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ABSTRACT

This paper proposes an expanded version of the logic pregramming language Proleg, which
is calied Pure Proleg with Negation (PPN} and permits writing negzdve informaten We
nreseat guery  respooss forms for PPN and their semantess 2ad  proposc an zxstunion
ajzorithm. Furthermore, we discuss semaznrtics and an execugon algorithm for PPN as viewed
from the smandpoint of intuitioniste logic.  These exscutien algerithms are pased en

exisiing Prolog systems and can be easily implement

i Introduction

Tke resolution principle sugpested by Robinson [Robinsca 65] can be efliciendy
implemented i limited 1o Homn clauses, and Proleg is known as a language which applies
the principle in thiz case [Batani73, Kowalki74, Warrea77]. While Prolog programs have
the advan:izge of being free from internal inconsistency becauze they are limited to
defimite clauses, they have a drawback in that they do not permit writiag  cegative
information Unlike pure Prolog, acruaslly implemented Proleg systems allow writing
negution since they have special predicates such as "cur”. But megauca as wnitizn using
cut s different from negation as we inwitively conceive iy, and means “ungrovability™
Besices, cur is a predicats which canoot be undersiood without knowing bow Frolog systzms
are controlled aad  explicitly introduces procedural ipterpretatien into Prolog, thus
seriously  affecting its linguistic characteristics as 2 logic laoguage At the same time,
it prevents Proleg from being interpreted indspendent of the processing system

Since, Horn clauses per se do nor preclude writizg pegatve information, Prolog caa be
parurally expaaded to permut wnticg caive {of inruidve) pegauon if geseral Horn clauses
are zllowed in Proleg programs TEis expansion s dealt with 1o Secoon 1 The expanded
languags iz called Pure Proleg with Negauoos (PPN).  The iscorporation ef negation gives
nse 10 a need to check the consisiency of PPN since the languape 15 not - uniive Proiog -
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free from internal inconsisiencdy, but this ereck s exsily implemezatable on exsung

Bezause PPN is g pregrzmming lanzuacs, It 15 DIO2SArY 10 defins clearly its executon 2nd

eretation of the execution resuls s ezecution of PPN, as with Prolcn cac be

viewsd 28 3 mechanism  for miviog . responsss 1o queries.  Secdeg 3 pressnts 2n alperitim

for this exscution, togsther with guery respocss forms 2ad theeir interprotadons

Tas inﬂrprc:;don cf taz resuls of PPN execuczon preseoted in Secsoa 3 is indefinits in
come casess Thers are cases in which Tit is upksowm which of ths several possibie
soluticns given is the nght seluton, thouzh it dees exst zmong them™ But U PPN S to
be used 25 a  programmisg language, it is desired that answess from ths systzm should e
penerally definite This desirs siems frem the standpoint that program exesuuen is mezninples
woless it finds a definitz soluden  Tais may be calied 2 coostruciive of intuitianiste
stzncpoint  Sestion 4 examines condivions feor making solutons dafizits and pressnm zn

inte=itionl {siic

sion 2lgorithm developed by iocorporatag ihe mndn..c:.: izto the

-

zlzorithm dascriced ia Sscten A

2. Pure Prolog witk Negation (PPN)

Thers arz two types of Horo clauses
) Clauses consisting solely of negarve ltzrals {called pezatve clausss)
y

Clauses coniaining oaly one aifirmatve breral {ealled gafinits clauses)

Exampie L
=2XYY e nezanve clause
~alb) v ~cll) wo...Deoative clause
2W) v ALY v AdY) ...defizite clavss

Programs ia purs Proleg consist solcly of definite clawsss,  but we cxpand purz ['rolog to
allow nezative clausss as weil  This Prolog is called Pure Prolog with Negation (PPN)L A
PPN program eonsists ef two parts; the part composed solely of negative clauses is calied
the negative part, while the g2t composed solely of definite clauses 15 cailed the

affirmative part

PPN Syntax
The synrax of PPN is defined below. It assumss howsever, 1hat wanables, consizats
terms and atomic formulas are koown In this paper, varables are all represented by a
Characier siing beginning  with an upperease alphabetic  character, and cocstzots
(including function and predicate symbols) by 2 characier string  beginoing with a
lowercass ziphabetic charactern

¢Defiaition 1> PPN svniax

(i1 If aad eziv i al, .., an zr: 2iomic formulas



al, .., an 5 a nezatve clause
(23 I and enly if al, ..., any § are atomic formulas
§ = al, .., en i 2 dzfiniis clauss

(3} If and only i »!, ..., ro 2re megauve clauses

»l.

¥a .
1§ 3 negauve part
(<) If and orly if &1, ..., 3o arc defimite clauses
1.

in .,
is an affirmative part
(5) If and only if T is 2 pagadve part 2nd A 5 aa affirmarive pary,
[T 4]

15 a PPN program
Adapting the above definition, Example | would be wrineg; -

- a7 ...D8gaTive Clavss
by, N0 ..negative clause
220~ BXYY, JdY) .definite clause

zat 1, allirmauve lizrals commez to the left side of =" and nepative Hrerals (rd of

the symbel - ), to the right side  Intuitiosally, "=~ may be interpretsd as "if™ and " *

i~ a
waich punfituatas the rght side of "=, as "znd", as in Proloz
In definitions (1), [—J. {3) 202 (2), o may be 0. In (1), however, il n=(} the pepative

ciause - representing contradiciion is obtained, which means that ths propram wath the

cizuse ~ in ths negative part & inconsistent in the senes of 2

~2 PPN Ceonsistency

B

As si2ted in the Secuion 1, PPN programs may involve intsrnal jncesistzncy.  This
sapzecuon describes the procedurs for checking this inconzistency. Internal inconsistency

o a PPN program means that something ncogated in the negative part is proved from the

sifirmative part  Therefore, the following is 2 procsdure fer checking the incor nsisiency.

Procedurs 10 PPN consistency

srdinary Prolog syvitzm is given the affirmanve part (which bas the samz form as

ol ercinzary Prolog progr2m) 33 3 program  and  qusried  about  the conizuts of the
nIpziive part
(2P 17 ans of the contentn nozzatsd by ths elauses in the nesative part are proved, it



correspond 10 neganive

ean ke gaid  that the PPN program 15 inconsisient  That is either the

mpie 2
- £od{X0, monai(X). podljunitan) -
"God is not moral” “jupiter 15 a god

I* 12z guany
7 - gedinl, merall

is given to an ordinary Prolog systzm with the a2t

svsizm refurns the answer
X = parentjugiterh

berauss thers 15 the foliowing preofl figers
~ zodi}, mor=li]

~ godiparentdd, mor2l{zarentind)
~d (30, meorziiparendd)

podiparannXi-gzocid

odl junitarls

« eodijupites), mortalizarentjupitsrl) £

entl) mortzl parandi:

~ merziiparzad jupiee)

upiterll-

Txccuticn of PPN 2s a Programming Langunge

-y

¢lauses, that iz, quersizs conwuining oniy ons nsgative litsral

<P

rocadure 23 PPN crzecutie
(1) If 2 query is composed solely of affirmauve litera!
{in this case there & no need 1o uss negative knowledse

*

pure Prolog

¥

{ which may pe interpreted 25 remicval or program =xc

proved

souTond

als, it s treated the same a5 @

{23 If a quzry conuains a negauve 'u:v:ra' it cen be writien 25 ~a, [, {I7 consusts

immanias the erder of literals Theo a2 = T ois

salely of affirmaative literaks) by ignonag
added to the alfirmative part (Tai process is called assermon)

LEE=.

{3} One of the clauses in the nzgative part 15 scizcred and queried 2bout to th

affirmative pary which now contaizs the clowse amserzd 10 {2

-

{2). Ezchn

g the valus subsusutios to eachk of the vonables

asszried Slaves, @ = T1 s uned, the

fwhich 15 ¢
creed e 0

rerurost 17 execution su

- -
= viluz = e AT wniller

an 2oswer is piven in the following form

alisd ths uniller) i3 stered 25 a candidats for the answer 19 be

clauses, but PPN also allows quenies corraspondiag to definitz



v ovanakic | alus V', ..., vadabiz o = value o' oSecend uniner
v varizbis 1= wvales 17 L, wvariable o = value 37 o Last unmiliar

Ii exzeuton SLC‘urwd:. without usis "‘5; a ~ I at ‘“11

the guery Eive

- i 1)
—
Example 4

receatzdly exstutad whils backuacking  Nesdles to g2y, backrracking covers
sei=sction of clausss in the oeszanve part
Ezampie 1
Prograne:
~maortallz2zollsl moral{iD « man{i.
"Apclio 15 net morzal” "man s moral”
man{X]) ~ man{pareatiiJ}
"child is a man U bis parent is

7= amanid.

Query

*Whai is not man?

arnd guery

1, but exising L..uwlcd;"

If execcudon fats or if it succeeds but

2= morizlizpollol,

thz pregram is inconsistz
“th=

cannot decids which onsz it &&°

other

aoswer s reguesizd,

th=n

mom2lidD - oanl )

marallapalia) « manizpollo)

- meortailapolla)

man{]) ~

~ manlzpelio)

maniapole) -

is oot
sturns the answer
X = z2polla
I request
secusznce as foliows
A
X

parentips

We explain why it L neczzzany

(3} af <Procadurs 23 Lzt us

Theorem : Thers

ratnonal

aunhern

ained and exsoution success

cd ciher answeors, backtrzcking occurs and the answ

exist irrational numbers X and Y such thaos

The proceduyrs

parenzzpollo), -

readapoilol),

st includas o unifier t5at satisfiss
{5

sizp (3) is

2 man,

ars returoesd

to preesat 2 ospeoial mezning such as that

copsider ihie Tollowing theorem aad proal

w1

a

pfas m
gf=s

{A)

given

storss tos= uoifisr in (A} and

in



i
[ ‘"
) g
ooy o
o 4 i R
ba r 3
| 0 AR i 4 e
i i v "G 5 G 5
ft 3. o +1 g | £ 9
4
ULy |r|.r.r._ N — -1 ."u— m__ _r- S s aw m 4 ;.Hw I—.m U
I - i . b . g e L y -
.u_.n_... V... d _\1. s _._. " [Ny eed K o o
e oo T £ R R :
qoT oy SN oo i 5| v ¥ N I a a
v t il ) I e, Wf C | i i = __M n L a
N of L T ; R o = = ..-_.m . W 1T i = 4 . ..w_
V . ._. .“ . ._.“ ﬁ. .w._ _.;— - L] 3] . m_ - L¥] . A ".“ :- G .-
e " 1 o' ! 1 BT = - N ¢ - -
. I M D 24 o R H . i ¥ _. T ou oW o, @ u .
Ton b W o 0 If =R 5o m Gona oy v .
—,. F rl ..__m_ .nw o " ) I _V..- m 'ﬂw & ..nlur 0 =l m._ = & nv“._ .._.u ul
L4 & F- s = T e i fau - ol -
_ﬁf i o Ly u ~T IR ¥ o ou g = D e o bl = r.,&.
U BN TN 5y : I N e
A 'y 1y =5 5 3 | - ‘U T = T oo B. By w q m.. 2]
. 0 — W 1 . e b r H L —— “._:_ T e .I..___ R ™
" m hog o AT S 0 “.m_ o g g y o w oL o a i
93 L "o ' T A DA - T i B fs u
H H H LI L S o2 I i
oy w4 D | MR i Sy §2 4% g v
't _m mq =y - I 2w N3 = o) m I o U u Lo b _q of
i g - 5 H] -0 " c v o8 Wi Coe Ton . ...“ ) 0 a
. - im ' . : T i
o 9 5 A o e S 1 RGP voon
) €1 2 .m_ G ou o A A ey it 2 i - o u
i1 ."._. _.w._ i _..- — < & .._r. 0 nJH, e 0 _m i+ n: 3 [k o
] L " ¥ a=
505 2 it [ e ol “m ooy o 9] o U m q
O, a = u N (ST g Ye RN I 2] 7. i
i "__._ - b mw [H 5] J_ . I M £ 3 _..“._ q O _C “ o S [ .n._
- =] : . ' QI . ' . :
] et _: & u ¥ o 4 . m Lol 0 uooog . _“.u_ 5 4 W o m " b
. - & . - S - ta ke a Vew L.
i nl b b ] a ,Q.n_ m tong e ™ v s A B I v -
: . L. . 3 "t O, < o
Cy S B P Y NES Y&m.mmﬁ _wmmmm.,"..m B8
H e A ooy {5 - E tn . )
R : 8E Y I B PR Fer oy o A T I § 45 £ o
H oo | w oy, 2 ., _:..._ c i . 55 U w6 oY v =
S u Ho0 _ TR T - 9ot ef Y u 2 5 o ow oo .3 = 3 -
. L i o ] ] P o H AR [T A tn b o o
v 1 1o ! e P 1 oo 8 - LY B = PR £, s
o oo [ m.. o g 29 bl W "om FE g Sl o o5 o t [ s
i L %] [ - W i r_ 4w [ - . - 3 s i
N _H 2 “.m ET e .W.._ A ._-|._ gt A ; w ' -lﬂ ”._. ....._.. r .“ - Ty ..m - 3
i L @ * o I Ya b M .m"u " U - = Y W ¥ H
£ S, 5 T R oot ‘2 " = H oo o hl bl ¥ A &
1 i ! I n H J— gt et " . KA R—— A [ . F=-I oy v
5 Hon ‘r; fr re Ty = B s . = == o By L i u a
(1] _"._“ bl _.f . ) R i by .Au (4] - Fy o 5 _T_. = o Ak .:, o
4o i 2 e [ rre T b ] E a5 L .
i SRR 4 .._ﬁ...._ i L I ! I " I - _m uop, m\ﬁ e > TR . L
r A 200 e o s Iy 4 S GRSy 8 g o
. oy 4 no a b i |- N5 R T T ] = = fi
a T e Lol h H = i d —
0 ) ' oy ) by m i e ) i 8 i m ey ..r..u
LN} _..w o l.n“ r Lald W ta T} ...._ Tha [ L
Wi Coonan > Oy v i eowon N
i I~ & n I = won B
3 - M
. .
1
Ll




unince g and & is storsd as 2 capdidate for the answer 1o be retummed amd wseern
a - [ o tke affrmanve part Subsegueantly, ths proc.:dur: s the sams as o (Procsdure
2y owith 7- #D, T, &) as the geal 1 the clawse a = T asseried s wsed later,

J

ta the list of candidatss for ths aaswern

ne lLiteral unifizhis with & exisis in the negasive part), the

affirmative part s searcned for a Uzral 1o 2 bedy uniizble with & 5+~ B &, 4

B -

is found ths uzifier stored as a candidate for the apswer and the procsss {4) is

exeouted with 7- #(-3, B T LAY as the goal
(3) The negative par: is ssarcied fer a Literal unifiabie with #2). If enc is found, the

Froc:durc is thz same as in {2), =xcspt thar the unifier r:'::ucd tc HA) 5 not addsd
tha st of candidai=s for the answer

If (£} fails, the affirmative part is searched for 3 literal in 3 body

)
[F.)
—

unil
with #3). The= subsequen: procedure is the same as in (3), :::L::_:t that ths uzinizr
relazsd 1o 2(3) s per added 1o the ls: of condidates Tor the answer
(6) If the goal ends in suscsss in the 2bove procsss, the program outputs tas caadidarss
for the znswer as in <Procedure 22 If the goa! ends in faflure ar another answer i

recussiad, ths procsdurs backiracks

PPN and Intunitionistic Logic

he proof in Exampie 4 usss the law of cxcludzd middiz and is often clizd 25 an exzmgple of
the unprovable in intuitionistic logic  So the PPN system scoms beyood ntuitonistic
agie  Trz relazion eetween PPN and inuumnonistuc logic is distussed herz
The resoiction gringigic 2s a theorem prover was onginally an inference ruie in classical
logic an2 kas ne direct refation with intuitionistic logic In facy zpplicatien of the
resolution principis reguires wansiorming logical formulas into Skoiem siandard form,
but intuizicaistic logic dess net allow such wacsformzden
1o Proloz or in PPN | however, Hara clauses, can also be wnterpretzd  in intuitionisiic
fegic 25 foilows
{1) Negative clavse ~ =l,..., an mzans

¥al ... YXm sl al A .ooAan)
(2 Definiie claves £ = al, ... ,2n euans

¥X1... ¥Xm (al 3. 2 an 3§

{X]1, ... Axm represzaws all varakbles eppeeoring in al, L., an, £)

Undsr this inwerprezation, the rosolution principic is 2 valid inference ruls even in
inruirionisiic logic (though unlikz in clawsical legic not compleiz).  Especially, since

Trolog programs 20 not have (1), changing the intzrpretaven of {2)

(Zy¥X1 ... YiXm(al 2. 2a0>8)

makes the resoivtion principle consistent with pasiuve umplicationistiz logic, a subsystzm
of innnveonistc legic  {((2) and (27 are eguivoiznt formulas in the inteitoais:c logic)
Tr= proo! in Examzle 4, howsver, cn the fzce of iy, sczme 1o sicnifly that PPN canmnot be
kept within the imuuinonisus lppis, but azmuaily that 5 cor the eas= What PPN proves

1o Laampes 4 18 1na 12 threos giorassions
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Ard ooviousiv, &) is derved from L Toe

frem L QER

From the ahove theorsmy the {ollowing algeritam for PPN cxecudon in istuitcn
»

s abtainzd by medifving <Procedure 2

{1) The procsss leading to Siscovery of an aoswer 5 ths same as in <Proczdure 23 zzd

(7} If czndidai=s for ths answer are ebioimsd, ths prograc checks wheother o

sramy ravurcs thelr most gensrzl uoilisr os othe
f they ars nat unifiable, the procram backtrocks

In Ezamgie 3, man{X +~ sried is uvsad o

once 10 denive ezch aoswer, 25 staisd
gariiar.  Thereiors, the answers in Bxample J may also Be regarded 25 aoswes o

- — L - [ 'l 1
o= 7 -, Vo= 4“7 qof K=< Yoz S Zin E::!::"._:-l.: 4 ars not r::_:zrt'l.-:d a5 answers basauss
Sl apd ¢S substitured 1o N canneot be unified

e WA
“embers af the set rus do not iocluds thamselves”

To pur the guery 7- =Y4Z to this programy, we asser? YE€Z « and guery 7- A

YeZ - (A

- Nerus, XX Xerus - Ve - (E)
- XeX HEX -

The subsutenon sn {(A) s ¥ = X, £ = rus, zod

'.'_l .

(B, ¥ =X, Z= X Sioez, however,

these can be unified, X = Y = Z = yus Trerefore, Y = rug, £ = rus i3 rerurnscd

We demonatrate ths wruth ef {1 and (2) ia ths proof of (Theorem 10

= fd

Les M obe g s=t of Horn claunes 7 contradicuon can be denved from T and I

eumsription, thea

A
]
n
L
"
3
5
L]
o
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ef ¥ alone and has no subsusuton I follows thar - B, I, A is denmived It

definue clzvses of H alone by the feliowing <Lemma I3 Therefors, (1) kelds QT

re=oivton

W use mathemadeal inducton ralated 10 ke cumber of sieps in the proof of

10 I w=¢ number of stzzs & zorg, = T s mothing othzr than = Iz this core T g
g to prove {rom P. Therefore, the l=2=rma helds

2) Lzt vs 2ssu=s that the number of stes = 0 > 0 and the lemma holds for thoss
provis whose number of sizps s less then o Inothis cose T s pet e=oty, a2z

ihe pzrr wharz the resoludes prizcipl

"
G
o]
i
o
23
3]
Tl
il

T o =T I of the form

(B)

-T! e T2 a - A (I'=T71 e I'2
- D1, A T2

— A ®

(A

Hers ne pars (A) of the proef fas fower steps th2n 0 oand ropresest 3 proof of

r
conwadicden from — T, @, T2 and P. Therefors, by ths hypoinzsis of induciion

s

- I'l, a I'Z is proved rem P. On the other has

i
G-
i
1
1o
A
2
B
:
153

proof of
a ~ & from P. Simec 4 is known to be provable from P, & is also provabiz frem P
Therefore, Tt a, T2, namely, T is proved form P Q. E DL
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