::mc /0 

Plcodelload.Pl load_resYnc/0 

Plcodelload.Pl load/1 load_resync/0 ty_process/1 

load:i.ns/~; 

make __ rul eform/3 

maket.ype/2 

marPles/7 

memberchk/2 

Plcodelload.Pl load_start/1 loadins/5 

Plan._Proof/6 

Plcode:rulef.Pl t3_trans/3 t4_trans/3 

marPle 

utilitB 

solve/5 marPles/7 

~hoose_and_app].y_strateSY/5 
I.JE-e 1 eS-Sl~2 

nei,.1-<::n.1,,mti tie-=-/~i 
choose_and_app].y_strateSB/5 
consider_h:i.story/3 addword/3 

Plcodelmeta.Pl ti_trans/3 

meta_Pred:i.cate_:i.ndex/2 Plcodelmeta.Pl index/2 

method_aPPl:i.cable/2 ProveO,Pl filter_Plan/3 

must_be_sround/2 Police.PI db_add/2 

musi.:._ .. be __ ter·m/2 Police.PI known2/2 db_add/2 

must __ chance/1 Plcodelmust.Pl must_know_Predicate/1 

Plcode:must.Pl must_chance/1 fetch/3 

ncc/1. 

Plcodelks1Pl loadins/5 

marPle marPles/7 

known.PI db_add/2 

no __ def·n/j_ 

tw,:,in/3 
l 

indeP/2 

nonvar_same_Predicate/2 Plcode:Preds.Pl t1_trans2/4 
t•L. t. ri,ff1'!:-/3 

t3_trans./3 

normal_.1"'"orm./2 Plcode:mlface.Pl db_assert/1 Proof_method/3 

not._ .. der :i. ved/ 1 meta2.Pl derived/1 
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ncJt ... m.:~mbeY'/2 mechoti. Pl 

nc)t ... s.ubs1.1me/2 Pattern_subsume/2 

not ... tBPe/2 tBPes.Pl 

nD1.~ .. Uf"II.JS.1JE, J. / 1 

number/1 I.Jti l i tB 

obJect_level_rule/2 Plcode:mlface,Pl Proof_method/3 

ok/0 ok 

ok/1 ok 

-..or/2 -3:PPl ic filter/6 

oPen/2 uti lit-=~ 1oad/1 

or_ rule./2 

p.;srt:i. t..:i.on/4 asort/3 Partition/4 

pattern_subsume/2 

r:--c/:1. cc.Pl 

Perm2/4 utilitB 

choose 

1· d.-an._P roof/ 6 ProveO.Pl ra·rovf.,:, .... sinsle/3 

Post.mortem/3 run .. P roof/ 4 

Plcode:load.Pl check_and_add/6 

Pref/2 

PT'ef·erence/2 

Pr:i.nt_ t':::;Pes/l 

F•robl em/0 

undefined / 

1.1ndefined / 

t-'::::Pes,Pl 

mechou.Pl 

bef·o1-e/2 

Pref/2 

Proof_start/1 Proof_exec/3 
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P roof._.met.hod/3 PrfO,Pl 

P·roof .... start./1 PrfO,Pl run_Proof·/4 

r:, r·o•..,•e/2 dc/1 ncc/1 cc/1 pc/1 

Prove/3 Prove_subeoals/2 F-·rove/3 

P rc)Vf?- .. sins l e/3 Prove◊,Pl Prove/3 

Prove_subeoals/2 Proof_met.hod/3 

PS_.dest/3 PSO. F·l Proof· __ s t.a r·t./ 1 

PsO.Pl 

ps __ hi stor!::!/2 Prove_subeoals/2 

ps;.0. p). 

PS .. _ resul t./2 Proof_start./1 Proof_exec/3 

Pure/1 bound.PI met.hod_aPPlicable/2 

(~SOY't/3 formul_sort./2 msort/3 

read __ ne~{t./ 1 Plcode:load,Pl load/1 load_reswnc/0 loadine/5 tw_start/0 

recor·da/1 bits 

r1~ini t.ial :i. se/0 1Jndef•ined "J ok/0 ok./1 

undefined / .,.ippJ./2 okf·or·/2 

remove_ 1•ule/2 

remove __ rules/0 

bits 

r1J l ef·o 1•m/2 Plcode:rulef.Pl ks_flush/2 ks_recforms/3 

,·un/0 
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run/1 run-,Pl run/0 run_cont/1 

run_ .. chk __ cont. :l. / :!. r1Jn. P 1 run ... eval/3 

run_.chlc .. cont.2/ 4 run.Pl run .. eval/3 

run._.cQnt . ./ 1. run.Pl r·1_1n/1 

run._eval/2 ~ run/1 

r1_1n. Pl 

run __ evaJ.2./4 run.,Pl 

run_ form;;;,t . ./2 l'!Jn ·> P 1 

r1_1n_modi,:~/2 run.Pl run/1 run_eval2./4 

·, __ p rooi'' / 4 ProveO.Pl 

run __ re Po r·t./2 run., PJ. 

run_ rePort . ./3 r1_1n. P l ri.Jn._eval/3 

P lcode t Preds. F· l 

PJ.codetF·reds .• Pl 

top so/1 

ProveO.pJ. Plan_Proof/6 

top soJ.ve_problem./2 

toP so/0 so/1 

top solve_problem/2 

sPecific_eauation./2 

sPecific_relat.es/2 

~,. tanda rd __ p 1 an/2 ProveO.Pl make_plan/3 

still __ fres.h/1 P le-ode t ks • P 1 corr,P let.,?._ks/2 

~;ti 11 f /2 PJ.code:ks.PJ. still_fresh/1 stiJ.J.f/2 

utility okfor/2 

utilitw new_auantities/5 
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t.j ___ arsnorm/2 

t.l_c:-oJ.1 ec:-t/2 

_t.r·ans2/4 

tl ___ ti,-Jiddle/2 

t.:L.c-hec-k/2 

t2_ehec-kdo/2 

t2_.i''latten/2 

tJ_.trans/3 

t4_nor·m/2 

tA•-· t. rans/3 

- .4111./2 

tell2/2 

Plc-ode:tYload,Pl basify/3 treeP/3 subtYPe/2 

mec-hou,Pl Prove_sinele/3 

Plc:-ode:tl,Pl t1_trans2/4 

Plcode:tl,Pl ti_trans2/4 

Plc:-ode:tl,Pl ti_collec:-t/2 ti_sweep/3 

Plc:-odettl,Pl tl_sweeP/3 

Plc:-odeltl,Pl ks_translate/4 

Plc-ode:tl,Pl tl_trans/3 

Plc-odeCtl,Pl tl_trans2/4 tl_twiddle/2 

Plc-ode:t2,Pl t2_trans/3 t2_check/2 

Plcode:t2.Pl t2_check/2 

Plcode:t2,Pl t2_trans/3 t2_flatten/2 

Plc-ode:t2,Pl ks_translate/4 

Plc-ode:t3.Pl ks_translate/4 

Plc-ode:t4,Pl t4_trans/3 

Plc-ode:t4,Pl ks_translate/4 

marPle marPles/7 

marPle marPles/7 

undefined ~ ] oadins./5 

utiU.t-'::! 

utilit.y 

uti J. it'::! 

Pl'Dve __ si nsle/3 

save_answer/3 marPles/7 consider_history/3 

solve/5 marPles/7 tel1112 tell2/2 
choose_and_aPPlY_strateSy/5 
aPPlicable_formulae/3 db_assert/1 Prove/2 
Prove/3 Postmortem/3 
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tt•::H:,rint/1 

twoin/3 

t 'd __ p rocesc:/ i 

t'::i!Pe-.. ok/2 
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unbo1Jnd/l 
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un:i.c~ue/2 

un it~ue __ pat t.ern/:.3 

un:i.t./l 
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useless/2 

t•.IO rds in_ term/ 4 

uti 1 it-!::! 

useless/2 twoin/3 

Plcode:tYload.Pl do_der:i.ved_tYPes/0 ty_intersect/2 

Plcode:tYload.Pl ty_start/0 ty_process/1 

Plcode:t'::,!load.Pl loadins/5 

Prove_s.insl e/3 

Plcode:twload.Pl treep/3 

Plcode:tYload.Pl ty_intersect/2 tYPe/2 
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hi =--Pattern/2 
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bound.PI 
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Plcode:mlPrP2.Pl consider_Prunins/2 

Plcode:mlPrP2,Pl method_aPPlicable/2 

Plcode:mlface ❖ i'--:-1 un:i.mue/1 unimwa./2 

Plcode:ks.Pl known_predicate/1 
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choos.e indep/2 
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run_rePort/3 Problem/0 

t'ms. P 1 1 oad __ fms./ 1 



/*TOP: ToP level of the Problem solver 

Lawrence 
UPdated: 18 December 81 

% This assumes that the Problem has been loaded into the database. 
% The connection should be made more explicit. 

db_state(State), 
asserta( last_state(State) ), 
solve-Problem(_,_)¼ 

% Redo from last state 

% remember for convenience 

% Solve Problem and Put result into file 

so(OutFile) 
a- solve_problem(Eauations,Guantities>, 

save_answer<OutFile,Emuations,Quantities>. 

% Actually sol¼e the Problem 

~lve_Problem(EGua:tionss, Guant-i t.ies) 
( } : - so1..1shts. ( Sousht-s) , 
~.___,, sivens(Giver1s) 11 

Set-tYPes(Soushts,CJ,Xtwpes), 
set_twPes(Givens,XtwPes,Types), 
solve(Souahts11Givens,TYPes,Emuations,Quantities). 

% <Also used by GA stuff - elsewhere) 

solve<Soushts,Givens,TYPes,Emuations,Quantities> :-
trace('\nAttemPtins to solve for %tin terms of %t\n\n 1 , 

[Soushts,GivensJ,1>, 
marPles(Soushts,Givens,TwPes,CJ,Eauations,Quantities,Stratesies), 

rev<Stratesies,Stratesies2>, % Get risht way up! 
• trace('\n\nStratesies Used I %1\n',CStratesies2J,1>, 

trace('\nEauations extracted: %c\n 1 ,CEGuationsJ,1>. 



% Find all the sousht muantities 

~a-oushts(Sl ist) 
:- findall<X, known<sousht(X)) ,Slist). 

% Find all the Siven Guantities 

sivens<Glist> 
; 

:- findall(X, known(Siven(X)) ,Glist). 

% Find the types o-f a set. of Guanti ties 
% Alsorithm accululates on the 2nd ars, checkins 
% for membership so that the final result will be 
% a set. 

not_member(T,TYPes>, 
! , 
set_tYPes<Rest,CTITwPesJ,TFinal>. 

set_types([X!RestJ,TwPes,TFinal) 
:- set_twPes(Rest,TYPes,TFi~al>, 

! . 

Z Get type of muantitw (-from definition info> 

set_type(X,T) :- known< defn(X,T,_) >, !. 

set_tYPe(X,T> I- error('TwPe unknown& %t 1 ,CXJ,continue), fail. 

% Write out ~nswer to a file 
% There used to be some problems with the fact that 
Z Prolos can write out certain terms which then aet 
% read in wronSlY (by PRESS saw>. This mainlY involved 
% nesative numbers and the use of unarw minus in terms. 
% Thinss have been improved a bit since then but thew 
% are not Perfect Yet, so watch out. 

save_answer(OutFile,Eouations,Quantities> 
1- tellins(Old), 

tell(OutFile), 
writef(',n/* %t I Mecho outPut\n 1 ,[0utFileJ>, 
Problem, 

- writ.ef('\n*/'\.n\nso :- simsolve('\.n\.n%t,,n\n%t\n).\n', 
CEGuat.ions,OuantitiesJ), 

told, 
tell<Old), 
trace('\nAnswer written to: Zt\n\.n',COutFileJ). 



/* MARPLE I Mecho Problem solver - The Marples 0 alsorithm• 

Lawrence 
Updated: 11 December 81 

% < 1 December 81 > 
% 
% UPdated ·t.o' ret•Jrn final 1 ist o-f stratesies;.,, 
% I must sive all these variables nice names some time ••• 

% < 10 December 81 ) 

% New analwse_result mechanism added <with elimination checkins). 
% A whole new Piece of code for this module is now under construction! 

% The main marPles loop 

~ .. ;li•~rr.:·les( [ J 'Gs, TYPes ,Us' true, CJ ,Us) ❖ 
~! 

marPles([XfXsJ,Gs,TYPes,Us,< EI Es >,CXIXs1J,FinalUs) 
:- ~las(ccflas,_,off>, 

trace<',nI am now trwins to solve for %t ',[XJ,2>, 
trace('without introducins anw unknowns.,n',2>, 

choose_and_aPPlY_strates'!::!(X,TwPes/li,U,Us), 
telli(E11U), 

analwse_result<X,E,Xs,Gs,NewGs,NewXs,NewGs>, 
check_new<NewGs>, 
te112(X,NewXs,NewGs>, 
accept.< 1 > , 

.J. 

marPles(NewXs,NewGs,TwPes,CUlUsJ,Es,Xs1,Fina1Us>¼ 

marPles([X:XsJ,Gs,TwPes,Us,<E & Es>,tXlXslJ,FinalUs) 
I- flas(ccflas,_,on>, 

trace< 1 ,nN0 luck - I will now accept unknowns 1 ,2>, 
trace('in solvins for %t.,n',CXJ,2>, 

choose_and_aPPlY_stratesw<X,TwPes,E,U,Us>, 
te111(E,U>, 

analwse_result(X,E,Xs,Gs,NewQs,NewXs,NewGs), 
show_new(NewGs), 

- te112<X,NewXs,NewGs>, 
accept(2), 

aet_types(NewQs,TwPes,NtwPe•>, 

marPles(NewXs,NewGs,NtwPes,[UlUsl,Es,Xsl,FinalUs>. 

marPles([XlXsJ,Gs,TYPes,Us,Es,Xsl,FinalUs) 
:- trace('\nI am unable to solve for %t.,n',[XJ,2>, 

'fail+ 

% Check that no new muantities were introduced 



! ' 
trace(' This introduces no new unknowns.\n',3). 

check_new(NewGs> 1-
trace(' This introduces unknowns %t which is not allowed.\n', 

CNewQsJ,3), 

% Just show the new thinss 

show_new(NewQs) :-
trace(' This introduces %t as new unknowns.\n',CNewGsJ,3). 

% Various messases 
% Eouation labels are for messases onlY at the moment 
% they should be first class entitiesf 

~.11(E,U> 
J- :- flaS(eolabel ,N,N) 'l 

- Ni is N+1, 
flaS(emlabel,_,N1>, 
( trace('\n Eouation-%t: %t\n formed bw aPPlwins I %t\n', 

CN1,E,U],;~) 
I trace('\n Eouation-%t reJected.\n\n',[N1J,2), fail 
) . 

·tel"12(X, Xs, Gs) 
:- < trace('\n New statel 

trace( '°\n 
Soushtsl Xt',[Xsl,3), 
Givensl Xt\n',CGsJ,3) 

% Talk to user for a while 

accePt(N) 
:- flas(accePt,on,on>, 

1 ' 
accmess(N,M>, 
writef('\n %t Do wou accept this eGuation <wes/no)?°\n\n',CMJ>, 
do_accept .• 

accmess(l,'[ No unknowns J 

accmessC2,'[ Unknowns allowed]') :- !. 

% A slishtlw better accept interface 
% Needs imProvinS and interfacins with RUN.PL etc. 



do_acce?t t-
?rom?t(Old,' (accept)>>'>, 
re?eat., 

read( X>, 
do_acc ( X, Cont.) , 

! !I' 

PromPt.(_,Old), 
Cont= Yes+ 

do_acc(no,no> I- !. 

do_acc(Goal,_) I- call(Goal), !, ~ail. 



/* QUANTS+ I Handle soushts, •ivens, intermediates etc. 

Lawrence 
UPdated: 11 December 81 

analwse_result(Sousht,Ean,Soushts,Givens,NewGs,NewSouahts,NewGivens> 1-
wordsin(EGn,Quantities), 
check_solvesfor(Souaht,Quantities,Termsof>, 

trace('\n Prior sta~e: Soushts: %t',C[Sousht!SouRhtsJJ,3>, 
trace('\n Givens: %t\n',CGivensJ,3>, 
trace('\n This eauation solves for Xt in terms of %t\n', 

[Sousht,TermsofJ,3>, 
intersect(Termsof,Givens,AlreadwDone>, 
t.ak_si vens ( Termsof, Al react,wnone, InterMeds), 
intersect ( I nte rMeds, Soi_ishts, Pos.-sE 1 i mi nated) , 
elim_filter<PossEliminated,Eliminated), 
tak_elims(InterMeds,Eliminated,NewQs;soushts,NewSoushts>, 
a~Pend([SoushtlEliminatedJ,Givens,NewGivens>, 
! ¼ 

% Check that Sousht occurs in Ean's Qauntities 

check_solvesfor(Sousht,Quantities,Termsof) 1-
select<Sousht,Guantities,Termsof), 
! ❖ 

tr;ace(' 
fail+ 

Very stranse - %t does not occur in Emuation\n',[SoushtJ,2>, 

% Take account of of those alreadw siven 

tak_sivens<Termsof,CJ,Termsof) I- !. 
--:✓,_"'1"' 

Qk_sivens ( Termsof ,Al readwDone, Inter·Meds) :-
~ subtract(Termsof,AlreadwDone,InterMeds>, 

trace(' %tare already solved-for or siven+\n',[AlreadYDoneJ,3). 

% We cannot eliminate Qs that are sou~ht 
Z so filter them out. 

I 
elim_filter([XlRestJ,Result) 1-

known( sousht<X> >, 
! ' 
elim_filter(Rest,Result). 

elim_filter([XIRestJ,CXlResultJ> :
elim_filter(Rest,Result). 

/ 



% Take account o~ those eliminated 

tak_elims(InterMeds,CJ,InterMeds,Soushts,NewSoushts> :-
f , 
union(Soushts,InterMeds,NewSoushts>. 

tak_elims(InterMeds,Eliminated,NewGs,Soushts,NewSoushts> 1-
subtract(InterMeds,Eliminated,NewGs), 
subtract(Soushts,Eliminated,X), 
union<X,NewGs,NewSoushts), 

trace(' Xt can be eliminated and doesn''t need to be solved ~or.\n', 
CEliminatedJ,3). 



/*CHOOSE: Simple Problem solvins steps - solving for sinsle muantities 

Lawrence 
UPdated? 18 December 81 

% To solve for a auantitw it is necessary to relate it to other auantities. 
% Various seneral strate:Sies maw exist for trwins to do this. 
Z Each stratesw will involve some seneral rule - a formula. 
% APPlwing a strategy (formula) relates the auantitw to specific 
Z other muantities. 
% This SPe~ific relation can be exPressed <mathematicallw> as an eauation~ 

% The important thin:Ss are, of course, the stratesies, the seneral rules 
and the specific relations Produced. The fact that we Produce 
•eauationss is not of maJor sisnificance in the Problem solvins. 

,o % 
Y. 
% 
% 
% 
% 
¼ 
% 
% 
,; 
% 
'¥ ., .. 
,: 
% 
% 
% 
% 

Choose a stratesw and aPPlY tt 
t.Je are Si ven: 

Q 
TwPeS 
Used 

- Quantitw to solve for 
- Set of twPes of all known auantities 
- Set of already aPPlied stratesies 

We must return! 
St.rates-w - A s•.1ccessful strate:SY 
Ean - Set of auantities related bY 

aPPlYin:S the strate:SY <expressed 
as an eauation>. 

Currently this code relies on Prolo:S backtrackin~ 
to search throu:Sh all Possible stratesies (if 
rea1 .. d red to) • 

Note that there is effectively an extra argument -
the ccflas value which decides whether or not 
we can create durin:S inference. This should be 
made e}{Pl ici t. .• 

% We know a sPeci?ic relation 

Oose_ar,d_aPP J. y_ s. t rate SY< Q, _, Ean, s t ratesw ( sr:-ec if i c, Eaname) , Used) 
I- know< SPecific_relates(Eaname,SYmbols) >, 

memberchk(Q,SwmboJ.s>, 
indeP(strate:SY(sr:-ecific,Ean•me>,Used>, 
know( sPecific_eauation<Eaname,Ean) >, 

trace(' Usina specific eauation Xt\n',CEanameJ,3). 

% We must use a seneral strateSY 

choose_and_aPPlY_stratesy(Q,Tyr:-es,Emn,Stratesw,Used) 
s- definitionCQ,Qtype,Defn>, 

aPPlicable_formulae(Qtyr:-e,TwPes,Formulae_list>, 

member<Formula,Formulae_list>, 
trace(' (trw %t)\n',CFormulaJ,3>, 

pJ.an(FormUla,Q,Qtype,Defn,Stratesw>, 
indeP(Strate:Sw,Used>, 

trace(~ TrYinS to BPPlY Zt\n',[StrateSYJ,3), 



% Plan - Sivan some aeneral strateSY, Plan how 
% to actualise it, ie Produce a complete strategy 

by deciding on a situation in which it can be 
BPPlied. (Use 'prePare' rules> 

Plan(Formula,Q,Qtype,Defn,strategy(Formula,Situation>> 
:- PrePare(Formula,G,Qtype,Defn,Situation>+ 

% Strategy is independent of PreviooslY BPPlied 

% (The IJSeless info should be distributed - it. 
Z belones with the formulae). 

indep(Strstegy,Used) 
:- not member<Strateay,Used>, 

not useless<Stratesy,Used>, 
! + 

useless(stratesw(moments,situation(Point,Rod,Set,Dir,Rtdir,Time)),Used) 
I- twoin(stratesw<moments,situation<Pt.1,Rod,_,_,_,Time>>, 

stratesw<moments,situaticm<Pt2,Rod,_,_,_,Time)), Us-ed). 

useless<strstesw<resolve,situation(TYPe,P,Set,Dir,Time>>,Used) 
:- twoin<strsteew<resolve,situation(_,p,_,X,Period>>, 

strateSY(resolve,situstion(_,p,_,y,period)>, Used>. 

useless(strstesw(relvel,situation(ObJs,Time>>,Used) 
I- member(strateew(relvel,situation<X,Time>>,Used>, 

setea(Ob....is,X> .. 

useless<strateew<relaccel,situation(ObJs,Time>>,Used> 
:- member(strstemw<relsccel,situstion(X,Time>>,Used>, -- , 

setea(ObJs,X>+ 

1..1seless(stratesw<constaccel-N,Situation>,Used) 
:- twoin(strate•Y<constaccel-X,Situation>, 

strste•Y<constsccel-Y,Situation>, Used>+ 

aPPlw_strstegy(stratesw<Fo~mula,Situation>,Ean> 
I- alreadw_aPPlied(Formula,Situation,Ean>, 

! + 

aPPlw_stratesw(stratesw<Formula,Situstion),Ean> 
:- isform<tormula,Situation,Ean>, 

cassertz(alresdw_aPPlied(Formula,Situation,Ean>>, 
! ¼ 

• 



I* APPLIC: Generation of aPPlicable formulae 

t- p1Jblic 

s- mode 

a?Pl_icable_formulae/3. 

a?P 1 icable_ f'or1T1t1l a.e ( +, +, 1), 
aPPl(+,-), 
formul_sort<+,->, 
Pref·(+,-), 
filter(+,+,?), 
filter(t,+,?,?,1,?), 
okf'or<+,+>, 
asort<+,?,1>, 
Partition(+,+,-,->, 
be-fore<+,+>. 

Lat-1rence 
UPdatedi 4 December 81 

% Flist is a list of formulae that relate auantities 
% of type Qtype to other auantities. 
% This list is sorted; siven information about 
% seneral Preferences and auahtitw tYPes known in 
% this Problem (TYPes). 

aPPlicable_formulae(QtYPe,TwPes,Flist> 
I- findall(X, aPPl(GtYPe,X), List!), 

formul_sort(Listl,List2>, 
filter(List2,TYPes,Flist), 

% sort on seneral Preferences 
% sPlit on known twPes 

trace('\n APPiicable formulae S Xt\n',[FlistJ,3>, 

aPPl(QtwPe,Formula> 

% An aPPlicable formula is one which r•lates QtwPe 
% and others. 

:- relates(Formula,TYPes>, 
memberchk(GtYPe,TYPes>. 

% Sort usins value of Pref 

form•Jl_sort <Ll., L2> t-, asort (L1, CJ, L2), ! • 

Pref(Formula,N> :- Preference(Formula,N>, !. 

Pref(Form•Jla, 1 >. % Don't cares are best (hohum?) 

' % Filter list, flas Permit.tins 
This splits the formula list into two; 



% 1) Those formulae which onl~ relate known 
X auantits tsPes. 
X 2) Those formulae which relate tsPes which 
X are not currentl~ known. 
·% The new list is formed bs aPPendins these two 
X lists (1 then 2). Within the sub-lists the orisinal 
% orderins is Preserved. 
X The implementation uses difference-Pairs. 

filter<L,_,L) :- flas(filter,out,out>, !. 

filter(L1,TsPes,L2) :- filter(L1,T~Pes,L2,Z,Z,CJ>, !. 

filter(CJ,_,z1,z1,Z2,Z2). 

filter(CFirst:RestJ,Tspes,CFirstfBestsJ,Z1,Worsts,Z2> 
:- okfor(First,T~Pes>, 

! , 
filter(Rest,TsPes,Bests,21,Worsts,22). 

lter(CFirstlRestJ,TsPes,Bests,Z1,CFirstfWorstsJ,Z2) 
:- filter(Rest,TsPes,Bests,Z1,Worsts,Z2). 

okfor(Formula,TsPes) 
:- relates(Formula,Ftspes), 

subset(Ft~Pes,T~Pes>, 
! • 

/*----------------------------------------------------------------------*/ 

__ ,rt( ex: LJ ,RO,R) 

Z Quick sort a list. 
% The orderins criteria (before) uses Pref/2 
X defined above~ 

:- Partition(L,X,L1,L2), 
asort(L2,RO,R1>, 
asort(L1,CXfR1J,R>+ 

asort(CJ,R,R). 

Partition(CFILJ,X,CFIL1J,L2) 
:- before(F,X), 

! , 
Partition(L,X,L1,L2). 

Partition(CFILJ,X,L1,CFIL2J) 
t- Partition(L,X,L1,L2). 

Partition(CJ,_,CJ,CJ). 

before(X,Y) 



t- r:-ref<X,N1), 
r:-ref(Y,N2), 
Ni< N2, 
l • 



/* FMS.PL: Gizmo for loadin• reauir•d formulae 

Lawrence 
UPdated: 6 September 81 

llV 

X This code expects formulae(List> to return a list of formulae FILES. 
Z All code for the Predicates involvins formulae is abolished and 
Zall the files are then consulted. To work ProPerlw these files must 
Z onlw contain formula Predicates. This method of reloadins thinss is 
X not Particularly elesant! The Probl~m is havins the formulae read in 
% as Prolos clauses while havins them spread across several files. Thew 
Z should be handled the waw the Predicate library handles Predicates 
¾ (indeed it should all be intesrsted). 

% Reload all the formulae definitions 

fms :- formulaeCFileList>, 
load_fms(FileList>. 

% Load formulae from FileList 

load_fms(FileList) 
:-- zar:,,_f9111s, 

ttwnl, disPlaw('Loadins formulae:'>, ttwnl, 
call( FileList >, 
ttwnl, disPlaw('Formulae loaded'>, ttwnl, 
fail+ 

load_fms(_). 

% Abolish ALL old formulae 

zap_fms 

J~ :- formula-Predicate( Name/Aritw >, 
abolish(Nsme,Aritw), 
fail. 

% ie consult them! 

% These are the predicates which count 

formula_Predicate( 
formula-Predicate( 
formula-Predicate( 
formula_Predicate( 

¾ All clauses for these will be abolished before 
¾ the new files are consulted. 

relates/2 
Pre-feremce/2 ) • 
Prer:,are/5 
isform/3 

) + 

) . 



/* INPUT,PL : Loadins facts 

LBwrer1ce 
Updated, 1 December 81 

:- rnode , im=•·ut ( -Y), 
i nt.F· ·rt C"?) , 
i nt-?rt2 ( +). 

% Fact. loading loop 

i n?•.Jt. ( F) : -· 
< file_exists<F>, File= F ; concat(F,',?rb',File> >, 
! , 
seeing(Old), 
see(File), 
re?eat., 

read(X), 
:i.nt.?r·tOO, 

! , 
seen, 
see(Old)i, 
writef('\nFacts read into data base from %t\n\n',[FJ). 

% Interpret an entry 

:i.nt.PrtOO :-- intPrt2<X>, !, ·fail. 

intPrt2( :-(X) ) :- ( call(X) , true ) , ! • 

ail~PT't-2( (Adn > :- ! , intr:-·rt2(A), int..F·rt2(B)., 

int..Prt2( Fact> :- db_assert(Fact), 



/* DB+PL: Assertins into (obJect level) database 

:- Public 

!- mode 

db_assert/1, 
definition/3+ 

db_assert(t), 
handle_type_pred<+>, 
handle-.t~Pes<+>,, 
h_t!:o!PS(t,t,t), 
h_t~P(t,t,+), 
handle_definitions<+,+>, 
not_a_definition<+>, 
h_defs<+,+,+,+>, 
no_defn(+)" 
definition<?,?,?>. 

Lawrence 
UPdated: 18 December 81 

% Assert a fact into database 
r. A 1 so w i 11 ins to accePt conJt.mct. ions ❖ 

db_assert(V) t-· 
var<V>, 
f , 
error('Attempt to db_assert a variable& %t.1 ,EVJ,cont.inue>. 

db_assert(A&B) :
! , 
db_asse 1·t (A) , 
db.;..assert(B). 

db_assert(Fact) t-
• t~Pe-Predicate(Fact), 

! ,. ·n handle_tyr:,e_pred(Fact) • 

~b-assert(Fact) t
known(Fact.), 
! , 
error('db_assert of duplicate fact: %t',[FactJ,continue). 

db_assert(Fact) :
normal_form(Fact,NForm>, 
! , 

' 

trace(')) Normal forminsl zt,n 1 ,CFactJ,db>, 
db_normal_formCNForm>. 

db_assert(Fact) t-
db_add(Fact,Fname>, 
handle_tYPes(Fact), 
handle_definitions(Fact,Fname>, 

trace(')) DB assert: xt,n',EFactJ,db). 



handle_type_Pred(Fsct> :
functor<Fact,TwPe,l>, 
ars(1,Fact,ObJ>, 
nonvar(ObJ>, 
add_type_info(TYPe,ObJ), 
! . 

handle_type_Pred(Fact> :-
error('lnvalid db_assert of %t 1 ,CFactl,continue>. 

~ TwPes. 
% Add the new twPe information imPlied bY this fact. 

handle_t~Pes(Fact> 1-
arsument_twPes(Fact,TYPes), 
! ' 
functor(Fact,_,AritY), 
h_twPs(Aritw,Fsct,TYPes). 0 

handle_twPes<Fact) :- unusual(Fact), !. 

handle_tYPes(Fact) 1-

% SPecial case for sousht etc. 

error('No tYPe rule when db_assertinsl %t',[Factl,continue>+ 

h_typs(N,Fact,TYPes) :
ars(N,Fact,ObJ), 
ars(N,TYPes,TYPe), 
h_twP(TYPe,ObJ,Fact), 
Ni is N-1, 
h_typs(N1,Fact,TYPes>+ 

h_typ(Jype,ObJ,Fact) 1-
error('TwPe failure (%w> of %win ¼t',CTYPe,ObJ,FactJ,continue>+ 

% Definitions 
% Each auantitw·occurins in the Problem has a 
% definition; this is the first assertion that 
% introduced it+ 
% There ousht to be a condition here that the Predicate 
% is aPProPriate+ le: it should be a GuantitY definins 
% predicate, not some rubbish like 'measure'. 
% This reGuires better meta info about classes of 
% Predicates. Currently there is a special case hack, 

handle_definitions<Fact,_) 1-
not_a_definition(Fact>, 
! + 



handle_definitions<Fact,Fname> 1-
araument_twPes(Fact,TwPes>, 
! ' 
functor(Fact,_,Aritw>, 
h_defs(Aritw,TYPes,Fact,Fname>¼ 

handle_definitions(_,_)+ 

h_defs(N,TwPes,Fact,Fname) :
ars(N,TYPes,TwPe), 
suPer_type(auantitw,TwPe>, 
ars(N,Fact,Q), 
no_defn(Q), 
f , 
db_add( defn(G,TYPe,Fname) ), 
Ni is N-1, 
h_defs(N1,Types,Fact,Fname>. 

' h_defs(N,TwPes,Fact,Fname> 1-
Nl is N-1, 
h_defs(N1,TwPes,Fact,Fname). 

Y. How to retrieve a definition 

definition(G,GtYPe,Defn) :-
known( defn(G,GtYPe,Fname) ), 
known( Defn, Fname >. 

Y. Normal forms 

db_normal_form(context<Context,Conseo>> I

! ' 
cc ConteKt, 
db_assert(Consea). 

db_normal_form<Consea> :- db_assert<Consea>+ 

% hack 



:- Public 

a 

/JI( MODES*/ 

:- mode 

db_init./0, 
senerat.e_fact_names/1, 
db_dumP/1, 
db_dumJ=-/0, 
db_show/0, 
knowrt/1, 
known/2, 
db-add/1, 
db_add/2, 
db_forset./1, 
db_forset/2, 
db_state/1, 
db_restore/1, 
forset._fact/1. 

m.ust_be_ term/2 
must_be_sround/2 

index/2 

db_init, 
next_fact_name<->, 
cons_fact_name<+,->, 
senerate_fact_names(T), 
sen_fnames<+,+,T>, 
db_dumi:-<+>, 
db_dumP, 
db_show, 
lr..nowr, < + ) , 
known<+,?>, 
lr..nown2 ( + , T > , 
db_add<+>, 
db_add<+,T>, 
db_forset<+>, 
db_forset<+,T>, 
db-state<T>, 
db_restore<+>, 
db_scrub<+,+>, 
forset_fact(+>, 
set_a_ke~<+,T,T,T>, 
Sak(+,+,+,T,T,T). 

r. Initialise database 

Lawrence 
UPdatedf 18 December 81 

from POLICE 
from. POLICE 

from INDEX 



% This must be called to set thinas UP 

% Currently involvesl 
% Set Fact counter to 0 
% This has now been extended so that it can be used 
% to reinitialise the database at any time. 

db_init ;
recorded(;$fact ✓, ✓ $fact'(_),_), 

! ' 
db_resto.re(db_state(O) >. 

db_init 

% already under way 

7. reinitialise 

t- recorda(;$fact','$fact;(O),_). % Startup initialisation 

% Return the next (new> FactName 
% . This is currently a new senswmed atom 

next_fact_name(FactName> 
- t- recorded('Sfact','Sfact'(N>,Ref)? 

____/ 
erase<Ref), 
NewN is N+l, 
recorda(;Sfact','Sfact'(NewN),_), 
cons_fact_name<NewN,FactName). 

% Cons a fact\ riame Siver, a number 
% Currently Produces an atom composed from •fact• 
% and the number+ 

cons_fact_name(N,FactName> 
I- name(N,Number>, 

name(FactName,[102,97,99,1161NumberJ). 

') 
--~~---~--------~¼~%~Generate all current facts names 

,-<---- .. ~_,,,,_.~--~ % 0 to c1.1rrer,t + Note that facts 1na~ have bePr1 
% 

~-nerate_fact_names(FactName> :- ~, 
recorded(;Sfact', ✓ Sfact'(Current>~-, 
aen_fnames(O,Current,FactName). ' 

een_fnames<N,Max,FactNsme) :
cons_fact_name<N,FactName>. 

aen_fnames<N,Max,FactName> :-
N1 is N+i, 
sen_fnsmes(Nl,Max,FactName>. 

into 



¾ an imase usins inPutCFile> 

db_dumP(File) :- , 
oPen(Old-,Fi le), 
db_ dump , 
close(File,Old). 

db_dumP :
senerate_fact_names(FactName), 
recorded(FactName,Fact,_), 
writef('¾t.\n~,cFactJ>, 
fail+ 

db_dlJfflP + 

% Variant of dump for lookins at (rather than somethin!!:! 
% that can be inPut). 

_show t-

db_.show. 

senerate_fact_namesCFactName>, 
recorded(FactName,Fact,_), 
writef('\t%w\t¾t\n',tFactName,FactJ), 
f'ail. 

% Retrieve a fact 
% We do this b~ usins the first valid ke~ 
% This will be some instantiated arsument, failins 
% this we the final ke~ will alwa~s be the functor 
% of" the fact. 

known(Fact) :- known2<Fact,_) • 

. ownCFact,Fname> t
atom<Fname), 
! , 
recorded(Fname,Fact,_). 

known(Fact,Fname) :- known2(Fact,Fname>. 

known2<Fact,Fname> 
:- must_be_term(Fact,known), 

set_a_ke~CFact,Ke~,Ktas,FactName>, 
! , 
recorded(Ke~,Ktas,_), 
recorded(FactName,Fact,_), 
Fname = Fact.Name. 

% Add a fact to the database 



db_add(Fact> :- db_add(Fsct,_). 

db_sdd(Fact,Fnsme) 
t- must_be_term<Fsct,db_sdd>, 

must_be_sround(Fsct,db_sdd>, 
next_fact_name<FsctName>, 
recorda(FactName,Fact,_), 
db_add_kews<FactName,Fact>, 
Fnsme = FactName~ 

% Add all the links from kews to the fact 
(backtrack throuah all kews> 

% Note that all the arsuments must be around 
ALL Possible kews will be used (this is 
imPortant siven known/2's use of onlw one 

db_add_kews(FactName,Fact> 
:- set_a_kew<Fact,Kew,Ktas,Fact"ame>, 

recorda(Kew,Ktas,_), 
fail+ 

% Remove a fact from the database 

db_forset(Fact,Fname> 
:- known(Fact,FactName>, 

forset_fact(FactName), 
Fname = FactName+ 

db_restore(V) 
t- var<V>, 

t I' 

% Return the current state of the database 

% Restore the database to some Previous state 
WiPe out all new facts since·that state and 
reset the fact counter¼ <Note that this maw leave 
danslinR names held elsewhere in the Prosram+ 
BE CAREFUL (one could leave the fact counter alone 

% and Just wiPe out facts?>> 

error<'db_restore ~iven variable: Xw',CVJ,break>, 
fail. 



:- intester(N), 
N >= O, 
recorded( ✓ $fact ✓,✓ $fact ✓ (Current),Ref), 

N =< C•..1rrent, 
! , 
db_scrub(Current,N), 
er.ase(Ref >, 
recorda( ✓ $fact ✓,✓ $fact ✓ (N),_)+ 

db_rest.ore(X) 
:- error( ✓ AttemPt to restore bad db state: r.t ✓ ,cxJ,break), 

fail+ 

% Actual!~ throw awa~ the facts (for a restore) 

db_scrub(N,Final) 
:- cons_fact_name(N,FactName), 

forstet_fact(FactName), 
Next is N-1, 
db_scrub(Next,Final). 

% Forstet a fact and remove all kes links 

. forstet_fact(FactName) 
:- recorded(FactName,Fact,Ref), 

- erase(Ref), 
stet_a_key(Fact,Kes,Ktast,FactName), 
recorded(Ke~,Ktast,Kref), 

erase<Kref), 
fail. 

% Fact can be keYed under Ke~ with link 
% Ktas involvinst FactName. 
% Fact - the fact <or incomins soal> 
X Ke'!=! - current.ls an atom (some arst1..1ment.) 
% Ktas - what hanss off Kes 
% Fact.Name - Some subPart of Ktas which will hP 
% what Fact hanss off 
X This is non-determinate. If backtracked throush it 
X will Produce all Possible kess. 
% NB it is intended that the order of Seneration will 
% be roushl~ the order of utilits. (This will dePend 
X on i~dex/2). Keys are onls valid (returned) if the~ 
% are instantiated+ When used for addins this will be 
% true of all-arsuments to Fact. When used for 
X retrievins (Partial) facts this will restrict the 
% set of ke~s returned. 
Y. The fun~tor of the Fact is itself retur~ed as a 

/' 



% ~insl last ditch keY+ (NB This is done by returnins 
% the whole ~act - its functor will thus be the keB), 
7. For arsument keys the Kt.as includes the Fact"s 
% P~edicste. This will filter out links to other 
7. Predicates early on in the retrieval Process (see 
7. known./2)¼, 

set_a_key(Fact,Kew,Ktas,FactName> 
:- index(Fact,KewList>, 

~unctor(Fact,Pred,_), 
sak<Kewlist,Fact,Pred,KeY,Ktas,FactName)+ 

sak([J,Fact,_,Fact,fact(FactName>,FsctName>. , 

sak([Kewl_J,_,Pred,Kew,~act<Pred,FactName>,FactName> :- nonvsr<Kew>. 

Sak([_:Rest.J,Fact,Pred,KeY,Ktas,FactName) 
:- sak<Rest,Fact,Pred,Kew,Ktas,FactName>. 

1 
l 



/* CC+PL: Interface into Inference enSine 

Lawrence 
Updated: 18 December 81 

%%% This file should be interpreted%%% 

% The names of these Procedures are historical (see Alan Bundw 1 s •w111 it 
% reach to toP 0 , AI Journal). 

de Goals 

nee Goals 

c"':t'~Goa 1 s 
~ 

}':r(:: Goals 

:-

:-

:-
: .... 

% We satisfy the Goal(s) by trins to Prove them 
% usins the Mecho inference ensine. The different 
% interfaces reGuest varwins desrees of effort. 
% For what the effort entails see PROVEO. 

?rove(Goals,easy). 

Prove(Goals,9eneral). 

Prove<Goals,hard). 

prove<Goals,seneral). % Was once suPPosed to be more Powerful 
% Ie defaults/Prediction+ 



/* PROVEO,PL I [ Stase OJ Mecho Theorem Prover 

Lawrence 
UPdated: 18 December 81 

% This file reGuires the file METHOD+PL to define all the Proof methods 
% used here. The code here can be seen as a meta level axiomatisation 
% over soals, Properties of soals and Predicates, proof Plans and methods. 

:- mode 

i:,rove/2, 
Prove_subsoals/2, 
Prove/3. 

?rove(+,+>, 
Prove_subsoals(+,+>, 
Prove<+,+,+>,· 
Prove_sinsle<+,+,+>! 

Plan_Proof(t,+,+,-,-,-), 
size_up_task<+,+,->, 
make-Plan<+,+,->, 

filter_Plan(t,t,-), 
comPDUnd_Plan(?,T,?,?), 
combine_plans(+,+,+,?>, 

consider_PruninsC+,->, 

run_Proof<+,+,?,+>, 
Postmortem(t,+,->, 

Proof _i;i;.tart C + >, 
Proof_exec<+,+,+>. 

%% Theorem Prover - Interfaces 

% ToP level - from cc, nee, ?c, de etc. 

~ve(Goals,Effort) :-
• ~ Prove(Goals,Effort,CJ>, 

trace('>> YES: %t\n 1 ,[GoalsJ,infer). 

% Internal, used to continue Proof (recursivelw> 

Prove_subsoals(Goals,INFO> :
ps_effort(INFO, Effort), 
Ps-historYCINFO, Hrstory), 
Prove(Goals, Effort, Histor~). 

?rove(V,_,_) ;
var(V), 
[ , 

% Prove some soals with a certain amount of effort 

error( ✓ Goal to ?rove is a variablet %w ✓ ,cvJ,fail). 



Prove(A I B, Effort, History) 
; - ! ' 

Prove(A,Effort,History), 
Prove<B,Effort,HistorY)¼ 

Prove(context(Context,Subsoals>,Effort,HistorY) 
: -- ! l' 

% Only occurs in normal forms 

Prove(Cantext,hard,History), 
Prove(Subsoals,Effort,HistorY). 

% ho hum'? 

Prove(SinaleGoal,Effort,Historw) :-
trace(">~=- Trwins to Prove (¼w> f %t\n" ,[Ef-fort,SinsleGoalJ,Pr-ove), 

consider_historw<SinsleGoal,HistorY,Future>, 
Prove_sinsle(SinsleGoal,Effort,Future>. 

% Provins non-comPound seals 
% Includes various •escaPesa 

~ove_sj.nsle(tr•Je,_!'_) t-· l + 

t.Jove_sinsle({XJ-,_,_) ;- ! , call <X> + 

Prove_sinsle<X < Y,_,_) :- !, X < Y. 
Prove_sinsle(X =< Y,_,_) :- !, X =< Y. 
Prove_sinsle(X > Y,_,_) :- !, X > Y. 
Prove_sinsle(X >= Y,_,_) :- !, X >= Y+ 
Prove_sinsle(either<W,X,Y,Z>,_,_) :- I, Perm2(W,X,Y,Z). 
Prove_sinsle(eval(X),_,_) :- !, eval<X>. 
Prove_sinsle(eval<X,Y),_,_) t- !, eval(X,Y)+ 
Prove_sinsle(tidw<X,Y>,_,_) :- !, tidY(X,Y). 
Prove_sinsle(succ(X,Y>,_,_) I- !, succ<X,Y>+ 
Prove_sinsle(Pred(X,Y),_,_) I- f, succ(Y,X>. 
Prove_sinsle(type(X,Y),_,_) C- !, twPe(X,Y). 

Prove_sinsle(TYPePred,_,_) 
:- twPe-Predicate(TwPePred,TwPe,Ars>, 

! ' 
tYPe(TYPe,Ars). 

/~'ove_sinsle (Goal, Effort, History) 

% lax meta-level Use 

¾ normal obJect-levRl 

I- Plan_i=--roof(Goal,Effort,HistorY, Result,Prune,INFO), 
run_Proof(Prune,Goal,Result,INFO>. 



%% Plan the Proof (proveO.Pl) %% 

% Plan a Proof strateew 

Plan_Proof(Goal,Effort,Historw,· Result,Prune,INFO> 
:- size_up_task(Goal,Effort,NewEffort>, 

make-~lan(Goal,NewEffort,ProofPlan>, 
consider_prunins(Goal,Prune>, 
ps_cons(ProofPlan,NewEffort,Historw,Goal,Result,Prune,INFO>. 

% Decide if we can BPPlw harder methods than usual 
% because Goal is easier than usual+ This depends 
% on some meta_knowledse about the Predicate involved 

size_up_task(Goal,easw,aeneral> 
:- easw_inference(Goal), 

! • 

make_Plan(Goal,_,nform) 
:- derived(Goal), 

! + 

% Make a Plan 
% We zip throuah normal form rewrites without doinM 
% anwthina else, reeardless of the Effort. 
% The usual case involves trwins some standard Plan, 

make_Plan(Goal,Effort,Plan> 
:- ~tandard_Plan(Effort,Stsndard), 

filter_plan(Standard,Goal,Plan). 

% Filter a Plan bw 
% 

filter_Plan(Plan,Goal,NewPlan> 

Checkin~ each steP for aPPlicabilitw. This 
maw involve turnine seneral methods into 
specific methods (ie instantiatins them). 

:- comPound_plan(Plan,X,Y,PlanOP), 
! f 

filter_Plan(X,Goal,NewX>, 
filter_Plan<Y,Goal,NewY>, 
combine_Plans<NewX,NewY,PlanOP,NewPlan>. 

filter_Plan(Method,Goal,Method) 
!- method_aPPlicable(Method,Goal), 

! + ' 

% TwPes of compound Plan 



~ 

¾ Note that they are are all built with binary 
% Plan0Ps, this is important in the code above. 

% Combine two Parts of a Plan - simPlifY out 
% occurances of 'empty', which is assumed to 
% be the identity element for all PlanOPs. 

% 
% 
% 
% 

Decide if the Proof can be Pruned or not. 
Currentlw either all solutions are thrown awaw 
after the first one (because of unioueness> or 
thew are all let throush+ 

consider_prunins(Goal,one) :- uniGue(Goal>, !. 

consider_Prunins(Goal,all>. % not uniaue<Goal> 



%% Run the the Proof (ProveO+Pl) %% 

% AttemP~ the Planned Proof 
% and decide how to react afterwards. 
% We convert a succeed/fail result into a Prolom 
% success/failure action. This is because the 
% currer,t meta·-level is Prolos code ar,ci thus e~•tPect,s. 
% these Prolos level responses+ 

run_Proof(one,Goal,Result,INFO> 
!- Proof_start(INFO), 

!, % Prune choices here! 
Postmortem(Result,Goal,Action), 
Action= succeed. 

run_Proof(all,Goal,Result,INFO) 
?- Proof_start<INFO), 

Postmortem(Result,Goal,Action>, 
( Action = fail, ! , fail ; true ) • 

% See what happened 
% We are Siven the name of the method, which worked, 
% or 'stop' if we ran out of methods+ 

Post~ortem(stop,Goal,fail) 
:- ! ,. 

trace('>> unknown: %t\n',CGoalJ,prove>. 

postmortem(Method,Goal,fail) 
:- establishes_falsit~(Method), 

! ,. 
trace('>> false: Zt\n',CGoalJ,prove). 

Postmortem(Method,Goal,succeed> 
I-% establishes_truth(Method>, 

trace<'>> true I %t\n',[Goall,Prove>. 

% Start UP 

proof_start(INFO> :
Ps_dest(INFO,Plan,Goal>, 
Proof_exec(Plan,Goal,INFO>. 

Proof_start(INFO> :
ps_result(INFO,stoP>+ % ran out of methods 



Proof_exec( <PlanA+PlsnB>, Goal,INFO> 1-
Proof_exec(PlanA,Goal,INFO>+ 

Proof_exec< (PlanA+PlanB>, Goal,INFO> :
Proof_exec(PlanB,Goal,INFO). 

Proof_exec<Method,Goal,INFO) :
Proof_method(Method,Goal,INFO), 
ps_result<INFO,Method). 

0 



/* METHOD.PL: Particular Proof methods 

Lawrence 
Updated: 18 December 81 

% The file PROUEO axiomatises an inference swstem that u~es Particular 
Z Proof methods which are defined here. This file can be added to to 
% increase the n1Jmber o-f methods available to the inf·erence s-~st.,em. 

:- Pt.Jbl. ic 

?- mode 

standard_Plan/2, 
method_aPPlicable/2, 
establishes_truth/1, 
establishes_falsitw/1, 
Proof· _method/3 .. 

standard_Plan<?,?>, 
method_aPPlicable<+,+>, 
establishes_truthC?), 
establ~shes_falsitYC?>, 
Proof_method<+,+,+>. 

Z The Seneral form of ~standard Plan 
This shqws for certain amounts of ef-fort, 
IDethods are aPPrOPriate. 

Z Plan Operators as followsl 
+ Inclusiv~ OR 
\\ Exclusive OR 
' 

standard_Plan(easY, known>. 

standard-Plan<~eneral, known+sillw(_)tinference >. 

~:J" 

what Proof" 

standard-Plan<hard, (known+silly(_)+inference \Y default+create(_)) >. 

Z Check to see if a method is aPPlicable to the 
% siven soal. 

method_aPPlicable<krlown,_). 

method_aPPlicable(sillY(HowJ,Goal) 

method_aPPlicable(inference,_). 

:- uRiGue<Gaal,How>, Pare(Goal>. 
\ -

method_aPPlicable(create(How),Goal> :- flaS(ccflas,on,on>, ex~sts(Goal,How>. 

/% What the various methods establish 

establishes_truth(known>~ 
establ ishesL.tr1Jth( inference)+ 
establishes_truth(default>. 



establishes_truth(create(_)). 

% How to Perform Particular Proof methods 
Z We are Siven the method name, the Goal to try it 
% on, and the current Proof INFO structure~ 

Proof_method(known,Goal,_) :- known(Goal>. 

Proof_method(nform~Goal,INFO> 1-
normal_form(Goal,Subsoals), 
Prove_subsoals(Subsoals,INFO>+ 

Proof_method(sillw(How>,Goal,INFO> :
how_dest(How,Arss,_), 
copy_arss(Arss,Goal,TestGoal), 
Prove(TestGoal,easw,CJ>, 
Goal\== TestGoal. 

Proof_method(infer~nce,Goal,INFO) 1-
obJect_level_tule(Goal,Sobsoals>, 
Prove_subsoals<Subsoals,INFO). 

Proof_method(default,Goal,INFO> :
default_rule(Goal,Subsoals>, 
Prove_subsoals(Subsoals,INFO> ❖ 

Proof_method(create(How>,Goal,INFO> 1-
how_dest(How,_,Vals>, • 
arsument_names<Goal,Names>, 
aenswm_arss<Vals,Names,Goal>, 
db_assert(Goal). 

% Don't trw too hard 



I* PSO.PL: [ Stase OJ Proof stru~~ure oPerations 

Lawrence 
UPdatedl 1 December 81 

:- Public 

I- mode 

ps_cons/7, 
ps_dest/3, 
PS-Plan/2, 
Ps_effort/2, 
ps_historY/2, 
ps_soal/2, 
ps_result/2. 

Ps_cons<+,+,+,+,+,+,t>, 
ps_dest(f,f,?>, 
PS-Plan<+,!>, 
ps_effort(t,f>, 
Ps_historY(t,?>, 
Ps_soal(t,?), 
ps_result(t,f), 

% Cons UP a 
(MaY not 

Proof structure 
use all of the available 

ps_cons(ProofPlan,Effort,HistorY,Goal,Result,Prune, 
Ps(ProofPlan,Effort,History,Goal,Result> ), 

% Specialised destructor 

info> 

Ps_dest( Ps(ProofPlan,Effort,Historw,Goal,Result), ProofPlan,Goal). 

% Selection operations 

ps_Plan( PS, X) :- ars(l,PS,X). 



/* HIST.PL: Qperstions on histories 

Lawrence 
UPdsted: 30 November 81 

:- P•Jblic 

:- mode 

% Decide whether to Prune search. 
% Currentlw sloop check althou•h the instancins 
% imPlications are not worked out ProPerlw wet 
% (see Lawrence for details>¼ 

consider_historw(Gosl,Historw,_) :
numbervars(Goal,1,N>, 
memberchk(Goal,Historw>, 
! , 

% Force match to be one waw 

trace('>> LooPins •+¼ so fail,n',Prove>, 
fail+ 

consider_hi~torw<Goal,Historw,CGoallHistorwJ). 



I* BOUND.PL: Investisatins instantiation states etc. 

I* EXPORT *I 

Public 

I* MODES *I 

I- mode 

bound/1, 
unbound/1, 
Pure/1, 
allbound/2, 
allunbound/2, 
around/1. 

bound(?>, 
unbound(?), 
Pure(?), 
allbound(t,?), 
allunbound<+,?>, 
around<+>, 
all_sround<+,+>. 

Lawrence 
Updated: 30 November 81 

% ObJect level variable is bound 
% Currently means completely around as well 

bound(OLVar) :- sround(OLVar). 

% ObJect level variable is unbound 
% OL-variable represented as Prolos vBriable. 
% BE CAREFUL 

)ound(OLVar) :- var(OLVar>, 

% Goal is pure 
For Mecho PllrP means comPletelY around 
(in Chris' Semantic Interpreter it is a 
more hairy). 

bit 

Pure(Goal) :- sround(Goal>, 

allbound([J,_), 

% All specified arsuments are bound 
For this all arsuments must be completely 

% around (in Mecho). We are Siven a 0 Patterns, 
% ie a list of arsument numbers, to check. 



sround(Arsument>, 
allbound<Rest,Goal). 

% unfolded bound(Arsument> 

% All arsuments are unbound 

allunbound(CJ,_). 

allunbound([ArsNIRestJ,Goal) 1-
arsCArsN,Goal,Arsument>, 
var(Arsument)? 
allunbound,Rest,Goal>, 

% unfolded unbound(Arsument> 

V 



%% General routine for testins sroundness (bound.Pl> %% 

% A soal is comPletelY Sround 
% This routine will work for any Prolos structure 

sround(V) :- var(V), ! , fail. 

~lround(A) ?- atomic(A), f. 

sround( CHitJ TL:J) 
: - ! ' 

sround(HD), 
sround(TL>+ 

( 

sr01.md(Term) 

) 

:- tunctor(Term,F,Ari~Y>, 
<, -

all_sround(Ar~t~,~erm). 

all_sround(l~Term) 

:::::) :- !~s(,1,Term,Ars>, 1 

sro•Jnr.H Ars). 

all_sround(N,Term) 
t- ars(N,Te,rm,Ars>, 

s rp•Jnd < A rs) , 
Ni is rN-l, 
al l_sr,o•Jnd( N1, Term). 

• • T 

I 

% speed UP+ tail recurse to risht (tail) 

% Note AritY alway,s >= 1 
% We work risht to left across Term and 
% tail recurse on the first arsument. 



/* META2.PL I More meta-level usefuls 

Lawrence 
UPdated t 18 r•ecembe r 81 

% PLCDDE:PREDS+PL corresponds to META! and should Probably be renamed, 

;-- Public 

t- mode 

derived/1, 
not_derived/1, 
sensw,m_arss/3, 
how_dest/3+ 

derived(+), 
not-derived(+), ' 
Senswm_arss<+,+,+>, 
how_dest<+,?,?), 

% All information concernins a Predicate is derived 
% let it has a normal form. 
% ImPlementation currently uses double nesation ha~k 
% for an undoubtablY minimal reason (discard of sPace 
% used bw the set). 

derived(Pred) :
not~derived(Pred>, 

! ' 
'faj. 1. 

derived(Pred). 

not_derived(Pred> :
set(normal_form,Pred,_), 
! !' 

fail+ 
~·: 

~ot_derived(Pred). 

% Genswm UP some names for specified araument Posns 

sensYm_arss([NINsJ,Names,Goal> :
ars<N,Names,Name>, 
ari.;.HN,Goal ,Ars), 
caenswm(Name,Ars>, 
sensYm_arss(Ns,Names,Goal). 

% SPiit UP a How structure (as in Proof Plans etc) 



/* RUN ❖ PL: Run the inference en•ine from terminal 

% WORK IN PROGRESS 
% 

Lawrence 
UPdatedl 1 December 81 

% I Can't remember when I ori•inallY wrote this, tis a stran•e Piece of 
% code which I now hardl~ understand! It would be nice to see it t,mrkins 
% sometime++• 

run:-
Prompt(Old,Old), 
run( cc), 
Promr:,t(_,Old) + 

% Inference ensine terminal top level 

.. (Mode) t
run_mode(Mode,PromPt), 
PromPt(_,PromPt), 
repeat, 

read ( I nP•Jt) , 
run_eval(InPut,Mode,Cont>, 

! , 
r1.m_cont. (Cont) + 

run_mode(dc, 
run_mode ( r,cc, 
r1..m_mode (cc, 
T'tJn_mode (PC, 

r1Jn_mode (add, 

% What modes there are (with Prompts> 

'(de) ' ). 
,. (nee) ., ) • 
,· (cc) ., ) • 
' (PC) ,. ) • 
., ( add) ., > • 

% Eval1Jate inPut 

run_eval(InPut,Mode,Cont> :
run_eval2(InPut,Mode,RMode,Result>, 
run_report(Result,InPut,ContO>, 
run_chk~contl(ContO>, 

! ' 
r~n-chk_cont2(ContO,Mode,RMode,Cont). 

% Handl ins contin•.1ations 
% (Choices of continuina or failins back/round at 
% various Points> 



run_chk_cont2(_,Mode,RMode,RMode) I- Mode,== RMode+ 

run_cont<Mode) :- run<Mode>+ 

Z Perform the actual evaluation 

run_eva12(Var,Mode,Mode,error) 1-
var(Var), 
! + 

run_eva12<Mode,_,Mode,nil) :
atom<Mode>, 
run_mode(Mode,_), 
! • 

run_eva12(Atomic,Mode~Mode,error> :
atomic(Atomic), 
! + 

run_eva12(ModeChanse,_,FinalMode,Result> 1-
functor(ModeChanae,Mode,1>, 
run_mode<Mode,_), 
! , 
ars<l,ModeChanae,Goals>, 
run_eva12(Goals,Mode,Fina1Mcide,Result). 

run_eval2(Goals,Mode,Mode,succeed) i
G =•• CMode,GoalsJ, 
call(G). 

,_eva12(_,Mode,Mode,fail>. 

% What to do at the end 

run-rePort(nil,_,nil). 

run_rePort<irror,InPut,nil) 1-
writef('Bad inPu~I %t',CinPutJ). 

run_rePort<succeed,InPut,Choice> :
run_format(InPut,Format)j 
writef(Format,ClnPutJ>, 
write('redo? '>, tt~flush, 
run_rePl~<Choice). 

run_report(fail,_,nil) :
write('Failed'), nl. 



\ 

run_format<A&B,'Provedl%c') :- !. 
run-format(_, 'Provedl %t\n'>+ 

% Read a resPonse from the user 
% •y• for !:les, anYth:i.ng else for no. 

run_rePlw(Result) :-
repeat, 

:SetOCC), 
run_rePlY2(C,Result>, 

! + 

run_rePlw2C31,nil>+ 

Q.:rePlY2(C,nil> :- C >= 32, repeat, setO<C>, C =\= 31, ! + 

% Another (short) name for db_assert 

add(Fact) :- db_assert(Fact). 



/* TYPES.PL t Inf'-erence mechanis;.m for type Predicates 

i- Public 
1:.YPe/2, 
not_ tYPe/2, 
Print_tl:JPes/1, 
s•.J?er_ t'!::!?e/2, 
COITl?atible/2, 
add_type_info/2. 

mode twPe<+,?>, 
not __ tY?e ( +, + > , 
Print_tYPes('f), 
su?er_type(+,+), 
com?atible(t,1), 
add_t,ype_info<+,+>. 

Chris (now Lawrence) 
UPdated: 18 December 81 

/* Does an individual definitely have a Particular twPe'? */ 

twPe(TYPe?Indiv) :-
set_i_Pattern(Indiv,Patt1), 
tYPe_Pattern<TwPe,Patt2>, 
pattern_subsume(Patt2,Patt1>+ 

SUPe~_ty?e(Bis,Small) :
t,ype_Pattern(Bia,Patt1>, 
tYPe-Pattern<Small,Patt.2>, 
Pattern_subsume<Pattl,Patt.2>. 

Fi'attern_s1Jbs1Jfr1e(Bis,Small > :-
not_subsume(Bis,Small >, !, fail. 

Pattern_subsume(_,_,. 

not_subsume<Bis,Smsll) :
numbervars(Small,1,_>, 
Small=Bis, !, fail. 

not_subsume(_,_)+ 

/* Could an individual have a aiven tYPe'f */ 

comPatible(TwPe,Indiv> :
set_i_Pattern<Indiv,Patt.1), 
type_Pattern(TYPe,Pstt2>, 
Patt1=Patt2. 

/* Does an individual definitely not haves Siveh tYPe'f */ 



comPatible(TYPe,Indiv), !, fail. 
not._ twPe ( _, _) + 

' 

/* Add new twPe information about an individual*/ 

add_type_info(TYPe,Indiv) S
set_i_Pattern(Indiv,Patt1>, 
twPe-Pattern(TYPe,Patt2>, 
Patti= Patt2, 
chanse_i_Pattern<Indiv,Patt2>. 

/* See what we know about an individual *I 

Print_types(Indiv) ;
aet_i_~attern(Indiv,Patt>, 
P~twpe_ars(Patt,Indiv). 

p_twpes(O,_,_) :- !. 
p_twPes(N,Patt,Indiv> :

ars(N,Patt,Ars>, 
p_t,ype_ars(Ars,Indiv), 
N1 is N-1, p_twPes(N1,Patt,Indiv). --

p_type_ars<A,_) :- var(A), i+ 
p_type_ars<Ars,Indiv) :

functor(A~s,Tw,N), 
write<Tw>, write('('), write(Indiv>, write(').'), nl, 
p_twPes<N,Ars,Indiv). 

/* Associatins twPe Patterns with individuals*/ 

set_i_Pattern(Indiv,Patt) :-
set_indiv(Indiv), 
his_pattern(Indiv,Patt). 

his-Pattern(Indiv,Patt> :-
call<i-Pattern(Indiv,Patt>>, !+ 

his-Pattern(Indiv,Patt) 1-
tYPe_Pattern(entitw,Patt). 

/ ------,._, Ot ... indiv(Indiv) t- nonvar(Indiv), ! • 
iet_indiv(Indiv> :- call(i_Pattern(Indiv,_)). 

chanse_i_Pattern(I~div,Pattl> :
retract(i_pattern(Indiv,~>>, 
-fail+ 

chanse_i_Pattern(Indiv,Patt1) :
assertz(i_pattern<Indiv,Pattl>>+ 



;; PLCODE.SUB 
; ; 
Plcode.sub 
F·lcode. 
F·l ib. OPS 

PT'eds. P 1 
m1PrP1+Pl 
mlface+Pl 
meta.PI 
ks-1.:.ype.Pl 
t1 .. Pl 
t2.Pl 
t3+Pl 
t4 .. Pl 
must.PI 
load+Pl 
ks.Pl 
rulef.Pl 
t<&load+Pl 
err+F·l 

-..::- . 

0 

0 

Predicate library support code 

;; This ~ile 
;; File to comPile modules 
; Operator declarations 
; SimPle meta-level Properties 
; Vario1Js derived meta·-level ProPert:i.es 
; meta-level Properties (PLIB interface> 
; meta-level Predicate declarations 
; KS tYPe definitions 

; meta-level Police 
; Load Predicate library files 
; Low level KS structure manipulation 
; Rule Forms 
; TYPe hierarchy loader 
; Error messases 



/* PLCODE: ComPile suPPort modules for Predicate librarY facilities 

Lawrence 
UPdatedi 22 November 81 

% Assumed Utility modules from UTIL: 
% 
% FILES 

EDIT 
IOROLIT 

% This is currently for Mecho <InterP oPtions commented out) 
% InterP uses its own load file, see interPC400,434,ProsJ 

" i- comPile(t 

] ) . 

'Plcode:Preds,Pl', 
'Plcodelm1PrP1+Pl', 
'PlcodelmlPrP2,Pl', 
'Plcode:mlface.Pl', 
'Plcode:meta.Pl', 

'PlcodelkstYPe+Pl', 
"?1codett1,Pl", 
"Plcodett2+Pl', 
'Plcodett3+Pl', 
'P l code: t4 • P 1 ' , 

'Plcode:must.Pl', 
'Plcodetload,Pl', 
'Plcode;ks.Pl', 
'plcode:rulef+Pl', 

% 0Perator declarations 

% SimPle meta-level Properties 
% Derived meta-level ProP•rties [InterpJ 
% Derived meta-level Properties [MechoJ 
% meta-level ProPerties <PLIB interface> 
% meta-level declarations 

% KS tYPe definitions 

% meta-level Police 
% Load Predicate library files 
% Low level KS structure maniPulation 
% Rule forms 

% TYPe hierarchw loadin• loop 

7. Error messasies 

% Initialise KS system 



PLC0£1Etf'LCODE.CNG -- Histor~ of chanses to f'LCODE: modules r 

========================================================== 

Lawrence 6 September 81 
Pursed remainins traces of not_nec_ ••• <mlProP,mlPrPl,meta). 
Fixed slisht (unnoticable) namins bus in mlProP. 
Built file MLPRF'2 which is the Mecho version of mlPT'P1+ 

NB m~ one_to_n is different (it soes 1->n ! Perhaps mlPrPl should 
be chansed'f) 

------------------------------------------------------------------------
Chris 27/8/81 
TYLOAD chansed to be slishtl~ slower, but so as not to care what 
order the tYPe information is siven in. 
------------------------------------------------------------------------
Chris 27/8/81 
Last vestises of 'not_nec ••• 1 removed from MLPRF'1. New versions of 
'exists', 'uniaue', etc with extra arsuments 

Chris 5/8/81 
MLPRP1 chansed so that one sets a list of arsument numbers when a ~oal 

,,- uniaue by virt•.Je of beir,s •sround• 

Chris+Lawrence 4/8/81 
Special checks for tYPe Predicates removed from MLFACE. 
The (multiPle) 'm•.Jst_v .. now_Predicate-' checks removed from MLPRP1 
KS+f'L chansed so that 'must_know_Predicate' is used for every set or fetch 
from the PLIB database. 

Chris a/8/81 (Usins duff terminal> 
New version of TYLOAD introduced, allowins the specification o~ A rules 
for t~Pes defined b~ & rules 

Chris 
27 July 81 
Finished chanses ta TYLOAD.PL, includins error messase for 
undefined t~Pe+ Chansed mode of -t~Pe-Pattern' from <+,T> to<+,-> 
(Otherwise the error messase will come out at wrons times~ 

z f.::awr~mce 
,Y- Jul~ 81 

Generalised T1.PL so that it is easier to add meta-Predicates. 
It is now necessar~ to have definitions for ~meta_Predicate/2-', 
see META+PL+ 

LOAD.PL has also undersone odd chanses to allow dispatches to 
mechanisms for loadins theories and t~Pe hierarchies. This won-'t 
affect files not usins these thinss. 

----------------------------------------------------------------------
:· <baseline> 

~-----------



I* PLIB.OPS: Operator declarations for the Predicate librars 
and suPPortins modules. 

% General operators 

:- oP(1160,xfx,C <==, <-->, <--, --> J). 
❖ ---• CJF· ( f.::50 sr, ;-::~f·!:~ r & ) -:a 

C)F· ( /'-{)() !1 }(i~~? =·<) ❖ 

op(400,fx,[define,theoryJ). 
(]~· ( ::}~:(() y ;{·f~~, ~ ) ❖ 

C)P ( ~~(}() 7 ·f '::!. !> • .r..~ ) ¼ 

Updated: 14 June 81 



I 

I* PREDS,Pl: Some simple meta-level facts about Predicates 

:- Pt.Jbl :i.c same_predicate/2, 
same_predicate/3, 
nonvar_same_predicate/2, 
tYPe-Predicate/1, 
type_Predicate/3, 
copy_ar·ss/3. 

same_PredicateC?,?,?>, 
same_Predicate(?,?), 
nonvar_same_Predicate<+,+>, 
tYPe_Predicate(t), 
tYPe_predicate<t,?,?>, 
not __ 1.Jnusual < +), 

1_m1_1sual ( + >, 
copy_arss<+,+,?>, 

copy_arss_l(t,+,+>, 

L.ai,.Jrence 
Updated: 1 December 81 

% Two terms have the same Predicate 
This predicate allows for either of the 

% arsuments to be uninstantiated, in which cBse 
% it will become instantiated to a (fresh) most 
% seneral instance of the Predicate. 
% There are two versions - one which returns the aritY 
% as. wel 1. 

same_predicate<Pred1,P~ed2) :- same_predicate(Pred1,Pred2,_). 

same_Predicate(Pred1,Pred2,Arity) 
:-- var(Pred1), 

! ' 

same~Predicate(Pred2,Pred1,Arity). 

same_predicate(Pred1,Pred2,Aritw> 
t -- ·funC:,tor < F~redl, F, A ri t·::i! > , 

functor(Pred2,F,AritY), 

% Version of same_Predicate which demands that both 
% arsuments be bound. 

nonvar_same_Predicate(Pred1,Pred2) 
:- nonvar(Pred1), 

nonv;.n· ( Pred2), 



functor(Pred1,F,Aritw>, 
functor<Pred2,F,Aritw>. 

% A Predicate is a twPe Predicate 
% This is here ass•Jmed to be t r1Je abo:Jt ALL 
% sin~le arsument Predicates except for a few 
% hack cases that ousht not to be here. 

twPe-Predicate(Pred) :
nonva1· <Pred), 
functor(Pred,_,1), 
not_unusual(Pred). 

twPe-PredicateCPred,TwPe,Ara) 
:- nonvar(Pred), 

functor(Pred,TwPe,1), 
not_unususl<Pred), 
ars<1,Pred,Ars). 

not_unususl(Pred) I- unusual(Pred>, !, fail. 
not_unususl(Pred). 

unususl<sousht(_)). 
unusual(siven(_)). 

% Create a new assertion bw coPwins arsuments 

copy_arss(Numbers,Ass1,Ass2> 
:- same_predicste(Ass1,Ass2,_), 

copw_srss_1(Numbers,Ass1,Ass2>. 

coP~_srss_1(f.J,_,_) 
:- ! • 

py_arss_1([NlNsJ,Ass,Ass1) 
\.,__ :- srs<N,Ass,Ars>, ars(N,Ass1,Ars), 

copw_srss_i(Ns,Ass,Ass1>. 



/* MLPRP1.PL: Meta level Properties for the Semarrtic Interpreter 

/*IMPORT*/ 
/* 

MLFf.:rCE 

*i 

:- mode 

e>!i sts/3, 
e~dsts/5, 
un:i. a1:.1e/3, 
uni,::n.1e/5, 
·func:-tion/5, 
commutati ve/~7,, 
al ic)relative/3 .. 

e:;d. -s;ts .... pattern/3 
unj.e1..1e_.Pattern/3 
func:-tion_PattePn/3 
commutative_pattern/3 
aliorelative_pattern/3 

e>d.sts<-h+,+), 
notexists<+,+,+>, 
notuniaueC+,+,+>, 
uniaue(+,+,+>'} 
exists<+,+,+,-,->, 
uniaue<+,+,+,-,->, 
function<+,+,+,-,->, 
commutative<+,-,->, 
aliorelative<+,-,-J+ 

ChP:i.s + L.awPence 
UPdated: 6 September 81 

% It is suaranteed that a solution to Goal exists 
% This is Proved usins the meta-level properties 
% of the Predicate of the Soal with the current 
% instantiation state of the moal. 

exists<Goal,S,Env) 
:- notexists<Goal,S,Env}, 

! , 
t'a:i.L 

e:;d.sts(_, __ ,_) • 

notexists(Goal,S,Env> I- exists(Goal,S,Env,_,_), !, fail+ 
not.exists(_,_,_). 

% If there is a solution to Goal the this is 
suaranteed to be a uniaue solution. Assin 

% Proved on ffieta-level srounds. 



uniaue(Goal,S,Env) 
:- notuniaue(Goal,S,Envl• 

! :J 

notunimue(Goal,S,Env) • 
notunimue(_,S,Env). 

unimue(Goal,S,Env,_,_), !, fail. 

/* Predicates with extra *howa arsuments */ 

function(Ass,S,Env,Arsnos,Valnos) :
function_Pattern(Ass,Arsnos,Valnos>, 
allbound(Arsnos,Ass,S,Env), 
.ffi: 111..1rrt.lc.1t1ri1:i ( liB 1 r-1:e>·s, fi~;-~:-, S, t::ri\/) ❖ 

exists(Ass,S,Env,Arsnos,Valnos) 
exists_Pattern(Ass,Arsnos,Valnos>, 
allbound(Arsnos,Ass,S,Env>, 
allunbound(Valnos,Ass,S,Env). 

unimue(Ass,S,Env,Arsnos,C]l 
;.::~t_J T"f? ( f~S'S:. :1 E), E::r-11v') 7 ~ r 
functor(Ass,_,N), 
one_to_nCN,Arsnos). 

uniaue(Ass,S,Env,Arsnos,Valnos) :
uniaue_pattern(Ass,Arsnos,Valnos>, 
allbound(Arsnos,Ass,S,Env). 

one_to_n(O,[J) :- !. 
one_to_n(N,CNlNsJ) :-

Nl is N-1, one_to_n(Nl,Ns>. 

commutative(Ass,TwoArsnos,Rest) :
commutative_pattern(Ass,TwoArsnos,Rest). 

aliorelative(Ass,TwoArsnos,Rest) :~ 
aliorelative_Pattern(Ass,TwoArsnos,Rest). 



/* MLPRP2.PL : Meta level ProPerties for Mecho (Problem Solver) 

Lawrence 
UPdated: 1 December 81 

% This is the Mecho version of InterP~s MLPRP1.PL (should be kePt in step 
% with sianificant chanses in that file). 

/*EXPORT*/ 

:- Public 

IMPORT *I 

MLFACE 

/* MODES *I 

:- mode 

0 

exists/1, 
unioue/1, 
exists/2, 
unioue/2, 
function/2, 
commutative/2, 
aliorelative/2. 

exists_Pattern/3 
unioue_Pattern/3 
function_Pattern/3 
commutative_Pattern/3 
aliorelative_Pattern/3 

exists<+>, 
unimue<+>, 
exists(+,?>, 
unimue<+,?>, 
one_to_n(t,t>, 
function<+,?>, 
commutative<+,?)? 
aliorelativeCf,?). 

% Cheapo versions of below for certain important cases 

exists(Goal) 1-
exists_Pattern(Goal,Arsnos,Valnos>, 
allbound(Arsnos,Goal), 
allunbound(Valnos,Goal). 

unioue(Goal) :
uniaue_pattern(Goal~Arsnos,Valnos>, 
allbound(Arsnos,Goal). 

% Goal has Properties dePendins on the information 



% known abouts its Predicate (from .,._Pattern calls) 
% which describes the instantiation state that the 
% Saal must satisfw for the ProPert~ to hold, 

function(Goal,how(Arsnos,Valnos>> :
function_Pattern(Goal,Arsnos,Valnos>, 
allbound<Arsnos,Goal>, 
allunbound(Valnos,Goal), 

exists(Goal,how<Arsnos,Ualnos)) ;
exists_Pattern(Goal,Arsnos,Valnos>, 
allbound(Arsnos,Goal), 
allunbound(Ualnos,Goal), 

% This doesn't fit with mw use of uniaue with sillw check 
% (What does Chris do about this?) 
% 
% unimue<Goal,how<Arsnos,[J)) :

% 

P•.H'e (Goal> , 
! , 
functor(Goal,_,N), 
one_to_n(l,N,Arsnos). 

:~ one_to_n < N, Ma~{ :1 [ J > : - N > Ma~{, ! . 

% one_to_n(N,Max,[NlNRestJ> :-
% Nl is N+l, one_to_n(Nl,Max,NRest>, 

unimue(Goal,how(Arsnos,Ualnos>) l
unimue_pattern(Goal,Ar9nos,Ualnos>, 
allbound(Arsnos,Goal), 

commutative(Goal,how(TwoArsnos,Rest>> 1-
commutative_Pattern(Goal,TwoArsnos,Rest). 

', __ i.c,r·elative( Goal, hc,w ( TwoArsnos, Rest.>) I-· 
aliorelative_pattern(Goal,TwoArsnos,Rest). 



I* MLFACE+PL: Meta level interface ~o the Predicate librarw 

*I 

% 
% 
% 
% 

% 
% 
% 
% 
% 
% 
% 
% 

-

Lawrence 
Updated: 1 December 81 

This module defines Prolo• Procedures that model meta-level Predicates¼ 
The ideal abstraction is that these are elements in a meta-level database. 
This is currentlw imPlemented bw a~cessins KS structures built bw the 
Predicate librarw manasement routines. 

Meta-level Predicates can receive one of two sorts of treatment when loaded, 
either thew are turned into 0 Patterns• (lists of numbers are used to show 
which arsuments count and which ones don't - for whatever Purpose (bein~ a 
function, beins aliorelative etc)); or thew are left 0 simPle 0 (as thew were 
entered). See the file META+PL which defines the twPe of treatment for e~ch 
meta-level Predicate. In this file, everw predicate that has undersone 
8 Pattern° treatment is interfaced with the name •••+-Pattern. 8 SimPie• 
Predicates are interfaced with their orisinal names. 

:- Public 

IMPORT *I 

KS 

RULEF 

:- mode 

function_Pattern/3, 
exists_pattern/3, 
commutative_Pattern/3, 
aliorelative_pattern/3, 
uniGue_Pattern/3, 
normal_form/2, 
obJect_level_rule/2, 
obJect_level_nes_rule/2, 
default_rule/2, 
arsument_names/1, 
arsument_names/2, 
arsument_twPes/1, 
arsument_twpes/2, 
easw_inference/1+ 

Set/3 

set_rule/3 

function_Pattern<+,T,T>, 
exists_Pattern<t,T,f>, 
commutative_pattern(t,T,T>, 
aliorelative_PatternC+,T,T>, 
uniGue_pattern<+,?,f), 
normal_form(t,T>, 
obJect_level_rule<t,T), 
obJect_level_nes_ruleCt,T>, 
default_rule(t,1>, 
arsument_names<+>, 



arsument_names<+,?>, 
arsument_tYPes<+>, 
arsument_typesCt,?), 
easy_inference(t). 

X Commutativity 

commutative_pattern(Pred,Arss,Others) 
:- set(meta_knowledse,Pred,commutative<Arss,Others>>. 

% AliorelativitY 

aliorelative_pattern(Pred,Arss,Others> 
:- set(meta_knowledse,Pred,aliorelative(Arss,Others)J. 

% Function Properties template 

Jlction_pattern(Pred,Arss,Others> 
:- set(meta_knowledse,Pred,function(Arss,Others>>, 

% Existence Properties template 

exists_Patterri<Pred,Arss,Others> 
J- setCmeta_knowledse,Pred,function(Arss,Others>>. 

exists_Patter~(Pred,Arss,Others> 
:- set(meta_knowledse,Pred,exists(Arss,Others>>, 

% Unimueness Properties template 

unimue_pattern<Pred,Arss,Others> 
:- set(meta_knowledse,Pred,function(Arss,Others)), 

'~nimue_Pattern(Pred,Arss,Others> 
:- set(meta_knowledse,Pred,unioue<Arss,Others>>. 

% Normal form rules 

normal_form(Assertion,NewAssertion) 
:- set(normal_form,Assertion,RuleName>, 

set_rule(RuleName,Assertion,NewAssertion). 

% ObJect level inference rules 

obJect_level_rule(Goal,Subsoals> 
:- set(inference_rules,Goal,RuleName>, 

set_rule(RuleName,Goal,Subsoals). 



% ObJect level nesative inference rules 

obJect_level_nes_rule(Goal,Subsoals> 
:- Set(inference_rules,Goal,RuleName>, 

set_ruleCRuleName,nGoal,Subsoals>+ 

Z ObJect level default rules 

default_rule(Goal,Subsoals> 
I- set(default_rules,Goal,Rulename>, 

set_rule(Rulename,Goal,Subsoalsl+ 

Z Arsument names (for sensYmins etc). 

arsument_names(Pred) 
:- set(names,Pred,Pred), 

! • 

arsument_names<Pred,Names) 
t- set(names,Pred,Names>, 

! . 

arsument_tYPes(Pred> 

% Template for the obJect level tYPes o~ the 
% arsuments of the Predicates. 

:~ set(types,Pred,Pred>, 
! • 

arsument_types(Pred,TYPes> 
:- set<twPes,Pred,TYPes>, 

! • 

% Easy Inference 
Z This is basically to allow sPecial mechanisms 
Z to be Plussed in so that they always set used, 
% even when not trYinS very hard. 

easy_inference(Pred) :
set(meta_knowledse,Pred,easy_inference>, 
! • 



t 

/* META.PL: Meta level predicates (somewhat loose list) 

l* EXPORT *l 

meta_predicate/2, 
meta_predicate_index/2, 

L a1,.1 r-ence 
UPdated1 1 December 81 

% Meta Predicstes allowed in { meta_knowled~e} 
% sections in the Predicate library. 
% The second ars specifies the Tl transformation 
% to be used, and can be one of {simPle,Patter-n>. 
% See the module Tl for details. 

meta_Predicate( function(_,_), 
4eta_predicate( exists(_,_), 

ta_predicate( unimue(_,_), 
aeta_predicate( commutative(_,_), 
meta_predicate( reflexive(_,_), 
meta_predicate( aliorelative(_,_), 
meta_predicateC easw_inference(_), 
meta-Predicate< derived(_), 
meta_predicate( index(_,_), 

Patt.ern 
p;;;:ttern 
Pattern 
PE:ttern 
Pattern 
Pat.tern 
simPle 
simPle 
simPle 

) • 
) ❖ 

) • 
) -> 

) • 
) • 

) ❖ 

) • 
) • 

% ;;;:dded/forsotten from the database 



I* KSTYPE.PL: Types of knowledse sources aPPlicable to Predicates 

La1,-. .1 renc•? 
Updated: 14 June 81 

% This module defines the types of entry that can be found within 

% names in curly brackets introduce entries sPecific to that tsPe 
% in a Predicate definition. See the Predicate YibrarY for examples 
% of what this looks like, 

% To introduce a new tsPe, sPecifY the following information: 

ks_info(TYPe,N,StYle) 

TYPe is the name of the KS tYPe CProlos atom) 
N is an inteser, orderins this type with respect to others 
Stsle is one of {ruleform,other} and specifies whether or 

not the entries of a tYPe are to be stored seParatelY as 
rule forms, with rule names in the KS, or whether the 
entries Just so straisht into the KS, There are Procedures 
in the module RULEF which maintain the ruleform abstraction 
and these things should only be maniPulated with these 
(ie in the translation modules). 

Max is an inteser sivins the total number of tYPes, Note 
that the orderins Siven in ks_info (ie N> should be the 
set of intesers between 1 and Max. 

ks_translate(TYPe,Pred,X,NewX> 

/* EXPORT >i::/ 

p1..1bJ. :i.c 

This relates the inPut form of the entry to its internal 
form, for each TYPe of entry, X is thus the inPut form 
read and NewX should be returned as the desired internal form, 
Pred is a Seneral instance of the Predicate beins defined 
which is shared across all of the K~ tspes. (This allows 
some sharins of variables. It is currently assumed that 
this will not be instantiated b~ the definitions), If the 
KS tYPe has Style ruleform, then a RuleForm should be 
Produced as the internal form, There are construction 
Procedures for this in the module RULEF. 

Note that. the recommended 1,-Ja'::S r.,·f e~-::Pre·::-sins dissu1:.-t. at 
some inPut term is Just to fail, The rest of the loadins 
mechanism will handle this (and Produce a message). 

f;:-:_ ;; __ i: .. ~:::Pe./ 1 !1 

f.-:_ s _ t. ~::!P e /-~: , 
ks._ .. m2,::-::/l, 
ks._-J:.1,an·:;;.J. 2,t,?/ 4, 



There is a separate module derinins the translation ror each IYPe. 
Current.I!:~ t.he-s.e ar,2: 

c-·-

f-:. :. __ ·t. ~~ F~ i':":! ( 

ks .... t!c.?Pf?C 

' 

Kf.~TYPE 

: -··------··---- T :!. 

f.-:.s .. _t.'~F,..e( ··r J, 
f . ..:_5_ t-~~F,..e ( _.t !1 ~f :1-f) :-= 

k·;;_ma;-~ < "°!'" > , 
ks_translate<+,+,+,->. 

nor·mal __ f·orm, 

:!. , oth,2 r ) • 
2, tit.her- ) ❖ 
3 i, rulef·orm 
4 , ru V=! f· or m 
;'h r-uJ.,eform 

• -J ,1 ~ ~ 

1r1t f.~r,eric·e __ PtJ.tf:-?S, 

cf,=·f· ~::1 .. t J/t•-·· riJ 1 ,::-i·:::-r 

ks_transJ.ate(tYPes,Pred,X,NewX> 
:- t2_trans<X,Pr-ed,NewX). 

" 
ks_transJ.ateCnormal_rorm,Pred,X,NewX) 

:- t3_trans(X,Pr-ed,NewX), 

ks_translateCinrerence_rules,Pred,X,NewX> 
:- t4_transCX,Pred,NewX), 

ks_translate<derault_rules,Pred,X,NewX> 
:- t4_trans(X,Pred,NewX), 

{ inrerence_rules} 
{ derault_rules} 

% module T2 



/* Tl,PL : Translate 'meta_knowledse' forms 

t. l __ t.. -r--:Sri~:-( -:- :i +, -·) =; 

tl_trans2<+,+,+,->, 
t.1 .... tt.,.1iddl(~(+,-·> l' 

tl._collec-tC+,-·>, 
t. l .... s;~.Ji::!€1? ( -: .. , -}- , .... ) ~ 

t1_sweeP_oneC+,+,-,->, 
t1_c-oPw_arssC+,+,+>, 
t.:i. ... arsnor·m(Y,'f") ❖ 

L .. at~J 1 .... :£=.i:rtc·e 

UPdated: 9 .Jt1l~ 81 

% Decide what kind of transformation to do 

t1_trans2(si~Ple,MetsPred,Pred, KSForm) 
:- func-tor(MetaPred,MetaP,AritY), 

i:'=irit\::i >= 1 ,· 
" ' frr·::.=:; ( l 1 1f1·et.-::::f:a r~eri, F'·r-ed J ~ . ' 

f'--!et-J ?) r i "t-1:::! i s 1:~ r i t. !:::-·--· l ~ 

f·i_mc-t'o r ( KSF o rm, M!:::t.aP, Nei,-.Jf~ r j_ t~~) ,, 

tl_copy_arss(AritY,Pred,KSForm), 

' t1_trans2(Pattern,Me~aPred,Pred, KSForm) 
functor(MetaPred,MetaP,2>, 
ars(l,MetaPred,PredX), 
arSC2,MetaPred,In>, 
nonvar_same_predicate(Pred,PredXJ, 
tl_arsnorm(In,InList>, 
t1_twiddle(InList,InNumList), 
t1_collect(PredX,OutNumList), 
functorCKSForm,MetaP,2>, 
arS(l,KSForm,InNumList>, 
arS(2,KSForm,OutNumList). 



% Go throush InList. and mark all the val~iablf~s 
% - these will share with the ones in PredX. 
% Set UP the InNumList with Parts of the mark, 
% these 1,.JilJ. set inst.antiated by t1_collect,. 

tl_twiddle([mark(Number)IRestJ,CNumberfNumRestJ) 
:- t1_twiddleCRest,NumRest>. 

;t Swe'H,'H'"' across PredX • bui ldins sn OutNumLi st ot~ ai 1 
% the unmarked arsuments, and also fill in the 
% numbers for the marked variables. 

ti_collectCPredX,OutNumList) 
:~ functor<PredX,_,Arit~>, 

tl_sweeP(Aritw,PredX,OutNumList). 

tl_sweeP(N,PredX,OutNumList> 
:- arsCN,PredX,ArS>• 

tl_sweep_one<Ars,N,OutNumlist,OutNumRest>, 
Ni is N--1,, 
tl_sweeP(Nl,PredX,OutNumRest). - ' 

tl_sweep_one(mark<N>,N,Rest,Rest). 

% COPY arss across <Ars n ==> Ars n-1) 
% NB AritY >= 1 (first arS) 

tl_coPw_arss<N,MetaPred,KSForm> 
:-- Ni is N--1, 

ars<N,MetaPred,Ars>, 
arsCNl,KSForm,Ars), 
t1_copy_arssCN1,MetaPred,KSForm>. 

% Normalise arsuments to list form 



( 

/l EXPORT *l 

!-·· PubJ.:i.c 

nonvar_same_Predicate/2 

t2 ... tran·;;;(+,+,-··), 
t2_fJ.atten<+,t>, 
t2 ... check ( + ,, + > ;, 
t-~~~-1:-f1ec~i-:~r.:!t:1 (rt":;-}) ❖ 

% Translate 'tYPes' forms 
% This currentls involves turnins a rule 
% like structure into a flat record of the 
% tsPe atoms (usins the Predicates functor). 
% Whs do I bother with this sweat I ask mYself? 
% Somehow I think it's important to emphasise th~ 
% simPle obJect-level nature of somethins that can 
% be used in various ways at the meta-level. 

t2_trans((TPred-->ConJ>,Pred,TPred) 
:- nonvar_same_predicate(TPred,Pred), 

t2_flatten(ConJ,TPred), 
functor(TPred,_,Ar:i.tY), 
t2_check(Arits,TPred). 

t2_flatten(A&B,TPred) 

% Flatten conJunction. I assume that the types rule 
% has been expressed with Prolos variables which 
% will link TPred and the individual tYPe Predicates. 
% Thus unifsins the tYPe into the tsPe Predicates 
% arsument will instantiate the risht arsument of 

: .... ! ?' 

t2_flattenCA,TPred), 
t2_flatten<B,TPred). 

t2_flatten(X,TPred) 



% Check that a tYPes form was comPlete 

t2_checkCN,TPred) 
:- arsCN,TPred,Ars>, 

t2_checkdo(ArS,TPred), 
Nl is N-1, 

t2_checkdo(V,TPred) 
:- var(V>, 

! , 
V = entity, 
errmess<~TYPes incomplete ("entity» assumed)',TPred). 

t2_checkdo(_,_). 



/>i;: IMPORT 

L . .c;: 1.41 r €-~ r·~ c: t• 
Updated: 9 July 81 

nonvar_same_predicate/2 

% Translate 'normal_form' forms 
% The left side of the eauivalence is suPPosed 
% to Just be the Predicate, the other side amY be 
% some conJunction. An enclosins imPlication mas 
% be Present to provide a context. 

t3_tran~( (Context--> (NPred <--> ConJl), Pred, RuleForm> 
:- nonvar_same_predic~te(NPred,Pred), 

ffi.~l-:_t,:;_, ~-.. r~i.J 1 f::.:·f (:=t rHt ( t~tf~· re,ci , t:~cjrj.t.e::-=:t-( C:t.Jrst .. e, ::{t. 7 C~c,ri-..J) ;] f~ci le F··c) r-rf1 J ❖ 

t3_transC (NPred <--> ConJ), Pred, RuleForm) 

make_ruleform(NPred,ConJ,RuleForm). 



Translate various obJect 

L .. dirJ PEr!1C·2 

UPdated: 9 Juls 81 

% Translate 'inference_rules' forms 
or 'default-rules' forms 

% This code also allows for nesative rules 
% whose heads are marked with we_), This is 
% left on the head so that nesative rules can 
% be distinsuished on retrieval, 

t4_transCX,Pred,RuleForm) 
:- t4_cases(X,Head,Bod~), 

t4_norm(Head,Norm>, 
nonvar_same_Predicate(Norm,Pred), 
make_ruleform(Head,Bod~,RuleForm), 

.. ....... -.. 

t4_norm(Head,Head), 



/* MUST.PL: Meta-level Police force which beats the shit out 
of You if You don't Plas accordins to the rules. 

/*IMPORT*/ 

UTIL.!EDIT 
UTILtIOROUT 

must_know_Predicate/1. 

edit/1 

known_Predicate/1 

must_know_Predicate(?). 

must_know_Predicate(Goal) 
t-- i.. • .1ar((:it::,al), 

! 7 

La1 .. ~1 r-er1ce 
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error('Must know this? %t - Its a variable!',[GoalJ,break). 

must_know_Predicate(Goal) 
:- known_Predicate(Goal), 

! ❖ 

m ~t_know_Predicate(Goal) 
' ;- functor(Goal,Fn,A>, 

/ tt,i.~nJ., 
disPlas('HEY - You have told me nothins about the Predicate: '), 
disPJ.as(Fn>, ttsPut(n/n), disPlaY(A), 
t.t~=nl, ttsnJ., 
must_chanceCGoaJ.>, 

must_chance(Goal) 
disPJ.~y('Do sou want to define it ("ses,n or I fail)?'), 
t. ti:~f lush, 
re2:{.:i ( ~es ) , 
editC'new,def'>, 
load('new,def'), 
must_know_Predicate(Goal), 



Updated: 6 JulB 81 

% This module Provides a Procedure ~load' which loads Predicate library 
% files into the database. It relies on KS maniPulations Provided bB 
/; t. (1 1?. fit Ct cf t.J 1 if::•--::; t 

"l 
i'u 

Definition of KS tYPes. This module will 
refer to various other modules which define 
the Particular inPut transformations for each 
f,(~::; t-~:!F·e ❖ 

UnderlYins manipulations on KS structures 
This includes low l~vel storase and retrieval 
rr1 e 1::-t-1 a r! t ~=-IT!-==~ ❖ 

% And also various sub-mechanisms Provided by: 

/;t-: EXPORT l/ 

: -·· Publ :i.c 

/>'f. IMPORT :fV 

Theory loadins loop 

TYL.DAD TYPe hierarchs loadins' loop 

load/1~ 
load_ .. st.{:::r·t./l, 
loai:Lfinish/:1.;, 
1 c,ad ... res!:::nc./0, 

C!F..-E•r1./~~ 

t":11:JSt?/~;;~ 

err-1I1e-::-:.s~...-i 
er r-ff1 e s ,.:::. _./ :-! 

r, !? , .... J ··-I-~-r.-: .. l ... 3 
.;:d1:i-~<-?r1t-r-::~/-5 
1:.ir!al :i.~-e./~~ 

loa<.:i(+), 
I ,::,ad ... start. ( +) , 

lCt8-C! ..... f•ir,j.sf-1(i·)' 
1 o-E::ci .... r,=::::. :-.:=r1c-:1 

from UTIL!FIL.ES 



. 

❖ ., '../B-C-(lj) 51 

! !] 

load_sortout(+,->, 
loadins<+,+,+,+,+>, 
ct·1ec~~--F· r·ei::i ( .. ~? -- ) , 
chi✓• .. _r·,.;;rn1e£; ( +, +) , 
c-hecl-, ___ t!::!Pf~ ( +, --) , 
chec-k_and_add(t,t,+,+,+,->, 
Pred .... c,k(+,+), 
t.~:?e .... c:if-;_ ( --f·, -}·) :, 
c-hkadd(+,+,+,+,+,->, 
rf:-::~~cl_ .. 1-11?~-;;t .. ( ?· J + 

% Load from a lie+ of files 

errmess('Variable as file name')., 

. r. d.E=ij ( [ ] ) : -·· ! ❖ 

102,d(HD), 
loi:;ed.( TL)., 

:- OPen(Old,File), 
i , 
rf~i::'i.:L.ne;d:. ( Nf2;-~t);, 
load_start(Next), 
tt!::!nl, disPlay('Definitions loaded from'), 
disPlaY(File), ttsnl, 
close(File,Old>, 

1 Dad .... st.2,rt ( Nf:~;-d.-) 

% Entry to loadins cycle 
% Expects the next term to have oeen read and this 
% is th~ first arsument. This facilitates usins it 
% as a return Point from other loadins mechanisms 
% ·who have read too far. 

:- loadinsCNext,null_pred,null_tsPe,null_ks,[J). 

% This is a list of terms which can terminate 
?ar·t.:i.c·i.JJ.a·p lc12:ciir-1S .t·t)lc:tt:i{:=;·~-=

for use bY other sPecialised 
% the main loop may dispatch (exPectins a return 
% when one of these is read). 

load_finish(end_of_filel. 
lcad_finish(define(_)), 



load_finish(theorB(_)), 
load_finish(tBPe_hierarchY), 

% How to resYncronise so as to continue loadin5 with 
% the next 'block' in case of serious error (aSain 
% mainly for external use), 

1 oad_ re·:::-\,ff1c 
; ..... 1~eF·1:..~c::t~ :r 

read_next(Next), 
load_sortout(NextfRealNext>~ 
! ' 
load_start(RealNext), 

load_sortout(Fin,Fin) :- load_finishCFin), 

load_sortout(_~_) :- fail, 

;~; i~J s j_ !! 

For each definition block build a 
% and accumulate rule forms. When a definition 
% block is complete we finalise the KS and the 
% rule form$, We also do some,error checkinS and 
% allow the loadins to continue desPite errors, The 
% current error statess is: 
% Bad define iSnore whole block 

isnore all entries in thst PSTt 
% Bad entrY isnore that entry 
% If defines or KS ~spes are missins then entries 
% are isnored (until the next define or KS tsPe is 

% There is also a disPatch to the theory definition 
% modules for the loadins of theories, This may then 
% return to load_start, whereupon noTmal loadins will 

% And another dispatch for tYPe hierarchies••• the 
% define bit should be Pulled out as well •• 

loidinS(end_of_file,_,_,KS,RuleForms) 
: .... ! ' 

finaliseCKS,RuleForms>. 

loadins(theorYCTheory),_,_,KS,RuleForms) 

finaliseCKS,RuleForms>, 
th_start(TheorY)o 

loadins(tYPe_hierarchy,_,_,KS,RuleForms) 
: .... ! :' 

finaliseCKS,RuleForms>, 
ty ___ s.tar·-1:.. 

loadins(defineCP),_,_,KS,RuleForms) 

finalise(KS,RuleForms), 
check_Pred(P,Pred), 



new_ks(Pred,P,NewKS), 
1~eai:.1 ...... rre:~-~t-( i'le::-rt.) , 
1 O,i;:=dini=H N1.?.;-;:t, Prt:2d, nul L .. t•::fP,?, Ne1,.Jr(S, [ :i >. 

loadins({Tl,Pred,_,KS,RuleForms) 
: -· ! ' • 

check_type(T,TYPe), 
read_next(Next>, 
loadinS(Next,Pred,TYPe,KS,RuleForms). 

loadins(nothins_to_saY,Pred,TYPe,KS,RuleForms) 
: .. " ! , 

r·e-:::cf_ .. r-,r:,:_:}{t. ( t~ieJ-,t-) r 
loadins(Next,Pred,TYPe,KS,RuleForms). 

loadinS(X,Pred,TYPe,KS,RuleForms) 
:- check_and_add(X,Pred,TYPe,KS,RuleForms,NewRuleForms>, 

r-e;;;,d_ .. ne~d:, ( Ne:,d:.) , 
loadinS(Next,Pred,TYPe,KS,NewRuleFor-ms). 

% Check the Predicate in a define. 

check_Pred(Pn,Pred) 
;- functor(Pn,F,Ar-its>, 

chk_names(Arits,Pn>, 
functor(Pred,F,Arity), 
! • 

check_Pred(Pn,err_Pr-ed) 
errmess('Invalid define (section isnored)',Pn). 

:- arsCN,Pred,Arsl, 
at.c)wt ( t-=-, 1~s) , 

% Check that Predicate onlY has atoms in it 
% (These are Senssm names> 

NJ. L,; N--l " 
chk_names(Nl,Pred). 

% Check that a KS tYPe is ok 

! • 

check_type(T,err_type) 
:- er-r-messC'Invalid KS tsPe (data isnored)',T). 

% Check and add a data entrs ~o current KS 



check_and_add(X,Pred,TYPe,KS,RuleForms,NewRuleForms> 
:- Pred_ok(Pred,X), 

twpe_.ok C TYPe, X >, 
chkadd(X,Pred,TYPe,KS,RuleForms,NewRuleForms), 
! + 

Pred_ok(null-Pred,X) 
:- ! , 

% Pred is valid 

errmess('Missins de-fine - isnorins',X), 
f•ail,. 

ed ... o.k(_, ___ ) ¼ 

type_ok(null_tYPe,X> 
: -- ! , 

errmess<'Missins KS tYPe - isnorins',X>, 
"fail¼ 

% Add an entry to current KS accordins to T~Pe 
% this maw accumulate more Rule Forms as well 

-.nkaddCX,Pred,TYPe,KS,RuleForms,NewRuleForms> 
;- ks_t1·anslateCTYPe,Pred,X,NewX), 

add_ent rw (Type, NewX, KS, Ru l eF o rms, NewR1..1 l eF o rms) , 
! + 

chk?ddCX,_,_,_,_,_) 
:~ errmessC'Bad entry isnored',X>, 

"fail+ • 

read_next C X > 
:- repeat, 

read(Y), 
C nor1var < Y > 
! ' 
X = Y. 

% Read next entry - discard vsriables 

; errmess('Variable isnored"), faj_l ), 



I* EXPORT *I 

Public 

IMPORT *I 

KSTYPE 

PREDS 

ERR 

:- mode 

ManiPulatins KS structures 

ks_init/0, 
add_entry/5, 
blank_ks/2, 
fetch/3, 
finalise/2, 
set/3, 

new_ks/3, 
known_Predicate/1, 
unknown_Predicate/1. 

ruleform/2 
rulename/2 

type_predicate/1 

errmess/2 

ks_init, 
new_ks<+,+,->, 
blank_ksC+,->, 
ks_slotC+,+,?>, 
add_entrs<+,+,+,+,->, 
addtoslot<+,+>, 
finalise<+,+>, 
ks_flush<+,+>, 
ks_record_ruleforms<+>, 
ks_recforms<+,+,->, 
comPlete_ks(+,->, 

stillf(+,+>, 
fillall(+,+>, 
fillslot<+>, 
known_Predicate<+>, 
unknown-Predicate(+>, 
fetch(+,+,?>, 
set<+,+,?>, 
backthroush<+,?>, 
ks_key(f,?), 

Lawrence 
Updated: 4 Ausust 81 



f.•:. -s; ._ i r·1 :i. t. 

% Initialise KS ~Hstem 
% This should be called once somewhere to Set 
% thinss set UP. The best Place is undouhtahlu 
% as a Part of loadins the system. 
% Currently involves: 
% Set RuleForm counter to 0 

:- recorda(ruleform,ruleform(O),_). 

new_ks(err_Pred,_,null_ks) :- !, 

new_ks(Pred,Pn,KS) 
:- blank_ks(Pred,KS), 

% Rui]d an emPt~ KS 

blank_ks(Pred,KS) 

t~~ :i. ~:- ii a ;{ +· ::~ :1 

functor(KS,ks,N>, 
~: I~:71 ( 1. 1 I(f;, Ftreci J ... 

% Access various slots, The first two slots are 
% sPecial, Notice that the other slots set displaced 
% by this but this is invisible to the outside world, 

ks_slot(Predicate,KS,Slot) : 

-~~-slot(names,KS,Slot) :- !, ars(2,KS,Slot), 

ks_slot(Name,KS,Slot) : ks_type(Name,N,_), Sn is N+2, ars(Sn,KS,Slot), !. 

ks_slot(Name,_,_) 
:- errmess('Unknown KS slot',Name), 

i''ail, 

% Addins new entries to slots 
% There are two stYles of slot en~rs which dePend 
% on the KS tsPe involved: 
% for ruleform4s we idd a name to the slot and 
% keep the rule seParate, In fact 

we add it the the RuleForms list 
beins accumulated. 
add add the entrs itself. 

% Addins to a slot is done bs extendins a list which 



\___ 

% ends with a variable. 
% N~2 Performance I'm afraid, but there we are. 

add_entrY(TYPe,X,KS,RuleForms,NewRuleForms) 
:- ks_tYPe(TYPe,_,StYle), 

ks_stYle(StYle,X,Add,RuleForms,NewRuleForms), 
ks_slot(TsPe,KS,Slot), 
addtoslot(Slot,Add), 

ks_stsleCruleform,RuleForm,RuleName,Forms,[RuleFormlFormsJ) 
: --- ! !1 

rulenameCRuleForm,RuleName). 

ks_stYle(_,EntrY,EntrY,Forms,Forms). 

Jdtoslot([_lRestJ,X> :- addtoslot(Rest,X>. 

% Finalise a KS and a list of RuleForms 
% This involves: 
% ComPletine all the slots in the KS 
% Flu~hine anY Previous KS structures 
% Recordine all the RuleForms 
% Recordine the KS structure itself 
% Note that it is imPortant that the RuleForms 
:! .a Pe 1 .. ec·c, r~;jeri t· i r--:::. t .ss t.f1e 1 :t r1J.:.E~~t= t,et.t 4J1?er, 
:~: r-ti l 1:.~tf t1 rrri~:- :i. ri t.t-1e 1 :t s. t. ar1ci t~t··ie i 1-- ri'.t:::i111?S i ri t~f·riz.~ 
% KS structure is throueh shared variables which 
% must first be 0 hardened" into actual names 
% before the KS structure itself is recorded. 

finalise(null_ks,_) :- !o 

,inalise(KS,RuleForms) 
f t -.. .c· c:i i11F-··· 1 fi• t. !Z~ .... ~:. ·:::. ( J·{ E; , t=t r· e-: ci ) !1 

ks_ke~(Pred,Kes), 
ks_flush(Kes,Pred), 
ks_record_ruleforms(RuleForms>, 
recorda(KeY,KS,_), 
! . 

ks_flush(Kes,Pred) 

% Flush ans old KS structures for a Predicate 
% I also flush all rule forms referred to bY 
% ans KS flushed, This seems OK at the moment 
% but mas need rethinkine in the lon~ term 
% (10 APril 81), 

:- blank_ks(Pred,KS), 



recordedCKeY,KS,Ref), 
e1---::::~;f:-r(F~ei .... ) :1 

ks_type(TsPe,_,ruleform>, 
ks_slot(TYPe,KS,Slot), 
backthroush(Slot,rulename(N>>, 
recorded(N,RuleForm,RuleRef), 
ruleform(RuleForm,N>, 
f.-1ras1==(!:;~:_1leF:~:-:~=·f) !, 

·fa:i.1 ❖ 

% Record a list of ruleforms under the r names 
% (ie the inteser part of their names. 
% This is the bit where the actual number kes 
% sets instantiated into Position in the rule form 
% Since this variable shares with the one in the 
% rule name somewhere in a KS structure slot we 
% achieve the risht linkase between ~ames and rules! 

ks_record_ruleforms(List) 
:- recorded(ruleform,ruleform(Counter),Ref>, 

! !1 

ks_recforms(List,Counter,NewCounter), 

ks_recforms(CRuleFormlRestJ,N,FinalN) 
%-- N:i. is N-H, 

ruleform(RuleForm,Nl>, 
recorda(N1,RuleForm,_), 
ks_recforms(Rest,Nl,FinalN)~ 

% Defensive, wait to see if OK 

% Complete all the slots by fillins in the holes 
% Also checks that the shared Predicate has not 
X been instantiated in any way. 

cofuplete_ks(KS,Pred) 
: ks_slot(Predicate,KS,Pred>, 

still_fresh(Pred), 
functor(KS,_,N), 
f:i.J.1,:$1:i.CN,KS>., 

% Check that Pred Part has not Sot instantiated 

still_fresh(Pred) 
:- functor(Pred,F,AritY), 

stillf(AritY,Pred). 



E-till·f(N,Pred) 
:- arsCN,Pred,Ars), 

tala.1-:.(Ar·S) :i 

! ' 
Nl :i.s N°··:l, 
still·f(Nl:>Pri:,d) ❖ 

errmess( 1 KS Predicate instantiated',Pred), 
fail. 

9 tllall(2,_) :- !. 

f:i.ll'.-::-lot(Elot), 
N:!. is N--1., 
f i 11 a 11 < N :I. d{S) • 

% Finalisins slots 

% First two slots are sPec1aL (not lists) 

fillslot(V) : var(V), !, V=[l. 

r111alot([_lRestJ> :- fillslot(Rest). 

%% Low level access functions 

% Predicate is known to the ssstem 
% le it has some sort of definition 

known_Predicate(Pred) 
:- unknown_Predicate(Pred), 

known_Predicate(_). 

% Predicate 1s unknown 

unknown_Predicate(Pred) 
:- tYPe_predicate(Pred), 



unknown_Predicate(Pred) 
:- ks_kes(Pred,Kew), 

blank_ks(Pred,KS>, 
recorded(Kew,KS,_), 

% Fetch a slot Siven Name and Predicate 

fetch(Name,Pred,Slot) 
:- ks_kew(Pred,Kew>, 

blank_ks(Pred,KS), 
recorded(Kew,KS,_), 

ks_slot(Name,KS,Slot). 

% Error catch now calls seneral 'must_know_Predicate' 
% (Which will blow since the above failed) 

:- % errmess('Unknown Predicate (KS access)',Pred), 
must_know_Predicate(Pred>, 
f "'':i. l • 

set(Name,Pred,Entrs) 

% Get an en~rw, this involves fetchins the slot 
% and returnins list elements one at a time 
% throush backtrackins. 

:- fetch(Name,Pred,Slot>, 
backthrouSh(Slot,Entrw>. 

backthroush([XJ,Y) :- !, X - Y. 

oackthroush(CXtRestJ,X>. 

backthrouSh([_lRestJ,X) :- !, backthroush(Rest,X), 

backthrouShC[J,_) :- !, fail, 

backthroush(Else,Else), % Not all slots are lists 
% (This could be cleaner> 

f.:. s_.i;.e~ ( ::{ :1 t{e1::::) 

% Relation between Predicate and database Kew 
% Mw decision here is to use the atom of the 
% Predicate rather than the functor as there 
% is likelw to less hansins off this (facts 
% may be huns off the functor). 

:- < var(X) I inteser<X> >, 



errmess('Invalid KS keY',X), 
f ... 2~i 1 ❖ 

functcr(Pred,Key,_), 



/;f; F.:ULEF., PL t Rule form maniPuJ.e::t,ion 
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% KS structures can have slots which contain ruleform 1 s. In this case 
% the slot holds the names of rules and the rules themselves are stored 
% separately but can be accessed throush the name. 

ruleform/2r 
rulename/2, 
make_ruleform/3, 
SE•t ... _ f-i . .i 1 e./3 + 

ruleform(·h,.O" 
rulenam,2( + i, f)" 
make_ruleform(f,f;,f), 
~;1?i.:-..-r-t1le(t,Y,·f) ❖ 

% What a rule form looks like. The name of the 
% rule is in fact an inteser but it sets bottled 
% for the users Purposes 
~{ <: 1 c, ,., .. J l 1? .... .J e 1 ::=• 

ruleform(ruleform(N,_,_),N). 

% Makins a (bottled) name for a rule for~ 
:;,; <101.,J level> 

~", 

''Fci1enanH,~ (T•i_flefo-r·m( N r ___ , _), rulename( N)). 

% Make a rule form from a Head and a Body 
% This is intended for use bY the KSTYPE 
% translation modules who turn inPut forms 
% into internal forms. 

make_ruleform(Head,BodY,ruleform(_,Head,BodY)). 

% Given a rule name find the rule form itself 
;! ir1 1.:.i,e d~:t ... at:r.~-::se-=-

set_rule(rulename(N),Head,Bods) 
:- recorded(N,ruleform(N,Head,Bods),_), 

! ,. 



'* TYLCAD.PL : Read in type hierarchy 

t/ 

Represent types ty Prolog terms 

crr'lless/2 r 
Load_start/t, 
Loaa_finish/1, 
reari_next. 

- pu!:1lic 
ty_start/G., 
type_i:attern/2 .. 
or rule/2., 

/Jde ty_process£+>, 
bcsi.ty<+,+,->, 
hidden_ors(+,-), 
edci_hidden_ancs(+ 1 +J, 
typ-e_name(+,-l, 
ty_nmemberr+,-,->, 
subtypet+,?h 
ty_intersect{+,->, 
maketypeH·,+),. 
type_patternf+,-)., 

oi:,{11'.hxf:x,<->> .. 
- op{5G'!'xfy,#},. 
- op(5fl,xfy,&>., 

: y _start : - . 
repeat, read_next{~exti, 
ty_processCNextJ, !. 

rocesslX <-> v, :- !1 

~- a d d r u t e , >. , Y > , f a i l ., 
:y_process({incluceCFJ}J : 

seeinf;C:Hd>, 
seeCFh 
repeat? read(t~pe_hierarchyl, !, 
repeat, n,adtTl, 
<loac_finish(TJ;Cty_processCT>,fail>>, 
!, seen, seetoldJw fail. 

:y_process(Fin} :
Loac_finishlfin>, !, 
finisb_tyi:es, 
load_srart(Fin},. 

:y_process(Garb} : 

Chris 
Updated: 27/8/fl 

% CALLed in fincall 

errmessc•Invalid t)pe specificat1on',Garb), fail • 

• ..,, .., a: .... • 'Hn s n_ ._ ype s ~ -
re~rite-_ty;:;es, 
do._basic_types, 



do_derivec_types, 
remove_rules, 
fail. 

finish_types,. 

I• Rewrite decomposition of derived types *I 

rewrite_types :-
repeat, rewrite_a_type, !~ 

rewrite_a_tyD6 :-
or_rule<X,RHSlJ, 
and_ruleCX,RHS2h !, 
basifycRHS2,entity,BasRHSJ~ 
sasRHS = Bas&RHS21! 
remcve_ruteCX,RHSl>, 
hidden_orsCRHS1,RHS11>, 
add_rule(Eas,RHS11J, 
add_hidden_ands!RHS11~RHS21l, !, 
f a i t .. 

,,..ewrite_a_ty;.:e., 

asifyCA&B,Sofar,New) :- !, 
basifyCA,sofar.sofarl>, 
basify<R,Sofarl,Ne~) .. 

basify(A~Sofar,Ne~> :
and_ruleCA,RHS>, !, 
basify(RHS,Scfar,Newle 

bes1fyC4,Sofar,Sofar) :-
subtype{Sofar,A}, !. 

basify(A,Scfar,A&Sofar}. 

hidden_orsCA#B,hiddenCAJ#CJ :- !, hidden_ors{B,C>~ 
hidden_ors!.A,hidden{A)J. 

add_hidden andsChiddenEAJIB,Ands) :- !, 
acd_rutecA,hiddenChJ&AndsJ, 
acid_hidden_anrisCB,AndsJ. 

add_hidden_ands(hiddenCA>,Ands> : 
acd_rule{A,hiddentAi&Ancsle 

.eat w1th ana/or tree of basic types •I 

fo_basic_tyres :
treep(entity,Patt.Patt>~ 

:reepClype,Patt,Pattar§) :
finiall(RbS.or_rule(Type,R~S>,List>, 
len£thCListtArityi, 
type_name<Type,Namei, 
functorCPattarg,Name,Arity>, 
maketype{1ype,Pattl, 
ty_nmemberCList,N,RHSlJ, 
arg(N,Pattarg,New 0 attarg>i 
subtypeCR~S1,Type1J, 
treepfTypel,Patt,NewPattarg>, 
fail .. 

reepf_,_,_} .. 

ype_nameChiddenfAJ,A) :- !~ 



:y_nmemberC[AJ_J,1,A>. 
:y_nmembz-rn:_fLhN,A} :- ty_nmember{L~Nl,f:..J, 1'i is l\Jl+l. 

,ubtype(A#e,Cl :- subtype(A,C} .. 
;ubtype{A#B,CJ :- !, subtyperB,C> .. 
,ubtype(A,A> .. 

'* Dealing with derived tyres •I 

ic_derived_types :
and_rule(X 1 RHSli 
basify(RHS,entity,RHS1>, 
ty_intersect,RHSI,Resl! 
maketypeCXtRes>, 
f Ed t. 

lo_dertved_types. 

:y_intersect(~&B,Res) :- !. ty_1ntersecttA.Res>, ty_tntersectcB.~es). 
:y_intersect(A 9 Res} :- type_pattern{h~Res>, ! .. 

,r_rule(LHS,R~S> :- !, call[LHS <-> RHSJ, RHS = i .. 
md_rutecLHS~~HS) :- !, ccllf:LHS <-> RHSh RHS \= # ,. 

1dd_ruleCLHS,RHS> :- assertzCLHS <-> RHS>, !. 
-emove_ruletU--S,RHS> :- retracttLHS <-) RHSh !. 
·emove_rules :- abolish(<->,2>• 

'* Information about types •I 

iaketype(hiddenlTJ,Fatt> :
recordedCT.hi_patt(_),Pl• eraseCPJ. fail~ 

1aketype(hidcen(T>,Patt> :- !• 
reccrria(T.~i oattCPattl, >$ - _.. -

1aketypetType,Pattl :-
recordedCT)pe,ty_pattr_J,PJ, erase!?>, fatl. 

,aketype(Type,Patt) :
~cortiaCType,ty_pattlFatt>,_J. 

:ype_oattern{hidclenCT>,Patt} :- recornedCT,hi_patt(Pattli_l, !. 
:ype_pattern(Type,PattJ :- recordedCType,ty_?att(PattJ,_), !. 
:ype_patternClype,_> :- errmessC 1 Undef1ned type 1 ,TypeJ, fail. 



Public 

:- mode 

errmess(Mess) 

Error messases etc. 

errmess/1, 
errmess/2, 

errmess(+), 
errmess(+,+>. 

% Give error messases 

:- ttsnl, disPlaY('** '), 
disPlaYCHess>, ttsnl. 

errmess(Mess,X> 
:- ttYnl, display('**'), 

disPlaY(Mess>, disPlaY(' : '), 

ttYnl. 

Lawrence 
UPdated: 14 June 81 



:-- PUbJ.i.c 

,.,..* IMPORT */ 
/t 

/* MODES lf:/ 

: ••• mode 

mu·;;;t_be_ t.erm/2, 
must_be_sround/2. 

sro,Jnd/1 

must_be_term<?,?), 
must_be_sroundC?,?>. 

must_be_term<X,Where) 
:- < varCX) ; atomic<X> >, 

! ? 

L;;;:wrence 
UPdatedl 5 Jul~ 81 

t'rom BOUND 

error('Must be term (in %w)I %t',[Where,XJ,break), 
f"B:i.1 + 

: - sr-01.Jr,,j ( X), 

! • 

fuust_be_sround(X,Where> 

% Check ~or beins around 

:- error('Must be around (in %w)i %t',[Where,XJ,break>, 
1"ai 1. 



/* MECHOU.PL I Odd utilities currently sPecific to Mecho 

:- P•Jblic 

:- mode 

0 

not_member/2, 
two_in/3, 
Problem/0, 
SIJCC/2 ❖ 

not_member<+,t), 
two .. in ('f, 'r, +) <-

Lawrence 
UPdatedl 8 December 81 

% X is not a member of a Set ( 1 i s-t) 

not_member(X,[_IRestJ) :- not_member<X,Rest). 

% Check for two occurances in a list 

twoin(One,Two,COnelRestJ> i- !, memberchk<Two,Rest>. 

twoin(One,Two,[_:RestJ) :- twoin(One,Two,Rest>. 

,() bl • i:>ro em .-

% Piece of Junk to show current Problem 

known< Problem(File,Format,List) >, 
writef( 1 \nProblem from file: %w\n\n 1 ,CFileJ>, 
writef(Format,List> ❖ 

¾ Arithmetic 
% Note that at least one ara must be bound. 

s1Jcc<N,N1 > :- inte:Ser(N), ! , Nl is Nt1. 

succ(N,Nl> :- inteaer(Nl>, ~, N is Nl-1. 



I 

/* WDSIN: Produce a set of all the non ~onstant swmbols in a term 

/*EXPORT*/ 

. /* IMPORT */ 
l* 

/*MODES*/ 
/ 

words:i.n/2 • 

memberc-hk/2 

n1.1mbe1•/:I. 

words in ( + , 'f ) , 
wordsin(+,+!'-), 
wordsin_term<+,+,+,->, 
add\..•ord (-h + ,-· >. 

Li:~,,, rence 
UPdated: 1 June 81 

Util:i.t.l:,! 

from LONG (or dummied elswhere) 

<datab.3~.e> 

% Wordsin in a term - entrw Point 

wordsin(Term,Set) 
:- wordsin(Term,EJ,Ans>, 

Ans= Set. % safety 

% ImPlementation usine accumulator 

,_..1ordsin(C,Set,Set.) :-• constant(C), ! • 

'~rdsin(A,Sofar,Set> 
:- atomic(A>, 

! , 
addword(A,Sofar,Set). 

wordsin(Term,Sofar,Set> 
:- X not atomic(lerm>, 

functor<Term,_,Aritw>, 
wordsin_term(Aritw,Term,Sofar,SPt). 

% Add a word to set 
Use unification for 

addt-JO rd ( l;Jo rd, Set, Set) : - membe T'chk ( lJo r·d, Set) , ! • 

addword(Word,Set,[WordlSetJ>, 

assume all Rround) 



% Traverse a term (risht to left> 

wordsin_term(1,Term,Sofar,Set) 
: -- ! 9 

ars(l,Term,Ars>, 
wordsin(Ars,Sofar,Set). 

wordsin_term<N,Term,Sofar,Set> 
:- ars<N,Term,Ars>, 

wordsin(Ars,Sofar,More>, 
N1 is N/i,/1, 
wordsi~term(Nl,Term,More,Set), 

~ 

% NB Aritw alwaws >= 1 to start with 

% What it means to be constant (indeed> 

constant([:) 

! • 

% We don't expect variables but they are included 
% for safety. number/1 will include both intesers 
% and rationals Cif Present - otherwise define 
% numbers to Just be intesers>. 

; number([:) ; const(C) >, 



/*OK: Produce core imaaes - with banners 

ok :- core_imaae, 

ok(Str-) 

disPlay('Mecho Problem Solver'>, ttYnl, 
reiniti.;;~lise. 

!-· core_imaae, 
disPlaw('Mecho Problem Solver'), ttYnl, 
disPlay(Str), ttwnl, 
reir-d. tial i se. 

La1;..1rence 
UPdatedl 6 July 81 



/* HACKS+ : Various thinss 

Lawrence 
UPdatedl 11 December 81 

X Const thinas don't set Picked UP by wordsin and thus 
% don 1 t set solved ~or by marPtes ❖ 

const(X) I- n~c constant(X>, !+ 

0 



/*LOOK: Peer at thinss recorded in the database 

Ls,,,.,renc-e 
UPdatedl 30 November 81 

% Look under 8 sPec-1r1c key 
% Only Print key if there is somethins there 

Key is either Pred/AritY 
or the KeY itself (es atom or seneral term). 
NB: /(_, ___ ) H:i.11 be a diff•ic-ult keY t,o use! 

look(Pred/Arity) :-

! ' 
func-tor(KeY,Pred,AritY), 
1001~.o-.:eY>. 

7 ~'=-,k ( KeY) 
I- rec-orded(KeY,Thins,_>, 

look ( _). 

! ' 
nl, 
put(n{e), tab(1), write(Key), tab(1), Put(a}a), nl, 
look2(Key). 

:- recorded(KeY,Thins,_), 
nl, 
look_show<Thins>, 
f aj. l. 

% Look at all thinss in database 

lookall 
:- c-urrent_functor(_,KeY), 

look(t-.:ey), 
fail. 

lookall :- lookrules, 

1ookall(File) 
:- telU.nsHOld), 

teJ.J.(FiJ.e), 
1 oo~,.a J. 1 , 
told, 
tell(Old), 

% lookall into a file 



% Look for ruleform counter and if there show that 
% many rules. 

lookrulf:~s 
:- recorded(ruleform,ruleformCCounter),_), 

! ' 
lookrules(l,Counter). 

lookruJ.es. 

lookrules(N,Max) 
t -· 100~!. ( i1~) !1 

Ni is N+.1, 
lookrules(Nl,Max). 

% low level - may chan~e 

% How to disPlaY a recorded thins 

look_ .. show (Thins> 
:- C varCfhins> I atomic(Thin~> >, 

! ' 
tab(2), Print(ThinS), nl. 

1 ook_ shc.u,.J (Thins) 
;- functor(Thins,Fn,AritY), 

tab(2), write(Fn>, Put( 5 ( 5 ), nl, 
look_show_arss(l,AritY,Thins>, 
tab(2>, Put( 0 )"), nl. 

look_show_arss<N,N,Thins> 
:- ! ' 

ars<N,Thins,LastArs>, 
tab<S>, Print(LastArs>, nl. 

look_show_arss<N,AritY,Thins> 
:- arsCN,Thins,Ars>, 

tab<B>, Print(Ars>, Put(",">, nl, 
Nl is rHl, 
look_show_arss(Nl,AritY,Thing). 
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