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Abstract

A dednetive object-oriented database {DOCD) language.
Qurxere, has been desipned ad developed for knowl-
cdge nformation processing applications sueh as nat-
wral langunge processing. legal ressoming. and genctic
informmlion processing i the Japanese Fifth Genera-
tiom Comaputer Syatem (FGOS) project and the Follow-
O peegect. As knowledge information ig different from
conventional information, a mew froanework fae dadalase
and knowledge-base manapement systomns wis reguired
uncler such an environment. As a result. Qurrore las
wany unidue features as o DOOD bangnapge aoned syslew.

Foensing, on sach aspects i this paper. woe deseribe
specific featares of Quryore and disenss this approach.
Further, we observe very briefly how sueb features are ef-
fectivee For hoowledge information processing by showing
s exames of aor applicaliens

1 Introduction

The Fifih

(FGOSY project developed various hardware and soft

Japanese Crenevation  Computer  Svstem
ware for knowledice inlormation processing systems un
b logie and paralleli=on paradigims over the course of 11
voears. sinee 1982 (100 T'he Follow-On project. started in
IR s antended to carry these objectives forward [21).
Dmring the FGOS puadect, a new framework of database
ad knowledpge-base manageniens systems was roguired
for represcnting and managing varions kinds of data
and knowledge. Under suel requirenients, Querxors was
designed and has been. cousequently. developod  [26].

OTroeTe b= a logie programming langnage with objoct
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ovientation awl database fealores ol s considered s
iedietive oliject oriented database [DOOD) (25, 9. 5]
lnguage. The wan speetfie clharscteristies of Quavors

arer s foflomws:

11 Integration of lopie amwd olject-orientation featnres
by suehsurmepbion constrarnls.

21 Koewledge classification and inheritance by 2 mad-
ule concopt.

3y Query processing for partoal snformation databases:

abduction of subsumption constraints and hypothet-

1cal reasoning,

1} Support of detalbase management system features
suecl as concurrency control. nested transaction. and

persistence.

After wany efforts to boild knowledge reprosentation
langnages and extensions of deductive databases in the
FGOS project. we started to design the Quzrore lan-
guage in 1990 and implemented the system as a server in
a parallel logic programming language, KL, on parallel
inference machines, P'IMs. and as a client in C on UNIX
machines. The Qurryore system has been released as
OO Free Seffware (the second version in Septewber,
1992, and the third wersion in June. 1993). We have
developed applications such as legal reasoning. genetic
information processing, amd natnral languapge processing
i Quiyores. and have shown the effectiveness and ef-
ficiency of the language. In the Follow-On project. we
are wow developing new versions of Qurrvors all mod-
ulex of which will work under UNIX environments, and
are developing more knowledge information processing
applications.

T this paper. we discuss our approach and describe
certain basic and aspecific features of the Quiyors lan-
puage only becanse of the lmited space. For details and



related applications, sec other papers [26, 23, 14, 24, 16
17, 27. 18, 19, 221

I Section 2. we discuss what s necessary for onr en-
virotinents and why we tadee this approach in Quryores,
Next, we bricfly explain the concept of an object in
Quraore:s its object wlentity, snbamnption velations and
constraints, propecties, property inheritance, angd weth
ads i Section 30 and it woadule, database, and Ty
provessing i Section 4. In Section 5 we intreduee three
applications very briefly and show Low effective the fia-
tires of OuTvors work for theme To the Lst secbion, we

deseribe several fitore plans.

2 Motivation and Policies

2,1 Why DOOD?

When vonsidering resl” data-intensive applications, we
are fregquently confronted with the problem of how to
represent conngles data snell as complex objects sl
partial information. as a predicate o Prolog. Lo cope
with the preldem. new eonstencloes. soel as tuples awd
sets, and their corvespomling functions are intvodnesd
inte logic programming as in 0L 28] and COL (1)
Also du onr envicomupent. we developed o nestod rebas
tional database managenment systeon Kappa, o corres
sponding logic programming bnguage, CRL. and a par-
tial information-based logic progranuning langnage. CI1L
[or sueh applications [26].

However, onr attempts to represent more kinds of data
and knowledge means the ahove cxlensions are half
finishedl. that s, they are not effeclive for representing
partial information that is frequently need i knowledge
mforuation processing. Even if data wud knowledyge are
ot necessavily clearly abstracted and fornatted. it is
important 1o represent and process thew as thongly they
are. For exmuple, disconrse woderstanding is o kind of
wwbignity solving in a set of niterances. Processing is
expected to correspoid to query processing of partial
information databases where ntterances and lackgronnd
knowledge are stored. From the viewpoint of classilyimg
reprosentations, the above extensions eorrespond ouly to
valne-basedl vepresentation bt not to identity-hased rep-
resentation. which is very wseful for representing partial
itformation. As the dlentity of partial information is
waturally treated in the context of object-oricutation, we
van expect Jogie aoud object-ovientation to e ilegraded
i onr environmnent,

thie of data

ortentation concepts are important pot ouly for identity-

Fron viewpoint mirdeling.  olijeet-
based veprosentation bob alse for encapsalafion, wher
itance, and anethod. For example. eocapsolation ad
methoed are key concepts for o protocol of cooper-
ative problem solving over heterogeneons distribated
knowlodpe-Dasass, aund inheritanee is essential for classi-
fication of knowlodge.

From avother point of view, o DOOD s not only
a prablene inoadadabase ot also dn other avess, such
as mabural lagrage processing. artificial intelligence.
aned prograosouing langnages.  For example,  dednetive
dataimses are related Lo programming lagnages and ar-
tificial tntelligenee, ad complex objects are related to
fiature sbevctures e natueal language processing and
revord struetures in progrining lnnguages. o kuowl-
vl inforation processng cspecially, wmauy langnage
concepts, such as knowledge representation.  program-
wing. stbnated nference, knowledge hases, and databases
are closely velated. A DHHD approsch as the integration
of logie and objeci-onentation paradigie= is not only ap-

propriate for suell covivosents but s also expectid to

be a key eoncept for ilegration of moere conee

2.2 Design Policies for Quixors

A DO uI?[JI.“':u'll = ouot ouly related to extensions
of data strncture or representation but also to logical
el computational peedeling extensions,  becanse they
ave dibiwally related. Fhe problens is in koowiong what
forwes the base of the integration of logic and object-
oricutation paradignes. Here, we consider the following
erilevia

1) Ave all properties of an object homogeneons?

2)
3
1)

How i ancabject identity represented !
How is extrinsic properties represented?

Which semntics shonld be selected for sets and

loeow arv tlsy Lreatoed?

3} How shonbl globality and locality of data and
Luowledge be mtrodueed?

G} What exteusions are needed for query processing?

TP What about  relatiouship w taditional  ohijeet-
orientation concepts?

&) What about relationship to deduetive databasos?

) What about relativnship to database management

featnres?



1O Wheve shonld & new  Lngoage be placed on the

whale?

The first eviterion concerns the classification of prope-
erties, as thoeve are wirsic and extriwsic proporties for
any abject. The former contiibutes to di=crimination of
abjects. that is. corresponds to a constitnent of value-
Basedd vepresentation. while the atter b5 ineldental for an
n::lh-jl!'{'.t.. tlat 12, the 1|.|;|‘|.'ﬂ{: does not 1']]:-!]11.;:* the existence
of the ohject itself, For example. two phrases, ™ ape
gl ahieds s ved <0 and s nppde seliiel i oved,
are ditferent. that s althongh aficed e ol 15 conmon,
tle former is vestricted veading, tloe 1= inteinsie. while
tlie Lk ter i won-restricted ceading, that = incidental or
extrinsie, where apple plays the vole of identity, Roepre-
semtation of an object with both propertices corresponds
to antegration of valne-based  aned Gdentity-Tased popre
sentations,

Tl sevend critevion coneeris the representation of an
alijeet belemtity, e objeer dentifier Jobd). Traditioually,
an oidl b= vepresented o the forim of 4 pointer or an ad-
dlrvemes wpned b5 Dielelen from w=es i most oljeet-oriented
Bangiagus. while s e, corresponding to an otd, is
explicitly nseld by users. We take s term couststing of
wibrinsie propertics as oo name. whicl also can e an oid
for msers. If nsers wanl toavond the tedions work of
watmiing all objects, L osecms Lo be rather easy to attach
an oild generation mecluonism ns g ILOWC l{_‘rl As the
correspondence of & naoee and o conweepd s ouselnl @l
also desivable to wse o vame to represend sell-referential
concepts sueh as ta person whe eanploys Limsell”. To
cope with such problems. the dufinite stracture shoald

Tlins,
take @ predicate-based notation as an id-term o F

B anbealilesd i an ol o o name wie alis nolk
logie [8]. but tuple-hased vepresentation witl Lag such
s Novpeeson|coiploy = X[owhich is sioilur to g Lerpg
13

Ther fhivdd eviterion concerns vepresentation of extrinsic
propectics ad the relation between obds, The represeu-
Latione of partial information should be flexible. Given
an il oo label Loand & value v s extrinsic prop-
wrky = vepresented as a constramt between ol {Tvalue of
o amed o The constraint is closely velated to the wela-
tion between oids, becanse propertivs 2lwnld Tee inbiited
Irtwewen objects according to the relation. We take the
subsupnpfiors (a0 kind of ISA) relation as the velation.
eonsider & eonstraint solver over a set of snbsmnption
constvajnts, and take the idea in DO (20 as the inheri-

tance wechanism. From the requirements of termination
and conflnency of a constraint solver. CLPLAFA) [15]
is konown to have a constraint dowean of hyperels or
non-well-founded sets [, which are appropriate for rep-
resenting infinite stroctures, Thus, we decicded te extend
this solver over constraints between sets. becanse an ex-
trimsie property wmay take a set oas its wvalune. As the
vesult, the semautics of an ol and a label of an extrinsic
property is defined as oa hyperset and a function over
hypersets, respactively,

Thae fourth criterion comeerns how to treat seobs, that
15, ordering of sets, sot pronping or seb copstraetion, aned

Il‘lll'l'_‘ﬂ'llr..:l.l i,||||_ |:|f 1'|j|:1|ril,'_'\|. ||Er_i|'|,'l.-.

1) Some kinds of orderings anweng sets where eleponts
are ordered are knowi, as in 4] Hoare ovdering.
Smyth ovdeving. sl Egli-Miluer ovilering. as well
as ordmal mehsion ordering. As the introduetion of
all ovderings maked the language too complex. we
selectod Hoare ovdering. becanse it seoins fo be nat-
weal e mest of one applications when eonsidering
the subsnmptien relation. We have a plan to des
sign a wetaslangnage where other orderings ape also

clesfinblae.

2] Bet aperations such s sel grouping are very nselul
anel powerfal but the scwantics s of & higher order,
Soowe Lale an altoruative. iat 15 as the least wpper
bl of sets ander Hoore oodering corvespomils ta
a set union. we realize set gronping by combining

Hoare ardertng sl property inheritance,

3} Set constroctors are introduesd ioto subsamption
constraints and make 10 possible Lo represent comn-
plex abjects, However, as intrinsic properties with
gets gecin Lo canse some semantic probloms, we take

at e-term approach |1,

The fiftde eviterion coneerns Bhe globality s loesedity
of data and knewlelge i a database. which also pelate
to the constrction of very large knowledge-hases, To
realize the coexistence of inronsistent knowledge or local-
ization of propertics or methods, we infrodues & meedule
concept as in [110 120 130 A medule can encapsulate
inconsiatent propertics o methods lecally, Although the
problom s whetler o modole s an object or uol, we
i pnt take o module se an objoeet lo avoud bigher ovder
sonantics. Alternatively, o mendobe iclentifier (mid} = in
the form of a term, which realizes a parametric module

il propagated constrints ploladly aonoang weodules.



The srath eviterion concorns extensions of query pro-
g,

1} Kuowledge informatinon processiug applications oo
eunive varions reasoning snel as doduetion, alulne-
tion, el iwduetion, as well as dowain-dependent
hemristics, Forusing on the partiality of information,
we introdnee {restricted ) alalnetion (o By ok leessis
peneration) and  hypothetical reasoning, Suell fea-
tures are very usetnl for teeating databoses as think-
ing experimental tooks. which are freqmently used in
knowledze inforiation processing environmeats.

20 Such applications wse ot only high-level data sael

as ndes bue alse clow-level data such a= DNA e
euetee. The latter mesds alorimation setvioval fea
tares suehoae hoeology seacehing, A= 1 is JifHenh
to emtheidiled a larzge wonler of functions inte one
Tangnage. we decided to constder such foatures as
vooperative prollem solving in x heterogenoos dis-

tribmtise] coevironnent.

The sepenth ceiterion concerns the relationslip to tra-
ditional object-nrieubation concepts.

1} 1= it povessary to classify class amd fnstance as in

tracitional object-orientation? By Taking a term as

At ond o terme with variables can be cowsidered

As its

classification hievarchy seems to be more general,

to b a elass over the instanlintod omes.

we decided uot to discriminate class fonn jnstanee
but to eiploy relative classification by sl berhis
with varinbivs,

20 Isat nevessary to introdnee types? Althungh o type
system I necessary iy Lieterogencons {distribnod)
enviremnents. snbsuwption constraints ean e an
altornative in an howogeneons enviromment, so. we
tleviden] to postpume Lhe introduction of a Ty ne sys-
LEETS

B How s a0 wethod represonted” Az a Property s
considered to be s method as in Flogice [8]. a Labe

shonld huean the form of & ter,

4

How does an object work antowonwnesly™ Az asvy-

—

chiromons conmmueation featnres should be embed-
dedd into cach object to make i fully autononons.
we postpone 0 enbod snell features in the ewrrent
specification. becanuse most elijeict-oriended databases

anel languages have ignored the,

The eightl critevion couceris the velatiouship with de-
dnetive databases. Althongh  negation and  disjonetion

bave: b well studied in logic progranuing and docbne-
tive alatabuses, subsmption congtraints with negation oy
dligjunetion e wot been studied. Thas, woe have wol ig-
trowlnced sueh Jogical components in the earlier versions.
Further, as bottow-up evaluation is not kaown in con-
straint logic programming except with finite doanains, we
enploy top-clown evaluation and prrsne aptimization, To
vetain apwards cotmpatibility with deductive databases.
we aleewled also to ciploy ordinary predicate notations
s terms in QuiveTs,

The  mindlh eriterion  concerns e velationship  to
databise wanagement features. The problem is heciding
which featares of database manageoment systeme shonll
bar snqapaorclial in s langnage.

1) B reqguests to extengions of LY Processing. e

date anl nested trawsactions shonld be supported.

b

b Por persistence. we designed a logical interface to
extermal persistence store sueh as UNIX file systens
aniel external dadabise tanagentent systms, Porsis-
tence s piven to all ohjects except temporal ones

generated G query processing.

3

Althongh integiity constraint sed COLCUTTENGY Co
trol are essential in A database, we decided to il
toett only minimal features in the earlier versions.

The lenth eriterion concerns where we place the lan-
guapge oo the whole, We discusse] whether QuryoTs
might. e guixotic or not {the wane was derived differ-
ently o hecanse the lagguage mnst hove niity featires,
We consiler this integration to be rather moderate bat
uot an wneeasonable integration, As aoresull, Quevor s
has many aspects: a DOOD langnage. a kuswledge rep-
resentation language. a constraint logic programming
Tang gz o database progracmning logeage, and a sito-
ated programming lamguage.

Altlowgh we had criteria besides the above {pauradlel
processing. progeauming enviromonent,  andd sysbian ar-
ehiteeturel. we do wot deseribe thew lere lecinse of
limited space. Please see the details ju [17).

3 Basic Features of Qurrore Ob-

jects

Aw ohjeet in QurxoTe consists of an object identificr
fokd) amd a set of propertics. Each proporty can be
considered as a wethal as wsual ane the implementa-
tion of & wethod is written in the body of o rale. The



snbsnuption relation among oids wakes property inleri-

Ladree passible.

3.1 Object Identity and Subsumption

Constraints

Au odd bs o the forme of o tuple callis] an elpect Bern
For exnple,

rrr;pfl:'.

e lcofor = red]. and

r'rrh'r'l-rr!'f'u.'.'nf = WA,

produet = process| sonvee = apple,
J'.H'I'}(:!".‘.\' = J’!.'J'”.'f.'.ll-t]]
are olygeet torms, wheve apple is fiesies bt the latler
twer ape comgplor, Althoengh an infinate strnetore ael set
colsbrnetors ave ilrodhneed, s cxplained e the seeoned
sd fooeth eoteria i Section 220 we oo pol explain
U beve for siaephaiby,
Givenn sulvamgedion velafion (partial orde) © aonang,

basie abject terns, Ehe relakion b= extended among conn-

plex abgect torins as vnsaal For esaaasle.
agrpde J appdvlealor = red).

Congrnence relation op 2 op is ddefined as op S op A 0y 3
or. We pssnine that the snlsmmption velation among oh-
Jeet torms constitntes a lattice withont loss of generality
Beeamae 1t i easy to construet a lattice frons a parctially
ordered set. as i [3) Meet and join operations of objeet
Lewns are denoded by | awd 7. respectively.

Propeviies ave defined a2 a0 set of sabsumption con-
straints of an obl amd nsed with the oid as follows:

rr-MJ.Er|{.-.I.Jl:;.rlr..-s]ur-r,-.-'r,f.-q L. owemse,
applearca g Leomori, naganal |

where apple 12 an object term and  the right land
sice of | is a set of properties: applespecies T rose
mivans Bt epple’s spocies s (subsuaned by rose amd
applc.arron Ay {acweri, pagane) wmeans that there are
eintiort g nagano in epple's production ereas. Here a
relation between sets s oddefined as Hoare ordening based
o snbsunption relation:

S Lg 5 'h=f YVey € 5y 3eg € 5y, ) L oey.

Althongl Howre avdeving is uat partial, we assume it as
a partial ovder becanse the veprescotative of an equiva-
lemen elass muoddnlo g 13 easily defined as a sot wlhere
any eloment 12 not sabsamed by other elements in the

Safe sel,

3.2  Property Inheritance

For property infieritanee, we assume the following rle as
in IEII::

if o C .
thew o f L ooad and o 0" gy a0

where o amd oy are object terms, D and ' ave fabels, and
Dand ' take a single value and a set valne. vespectively.

Avcording te the rule. we get, for example.

if apple.specives C rose,

tliew r;;:np.!'.-'-:a:rJInr' - rr:d'i.#pr:r:f{:.t C rose

el

if applefenlor = red|aren Jy | fukashima}.
then apple.ares Dy | Fubashivnn),

That is applesperies T rose s dowiwand  inherited
frome wpple to applelcolor = roed]. while apple]eoler =
vedlaren Jg | fabesfimea} s upward inlerited from
apple:leolor = red] to apple.

Aote that there are two kiwds of properties: proper-
the e s objest ter awd properties in the form of
copstraints. The former ave called eefiansse aud the lat-
ter are ealled eedimnsie, Only extriusie peopertios (snh-
sumnption coustraints ) are inlerited sceording Lo L (e
Lended ) subsirnption relation snong oliject ters.

Lotrnsic properties mlerrupl peogecty inheritanes as

[usllosws:

Even of wpple i apple.color 2 greei,
rppleicolor —rod] does not inherit color Cyreen
becausae the intringic property color = roed
with the same label color
rejects the extrinsic property color 5 greci

Thas corresponds to cxeeplion of property inheritance,
Multiple inheritanee is defined as the werging of sub-
stunption constraints. Suels constraints are eeduced s

fu lluwr.:

i pd C oo oand od 6 then od Sa | &
ifaC adamt hC ol thenma T B EC ol
ifol Sy sy and o Sy #g. then od Cg sy U 5o,
anel
if 5 Cg ol aml sg Ty old,
then {r |yl € 5.0 € 52} Cg ol

Note that the least upper bonned of the two sets. &) and
sa. 15 defined as s; U s under Hoare ovdering, becanse
syUsy Ey lep T ezl e € 5p.ng € 52}, Inthe above ex-
ample. the merging of appleares Jy {aomori, naogano}



ael eppleeea Ty { fulwsdina} b5 redneesd o

aipgdeanven Doy {avemernri sgganen fudowsdviae )

3.3 Intensional Objects

A objeet ean T defime] intensionadly i the form ol a

tades

I"'I.llfl;ll - “ll':-r]" o -“lrl(-rlrj : e

where, for 10 2§ = w0y ds an object terio amd O 35 set
of the related] subsimption copsteaints, amd O b a0 set
of constraint= (virtable coustrainl=) Ao olejeet oy [Oy bs
intensionally or conditionally dafined by e mles ey |y
o Ao asnd e [0y e D OO b5 a0 fady Tuknitively.
a tule weans that if the hody s satisfied gl the Tl
oa by b= cepby, tloen Phe rale i callid
sl o

i satisfed
a fucd, Inoa semse, an wlajeet s defined as a0
rubes with the same oliject tevae Thene b oue Doportaon
vesteiction in Cy: O may not contain subsnmption vela
tiows anong objoct termes, The veason for this s fo avoid
cestrnetion of a lattiee during guesy processing.

Hote flat oan ebject terin plays e mole of an oid.

Tt 15, bwor facts,

allod Tt <= anl
r.lHr:l_f c f.l:; P

e Bres mperged s follows:
1ri{4,r.|'- C a _.' h} -

L eaaes where an object tenn with vaciables = o the
bl of o rules an object = defmed wlhen the varables
are instantiated dunrvieg query processing. That s sub
supption constraints in a head are merged after evaloa-
tion of all the velared mles

Whew the eomstraints of a head aee cmpty, Qurryors
ol instance of CLPYXG 7]

iy 4= ”llfrl-' - U,,lf.',, | [
=n Oy s e, || U T, U

Fronon a programaning language point of view, the ex
istemee of head constraines in o vule makes QuivoTs
an extension of CLIPYX) and, in the procedaral seman-
tes, the possibility of merging head constraiuts wust be
checked at every OR node of the resolation tree, See the
dletadls i [16].

4 Databases and Query Process-
ing

4.1 Moadules and Databases

Azt of rales can b defined as a0 omodude

b1 [ {."1'.--- .:',,}.

This nreans that a modiale iWdewtified by a meodafe sdem-
tefrer (andelbosn Dias vules gl - or, We wse toodule e’
i.'ll.HT.E"i'H'] fJF ik “l“l:.l.'ljlﬂ ;f]“llt;ﬁi'(l }};\_" Il]i(l ”rl rlil'l' ?i'il'lllilli"il;'f.
e, we elefine thae seforemdiede, vedition hetween modnles,

For example, consider two sabaveddunbe velations:

Ty 23 LUl el

fils g mly.

The clefinitions mesan that oy lerits all cales iuowns

aned vy aned owpa anherits all cules oo, We call sueh

inheritanee vule anferitonee, where exception,  locality,
anel overriding ave also defined (24]0 Tl subiodale ro-
lation is an acyelic divected graph. in which mednles
can lae nestedd, Teles withowt o ndd are e ted 'I:_}'

all wedules. For example. consider the following three

dhefinitions:

ST T E P PRIt
Ty {:'31 R T }
{oongoia b o e, - orw}

(21 my = :.I‘]]."'J'l:t}
Ty I [.r-g].- Tl ,
Fag.-r.F3p

(37 g o v}

Mg 2 { e Fem
OO 3 {]—3 TRER Py
Wiy g coweibong

Wiy g comireon

I amy of these definithons, myy bas e r g da0 - P
anmd areg has vy ramaray.e - Ty

A medule can be refercnee] from a subgoal inoa vule
i other modules, The definition of a role 15 extended s

forllivars:
g ey = s |[Coee g Lo [On || ©

wlhich means that there 15 a8 mle o wodnle wig such
thaet if o7 and € are satisfialile i owodule o for all
1 <7 2w then op|Cy is satisfiable in a modnle neg.
There might be some discussion abont why a rale i oot

Iil.l"ﬁ.lﬂ.‘il il EHII1JW2‘~.'
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Avcording to the definition. wodule o knows some

kuowledpe e another modole. that s the role coree-
spotiels tooa ki of bréef However, it canses sevions
semantical problems,

Althongh the wodole is inteoduend as the Gfth ceite-

cion i Section 220 we can list three oljectives:

b Classification of data and knowlelge nonder certain

criterin.
2 Coemistenee of inconsistent data and knowledge.

3 Tntvenluetion of a pesdular programming stvle.

These featnres ave also very wsefnl for constructing very
lavge knowledge-bases (VLK)

A Quraore dutabase or o QurraTe peagrame s doe-
el as o friple (SALLBY of a st 5 ol sobswnption
relations ameng basie objorts. a =t M of submodale re-
lations among mids, and a set 7 oof coles, Tntuitively, a
hiatabise can be abso considered as a set of modloles or as
et of objeets

1.2 Query Processing

e of the major characteristies in konowledge inforina-
tiow s e paciality of formation. that is. snfficicnt
informalion = not necessavily given, sucll ag in bosiness
appheations, The introdoction of an oliject identity is
eesenlind for representing suech partial information. Par-
tiality should Iee considered wol ouly in representation

bt also i query processing:

1) What inforination is lacking in the database for this
fquery’?

20 I somwe foreation is inserted into the database.

whal answer wiil Le gotten for this gquery?

Further, as derivation becones wore t'nmpﬁr.atetl. we
want ko kuow why a particolar answer s returned. As
tletails of sueh query processing are presented in (27, we
onthne the processing heve.

I logic prograwnting. finding o lack of information
or unsatistiable subgoals corrcaponds to abduction, that
that & rule in

% hyvpothesis peneration.  Rewmember

Ty eTe can be represcuted as follows:
ug|Cy = oy, || Cru U, UL

where obds o, - - op are considered as existence checks

of the eorvesponding objects, while & 00 C, U C

is considerod Lo Be s satisfiability check of solsmnp-
Lienn ] vartable constrints. To the cnrrent iagslemn-
tation of Quryvore. ouly subsmwuption constraints in
f-f] Uees W0, O are taken as assnptions. that s,
even if body constraints are net satisfied, they are taken
as a condditional part of an answer. For examiple. consider

acdatabase consisting of thvee oljects:

i{r:;.fgu}.

My 4= i
iy
o = .
For aquery T-oy. the answer is that if vp 0 © e then yes,
while, for agquery T-my. the answer is no,
Further, the devivaten process of an aoswer s oalso
retwrnedd as an explanation with the aswer. Thad s,

cach answer = in the followiong o
i msswnptions then awserer Tecanse erploration.

where botle caswmptions and aiseer are in the forn of
a st of constraints,

Chn thee
sponids to the msertion of hypotheses into o database,

other hawd. hypothetical  reasoning eorve

Acquery 5 in the following foru:
if hypotheses then -guery
[written as f-guergshgpotesca],

For example. econsider the databaze vsed above,  For
fueries '."-r.ll:'.ugHu:.lf C 4.':- am] vy Lokl apswers
are yes withont any assnmptions. That is. if. for A query
Tege the answer 1= cif I then A7 then. for a gquery -
qor ML the auswer is siaply A Note that. as a database
consists of a triple of definitions of subsnption rela-
tions, submuedule relations. and mules. Lhypotheses can
also consist of such a triple. A query P-q0 0 (Sw. My din)
to A database (5 AL 0] s cguivalent tooa query T-g to a
iatabase (SU Sy, M UMy RULRY).

Hypotheses are inerewentally inserted into a database,
that is. a guery Y=g H to a database D0 npedates the
databpse o DE O H. To control anch vepetitive inscr-
L of ].L_‘r'[H:IL]J.I’.'h'L'E. pested transactions ave mlrodnecd,
Users can declare  begrudbransaeton,  abort dransact e,
or emdofransection At any thiwe among queries, A top-
level commul operation (o ontermest transmetion fvom
e it bririsaciion Lo {'Hr."_n".l'u:rular,'fi(ru]l ks psorLions
peeststent. Ono the otler haael, o roll-back  operation
(sl By ol _treonsaetion) reeovers Lhe belore Duage
of the corvesponding  begin fraresuelion,  Hypothetica]
reasoming is nseful o the copstruction of a knowledge-
base or in thinkig crperiment o friel-end-errer type

nery Ijl‘ill'[f‘!i&i'i-ll.!;.



4.3 Other Features

Here, we list sowe wore featnres of QurvoTs:

11 Asgertian amil deletion of extensional 1]-1:j1‘.l."t:ﬂ anil
propecties during query processing ave suppocted as
in [28]. These are controlled by the same uniform
wesbed ramsaction ogic nsed in bypothetical reason-
it However, note that the subswioption relation
anel snbanodule relation may oot Lo npdated doring
query |:-3'|Jt'1's.e~'iug. Frocanizae bl 1']I'rlLl:_';'1' it thedir inleri-
tanee might desteoy the sonnduess of the devivation,

altlongly Blrey naay e inserted as hypotheses,

2 All olijects in Qurrors exeepl temporasily created
alyjeets during gy processing are posistent, Pere
sistennt objorts oo datialsse are stored thompgh a
intiiform logical interface tute other database man-
agrinent systons or file systens via TOPSTR poto-
col. Such objects are jnveked when the correspond-
g dlatabase 35 opened.

A A Qutyors svstem consists of o cliint asoa nser
interface and a0 server as a0 konowlodpe-base engine.
Servers aitd client= are conueeted also ]r_v T('-[",-"”"‘

proveeal and servers control nitenser aeeess.

5 Applications

W v
uzaooTe, whicl are rather pew for database commmui-

tics, Dhetails ape reported in other pagers [22, 18, 19, 246),

developed  several  applications  mainly  in

5.1 Legal Reasoning

Chiur legal reasoning svstew |22 26] alws at the predie-
tion of judgments for given new eases, To toeet Wiis obe
Jective, nuy dictaireses Toove Teen written in Quisyerre:
for exmmple. statntes, theories. precoedents. awd o legal
coeept dictionary, Eacl of these corresponds to s tod-
e i Quzaore, The nnportant poiut of the prediction

i= to Bl siidar precedents with o given new case ol

toy comstroct simdlar legal reasoning Tor the new cieae,
Tl teatures of Qurvors clusely relate to the process
anel work effcetively ancd efficiently:

Ly T liwd stmilar precedents. e consteaints enrhed-
ded i the preeedents and a new case are gradually
relaxed aceovding to subsinption hierarehy, For ex-
anple. if a4 © B then X © o« can be relaxed fo

XN C b As the control of relaxation is not A featnre
of Qurrore, it = writien by the nser

29 As connection among edules b5 dynamic, hypoe-
Lhetical measouing 1o QUIraTs is essential, Foroex
aple, users bey oo conoeet o diseonneet variones

I]I(Hlll]l'h Liy il[ll]‘ﬂﬂ"f': _i!IIIHJ[I'l‘ILI.

Jp As precedents are generally ineemplete deseriptions.
abeduetion in Qurvers plays an mnportant role i
the process, For exaupde. of we conld find one new
fct o sonpe precedent, the precedent wight become

stnilar toow new case,

4} Explanation ol an apswer s oalso ielispensalde te
the vertheation of devived Juegments, For example,
wsers want too koow which statnies, preceibents, o

Lleeories are wsed for somue Judgenent.

A legad pesening sy=tenn which s o Loge nombae

of lataluses amld Eneewledpe-Tases, B a0 typical applica-
b e arteliewal mbelligenoee and seevos Lo D good for

clababrase commities too.

5.2 Genetic Information Processing

There aree variows Einds of data and Kuowledge o molee-
nhir biolopy, smel ws sequeses and strneture datn of
F’L"'Ili_'.‘i ﬂ.“ll EJ'IF:#_’]“:. I]]_ﬂ.Ek-' Ul SI"'I:'_I'I_I"‘I_IFI."‘H. }'II'II:] 'IIJI'!I.EL}HI]i.I:
reactions. Sucl data i atoved in two kinds of databases;
public (textbascd ] databases such as GenBauk. PDT
and ProSile, awd bologists” povate databasces. There s
frequently duplication and imconsistencies between these
ditabases. The probleo in eae enviconment i= to provide
a frpework for oo detegrated] Shiconsistent” database
with varens kimals of dati and konowledge, which help
bicdogist=" experiments. and o build sacl an intograted
experimental database. However, as considered in the
sinth criterion o Section 2.2, sl data and knowlodge
canuot e stared in QuiroTe, So. we recognide two
Finds of data; low level data to be stored in a vested
relational database. Kappa, and high-level data to be
written in QurreoTs, although nsers most be responsible
for their integration into the coreent ioplenentation of
Kappa and Qurrore.

W ileserihe theee exunples:

1] The fivst exauple i3 a0 deseription of protein Doue-
tions and motifs. For exanple. consider a clewical
reaction between ensyvuies ad co-cnsvines,  wliese
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Faimy s
]
Ewvivonmients

Sonrees + Co-emayies Frivinets

Sneh reactions correspomd Lo rules and the chains
correspannl to transitbave tnles. Qurvors s parlicn-
larly appropriste lor representing stracbnred combi-

iakions aned tlheir inferenees,

]

The seeondd examnple iz a deseription of experinen-
tal data. For example [18). the knowledge item oy
focfivownes fve g et featur is sometimes meeon-

sitlero] as follows:

o cygtechrames wed Rereoglobing foee w0 eertnan
froture, v

B P P S Y P ¢ R e M YT .r'l'l W,
® cifoch ! { {

As most erpomeons wlentificrs ehiange their abstrac-
Lo level. an ot snd subsnmption  relation in
Quervore 15 appropriate for vepresenting sueh ob-

[[ERE

-

Expedmeutal data ave sometines inconsistent, For
exaanple. the wabtiple alignment of sequences aul
prediclion of protein strncture generate many liy-
potheses which are not verifiel. & wmeduole i
QUi wTE is appropriate tor storing and classilying

suely dlada,

COne probien i molecular biglogical databases is Lhow to
integrate QurrvoTs databases and ordinary databases,

8.3  Natural Language Processing

T o euviconmwnt. we are engaged i varions prob-
lemis concerning nalnral langnage processing, such as
digconrse nnderstandmg. constraint-hased grauar, aod
Of tlese,

Based  prapunar and sitnated inforenee as appheations

sitnated  inferenee. wir foens on constraint-
of Qurverrs. Here, we deseribae an exatnple of sitiated
i lerenee,

Couvept=  in situation rephrnsed o
hazvoTe as lollows [190 26

theny  are

mfon o~
rale s
praranielor sel.

ulyjuct teri

Tahel

oliject term

with subsmption constraints
g

e bepshap o modnle

situation o~
support relation —

We desevibed sone exanples of situated inference in
QurryaTs, according Lo the above correspondense for
tlee: following obrjertives:

Lh How to explicate hidden parineters by consteaimls,

2} How to describie sitnated inference from perspectives

stich as tense H.]]{] .'L‘i-E]t"l'.‘l:i-.

For example, consider the different knowledge held by

two spreakers {Chilne's cxaunple).

Ac oIF Baset amd Verdi are compatriots, then Bizet is
Ttanliz.”

T =T Wit amd Virdi are compateiots, then Vedi s
Frowell”

Each speaker las cdiffevent hidden Enowledge, that is. A

nssunes knowledge sucl that Verdi is [talian amd snel

knowlielpe s taken as an asswnption in QUarors gquery

processing. Phe cxunple 1= written in SuryoTe as i

Figure 1. whoere 27 ds s delimiter hatwoeen definitions,

Dietaids in the guery processing are reported i 27}

aatione 3 italg
wation J fronee::
aprakeer i g comnnon:
spresher b e oo
speaudeer _an z Lbizet | bezed nofionality & itely] =
comepritrrols(perl = bizet,
pord = wordi] b
speaboer bz Looedi| | perdi nationality 2 frouce) =
compatriots[perl = bizet.
povd = w-:‘rrﬁ]}::
comtitseont o { ot eiots[per]l = Xope2 = Y] =
XX nationality = N1},
Y ¥onationality = N2}
[[{N] C reakiven.
NI C oneakien.
N o= N2
bizet::

verdi)
Fignre 1: Quine’s Example in Qurvores

6 Concluding Remarks

Four features of Quraors, explained in Section 1, can

b copsidered to be effective aod eflicient from var-



s aspects. as shown e the appheatons me Sertaon
GO eontrabrtions o inteavation of logic and wlijeet.
orientation pacadigioe ave intended to propose subsmng-
linl comstrninls as key concegpt ol o show their of
Feetiveness me s koowlesbge nformation processing envi
ranneent. Auother cowtibmtion to kuowledpe informa-
tiom preocessing is the formulation of gquery processing
of parvtial wlormation dalabases and the deonstration
of the mselnipess ol a0 modale copeept e diatabases sl
koo badpe-Trees. The anu of Uas piaper s toodiscoss Lhis
approsel and s relaled prodidogs

Futare pluneesd works ioelades tha following:

1:| I the enrrent i.JlJ[J|I'IJ|.L't;P.4|.I‘iIJIL of Qul.l‘ﬁ".l':f. Wi
Davee not antvodueed  fogoeally anede fineefe knowbed g
siecle as wegation and dspooetion. However. soct Jog-
wad extensions are stromgle reguived S appdicatioges
sl s legal reasoming, As there are soeee problens
e extending the coustraint doanain, we will intro-
e pegation wl dispnnetion for existenee checks

of abrjeets,

e

Tovanteol the computation process, the facilities of
pre g et erray e very lportant. as me Prodes.
Fappecially, such fetlitios are very effective for ingeo-
deing hearisties depending on applications. aied ave
s expected to iprove the eflictency of comgta-

[ETOTH

&

Iu e cuevend tmgeleapentation of Qurvors. the dis.
crimination of locefity and globakity 15 fixed., For ex-
arnples the sobsgption relations are global over
middnles. However,  there are many applications
whicle regumive loeal definitions. We consider a0 new

frannework incorporating both oeality and globality,

byoAs ebisenssed dn the Bwetbe cviterion i Section 2.2
the semantios of some constrnets shooald e defin-
able, Foarther, wsers frequently want to change the

svitbax for their applications. A& pdot fora S

is desirable for such definitions of both svitax and

seminntics,

) The vniversal langnuage for all problen domains is
guixotic. as e booan languages, Az disensacd in
Chee sixth ervizevion e Section 222 and in Section
W2 coaperabioe preblon seliing in w heterogeneoms
distributed envirowment is necessary for many prac-

tirad applications.

G Althongh we have developed some expenmential ap-
plicitions, we will develop more big” applications
nneler a Knowledpe information processing envicon-

L

While a chent of Quryors worle o s UNIX en

=]
—r

vironioen! . Che servier works only e restriecied cn-
viemugents which supporl KLL We plan {o port
LI s
dstribnte Quez v e software wilely,

the server nto an crvivenient in order o
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