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This in ¢ doovzentation of oo crdored linezr rezolution  theoren  prover
ir Prolor, The rprorrin is ¢ conplete inplerentation in 8 theoretiazl
serze. The progren adopted @ tep down mixed sezrch stratesy. In =pite
ef the eooplete irplevootztiorn, the prover has shown a cood perlforpance
For zome canple nrablens, Tiis is one evidence, we think, for thet
Prolor is o progizirs  inplamentation lapruese even in  the theoren
provip fiele, The cdocunent bea a full proprer listine of tie prover
ernoeRpendin dnelwdins o opoucreful trenclator botwoen logical feruclas
and canjunclive norol rerns,

1 Tiutroduebtiop

L T

Thiz is a corplete prograr of a thearem prover based on  erdarce linecr
resolution [Chans & Leel.  The prorrem is uritten in Froleg. The =carch
stratesy used in tke progres is 2 Find of top down mixed search astratepy
conzisting of depth_lirst and brezdth_first [Chang & Lee). For = riven
list of eclauses, the prover try to find & proof tree, The procf tree
2an be disrlaved 1f a user vent teo see it. A user ean give sone control
paraneterz tc the prover. The first, sey d, is =2 "lgezl" heirht of
£ prool’ tree, Thit is, d is 2 paranoter for the pired stratery. Pure
cepth-first and brezdth-first strotepies zre the cases in which d 1=
an infinity and 1, respectivelr, In reneral, let !"{i) be the set of
all nodes of a proof tree wlhose heifhts fres the root node of a tree
ere crecter  thzr d¥(i=1) and lessz than or equel teo d%i. For the d,
the prover penerstes nodes in I01),1(2),.... in this order to build
# proof  tree, The second is the linit of the tern heirht cccurring
in 2 proof tree. The third is the linit of the reference count for
the elawse for & preof tree. The second end third paraneter are
interprated te be an  infinityr in cose not apecified, respectively,

2 Date Structure

A conjunetive normal form is reprezented by a list of clauszez. A olause
iz represented by = list of literals. Tn zn ordered linesr proving
process, a clause is represented £5 a duplication free list of litersls



[Chenp & Lec].

B Proler; verizble 1z used os & lopiecal variable. This naies stbstitution
procoess uncecessary for the nrover.

Poeenter elauze is the ziue as 2 clouse excent thet a  Franed literal
in elloved in ib, & fremed litcral iz the fore of Militerels),

In the vrrent  wversion of  the  prover, the real fore of - clause is
crefvrence=counter® o Jlist-ol=literlad, and  “rofircace-ceurter: is
tac Tori. sfsl...sl<varishlerd. .. 0. The nember e the ocourronces
of ¢ is the relerence count of the eolruse conoerned, Toe  wvarisble
<verisble® 15 instaniicied tc be the terc 3fT) 1vhen the clatoe iz
referrcd by ihe prover, wicro ¥ 35 - nelr free varioble.

3 Dasie Onersiion

Ve rdve Lriel explapstions to cach bosie operations  of  the prover.

T )

Joroeauning:  renspdng {eopyinr) process iz @ very frecuent oncration.,

sinple  ethod  to renarne uoing "asscert® and "polrsct™ pes bnown. Dot
e inplepented another ethod without vsing Lhen, It iz very surpricing
hat our reiive pelhod is reiher oore el ieient Lhan thle bnown versior.
he procedire Nene is "ropeue terp",

= e

B) uniiicetion: the wupifier unilies two Leros plven with oceur checi:,
Lhe unil'ier returrs the height of the unified terms, "enify®  is the
proedurce nune,

orings: fenerclly, for & clavse of lengcth n, Factoring process
“in uvrder steps, Tiec  prover, hevever, performs  bhe Pracess
cotpletoness of the praver.

d} verging: the prover cust nzintain o clause to be dupliestion Frec
lizt. The r1eintenance is perforaed by Lerping the clause rirht. Sco
"perpe riphtt,

el reselution: let C znd D be a conter clause and a side elause. The
prover computes (ordered) reolvents I of D and C as follows, Let L
be the left most literal of C. Ue suppose thot L is  pot  franed, The
prover Laltes in & nondetervinistic Way such  elenents oot of I thot
each of thom is unified witn ~L. %o, the besic procedure for factoring
pracces iz "penove®, End tien, the prover perflorns the ssne operzbion
on the puir of the literal L and the tail (odr) part of the center
clause C. Let C' and D' be the olauses obtalned by the zbovc proces:s,
The target resclvent 1 is the clause D' and &(L) and ! merged ripht
together in  this  opder, Tr. this way, one partner of the pair to be
unified in the factoring process is zlwzys Lhe left rost literal of
the ecurrenl center clause, Thiz methed rives s=sone inprevement of
clificienecy.

Although we have not tried wyet, it scems to be possible  that
pre-factoring Ilor eseh dnput elause way irprove efficiency of the

prover.

£} reduce; when the left rost litersl L in the ecurrent ecenter clause



C iz wnifizble witl the coliplenent  of  sone fraped litersl L' in T,
the prover plelis L ovt of C upifying L with L', Ther the prover will
rerge  right the center clausc zince, az a2 side effect, of the
unification, the center clause ey becone  to have some duplicate

elanents.

o tevtolopy cheelt:  the prover ~ives & teutology cheels for the currcnt
coenter clazusze, The prover cuts anr  secrch path zt the first center
alavse vhich hes a complenentary pair ir it.  The nethoc of the oheck
is a paiive ore which takes n¥%2 opder stepz.

0} subsunntion: the prover taircs & subsumption test whetlier one clause
T suvbsunes another one s follows. AL first the prover fixes all the
varizbles ococepring  in the  clsuse © by applying the Prolor evalucble
prediceste “nunbervars" to . lUext, lor ezch element in C, the praver
trys to find rnere unifieble 1iteral in D witkh the complencnt of the
clement. B composing thesc ®nesh" wpifier obtzined b the unifeations,
the prover ean bnoe the eristerce of the substitution = such that =(0)
is & sublist of . The prover hazs to only choice the partner for each
clenent in D such thzt the mapping dis en order gpreservin: function
fron the set © to 1. This fives the prover sorme improvements,

i} eenjunctive norcal forn: the prover hac a trenslator as a utility
between & Tirst order loriczl formuls and its conjunctive nornal foro,
The trenzlator optimizes the arities of Skolen furctionz rener:ted
during & trenslation. The translator produces a ninimized normal forn
by zeplying well known Neolesn lews,

b Teperiment

The teble 1 is & coonsrison ef our prover with the SEERT [Yanarmuehi
etall of its old version, The 3EHPI has many  proving  straztegile:z, and
the data of ZENPT in the table 1 are those of experirents under ordered
linezr mode, On the other hand our's has cnly ordered linear strategy.
The SENII is written im Pertran, Oup prover is conpiled Frolos codes.
S0 Lhis is not s serious couparison. Cxanples ere from the end of
the boolt [Chenm & Leel. It has nine exauples, The machines of our
prover and the SEUPT pre a DOC-2080 and = ACOS systen 1000,

Cur prover sueceeaded te prove six rroblens out of the nime, and four
is the case wvith the SEEPI. This difference, we thinck, mey come fron
soe differences of ezch  implementations, The BSENPI does not have
full lactoriny process. Our  prover has subsumption process a2z sore
ind of deletion strotesy. Our prover suppressed ovtput 1in the time
nessurenent.

cxanple our prover  SDPET in OL

R e e e e i ————— -

1 137 ns X
2 i "
3 b o
4 x X
5 871 nn 17T ns
6 87 as 152 ns
T 298 ns 121 nms



& 572 ns r
Q 1123 ms 10258 s

Table 1. run tire statisties for our prever
and SFIET in ordered lircsr search mode.

Tne letter ¥ found in the table means thet the relevant exauple could
not be proved by the pelevant prover withih = recsongble tine znd space.
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Appendinz=1: a listing of the prover.
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T Theorsn prover based cn ordered linear resolution, 7%

% Top down mixed scarch version. =

= b U.Hulsd 83 July, T
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T logicel operatcrs:

t=op(20C,fy, ).

=ap{ 910wy, andl.

i=uplC10,x0y, 0],

seanl Ga0 wly a2,

t=opf G20, ufy Pt

r=opl 030, ufy, a2t

t=op(B00,f2, '8, 0 S(P) nesns that the literzl P is 'franed'.,

p=mublic refutess,
i=public prove/sl,
i-nublic unzet/ld,
s=rublie imply/e.

unset({C_Sct,Dep,Fun, S0l) =
nember(C,C_Sct),
refute!r_Set,C,Dep,Fen, Scl),
1

LY

nreve{Formula,Dep, Fun, Sel) i =
neg_translate(Formula,C_Set),
nepber(C,C_Set),
refute(C_Set,C,Dep,Fun, Sell,
l.

iaply{Left, Right,Dep,Fun,Bel )~
criversary_guentify(Left,L),
universary_quantify{Richt, 7},
neg_translate!'->"(L,R),C_Set),
unsat({C_Ret ,Dep,Fun, 3ell,

refute{CJ, Center,Dep,Fun,5el):=-
tiner,
ebolishlevent,1),
abelishipeal,2;,
set_coutter(CJd,CJC),
rencoe tern{Center,RC,_),
kecp{[],initisl{RC),P),
(rixed_strategy(CJC, RC,Dep,Dep,Fun,Sel,P,Proof),!,
display(' a proof found 1!'},nl,
proof_tree{Procf);
display{" no proof found 11'},ml ),
runtime( ' time = 1),

mixed_satrategy{T,{],_,_, ,_ i, %) 1=I.

mixed_strategy(T,C,Hax,0,Fun,3el,X,_J):-
inteper{lax),
asgertz(goal(C,X}),



fail.
mixed_strategy(T,C,l%ax,Cur,Fun, Sel,X,¥):-
(integerf?a}] Cur>0,
Curl i=s CLP—"
var{llax) Y,
tavtelogsy free(l),
historr(C),
{reduce{C,R,Fun),
keep(¥, reduced(n), 7}
C:[ TC:_] ]
complenentary{TC,COY,
candidete(T,CC,0,5e1),
renzme_tera(D,D1,_),
resclvent(D1,0, R, Fun),
keepl(X, rescl(D,R), 2},
cuteff{F, 1) ,
nlhed_“trutegr[T R1,Mex,Curl,Fun, 3el,Z,Y).
nixed_strategy(T,_ IMaw,Haxi sFun, Bel, ,¥):-
integer(lax),
Nax==liaxl,
retraetf,_m.ift‘.)’.” ¥
nixed_stratesy(T,C,lHar,lay, Fun, Sel, X, Y).

:; M -'-.:"-Fre-::'r et :-_J-"rr‘:.- - 1':# il r,-:l " 'l;r'r:lq l';;:‘:ﬂ::ll; 1:.' ! |rrr|f¢f5ﬂrﬂqr‘;ﬁ:;;
% Resolution, reduction, searching candidates g
T in the riven axion set, 5
S A1l of Lhe center clauses generated are stored 1
ﬁ to cut a 'loop', s
?fﬁ"”ﬂi“ﬁif”ﬁﬂfiﬂfﬁ"i"Tﬂ“”T”?”J;iﬂﬁfﬂﬁﬂﬁﬁﬁiﬂﬂﬂﬁﬁﬁﬂ

i-node historyf{+}.
hiztory{C):-
nubervars(Cc,1,_),
event (D),
subsume(D,C],
', Tail.
history(C):-asserta(event(C)).

i-node subsume{,+Y,
subsume{[],_J:al.
subsupe([LID],[L]C] )=
unify_with_bound(L,!,_3,
subsune(D,[17]C7).
aubsume(R.L_.I1j--aubau:efK,Y]

r=node tautology_free(s!,

tautology_free([]):-1,

tavtalogy_free([¥!¥]):-
complenentary(¥,X1],
\+ meng(¥1,¥),
tautolopy_free(yl.

-mode set counter(s,-).

set_counter([],[]1):=1.

set_counter([X!Y],[Counter+X{2]):-
set_counter(Y,Z).



r=node candidate(+,+,=,7).

candidate([Counter+C|_],Li,C,5e1) =
similar_in{Li,C),
count_up_to{Counter,Sel).

candidate([_IT],Li,C, %)) :~candidate(T,Li,C,Sel).

i-mode count_up_to(?,?7).

count_up_Lof{X,T)i=var(¥),!.

count_up_tol{¥,¥)i-var(l),!,¥Y>0,¥=s(_),
Foap 'y

count_up_tol(s(¥},¥):~-V>0,2 is ¥-1,
counti_up_te{¥,7),

t= node similar in{+,+).
similar_in(C,[D{_1):-sirilar(C,D),I.
similar_in(C,[_1¥])):=similar_in(C,X).

c=rnode similar(+,+).

sicilar{ = (A), = (B)):-t,
functor(f,¥,_},functor(s,%,_).

gimilar{f,B):-
funetor(4,X, ), functor(5, X, ),

i= pode resclvent(s,+,—,7),
resolvent (X, [YIZ],U,Fun):=
(integer(Fun),
{funeter{¥,(~),_),
Funl is Fun+2,
Fun2 is Funel;
Funl i= Fun«y,
Fun2 is Fun+2 ),1;
true I
conplenentary(Y,0Y),
remove{Y,Z,V,_,Funi),
remove(CY,X, 7, I, Fun? ),
g,
undon(L'7(Y)iv],[1,v1),
urion(i, V1,1,

i=node repnove(+,+,-,-,7).
renﬂ?&f.‘-‘[,”:[].@,_} =1,
renove{¥,[Y{Z],U,1!,Fun):-
remove(X,Z2,V,H,Fun),
{unify_with_bound(X,Y,Fun),
UsW, 11 is ls1;
U=[Y V], 1=t 1.

r=node cutoeff{+,-),
cutuff{['ﬂ'f_jfK],Y}:-!,cutoff{K,Y].
eutaff{Z,%).

t=mode complepentary(+,-).
complenentary( = X,X):=1,
camplenentary(¥, ~ X).

r-mode reduce(+,-,7).
reduce([L}X],Y,Fun}:-
conplenentary(L,H),



reduciblelt’, I, Funl,
delete_rerge(l,Z,Y).

= pode recuciblef«,«,7),
reducible(X, ["2"(Y3i_1,Fund:-

unify_uith bound(d,¥,Funt,
reducible(X, [_1¥],Fun):-reducible(¥, ¥, Fun).

i= node delete_terpels,«,-1,
delete_nersel{T, [1,M 101
delete_mergell,[T17],0): -
H==X, 1,
delete nergeil, 7, H).
delete_nerse(),[Yiz],u):
dLlEEE_JﬁPLt[J,E.?ﬁ,
(reng(Y, V), 1, 0=v;
U=[T¥IV]},

e ef-' Mefuery _\' - .";"-""‘|""“'i""':""... ¥ ..-p,.hi,.l n,'..
i i r,. L W1adgl 1.1, [

1 Lni41LP 41Lh coour fﬁﬂcm Lnd upt;ondl“
o depth cheeclk of functer ﬂﬂutlnﬁ ﬁ

.-.Jrr ""ﬂ'l'-'{--f"'f'r‘r'-"r'i."r' Aol et Lt
T 1.2 i e R B

t=lode unify_ uwith beund(?,%7,7),

wnify_wilh_ hOlnd'I,Y,LW:—UarfE},I.
urify{¥,¥,_).

unify with_bourd(¥,¥,!':-

updfeid Y, L), el

TenodE unifyl(7, 7.

unife (i, Y, 11 - variX) vep(T), 1,02V,
unirrf‘..,I1 L vartxj.!,onuur cheek(i, Y, 1Y, 2=,
urdfy (Y, Y, te var(Y), 1, 0ccur eheek(Y, Xelll  R=Y,
Lnlf;fn,?,T‘ e Tzl [FiEs],¥=. . F¥s],

unify list{T=,Ys,i1,01 is w1,

%

pelode uniff} list(+,+},

unify 1ist{[J,[],0) s+~ 1,

unify _li=t{[x11X2] (LETITRY, Y a-
unif}’"l,?i,ﬂ} unicy_list{X2,¥2, LY,
e, L, e,

=node ogour_oieck{ , 7).
aecur_checl(X,¥,1) = var{¥),1,\+(T==Y).
ooour_ciceld(X, Y, 1) o w-..[F'Yu],
cccur_ehenk_114L(_ ¥s, i),
B ois ii+1.

i-uoue occur _cheoly list{-,+).

ooour_checl 1iat(X,[],0) == 1,

occur_check list{X,[Yt]Y=],0) :=
ceeur_chieck(X, 11,10,
oceur_cheel_list(X,¥Y2,L),
max [, L, ).

r=node manfs,+,-7,
max (U, ) aatrs, 1,



nax{_,M,Ll}).
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5 Henening of varizbles in terns.
T Surprisingly,the short version using

a

T

'aszert=-retract’

¢ onot work sc offieciently as thiz version.

5 The reason is not krown yet,

'r‘r" ‘l.‘:‘r'f': o o e - e el T L o L T T
FEE DR N PE R LT DE N IS U S IS Ol IJJ)IJ’.‘J!,.I}J,},Jﬂ_.J'

r=node renare_tern{¥,-,7).
rencoe_terplll, Y, Z) revar{¥), 1,
strict_in{X-1,2).
receme_terc([]),[),_) -1,
rengne_terc{[aiY],[210),V):=
renane_tern{X,Z,V),
renane ters{Y,U,v).
rename_tern{}, ¥, Vii=-T=..[L1L],
renane_torc(L, 0, V), Y=, [A11T.

1= mode stpict_in(?,7).
Etfict_in':}:,;} *Ur..f'r:rjf r 1= [}L[_]
strict_in{i-¥,[Z-Y|_1):ak==2,1.
strien_in[“,[_ 1) r=s ricn_in{I,I}*

"‘i"r'."'-"l""r I:l."i I!----.-‘.-l.. .a'_-r. "'I. [T Ay S ] ol L
FEN e gk T B vt R P A S o

S predicetes for pri.ltivp operztions 5

Eatlad alads "-""-"'r -:"' ﬂ'l-'f‘lF'r’r"l"r'P‘r“' Ll ol bl sl il e
T I E r FLI I s ] ’fﬁﬁ@mmn ﬁ!ﬁ:ﬂﬁﬂ F e

r=rode newber{?,+).
renber({X, [X1_]).
nenber{X,[_{Y]):-menber(¥,Y).

=node unionfa,,=).
unien([],%,%):=1.
union{[X|¥],Z,U}:=
union(Y,Z,V),
(remg{X, 1), 1,0=V;
U=[xiv]).

1= niode memql+,+).
meng(X,[Y) _1}:-X==7,1!,
meng(¥,[_1¥]):-neng({¥,Y).

timer:-statisties{runtine,_).
runtinme(i}:=statisties(runtine,[_,T]),

print(l),print{T},
priont{' millisec."),nl.

1
=
wa
=1
T
=1
L
Bl
=
W
l-h""
i
=T
L3

doss

R P AR SRR PSS R A AR R A L3 34 L4 L0 F 24 i 3355 539435453444
% Holding resolutions chaln and displaying the proof
% tree whose data representation is nearly the list of pairs

% of center and side eclause.

&

-
=

%
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i= node heepf-,+,=1,

keep(X,1,2) :=display_proof, !, keep?(¥,Y,Z).

Leen(_,_,_ .

1= node lecpl{+,-,-1,

keep1(X, reduced(R),[reduced{RE1}{¥]) -1,
renane _tern{R,R1,_0.

lceep1(¥,re=cl(s,C), {re w0l {S8,01)]%1):-
renzme_teru{C,C1,_).

k&ﬂp1{ﬁ.in1tiﬂlfC).[initial(Cl]!EI}:-
renzme_term(C,C1,_J.

i= mode proof_tree{+}.

proof_tree(X):-displey_proal,!,
proof_treel(X]),display('NEDY),
nl,nl.

prnof_treE{_J.

i- node proof_treel{+).

proef_treel([]).

proof_treet{[XI¥]):-
proof_treel{Y),
procf_tree2(X).

i- node proof_treesz{.+),
proof_tree?{initial(¥)):-
nl,nl,
tuessare( '8 linear proof list seRsr)
print1(¥),nl,nl,
proofl_tree?{reduced(B)) =
mezsane('+++ roeduced swe'),
print1{R),nl,nl,
proof_tree?{rescl{s,C)) =
tab(4a),
nessage( "4+2 side wes'),
tab{ ko),
print1(s),ni,nl,
nessape( '+4+ center +4t'),
print1(C),nl,nl.

t= node print1{+).

priont1(X):-
nupbervars(¥,1,_),print(X),nl,fail.

printi1{_).

= mode nessapel(+).
message{ll) :-print(li),nl.

jo
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A
1 Exa“plﬂ ﬁrnble:s fremn tL& end af the bool: [Chan & and Lee T3] 9

[ ""'"l'""!"f s whad Sl bl b e b ol | r-"" ot STy O E Lo Aol b <N AR Ll o
J‘i.lu?.: LT PR et . r" ¥ -'F.lu'l 'J'.--'a-"'"'"l‘h PR RN e PO Y rﬁr

‘l.-"l-

lize

ex1{Nep,54iz,0

]-f 'l:rlJ "l*'lrf]]r
e

ol

i

refute([ [

{ct

-

['U{;,a,u]* ﬁIY.ﬂ|I}, pli,V,1,plU,2 s,

[(~u(T,T, Tﬁr UYL, E, V), TULE I, e, Y0,

[“plli®),: !hx‘f}}!

Dep,Siz,Uzel.

IL,hiI,Y, Y],

(I f"!"\: ‘J '|_.||"".i"|_ 'I

w2 Dep, Sin,Usel 1=
refute{l [ple,¥,x}1,
[pl¥,e,32],
[pl{X,%,e}],
[pla,b,c}],
[=plL,a,c)],
[=p(X,¥, U, pl¥,2,V),~p(X,V,W),plL,2,10],
[hpf i Xy ”}I “k—ru:vj: pr J]pp{xru:”}]]p
[~“pib,a,el],
Dap,2dz , Used.,

exi{Dep,S5iz,Use)i=

refutel(] [ple,X,i07,
fpl1l(i),%,e}l,
[“pla,e,al],
(ol X, U0, plY, 2,V),"p{¥,V,\),pl¥,2,10],
[Tpf¥,¥,0),"plY, 7, ¥}, p(y,2,",p(X,V,iN]1],
["pla,e,a)],
Dep,Siz,Usze),

gxl{Dep,5iz,U=e) -

vefute(l [ple,X,107,
Erfl{HJ,?,z]],
(“pla,,el],
[Tpl¥,¥,u}," plY, 2, v}, plX,V,\),plU,Z,0)],
["D{X,T,UJ,_ﬂfY,E.U},_P{U,Z,UJ,pfx.”,”]]],
["pla,X,e)], :
Dep,3iz,Uze),

ex5(Dep, Siz, Use) -
refute([ [ple,i,¥]],
[p(i,1(X),e}],
[p{1(X},X,e}],
[s(a)],
[_SfE]]l
[==(X),"slY), p(X,1(T),2),s8(Z}],
[Tpl(X, Y, U0), " p(Y, 2, V), "ol X, Vi), p{U,Z,W0) ]
[hi]{xplrpul p-Piflzp\” lupfﬂlz‘sl'” lp{xlle]]
[E[a]]j
Dep, Siz,lise),

1,

il



exf(Dep,2iz,Use):-
refute{[ [ple,X,¥)],
[pl(X, lf?‘,EJ]r
[w{1( IAILJ}:
[“(EJ].
[~s{e)],
[“s(X),~s(¥),~pl¥, 1Y), 2 Yas(ZNl,
["ﬁfEfY Uy, ply,2,v),” D’f VelldeplU,2,) ],
[=plX,Y,U),"p Y.stiskpfﬂ.zg?).PfK.VrW}]],
[=(=2)],

Dep,Biz, =),

exT{hep, iz, Uselr=
refute{[[plal],
lifa,sle),s(b))],
{”{}’,K,H[’:’{J’lﬁ]r
['d{athj]r
[T, Y, 2) Y, 20,
[~a(%,Y,2),d(3,2)],
[=p(x), n(Y,7,0), d(X,Uu),d(,¥),d{¥,2) 1],
[Tdl{z,b)],
Dep, 5iz,Use).

exh{L,F,1") 1=

ref'uta{[
[1{113331
[diX,¥1,
[ O, Y, dy, 7y, d{i,23],
[mix], dfGFKJ,!JJ,
[D{Ii,l{T.EEK]}],
(p(X),1elx),x)1,
L7 plx),” d(¥,a)],
(7 101,300),d(0(21),%1),~ 1(X1,a}],
[ 101,%)," 1(%,a),p(e(X2)]],
[= l{1§HIJ|dtPfx1jlxiji_ 1(x1,8)1,
L,F, .

ex®{L,F,!1:=

refute([
10X, (3T,
[~ 10,5107,
[_ lf:(,YJ ;_l{Yl-‘-ﬁPJ]l
[- U{Hlf{Yj)l lfY:x}]r
lpcr}idthcx}lx}jl
[p(x),plh(x))],
[ plX),” 102,X), 1(f(a),X)],
[p(X),1(n(x),x)1],
[™ plX),~ 1ia,x), 1(f(a),x)]1,
L,F,e1d,

Iz



Tfﬁfﬁﬁﬂﬁﬁ?iﬁfff‘*”Gﬂ'“fﬁﬂﬂqﬂﬁifﬂﬁiiﬁfﬁﬂ;ﬂ"=S$ﬂuf55”“"”'”‘i nan
¢ Run tests for ciomple problems from [Chen & Lee T2] 5
= 5
¢ This is & slight nodifiecation of the logpine file of the -
4 tests “
e e ostetet et "F'ﬂ**"*w'ﬂrﬂ'rrﬁrrFﬂrwnﬂ*fﬂarncp
Pl SN L L o : EFEF ST EEREINEN I I P IR b B B DY LS JEUIE T

Prolog=-20 version 1.0
Copyright (C) 1951, 1942 by D. Verren, . Pereira and L. Pyrd

| %= coupileftp).
Lp coupiled: 20909 worde, .45 zac.
TER
i 7= [=erauple]
exunple reconsulted TA72 vords 1.68 seo,
yes
r‘-'rr-'.-J.—'-f- el okt A :"r{r‘ri'ﬂ‘
P e N R I R N LI LI 0 1

- ﬂqbe of gutput 5nnnrc h
B R e L B AR e e

Eol S A ] f
- Pt e S FUFLIE FCITMERE M A M IR

S-S R I
& prool fownd 1
Line = 137 nillisec,
you

IT= exS0_,_, ).

& nrocl found 11
time = £3 piliisec,
ven

1 7= e
D

whl_._,_).
rool found 11
i o= 87 nillisen.

'.".-H*f'_l

u

- o
[] -
k

= Cﬁf{’_,__._ﬁ f

& prool’ founc 1]
Edime = 200 nillisec.
ves

boT= enBl,_,_).

& proot found 1

tive = 272 nmillisec,
e

T 1 SR I

a proof found

1
time = 1123 nillis

-"r"r"r'l"rl.'-' e e P Rt e - ok -
RIS E A A E‘ﬂ' B ,F,wﬁﬁ*ﬁr A Ay lblﬁﬁgﬁﬂﬁﬂﬂg

% Run tu te diplaying prool treeﬁ for the same examples ©

r-'r" |"-'“'-‘r'r' .:--' #or .1'. o ot -

Caohng EAS SR S S S-S £ TSR B RRARS

ves

| 7= zssert{displey_proof).
ves

V2= ex1{_,_,_}.

a proof found 1}
RET linuzr proof list #5008
[‘-p“f{_'l ] s k(1) .}]

13



+++ Bide 444

— ["p(1,.2,3),"p(_2,.4,.5),"p(_1,.5,.6),

_,...--"/' p{_3,_4,.6)]

H++ cenbter s+

["pl_1,_2,k(_3)) P V1 =T TP It - T Uy ki _33) ’-ﬁf-P“’C{J} =3 k(_3}13)]

bt aide 4+

/// [p(o(_1,-2),_1,_2)]

_:—'-'.-F.-

——

T+ CENLEr 44+

LE"ple{_t,{_20) Tl 200 2 TRI_1,_2,_1) po{Tpllel_2),_2:k(_23))]

e 3lde 44

[p{_1,h(_1,22),.2)]

+++ genkter 4+
[$f"p[_1.h{_1._1],_11J.ﬁf'Fik{h{_1._1}},h{_1._1].k{h[_1._T}1}}]
QED

tine = 210 millisec,
yos

P 2= exfi_,_,_).
g prool found 1!

##% linear proof list #eug
[a{a)]

+4+4 pide w4

[“=s(_1) y s(_2),"pl 1 W 1(_2),_3),8(_3)]

/

I

-+t celter +44
[“pla,1(e),_1),5(_1),55(a)]

+++ Side +++

/ [p{—i'll:—-‘l}"e)l
+++ cehter ++<

[ﬂ-P{a-lf,-ﬂ} 1e)l.slel,5s(a)]

/

4

+4++ Flde +++

[“s(e)]




/

vl CENLED —ow
[Zsle},fsla)]

QrE
tine = B00 nillisec,

¥es
‘I ?"" E.:{E{__,_'_Ji-
a proof foung 1t

Gt linesr proof list 50484
[sfa)]

v+ Side 44

[q3{_13rhﬂthzquP(h1!1{.E]|n3]r3{_3}]

dod CENEEE e '-/

Copla,1la), 1) ,5(_1), 8s(a)]

[

e Side. 44+
[p{_1,1(_1),e)]

,r*"ﬂfﬂ##’

_-._._._r"'--
G genter a4 -
[*{"pla,l0a),e}),s(e), 5(a)]

+t slde 4+

"_._,.4—-"-.-" [ﬁa{e}}
H#”H#FF

wodems QCNTED =
(f=le},is(e)]

viie = 8% oillinee,

ven
I ?- EXT{__l_ j__} *
& proof found 11

#E® ]linesr proof list SEsa
[~dia,b)]

+++ Bide +++

/ [“P(_1), 02,3, 4),~d(_1,_4),d(_1,_2),

5



d{_1,_3)1

444 penter 4+ "FJJIF#F'#’HF

["pla), ulb,b,_1),"d(=,_1),5("d{a,b))]

4 glde +ss

ke QEnber -4+

[2("pla)),~nlb,b,_1),"d(a,_1),4("dl=a,b)}]

+v4 Side 44+

j 'Frﬂ,frr’#,af*"#"#;ﬂi[E{_Tn—iisi—JJ}J

+++ center -4 7
[5(mib,b,s{b))),~d(a,s(b)),5("d{z,b)}]

+++ gide ++4

/[Hu{_‘l 1y 3),d(_0 31
+++ center 4o

[“ala,_1,s(b)},4("d{a,s(b))),8( d(a,b))]

+++ Side +4+
[ﬂf&.3f¢1|$fb)}]

4 CERNOLEP 442

(30 mla,s(e),8(b))),5( d(e,s(b))),4("d(a,b))]

QED.
time = 1219 nillisec.
yes

1 P exB(_,_,_ ).
a proof found 119

#Ed linear proof list ##64%
[Ll{1Ih1}ld{ffnj}!_jll-l{kjlajl

+++ =ide +44

fffffﬂaﬁﬁﬂfﬂ#ﬂdﬂrﬂﬂ"rﬂd [P{_T].1(1|E{_J}}]
+++ center 44

(P10, 80710, e(_1))),d( Mgl 1)) ,5(21)),"1(e{_1),a)]

|

16



44 5ide 44

/[ pl_1),7di_1,a}]
et center b

[*d{_1,a).up._13.uf'1{1.gx_1)3}.ﬂ{f{r' A3l 3,7 ,a8)]

et Gido 4w
/[d[ L ) ]
i+ centar -
Co0mdle,all),ipled, 207101, 00a) ), 002}, 2la)), "1ala),a)]

Ao uiQE d

/ ~dl 1 s df ?!-i..?}lndt—. la—E}I
“eb ooRLor -

['-:Eff(;:{a}.‘hi‘n;f My sdirigrald,ola)),"1eolad, )]

“obd SLlde e

e CENLEr 4y

[0 d{f{nlal)d, Mlata)))), sa{flgla)) £lal),"ligial,all

4 9ide saee
[p(_1),206(_1),_1)]

el QEALER

(plel 80" 2{r(2),a))]

+44 Sicde +a
[“p(_1),7d(_1,2a)]

+ois CENLEP 4
[-d{u,ﬂ] I‘I:'p'{-d}l 'ﬁ{_l':ﬂl:aj 1-&.]}]

etk Blde 44+
[d(_1,_1)]

i QENELED st

[:.”: \‘Ju ),-JP(E}.T{"l{ {d},ﬂ}}]

i



OED
tine = 2000 aillisec.
Jyes

Vore et .
g proof found 1)

#if jinezr proof ligp Sass
[=af_1},"1(a,_1),1(f{a),_11]

vl Side +4w

/ [p{__T],dftl:__T},_T}I
e RELED S

Cd(Bl_ 1), 13,50 p(_1)),"1a,_1),1(5rar, 1)]

el Side s

/ [md(_1,£0_2)),1(_2,_1))
i genber s —

IIE_T.hfFE_l}li.ﬁd{h{f{_T}J.ff_TJJ.$E'P{f{_13}},'1{a,ff_1]]-lfFfEJ.f(_l]?]

+e Side +44

/ ["p{_T_]I,'l{a,_i],l{f{a},_‘l}]
4 oenter s -

[‘p{h[fta}l}.lif{aj.hfffa ) 81(a,nir fd(h b i =1
TRETT IR 131:810a,h(f(a) ), sd(hifla)), e}, a( plffal)),~1{a,r(a

g Blde 4+

/[p{__ihplihf_'-lil}]
+4 GENLEP 444

[p(fi2)), 4("p(h(r(a)))), 100 (a),h(f(a))),41(2,h(f Sd(h S0
Demd(a, Fla) biateia) ptay] 2 (2))),8d(R(f(a)),f(a)), (" p(r(a)

|

+++ reduced +++
${'Pfhfffﬂli}},lff[a}.hfffalll,$1{a,hif{alIJ.$dfhff{a}}.f{aJJ,$E'Pff(ﬂ}:?;'IEE-

fa)),1(f(a),r(a))]

+++ alde +++

/‘1{_1 —2),71(_2,.1)]
+++ center ++44

[“l(h{f(a]),f{a}},ﬁl{ffaj.h{f(alll.$1[a,h{f{31}l.$ﬂEthfaJl,ffnl}.$("P[ffalJ}.'1

18



(a,f{z}),1{fla),fiad)]

o SldE 41

[pl:_1}|1':h{_1 :I !_1]]

e QEALEE s
[p{f(2)),2("Lk( ()},
plftal) ), "1z, fla)),1(

oo
E
+
-

Eﬂll hfujtmﬁahjfuaﬂﬂﬂanjﬁdnﬂﬂan fa)),&("

i PECLUOSE 4ok
C2071B(0(a)), f(a)) ), 500 fla),nl £0a))), 20 fa, h( £f sd(n(f -
r-lfa‘f'(a}} 1{f‘[ ). rtan] a-}:”'u (ki {El]j {i}}r$f Pff[a}”

et Side 4qe

/ [l(__‘[,f‘[__]"j}]
L QEULED e

Let™a, r(2))),10f(a),f(a)})]

44 mide ++s

I fiﬂﬂf"werwﬂrrfﬂ”’#ﬂr- L1,

e pehnter 444
[S1(f(a),f{a))]

QLD

tinme = 3300 pillisec.



Lol al el ol A

PR ]

=

l'fdri'r‘ffr'f"-‘_‘r'l"f'l'l"i"r'l'.‘f'l"r-rl"'ﬁ"r" o o
PEER G B Y R W b g 3 e e e

lonkey-banznas prablen frem Leveland [
B: nonkey

b: bznanas

¢! chaip

f': fleor

F s el
p -

et et
FoRE PPl e e o e

e
]

7

r{f,¥): X can pezeh Y

alXl: ¥ is a dexterous zninsl
el(X,¥h: ¥ is cloze to ¥
ulX,¥): ¥ is under ¥

ElEd: ¥ is tall

i(¥): ¥ is in the roon
rw(X,Y,2): ¥ ecan move Y necr
eb{¥,¥): ¥ can elinbh ¥

R o e e LT R R e e i
.:r'.’hf!,:]:,:_:,:,:,: W =.|.r:,r.-.:,.- P T e e 3

LAUL WY W L A wn T

-
e

S PR

o Ty,

ATLE R S et e
ad BNty

nonkey_bananas([
[~ rfﬂjb}}r
[~ af¥),~ el(x, 1), r{
[- Q{xrf}jh u{Ylb:l-
[T 162),~ i(v),~ i(2),~
[ eb{Z,7),0(x,1)],
EEEH)3:
[eCa}l,
[ifw)],
[i(b)],
[i{ﬂ]]l
[uvin,e,b)l,
[~ cl{blfjjl
[ebliz,e}]1).

ALY,

t{¥),el(X,bl],
ovl¥,¥,2),el(2,

testhnnkerfL,F,H}:-ucnkey_bananau{?}.unsat{T.L

wl

T T T e e oy DK o -l o Lol e ot o N R T
5Jﬂn:ﬂnJuL;JJuJHﬁJ;JhFLJﬂpﬁﬂuﬁnmﬁﬁkuﬂdﬁﬁﬂnnﬂﬂ}

FPlane geometry problem from [Leveland 73):
an isoceles triangle hzs tuo eguzl annples,

A uE

4

tX,¥,7): points 7,Y and 2 form a triangle.

5
T ool VL, Y, T triangle UVE iz eongruent to
7 s(U,V,%,¥): sefment UV equals segnment XY
»all,V,1,%,Y,2): anples Uyy equzls angle XYZ
G
ﬁﬁﬁﬂEﬁﬁﬂﬁﬁﬂiﬂSﬂﬂﬁﬂﬂiﬂﬁﬁEﬁﬁﬁEﬁﬁi?Fiﬂﬁﬁﬁﬁ”ﬁﬁﬁﬁﬂﬂﬁ
geometry([

[ alc,a,b,e,b,a)?,

[t!alble}}l

-[Eiarﬂrh:ﬂljr

[=(X,Y,¥,)],

[- S{U,U,R,I},EEK,I,U.?]],

[~ S(U, VLY, =(V,U,%,Y)],

- t(Z,Y,2),t(y,2,X)],

(= t(x,Y,2),6(Y,%,2) ],

- c{U,V,H,K.Y,Z].a{U,V.U.x,I,Z}},

[- n{U,V,H.K,Y,ZJ,aEF,U,W,Y,I.ZJ],

[~ e{U,F,H,I,Y,Z},a{U,H,F,X,Z.Y}],

v

A

LR T B IR AT ‘:"I.

CAREER RETEY

C e |

A

£),ulY,2)],

F ).

ERET Sy At =
L
i
;]
5
Lo
ol

trizngle ¥YZ %
Fd
il
-
e
r)

KA L 41



(- t(u,v,),” t(x,Y,2),” s(u,v,in,¥Y),
. s{U ot

E{V[H[Y;z}q
), el LY, Y, 2 1)

test_pecnetry(L,0,0) r=reoretry!T) ,unsat(T,L,F, !}

-t .-..n..-...l. P o o o ok 8 6 8 R ol kg kg
¥ |'.- et p A

F
IR I o IR I Y DY LTI D Qg Jrr R E ’l'“n-'r‘n‘ 51II
] e)_tlcuLll:m._.. af “:.nn!-’e;mh.— nanas" znd "p]_are-rgpnnet.r_.r" &
ettt it Rt i et RERIR e e Lot Al
1

!V ?7- test_monkey{_,_,_1.
a procfi found !
tive = 085 uillisce,

~ test_peonelry{_,_
g proof found M
time = TA44 millisec.
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Appendix=2: a progrem list of the fersula translator

ot

el ’ ot 4-"-4# r'-ei'r'r'.-‘:"r' : At e i e
:;r;_‘:rﬂ .l :j.‘:"ﬁ.-“":‘ N:J o pd d ol .ﬂ‘J‘ J'I'?{';;:I A, I“FJI‘.::I LR Y J‘.u_.:::

Trenslation of 1051¢;l farmulu intc clausal forn.”

-]
% Deep optinizations using boolesn algebrsz laws "
& are included. The fellowing prograim list in this o
i sppendir is self-contained for convenience. T.e. O
 severzl proceduresz are conmon with appendix-i e
2 (renane_ terr Fur ihut&nﬂe1 o
Lot s al A r|'rr" o L e o o e P ok .-la-r-:rr'-.f ol gl
o R AL ] -J;Jlr'!, ¥, ! TESET S, JJ-.-J.-!J.-.I.I_..-, JI"_rr I FEF PRI T Y e |

:-Gp{ gﬂﬂ .f‘:_,l'l'"] -
t=opl 80, xfy,and).
t=op{M0,xfy,or).
i=op(920,xlfy, '-27).
t=op{920,xfy,T<="1,
r=op{ O30, mly, Te=2T),

i=public translate/?.
i-public nep _trenslete/2.

t-node trenslate(+,-),

tranzlate(?,¥):-
urdversary_quentify(d, U8,
trenslatel(U¥,Y).

r=pode neps translatefs,=),

neg trenslate(X,Y):-
universary_quantify{¥,0%),
translate1(~QX,Y).

remode translateli+,-),

trenslater1 (7, ¥):-
Elihihlt& _inplication(i, X1},
proparate_not(X1,%2),
rongne_bound(X2,0%2,[0]),
prenex(i¥2,Formula),
partition{Fornula,Prenex,Sody),
sinple{body, Body1),
clauvsal_ferm{Dody1,Y),
skolenmize{Prenex),!,

i=node tautology_free{+).

tavtolony Ireef{[]):=1.

tavtolopy_free([3]Y]):-
complementaryi ¥, X1},
S aenglX1,Y),
tavtology_free{Y),

i-node complezentary{+,-).
copplementary( = X,X):-1,
complenentary (¥, = ¥).

i=pode atomic formula(?).
atomic_fornula(y):-

nonvar{X),

funatnr{ﬂ,?,_} ]

“+ logiecal connective(F),

s



\+ quantifier(l},

r=ppode lopiesl_conoective(s).
losical _connective! and ),
logical econncctivel( ar).
logicel connecbive! ™ ),
logicel_connective({'<-7)),
loglezl_sconrcetivel{'-31)7,
logical conocotivel({t4-21)],

- pode quentifier(s},

quantifier{all).

quatnitifier{zonre),

i=node universary_guantilyl-,-.

sniversary_quentify(d,Yi:-freevara(X, V),
universzry_quantify1{v,n,¥).

P-LOUE UNAVErSErY_QUantifyl{: - =),

universary_quentify1([],%,7)=1.

universary_quentify 1 (3171, 2,all{Y,U)):=
universery_quentifyi(¥, 2,0,

r=0de freevars(?,<).
frecverc(X. 1) =atonicly ), 1.
freevars(y,[T]) t=var{X), .
Ireevera{all(Z,F),Yi:-1,
freevara(l, 7} ,delete(l,Z,V).
frecvars(sone(d,F),¥Y:-1,
freevers(F,0) ,deletell, 2,73,
freevara{[],[]1):-1.
freevarz([X17],2):-1,
frecvars{¥, %11,
ireevar={Y,T1},
urion(i1,¥1,27),
freevars{i,¥):~¥=..7,Freovara(Z,Y).

i= node elipinato_implieation(+,=}.
elininate_implicztionf (¥Y<-i),2):-1,
elivinste_inmpliecation({ ~ X or ¥),Z).
elininate_implication({¥-3¥)},2):=1,
elininate_implication({ ~ Y eor X),Z).
elininate_implication( (X<->Y),2):-1,
elininate_implication{{{X¥<-Y) and (¥<-X)},Z).
eliminate_inplication((¥ or Y),(Z or U)):al,
elininete_inplieation(X,2),elininate_implication(Y,U).
elininzte_ipplication{({X and ¥),(Z and ©)):-1,
elininete implication(X,Z),elininate_implication(Y,U).
eliningte_inplicztion{ ~ X, ~ ¥):i=!,
elininete_inplicztion{X¥,Y).
elininate_inplication(all{X,F),all(X,G)}:=1,
eliminate_implicztion(F,G).
elininate_implication{some(X,F),some(¥,5)):-1,
eliminate_implication(F,G).
elininste_inplication(X,%).

i-mode propasate_not{+,-).
propagate_not(¥, ¥) r=var{¥),1,¥=Y,

13



- £

propesote notd U End Vo (7 op TiN:o
propagate_non{ - ¥, 73,
propapate_net!{ = ¥, u),

prepazate_not? T (Y oap Y ,07 ang dlya=t,
prepagate_pob{ & I,
Dropa \chmnct{ B A 1)

propazotc_nobt{ - TN, ¥rieox,
proparete_notis, vy,

propagote_nobl T sonelTT PN, a2ililoeny. L
Propocate_netl T R0,

propegate not! T &ll{N,Fl,seref ) el
propagele_not( ~ FLG0,

preperate nol(X, V)=, [FlaT,
(quentifier(I);lericcl_corr wotivefTiY, 0,
Fropagate_noblA,0),v=, . JF ],

aroparato not{[] [Jre=t

propazeie_not![X1T],[710] 0

propegate_ ncti ),
aroparate_not{Y, 1)
propesete_natdl, .,

i=rode renone_bound(?,-,- ),
renane_bownd! ¥, T T iavari ), 1, feos Al "ern-l.u_.!,fh
renene boune (o210, FY,alliY,0),70;

(zea 1_v=r€}~ A I I

P M b‘"l"l‘.ﬂfr it r') 1H':']'|.

rencue bound(T,0,[X-12) *l,l' 20N
renanc_ bound(sonnll, F) ,qarcfv rﬁ,,; -1,

f:r.'L'u _var{i=_,7] _l i
rescne bound(F ,.. [x
renape_bound (F,0,| V=17 =27,
rengue_houne! [ ] (1, ,—[ .
renene_bourd (¥, 0, _ Yi-ateniely), 1,
Pencne bound! [Y1v],[200], Hir=,
rensie_beund{F, ¥, 100,
renane_bound(Y, 05,000,
rencre bounc(d, ¥, :=X=,  [F10],
renene_boundf D, V, 2, Yo L [PITY.

i= node seen_var(. .
scan_var(X=Y,[Z-11]_3): =X==Z,1,Y=Il,
scan_var{¥,[ 1v])i-zcan_ var{¥, ¥,

i=nade pronex(s,-),
prerex{zope(X,F),sore(Y, 01 o) yPrenexiF, 2],
prenex{all(y,F),all(¥,5)): =, prenexif,q),
prenex({X and &J,.).uz.prenez{H,KTJ,

rrenex(Y, Y1),

nerge_p:uue (X1 and 11),2).
prerex{ (¥ or Y},7):=] nrenex{.,hlJ

pranrf? Y11,

nenrp_prcnexf{?1 or Y1),%3),
prensx(i,x).

i~node werge_prenex(+,-),

merge_prenex{{all(X,F) and a11(X,G)},all(y, Hy):=1,
awerge_prenex( (F and 0),H),

terge_prencx( (some(X,F) or =one(X,G 1), sone(X, 1)) -
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werpe_prencxl (F or C),8).
nerpe_pronex({sone(l,F} ar O] ,sene(¥,%)) =
DErrE_ prtn&x{f“ or C),K).
nerge_ prewnﬁlfallf FIoor C),ell{X, B0 =1,
nerpe_prenex{ (F or 0),H),
perce_prenex( lsone( X, F) and ) ,som(,E)):-
morge_prencx{ (F end C),00.
rerge_prensx( (all{¥,T) and C),all{¥,m)):=
perpe_prenex((F and G ,H).
nerge_prenck((F or scae(X,G)), scue(l, i) ) -],
merse_nrenex((F apr C),H),
nerce_prenex({F or 211(X,G)},all{Z,i)) =1,
merpe_prenexf (F or ©), 003,
perce_pronex) (F oand Sﬁru{I,G}],:onﬂ{ﬁ,ﬁ}}:-l.
perse_prenci((F and 0),K),
werse_prenex((F and all{X,0)),all(%,1)) =1,
nerge_prenex! (F and CY,1),
MErre_t ﬁreperfz,ll.

p=inole partition(s,=,=!,
partition{soucl®,¥), E ome{ 2123, U) -
partition{y,Z,0}.
partition{all({X,¥),[all{T}|2],Uu):=
partition(¥,Z,U),
pariition{i,E],¥).

r=node slolepnize{s),
aholesize(d ) i=aif[ 1,10,

P=loge 3x[+lﬁj
Elﬂ:{nl [ ] ",:--l

S]:':‘ hll'r‘,'ll-“]}:'jlsl[:[T ]lﬁ:li-
Eki’ffuﬂ"ff HElii=censynd 58,00, 1,
R I e T AT O T

r=mode renove_tautolopy(+,=1.
renove_tauvtology ({1,070 =1,
regove_tavtology([[truse] 1R],3):=1,
roove_tavtology(D,S).
remove_tautoleny([X!Y),[¥!12]):=
tautolony_freel(X), !,
renove_tautologyr(Y,2).
remove_tautolony ([XI1Y],2) 1=
renove tautﬂloLyEY Z}.

r=tiode has_conpl(,-,-).

has conp(F, X, Y-
acnberi{F, 2,7,
complenentary (2,07,
cocur{F,C,¥, 1.

2> FLRER_ UL PR O

Ay

s I ‘-'.'-'l.

the R'D=CRE form using boolean laws,

ﬂﬂrrrﬂﬁ#*”rF‘FFrrrrﬂHﬂﬂd.rﬂdeuHﬂﬂ Lol sl ol 5l o
£ Cp i e

The proeedure "simple' transforns "(X and Y) or 27
inte ™(X or Z} and (Y or Z)" and then simplifies b4

EEPEE S
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i=node simploe(+4,=).
sinple{™ true ,falzed:-1.,
siwple{™ [zlge, true}:-t,
Sinplel™ = I, ¥):=,ciuplel(¥,1),
sipple(¥,¥1:-
functer(i,F,27,
(F=(and)iT=forli,!,
2o 1,0,31),
argciRyR,TEY,
sinple(i1,21)
aip DJ.L"ﬁ!'._PEE"
sinplel{F,21,22,Y).
sinple(ll, ).

, _ ; \
=lode Einplﬂ‘kv,—,v,—;.
- "

siuplellfand, Y, 2 =1, and_mer; Lell, Y, ).
si:pleifcr,h,:.zb:-!,c:_htrgeﬁh:;,ﬁji

=Gl au;_;crrc{ S
gnd_norre! ;,;,lulﬁf}:—h o compland, X, Y, 0,
and_oerrelbrue, X, -1,
and_ucr; -.',--t"..:,r._.,,"}:-E.
end_nersed Toloc,  Talaedior,
aLd_gserrel_,loales, fol UL"—!.
E.;‘.:;'L_::&:-‘_;;’_.. el T, 0,00 =1
Ard_ lhbef-,n,-Jg
aro_asbsorpl¥,V, 1.
anﬂ_Pbrhufﬁ,I,E;:—
arnd_oboors (20,1, 2).

t-riode end_zbsorpl+,+,-1,
end_absorn(X,T end Z,Y and
suphnetlor, ¥, 00,1,
and_ aboorpll, Y and Z,U00:
subccif{or,i, Y,
_ha_:nzotrlﬂ,E.UJ.T.
zrdabooerpli, Y and 7, ¥ and ) -
ad_absorplll, 2,0
and_absorp(X,Y, %) -
svbzet{or,i,¥),!
and_absorp(y,¥,¥) =
suhset{or,¥,X1, 1.
and_absorpl(¥, ¥, and Y),

|
—r
1

t=node or_nerge(4, 4, -1,
nr_mnptt{I,Y,truc}:—h;shcnny(or,E,Yj,!.
or_nmersalll, tric, truc) =1,
or_uerpeltruc, ¥, truc =1,
or_nerpell,lfaize, ¥i-1,
or_nerge(false, ,¥5) =1,
or_merpel(d and Y, Z,U):=1
or_merre(d, I, v,
ar "-'Ii-‘l“""erd.,zlv.] ]
and_ncrpre{V,H, 0},
or_nerige(X, ¥ and 2,U):-1,
or_perce(¥ and Z,¥,U).
or_nerge(? or T,Z,0):-
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ceeurfer,i, 20,1,

or_neprel T, n,U).
or_rerce(¥ op Y,Z2,X or U):-

ar qer“e(I,E,U].
or_uergely, Y, ¥h:

ncﬂurfn* AP I I
or_nerge( X, T,7 or Y).
i= rode complenentaryfs, =),
cemplenentaryl ~ X5,¥):-
coiplecentary (i, E]
rwizode clausel_forml«,=7.
clavsel foraffalse,([1)1:=1,
claveal_fornfand(i, ¥, [21181]0:-1,

clavsal_fornll{¥, 21},

clausal_foru(Y,¥1).
clavsal_for:(3,[¥]):-

clausel form1 (X, T,

r=uode clausal_Torul{e,-).

clevcal fomat(er(X,Y),[5101]1):=1,
clausal_ FGPWJ’;,Y1}

clavsel_lop: 10X, (773,

-""l"' el -""""""l’ "I"r"' [kl o ol ol 4 -"r'r"-"r".""-‘"n"-"r""‘r'f'. E st e Y 8 o o o SN o
. el et et |'|'fJJJ|l:'|;'.-J|*r ﬂ‘.ﬂ'wai‘.l

ENE e P I R I D L R

" HungﬂlﬁL of variubles in terss,

not work so efficiently as this verszion.
The recson is not known yet.

o

L e B A

i-tiode renane tern!{¥,-,7).

renane_tern{l, ¥, L) r=var{i),!,
stricet_in{il-Y, 2},

rengue term([],[],_):=1.

rEnane_ tEPm\[YrYI [Z10T,Viz=1,
renepe_toral{X,2,¥),
renanc_teralY, U, Vi,

renane_torn(X, Y, V== 00T,
rename_terol(L, 1L, V), Y=, .[4]1]-

i= mode strict_in{?,7?).

strict_in(X,¥)r=var(¥), !, T=[u! 7.
strict_in(¥-Y,[Z2-Y]|_1}:-K==Z,1.
strict_inf(¥,[_i¥]i:=ztrict_in{X,¥).

O P g e e g
L N e T e T e L P

" ba=zie prediectes &

R e e e e e
A AT e 0 e e

r=mode unionl+,+,-),

union([],X,X):=1.
urion({X|Y]1,Z,U):

27
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S Surprizincly,tlic short version ueing 'azsert-retract' does?®
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union(¥,Z,V},
feena(ll, V), 1,0:7;
G={X1V]).

l’}'
te¥meY

t= node peng! -
} i ]
bieners (2,00,

G
meng{E, [Y!_]
neng( ¥, [_17]

i-niode ocoupl e, =, +),
ccnur{F,K,E} -
T-..(r,2,0],
',
(X==2;
occur(F,X, M},
.
cocur (I, X, V) ro¥==Y,

t=iode nenber3(+,-,+),
nenber3(F, N, ¥Y):i-v=..[F,7,_1.
vember2(F, 2, Y) :=Y=. [P, 21,1,

renber3(F, X, 3.
cenber3(F,X, %),

-node subsebls, ),

subset(F, 0, Y)i-2=,[F,11,72],1
occurEF,E1,YJ,3Lb EL{L.HE Y).

subset(F,X,¥) :~oceur(F,#,Y).

i-nede append{+,-,-).
apoendi [],X, X1,
append([(X1Y],2,[ 71U} r~append(¥,2,U).

i=nadde unlonf+,+,=1,
unlonf [ ],10,2):=1,
undien!{[XIY],2,0):=
U.ﬂiU'ﬂ':r 2-'“}:
(memq(X,V),1,0=v;
—[va])

= node delete(?,+
delete(¥,[],[1):-1,
delete(X,[Y!Z],U) -]

t==¥, Vydelete(),2,U).
celete{x.._‘f'z]...! Ulh:=

delete(X,2 U]

r-node pensyn{+,-).
censyr( Ront, Atow) 1=
pet_nun(Root, llum),
nanc(foot, Kanet),
nane( !, Pens? ) ,
append(lanel , Taae2 , Vame ),
name [ tom, Tane),

t-node set num(+,-),

ret_num{Foot, Mum) s -
retract(current_nun(Root,Nun1)),!,
Hum is lumi+1,
asserta{eurrent_num(Root,Mum)).

get_nun(Foot, 1) :-asserta(current_num(Root,1)).
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ﬂ-rrﬂﬂﬂﬂimgn#frH!:Hrﬂﬁﬂﬂ;r#ﬂHﬂ#FJr fﬁrrrfifﬁﬂrﬁrf:ﬂqq¢ﬂ1rﬁ
(s e PP PRI NEPLE et Y . #ad + v e g iy 0
% Exerples of conjunctive HGFﬂul forL throuch "trenslate®,?

HHHHH.uf'fH rﬂ’ :t“r‘fﬂ‘“{ﬁﬂfﬂfdfﬂfﬂﬂ"r* ‘*rMH'UN'Fﬂﬂ##FHH
PLE IR JF Rt I I Y L duww?JN,JJﬁJﬂy.w,J s ot

| ?- tiner,trarzlate!{=-b) and (b->c} and (c=%d) and (d-%a)-> (a¢-
i
i

rontine,
runtine=152 ==z

[{true]]

Ves
1 ?= translate{{a->bland (b=>a),11),

[[-alb]l[_bfc]]

yes
| ?= translate{~(a and b),!"".

[{hal-bJ]

| ?- tranzlate(({a and b) or c.il).

M= [[5|U]|[b|¢

7= translatafa or ~e,M).

= [[truc]]

oAt
i 7= tronslaotels and 2,17,

= [[1]

vew

»d),X),

! 7= translaiel{{a and blor 7a and “b) or (T2 and b) or ("a and ~b),1).

[[true]l]

yes

I ?= prove((a ond blor (a and ~b) or (“a and b) or (Ta and ~b),_,_,_).

a prnaf found 1)
tine = 1“5 r1illizen,

- f.-.-r ,|-|-,_-" R e e P o F ' e
ﬁﬁJqu fﬂ rﬂffr1r ’ﬂp;pLh‘G":ﬂﬁ;%ﬁﬁ ﬁ:ﬁﬁh@'

% R.C. iloor's axion for 'know' [from IJCAI 77]. ¢

e"n‘n"’r'..'-"r"l"""."'r"r"r' ol ol o o el T L - ey o o e
L N LY R I e I L IR INN .1: l r.-_.:',nf. 'L ﬂ,rﬁi,ﬂ .l,.'lf",ﬁ 5;55‘.:

J:H

P~ tiper,translate(

I

]

! {true(P)<=2t(w0,P))

| and

! (t{¥1,P1 and P2)<~>t{11,P1)and t(¥1,p2))
| and

H (E{U1,P1 or P2}<->t{¥1,P1)or t(N P21)

! and
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| [t{t1.P1—>PE}<->fttH1,P1?-)tf11,?2)?}

H and

! ({0 PIC=P2 =0 LI, P s=t 0, B2 )Y
H mng

! (L1, P1)e=> = t{11,pP)Y

: anc

! VT nens (A1, P1Y ) <=ball iz, e 21,000,200 WE, P1)))
! and

| IRT,107,01)

| and

! S SEN IR I BRI R IR R S PR SIS IR ECD B
I and

] (AT, 0,02 ) =20 (0,0, 03 =0 0 e, e )
! ane

i CEO Lot A, P Yo

! ell{T2, L{r,1,721->1012,P))],
i Ci'F),

r

I

runtine.
runtioe=1754 nu

3 = _1no6,
PT = _115,
P2 = _138,
Loz 1355‘1
P o= Ja-
M= _FE
Al = _T27,
1r:' = .T':'I'I
= [[=L(Erai_11581, 35, 9y, _1259,_100&, TA7,_727,_115,_130), 380, 8{_90, know!_
l?fT _31’3] [ _1: 255, 00, 8k(_11501,_ 20,90, 1550, 10058, _737,.7°7,_11%, 1381}, ef
_?HrkHGHiHT?E?._EF}?].['1{_TLT._..* T6T), "P( TaT,_9%,_10067 , k(_ TET._FW?:;1DDEJ],
[“lif__TF.'T._':'}?,__T"'-_\|"J:'|.-._TE':':. "||"r"_,__'||'-l _,:] 20 TaT,_ gf‘, 1“':""\_] ["-'.-_Tr’l?l _,_90}],[ 1-'-
B0 meoul 7T, 1150 {727, “9, 11881, tk 11881, 1152, [ki_T727,_9%,5 T3 _38,
1“_:, 15006, TGT, 77,115, 1308) ), 6000, inoee (727 ,_115) }J [~ ti.“?.’ifju._ﬂ}‘_‘, TH‘."E."
1rr STOT TR, 115, _1238),_ 'I'I";,t" nf-:,:,rmf TET,_115)311, [ t(_ea,~ 115}.'&_99'.

_3811, r” ﬂﬂ 2Ok, E(_09,7_1i8:],[" tc_':':‘J.Jl%:l,t{_ﬁir,_'fa“),"bk_‘;“Jlﬁ =x_13801,(
tn{ 991_115r:t[n95-_13ﬂ}|\-{ 91_11 ‘:"'3' 1',E:I] [ t{ ggr._ ..,')Jr-tl: 99,_11_1} t'{__g.is T1
Se=r 1303 ], 0700, 132}, t(_00,_115} y TE_00, 1154-2_138) ], [~t{_99,_115->_138),~¢t
f 00, 118, b{_59, T"-'-r}] [Le 9%-11“;,”(_1‘19. 115=2 13~}] [~ tt_ﬂJ._lﬂF].t{_ErE‘r,_HS

213501, 0700.99,_115 or _1308),80_99,_115), L(_99,_138) Te_09,_115),t(_99,_11%

r_130)7,[~t(_ o0 , 12680, 890, 118 ap Huﬂ,[m 9,,_138],'1;{,,99._115 zrd _138)
1, [-t{_qq 1150, 78(_09,_138),L(_9%,_115 and _138)], [£(_99,_115),~t(_90, 115 and
1303 ], [ " truef .‘r”l,tim, E‘}} [“tiwo, ‘?-"-}.tr‘uef.j!??J.[“tt_i‘rﬂ.know{_TESG.JmJ.”k

(1250, 60, 12P03),5(_12002,_30)1]
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