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Colnplete~~ess o f  Diamond-Resolution 

in Or-type Iiz~owledge Rases 

tlirssXti SAKAI 
Department of Compukr Engilleering 

Kyushu Institute oSTechnology, 
Tobata Kitakyusbu 804, Japan 

The framework of the "or-type knot.s,lebye base' is  proposed do deal with 
disjunctive informatior? in knowledge bases. Recently, i t  is  an imporhani problem 
how effectively we use informatiox1 3-hieh may have some incompleteness, In  or- 
type knowledge bases, the predicate symbols are only restriilted to orm, where the 
superscript n7 implies the arlt-y, and anj7 disjslt~ctive ir~fo'nmzation is incifided in a 
predicate as ar.gu~rbeni;s, 

7 i he tv-o systems R re naturally defined for .the incumple teness nf' the d i ~ j  u.ns-tis'~ 
ir~frlr-rr~a lion, The one is a Box-sjistern, lvherc lhe it~ritmi_~ietei~e.:~ dr*es ::riot i : k f l t l t . i j r . ~  

thrl riedu~*tion and the i.efa;tta.tin~:. 7 ' 11~  i>d.he~* is  21 Dla/7::)13d-~!~sfeni. 35~17*:r~ t11e 
incu~n~~~etencss~ess i11f!uf.,ncj3s "Lhem. WP ?1;1ve il!Z'e~dy d~sreioper! the f ixpin!  th~orerxl 
and "the ctormpleteness of resolution in  r he Box-systen~. 

Iri this paper, w;._ shot%: the  fixpoint ~d~eorem,  and the connplete~~ess of resnlution 
in the Dicmond-system. Furtherasore, we present an actual question-answering in  
an  or-type kncrtvledge base by a realized prover. 

T h e  disjunctive infor~~lat ion sneh as  "'At least, either A or 53 Iiolds, but i t  is not 
known which one holds" is a Irpi~~irl of knatvledge, whit-h we especially call the or- 
type knowledge. The or-type knowledge can be used to deduce some facts, T-Totvever, 
i t -  is: not, easy to deal with the or-type lrnowledge in knowledge bases, because the 
se~nantics of the Horn logic does not hold for clauses containing or-type kllowledge. 
Xior example, let- us  consicier the following program P, 

P = (l C+-A;B, A:B, ), 
:ci?err. 4, B and C are  yroytositio~~al variables;, and A;R is a n  or-type k~.*r.i?rlerlgre. 
7'ht ffet-':>w.ar;d x~incieis nf the p r o g ~ ~ a m  P are {A. Cj_?;, { E ,  C') {A,  B ,  6). The intersection 
of ail moaeXs, tyl~ich is (C), assigria fais? LO A;B. N2rnely, the model intet*seetion 
p~clpcr'tv lines not hold fox the program P. 1,ikewise. the atomic formula C is  a 

-- - - - -*- - - . - - - - -- - - --- 
' f ' l~ ' . .  ~:;ark is pertially silpportwi by lz+rant-in-Air1 for Encouragement of Y011ing 
Sc3~i~t~stsiY~.C~?'78i)O49). Tbp T-'Iinistry of Educatirrn. Science and Culture ofJapan,  



logical consequence of F,  but PLJ(c-C) cloes not have an  SLD-refutation. Because, 
neither the fact A nor the fact 13 can be deduced by the fact "A or B". 

The near-Horn FrologCll and tlze clisjunctive logic program[2] are propusecl to 
deal with or-type frliowledge in  knowledge bases, Lilrewise, we have proposed the 
framework br-type knowiedge basef[3j, In our framewrprlc, the prediloste symbols 
are only restricted to orm, where rn implies the aritg of the predicate, An or-t,vpc 
knowledge base is a finite set of the rtiles and the facts of tlae forms: 

rule: smm(t? ,..., tmS +- 0mis1, ..., sn) orh(rl ,..., 
fact: er"k(ti,.,., t k ) .  

For example, \?re represent an  or-type kno-cvledge "Tam lives at least in  'Pokjfo, New 
york or Paris" by a n  atomic for~nula,  

or3(liveitom, tokyo), livettorn, nevv~rgrl~),live(torn,pari~)). 
The "Lerms live(to?n, tokyo), llve!tom, ner/v. york) and live(tom, paris) are  compound 
terms. Am example of an or-type kno~vledge base, and the real questio~z-answering 
are  presented in the appendix. 

TVe assume the jfollorving two properties of the or-type knowledge i n  the 
subsequent discussion. 
(1) 411 case a ground at0111 ornf t 1, ..., tn) is true, a t  least one rssl(s) is  true for a term 

56 (i ,... tR 1, and ornS-k!t I  ,..., t,: 51 :..., s k )  is also true for any terms isl ,.,., sk  ), 
12) Pn case a ground atom orn(hl,..,, in) is false, ork(sl,.,., s k )  is also false for any 

terrns i s i  ,.,., rk $ c(tj ,..., tn ). 

2 ,  $rsjble~r?is and re"t7ie~lrs of or-type katorii-ledgth base,.; 

If ail predicate symbols an 3r-type knowledge base are orl: then the progrtxln 
is a Morn logic progranz: and the framework of the or-type knowledge base contains 
the framet~oric of Horn iogic. Hosvever, id is necessary to redefine the 
interpi-etatio~, the model, the logical consequence, the deductioll and the 
derivation in  or-type knowledge bases. I t  is  also necessary to consider the following 
two systems for the incompleteness of or-type knowledge, 
(1) Box-sjfstem, where the incvrnplete~~ess of or-type kllowlerlge does not influence 

the decluctivn ancl refuta tion, 
62) Dlamond-system, ~irii~ere the i l lc~lrnpiete~~ess of or-type knowledge ixifluenees 

tine ciedlietion and refutatiol3. 
The rvords box and diamol~d are used in the kIodal logic, and they imply the 

mr~dali ties 'certaint~/' and 3psssibiJity; respectively. We also use the words box and 
diamond to express the modalities 'cert;iirrtyq and )possibilityf, It is lzecessary for us 
to develop the seniantics in  each system. We prefix 'BOX-' and 'DMD-' to each 
lechrzical term in Box-sys-teln and Diamolzd-systen~, respectively, 

Let, ris r.onsi~iez. the f~ l inr -~ ing  or-type Icnrsivledge bases 5 1  and 52, 
, - 
3 ,  - . :tn.!(a)c-nr2t h. c), orlfc). ), 

52 = { or l(a)+-or.L"(b, c), or)i,c, Q;i/  : 
In cl* orI(c j  Ilotdc s l ~ d  so dctes or2ti3, C; hy the propertias cf'cir-type knowl~dii-e. The 
~ r h ,  -s ra: l  *rr-t,ai;llr; he dedxicbed, and "3: i{+-or ?:la1 c~rt,ainiy he refaated b y  
BOY-resolution 133 1 ,  Namely, the inc<.;zr~pletetlesss of lrt~owlerlge rloes llot influence 



the dectuction o f o r l ! a )  and the refutation of S I  L.fc-orl(a)), However, in $2, or2(c, d) 
l~olds and o r l ( c )  may hold. In case or? (c )  liolds, o r f i a )  can be deduced and 
52iJ(+orjla)) can be refiited in St. The incompleteness of knowledge influences the 
deduction and the refutation in 52. 

In [31, we haye developed the semantics i n  the Box-system. Were, we wilt briefly 
review the m a i n  results in the Box-system. Let 5 and Us be an  or-type knowledge 
base and the Herbrand universe of 5, respectively. Let  F5 be the set of compound 
terms constructed by functors in 5 except orftI(rn = 1 , 2  ,,..I and Us, 

Bs = { orl(t) 1 t < FS j 
is the standard Nerhrand base. tI7e defined EBs  as  fo'oilo-cvs; 

El35 = ( orrfi(t7 ,,.., fm) 1 ( f  ,..., tm) C Fs* rn is arbitrary ), 
and called i t  the exfended Herbrand base o f  S. In relation to EB5, we define the 
interpretation of5, which assigns true, fake  or undefined to any atom in EBs. The 
model o f5  is the interpretation which assigns true to at1 clauses in S, and the least 
modei o f  S can be defined by "the interseeti011 of the restricted nlodelsl31 of 5. We 
also defined the BOX-derivation as follows. Let goal G be +A I,A~,.,., A k ,  and rule 
C be A+Bi,B2 ,,,., Bq, where Ai, A mad Bj are in the form of orm(t7 ,,.., tM). 
ELE(orm(tf,,.., tm)) ilnpiies a set (or l ( t i r ) ,  ..., ~ ~ l i i ~ l j ' ,  and R is a computation rule, If 
there exists a substitution snch itla t 
(I! Ed_E(ACS) Cc fiEfAif3) 
for a selected atam A! by the computation rule R. then 5v-e derive a new goal G' 

G"+! A T  ,.,+, A,-?, BT,..,: Bq,  A,+ i,,,,- A k  36. 
VIe call lG'. a BOX-resoivent sf G and C. 3Te also call (1) and  6. a BOX-iinificatinn 
aaid a 90X-uni f ier .  respectively. --. 

i$/e hase  already shosvn the fixpoint t11i.on.enl and tho conlplrtcr-ip:.> iff ROX- 
resslutioa~ in the Box systc:~. 1x1 ~bis paper, we shex\- tthc fixpoint, Ifheorern and  the 
compieteness of DPdID-r~snlution in the  Diamond-system. 

We liirst define the derivation in the Diarnond-system, The problem in this 
paper is lo csbabiish the mncl~l  theory and  the iieduceiol~ corresponding to the 
foilo~vi~zg deriva t i n r ~  

Definition I .  Lel G be +-Al9/'12 ,..., A k ,  C be A+--Bl,B2 ,..., Bq and R be a 
computation rille. If there exists a substitt~tioln 6 such that  
( 2 )  ELE(AB) n ELEIA~B)  f QJ 
fix a selected atom Ai by the compratation rule R, then me derive new goal G' 

Gi:'--! '4 I,.".. Ai-1, 831 .-,,, Bq, Aji 7 ,,,., A!, It3. 
TLf-e r - q j j  CJ', :i DJ\~ilD-re50/~9r!f of G arid C. T , ~ V  , 1 7 p ,  c .n l l  (2) >upd H a  3 i?flAD-rjnific;.tion 

* r 
>lll(i >$ r ~ & ~ i : ~ - ~ ~ ~ ] ~ f j ~ ~ r .  { :3qjeci l7JP2:j, 

2:il - ' I  c;.e present an aigor.ithin tra calculate  a h3i"~lD-ul7ifiel. of two a toms by using 
the standarc1 rinification algcrithm[41. 

D:iri!> i i  ~rif'iea t ion Q. igor%iti?ljl - I. for tivc3 atoms or-& t l ,  ..., t k )  a n d  nf4(s7 ..... sq) ) 

1. Lei : be 1. 



2. If i > k then stop, ork ( t l ,  ... l k )  and orri(s1, ..., sq) are not DMD-unif'iable. 
3. Take a term t i  f {tl ,.,., t,,). 
4, Successiveiy unify the hliowing pairs of atoms; 

orq( t j ,  -,-,,,., -1 and or9(sr,.-., sq), 
ON(-, ti,-, . . . , -) and orcrbs 7 ,... , sq>: 

OM -,-, . . . , -, t, ) and or6;ris I , .  . , , sq) 
by using the ul~ii"lcation algoritlarri[4], where ,-, implies an anonymous 
variable. I f a  unification succeeds and a unifier 8 is calculated, then stop. 
o.k.(t7,..,, i k j  azid orci !~?,. , . ,  sg) is DMD-unifiable. 8 is a Dh7D-unifier. 
Othertvise, let i be i +  1, and goto 2, 

A DIL7C)-unifier is a mos t  genera! unifier(mgu) for t-cvo atoms in step 4. because i t  
is calculated by the unification algorithmf41. In the unification a ignr i thn~~ an mgu 
of two atoms is uniquely decided except variants, However, in t he  DMD-unification 
algorithm, the mgu o f  two atstns except variants may not he uniquely decided. In 
t he  SLD-refutation, a backtracliing occurs due to the inappropriate selection of 
input cia;tses. Elowever, in the DMD-refutation, a hacktracki~~g may occur dtxe to 
the inappropriate selection of DMD-axa~ifiers. 

Let 5 he an  os-type knowledge bme, G be a goal, and R be a computation rule. A 
DkJCr-dr_.i,iva.tion of Sij(G) via R alzd a Dfi1W-refir-tatisn of ZlfiG] via R ars3 t h . ~  same 
as in [dl. An i inrestricted DDfD-refutatic;n i s  a DD7D-reftltstim whose DMD-unifier 
r m y  fict he a11 mgu. According to the DiiiaD-u-uific~ti(3t1 alpnrii-hrn and t h e  Dfitln 
refueation, we can col~clurle the foilowing two lemmas, 

I,e:-ard;sa 4 .  (A4g. l  lemma) Let 5 hc an or - t~pe  !claov;ledge base and G lw a goal. 
Suppose that S!?(G) has a n  ilnresdrict~d DPdTD-refutation. Then S?J{G) has  a DiiilD- 
r e h t a  t3on of the same 'aelzg th. 

Proof. By defia~ition oi' the DMD-unification algorithm, Lemma 8.1 in [4] is 
directly applicable to this proof, 

I.rmina 2. (Lifting lemma) Let S be an or-type knowledge base, G a goat and 8 a 
substi-tutioa. If t h ~ r e  exists a DPY4D-refutation of SU(G81, then there exists a DMD- 
reftltatiljn o f  Sk 1jGj o f  tile same ieungth. 

'?roof'. T t  can bs similarly proved by Bdernrna 8.2 in id] and Itexnma I. 

IPefinitia~~ 2.. Let S be an or-type knowledge base. The DMD-ruccess set of 5 is 
the set of all atom or[>( t r ,  ...? t h )  in EBg such that S ~ ~ j r - o r h j  tl,.,., th)) has a DMD- 
refutation, 

i~ i~rrlr,;. to c;iscrrsa t!ir ~n:,df_.i iheuri- of the IJiamond-s~istem, we first consider 
l,hr Ioiloi>7iti~ a 3 r - t ~ ~ ~  l:110~7ltdga ! r3Spq 5,. 

33 = { ~ r l i ~ i ~ - ~ ~ ~ f j b ~ ~  0~2(63, c). j, 



In S3, the least ~nodeil in tile Box-system, denoted by Ll(S3), is {orz(b,c)). 
S3U(+or2(a,e)) has a DMD-ref~ltation. However, the truth value assigned to 
orz(a,e) is false by the interpretation U A ~ ~ ~ S ~ ~ E L E ( A ) ( =  (carl(b). o r f k )  ) c B S 3  1. 
On the other hand, let ork(tl,.,., tk)  be any element in ( I J A ~ ~ ~ ( s ) E L E ( A ) ) *  for an or- 
type kllowledfge 5, where 

(A)" = { BC EB5 1 the truth value assigned to B by "Lhe interpretation A is t rue ). 
Then, there exists a t  least one or l t ' t )  in ELE(ork(tl, ..., fk)) such that the trubh value 
of orl(t) is true by the interpretation UAcg(51ELE(A), i.e., orl(t)CELE(A) for some 
A < % ($1, Since A C C (S) ,  Stl(c-A) has a BOX-refutation, and ELE(ork-k(t tk ) )  
nELE(A)* a ,  so Sli(+ork!t7, ..., tk))  has a DLk.ID-rehtationa. Namely, 

(!JAG E ~ ~ ~ E L E ( , ~ ) ! : ' : *  CD&4D-succt.ss s ~ t  of S. 

Definition 3- Let 5 be an or-type linowledge base. A DMD-\nterprelatJon I of 5 
is an Werbrand interpretation of S whicli satisfies the following condition. 

Condition: Let A 'be a groixnd atom, tvhich is a fact or  a head in a ground 
instance of a rule. If the truth value assigned to A by the i~lterpretation I is t rue,  
then the trte tf: value of each element in ELE(A) is also true,  i.e., ELE(A)CI, 
For example, the Dfv;tD-interytretaiions for a fact srz(b. c) are @ and (asl(b), 

csrlir)). Ail interpretat io~~ ( o r l ( b ) )  assigns true t,o srZ(J?, c). 1i111t it; is not a DMD 
interprekation. Let L lse the set of xi1 Dfi.iD-interpreL~tiotis 1\-11ich assign t rue  to the 
follo~ving rule 

od^mjT~ ,..., 1,) <-- O T ~ : ( S :  ,..., sn) ,..., cjr f i (r :  ,..., :h) .  

Furtilermore, Iek N he tile set of all DkfD-int~rpt'eta tirjns which assign true to the 
foiiclsvirig ail rilles, 

orli t ; )  0rnjs7 ,,... 5,7)  ,.... orh(r7 ,..,, rh) 

o , . ? ( ! ~ )  +- 0rr4sir ,..., sn! ,..., orh( r l  ,..., rh). 
For the set of DAilD-interpretations L and N, F C N  holds. 

For any atom A in f B g  ancl any DMD-interpretatio~~ I, if ELE(A)nl* g9  then 
the truth value of lfle atom A is true. Dtherwise, the truth value of the atom A is 
faise. 111 this way, a D~L~~B-interpre ta t io~~ assigns t rue  or fake to any atom in EBs. 

Proposition 3.  intersestion property) Let 5 he an or-wpe knor~ledge 
base. liir he a set i?f nli DF,?is-iazterpreta Lions which are models of 5, Then. i?rcrh/l B is 
also a Dftt9D-interpretation axad a model of 5. 

Proof, Since Bs is a model and a DMD-il~terpretation af 5, M is always non 
empty set, If an empty set is a model. of 5, namely S is a set of rules, then n l g ~  i is 
also an empty set and a model of 5. Now7 we consider the case that 5 contains a t  
Least a fact. First we consider facts. Let orm(tr,..,, t,) be any fact in 9. By deEnition 
of the Df~7D-in tcrprelatjon. 

El F(nrnU t7 i",),I={~r?It~) ..... 0r i{ tn i ) )  C i ror a n y  /<&7. 
,al1r: theret'ort:, 

EtE(orq!jil , , . , :  irn)) 'L l i / c f i d q  /. 

'I'~IL i~~terpr'etation fijcfi,; I is a Dfi4D-ixltsrpret~l,im and a model of the fact 
ornil .r 1 ,,.., t,). Secondly WP, c~tlsider rules.. Lel, orh(tl ,..,. t h ) ~ - -  B I  ,..., Bk be any rule 
in 5, iii'e 5hom t h a t  if Ihe in terpr~tation n ! ~  M I assigns t rue  to a ground i n s t anc~  of 
tile 13ody ( B  1 ,  ..., BkfH, t h ~ n  flit M I assigns t rue to the atom orh ( t l ,  ..., th)F3 and nlc R/I I 



contains each element in ELE(orh(tl,,,., th)Fj). Since the truth value assignecl to 
( B I , . , , ,  Bk)8 by i l jcm i is t rue, the truth value assigned to ELE(srh(tl,.,., th)8) by 
n l c ~  / is true, Kamely, 

ELE(orh(tl, ..., th)8)=(orl(tl)H, ...: orl(th)B) C I for any / E M ,  
which implies 

ELE(orh(t1,,.,: th)O) I: i'-i/f~ I. 
!VP denote i ? , r ~  I by ; (5) .  and call i t  the least mode/ of 5 in the Diamond- 

sptem. 

Ilefinitiun 4, Lei, S be an  or-type knowledge base, An atom A< EBs is a DMD- 
logical c~nseq~ ie rase  of 5, if hr every Dh1D-interpretation i of 5, I is a model for 5 
implies that i is a model ibr the atam A. 

13ropositloa 4, Let 5 be an  or-type knowledge base. 
( ( , : (S!!*  ={A f EBs ] -4 is a DMD-logical consequence of S ). 

Proof* 
( * i Let urh(tl, ..., t ~ ? )  be a n  element in1 ( 0 ( 5 ) ) * ,  then the truth value assigned to 
~ r h j  t l ,  ...: $hi by the interpretation '.)jS) is true. Thus the trltth value of orh(tl,..,, th) 
is true by any DiS4D-interpretz+tio11 which is also a model of 5,  Namely, orh(tl,..,, tl,i 
is a D!flQ-logic~I consequellee of I. 
( .(- 1 Let orhi t;,..,, ti;! f EB_s he any DPv'7D-logic3 1 r.onsequencc3 of 5, By defini tinn, the 
d,ruSh ~ialne of orh(t7, ..., th) is l rue  by any DPtiID-in~t~rp;.~t;]ttitl*t f which is a morlc1 of' 
5. if z i : ~  orjlr) i x z  EFE(nrh(tl,.,,, Phlj satisfies orlfr)C l for 3x15. 04ID-il3t~r~1relatiorl / 
v~hic1-i 3s a model. ot' 5: tilcn or i f t )q /  15) for ;1ny 0r.3(1) in EIEioi-h(tl,.,., rh) , ,  Tfirrs 
the trutk value assigned to orh [ t j ,+ . . ,  ti71 by \ (5 )  is false, and i t  contraclicls that 
i?rf?:k;..*., ipl) is a D/\ID-logical consequence. Therefore, a t  leas$ one element orf j t )  in 
E l  El urh(t l , . . , ,  th)) satisfies or4(tlLI for any DMD-interpretation i which is a model 
of 5. Henee the truth vat-iie assigned to orh(tii,.,., th) by the interpretation ' ( 5 )  is 
trus. 

5V.3 define a mapping ' Ts ,  at-id show the fixpoint theorem and the 
completeness of Dr"g,ID-resollrtio~i in the Diamond-system, 

1PeAnitio~ 6 .  Let 5 be an  or-type knowledge base. We define rnappixlgs . '75 
and ' Rg as foilows; 

< T5 : 2Br - 285, ' > R S  : 28s- 2EBs, 

RSI I !  = ( A  c F B ~ J  
i "a A +-a 1 ,fib?,.+., i? il is a ~ro1311~~ illsf 

(2) EI_T,B,):7 I-- i;r iloids f i ~ t -  an:,. BB,( 
- r sr 0 = L J A ~  R,I~,EIE(A). 

F,ris, :.ii?icl~ is thr set of all Herbrand interpretations of S, is the complete lattice 
i ~ ~ r r i ~ ~ , .  ;It.- partial order- of ~t im-lucicln, Clearly. thp mapping- TS is coxntin~lous, 

-- 
so r g  has the least fixpaint I fp(/ '  >I, :rilich corresiionds to fi 1 w[41. 



Proposition 5. Let S be a n  or-type knowledge base. 'Then I is a DA4D- 
interpretation and a rnodei of S if and only if 0 P5(13 cI.  

Proof, I is  a DMD-interpretation and a model for 5 ifY for each ground instance 
Ac-BIJ~~, . . . :  Bk of each clause in 5, ELE(B;B)nl+0 for any i ( l 5 i l k )  implies 
ELE(A)C I' iff Ts(I) C 1. 

'I'heorelal 83, (Fixpoint theorem) Let 5 be an or-type knotvledge base. Then, 
i ' (S)= Ifp("Ts) = ' P s r w "  

Proof. 
, '(S) 
= gibi I< 2f"s / I is a DmID-interpretatioaa and a model of S ) 
= u aibi J E  2Bs  1 ' Ts ( l )C l ) ,  by Proposition 5 
= ifpi., 7-51, by Proposition 5.1 in  L41 
-- <'> Ts 7 o, by Propositioil 5.4 in [4] and the continuit33 of 7-5. 

Theorela? 7. (Soundl~ess of DA87D-r~solution) Let S be an or-type knowledge 
base, IEPu(G) has  a DA4D-refirtatiol~ with answer substitutiorz 8[4], then b"(68) is  a 
DMD-logical collsequence of 5. 

Proof- Let G be a goal +A I:A~,...~ A k  and H 1, ..., Qn be the sequence of rngu's used 
in a DMD-refutatim of SW(G) \-is. a con~putation rule R, We show b"(GFI) is a DMD- 
logical consequence of S by induction of the length of the DMD-refutation, 
Suppose first that  n = 1. This means that G is a goal of iile form +A 7 ,  and there 
exists a fact A and substitution 8 r such that EiElA 18 j ) f lELE(Af3 I )= G3. 3in.c~ earl> 
eleilltnt in ELE(A:Bl)T\ELE(ASI?) is a DMD-logical consequence of 5, b'lAli i  7 l  is a 
DiWD-icgicai consequence CIS. Now suppose that  the result.? holds G J ~  n-1. Suppose 
13 r ,  ..., en is the seyuciace of ~ngu ' s  iised in a DldltilD-refutation of 5U(d;) with length n. 
Let AI-B 1 ,  ..., Bq be the Erst input clause and Am the selected atom of &, which 
satisfies ELE(An?B ~!17ELEipl,c) y ) - f  a. By the induction hypothesis, 

tJ((At ,..,, Arn-7, B7,+*., Bq, Am+ 3t..., Ak)81 . . - e~ )  
is a DMD-logical elmsequence of 5. Thus, if q > O ,  then M(iB1, ..., Bs)81 ... O n )  is a 
DhfD-logical consequence of S .  Consequently, each element in ELE(AB7 ... O n )  is a 
DiWD-l~gical conseqtxence of 5. 't;'(Am8~...t9n) is a DMD-logical collsequellce of S, 
b~eausp EiE(An,f3 I..,i3n)nELE(Afi i . . .8n)e a. Hence V ( J A  7.A2 ,..,, Ak)8 7...Rn) is a 
DMD-3ogicai consequence of S 

'Fhesl-em 8. Let S be an  or-type knowledge base. Then, 
(0 (5))": = DMD-success set of S .  

Proof, L e u (  = orm(t.1, ..., t,)) he a n  element in EBs and SLijt-A) has a DMD- 
refutation via some colnputat io~~ rule. By Theorem 7, A is  a DA4D-logical 
conseqirt?lPee of 5. Thus. by F)roposition 4, A is in (',>(S))*. 
xn-; ... - . % ~ i e  show th~i t  f * (9)" is ~rjixllaineci i n  t h ~  Dii;;7U-<ijcrccs set ~f 5,  Silppcse 

A o; l !3:* %y 'l'heol~ein 6. /l c (  7 5 1 r:)" for siirnp r l5  t i r  Tve ;?rove by inrfuctiorl on 
;r ttiai A t  i Pg 1 n)' inaplies 5 1 ~ : j ~ - A )  has a DMD-r~f'utation, Suppose first that 
n :. 1 .  A f  f a$. 7 1 means that E i f ( A ) n E L E i P ) - k  rF fox. some fact R in 5. 
h ~ ; ~ 3 p i y - .  St !(*-A) has a DilrTD-p.ef11tatio11. Supptisp thpt  t 1 7 ~  ~beslalt holds fkr n-1. Let 
, 7 .  ; ni l .  By defiliititln of 'Tq. t l ~ e r e  exists a ground i n s t a n r ~  of' a r l a ~ ~ s e  
Bc--B?,  ..., Bk such that 



EfE(A)nELE(BB)r  0 and (B-IB, , , . ,  Bkf3 ) C(') Tg n-I)* for some 8. 
By the induction hypothesis, SU(c-B,B) has a DMD-refutation for each ;=I,  ..., k ,  
Because each B,B is ground, these DMD-refutations eala be combined into a DMD- 
reh ta t io l~  of SU{s-(ElI, ..., Bkj8). Thus SU{+AFj) has an tulrestricted DMD- 
refutatiol-i, The DMD-refutatiola of SU{+A) can be obtailied by the mgu lemma, 

Lexntrla 9, Let 5 be an or-type knowledge base and A an  atom. If V(A) is a DMD- 
logical collsequence of 5, then there exists a DA4D-refutation of SU(*A) with the 
ideiztity substitution as the computed answer substitutio11[4]. 

Proof. I t  can be sin~ilariy proved by Lemma 8.5 in [4]. 

Theorein 3 0. (Corxipleteness of DMD-1.esoiution) Let S be an or-type knoivledge 
hase. If 'd(Gf)) is a DMD-logical consequence, then there exists a computation rule 
R, a computed answer substitutiolz o for SU{G) and a substitution r such that  
8 = 07. 

Proof. Let G he a goal +Al,Az, ..., Ak. Since Vti(G9)is a DhgD-logical, consequence 
of 5, Vti(A,B) is a DFg7D-logical consequellee of 5 for i= I,..,. k .  By Lemma 9 there 
exists a DMD-refutation of SU(+A,B) with the identity substitution as the 
connputed answer substitution for i= I,.,., k ,  JYe can combine these DA4D- 
refutations into c? DAffD-refutation of 5U(F8) with identity substitution. 
Suppose the sequence of mgu's sf  the DND-reiiitatirtn of SiJjG8) is 87, ..., en. Then. 
G8816m ... On =GO, because $102 ... O n  is an Jclexitity suhstitutiiln. R j r   PIP lifting 
lemma, there exists a DMD-refutatior-a of SU(G) with nlgu's 8 1',H2'...., c3,'~uch ill at, 
86 182...6n = 8 .1"2'...8Tt1r9 for some substi bution ;.', Let n be 8 1'@2'...0n' r'estrir ted to 
the variables in G,  Then f3 = 07. wilere 1, is an appropriate restriction of 7'. 

6. Conclarding Remarks 

We have proposed the framework of the or-type knowledge base in order to deal 
with bar-type knowjedige. 54'e have already shown the fixpoint theorem and the 
completeness of BOX-resol~ltion i n  the Box-system[3], In I l~ i s  paper, we mainly 
clisrussed the model t31eory. the tieduetion-i and the refutation in the Diamond- 
"jsicm. We have shown 1,h~ fi:ipc-rint theorem and the co~~ipleteness of DMD 
resoiutior~ in the Dia1nolzd-s37stm, svhich are the foundation of the or-type 
lrnotvledge bases. We have also realized a prover by prolog, ivhose derivation 
depends on the BOX-rlerivation and the DMD-derivation. 

However, another derivatioli wllich uses both BOX-unification and DMD- 
~rnification may also be important. In such a derivation, the least model in the Box 
iyqtern is ciynan~ically 111odiEerf w11e11ever the DMD-ut~ifieation is used, The model 
th-irs. 2nd the d~ductio11 for !he new d~rivat ion are  mot-her. tlteoretical issues. TIT? 
appiicatinn of o u r  tinenry to rea l  qxpert systems is also an  importa~zt theme. 
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Lei us show Lhe real ques t ion-a l~s~t ie r i~~g in an or-type irnolvledge base. The 
Irnstsv1edge base, which deals with a ktzo~v.vl~cige for sessions in an  annual 
conference, is a s  fo'oliows; 

rule 4 : if a Inan attends at least sessien a,b or c, then he is in tiw first i~uilding. 
rille 2: If a rnan attends ad least session d OK- e, then he is in the second building. 
rule 3: If X and U are in the samP building, then X meets Y, and P meets 2;. 
fact I: tar-raka attends at least session a or b. 
fact 2: slizulii attencls a t  least session F, or c. 

3: yanlada attends a t  least session a or d. 

/A***** * : g - * * * * * * * * * * * q * * * * *  Execution*"*************************** i 
1 *?-set- i" initialization *I 

'. 

3 - 1 ? it-~x\orlinlee-t(tanak:i,i..i 1) i" a s k  P 1 n ~ ; n  \vFaT?ic> certainly meets tanaka"i 
- 0 :< == ~ l l z ~ l k l ;  

n t: 

1 ?-d~ndr or7 im~et(tanaka,Tq))). /* ;!SIC a man who may meet tanaka except 
?: -I ydl~tada; suzuki *, 
11 0 



I* initialization *i 

/* ask a man who may meet tanaka *I 
Yes 
1 ?-dmd(orl(meetftanaka,N))), 
N = suzuki; 
N = yamada; 
110 

I ?-set. 
yes 
1 ?-box(orl(plaee(yamada,N))f. /* ask a place where yamada certainly is *I 
no 
1 ?-dmd(or3fpt aee(yamad8,N))). /* ask a place where yamada may be */ 
N = first; 
iCT = second; 

yes 
1 ?-mix(box(nr.l~piaee(X,Erst))),dmd(orl(at-tend(X,Y)))), 
X = tanaka, /* ask a man who certainly is in first 
Y = sessisi~la); 
X = tanaka, 
53 = session(b); 
X = suztlki, 

building and a session the man may 
attend *i  

X - suzuki, 


