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ABSTRACT

The utilization of principles and rules in the rezl world is very important
for people =znd cssencial in problem solving. "Consiraint" can represent the
semantias of thls wknowledpe. This paper discusses the root of descriptive power
of' constraint =nd anslyzes its  four profiles, A datobase model: "Dynamic
Semantic Model for Logic databases" (DSHL) is proposed to represent  constraint
and  semanties in tEhe logic databases. DSML can sepi-automatieally aeguire the
knowledge about watters which interest the user and can make it easy to manage
the life-cyele of logic databases. 4 DSML database system was also implemented

using Lhe declarative logie programming lLanguage Proleg.



1. Introduction

It is very important to represent prineciples and pules in the real world,
beczuse thay not only represent the real world but glve us bases for deteeting
problens and selving them. 'Constraint' can represent  Lhe sSemantiecs aof  the
principles and rules, is thus being researched in various areas. Some typleal
research is an Database system[Ca76],[NGT81,[DBGTE] Expert system[Sed0] and
Hatural language processing[Br3z).

How, in the area of logie databases, research on knowledge
aseimilation[BKB2], [HBY] and wela-reasoning[KifbL],[sMEL] is beinr actively
conducted. We have much interest in tMe constraint in knowledse assimilation,
dissimilation and accocmmodation that includes additions, deletions and updateas
in the databases becausc that constraint has a olose relation with
representation of semantics and functions of knowledge in logic databasas.

That is, the users have stored the data in the databases af'ter making sone
data into a relation op relating several datz with links on the essumption of
existencs of =zomc kinds of data. But, as semanties and fumetion in  the
databases (e=x. relationship belween more than two kinds of data) have only been
enbedded in the applicatien programs, it iz very difficult to use the data for
newW purpose or Lo utilize it feor advencad processing of knowledge,

Often, however, the knowledge in the databases i3 the result of rezalution or
has possibility of being utilized in the other arezs. Thorefors, representation
of the derivation and semantics related to the knowiedge 1is wvery important.
Consiraint can represent them and is very uselul for an intelligcnt computer
system which will allow users to utilize this knowledpge in the resl world, The
reépreacntation  also makes it possible teo manage the object real world through
logic databases,

In this paper, we will diseuss the applying profile of constesint of itselr,
napely the enviromnmentz and the mechanisas for applying constraints, in the
second chapter. In the third chapter, we will propose a database model pamed

"Dynamic Semantio Model for Logic databases™(DSIL)  that can regpresent the



tege 3

constraint of the rezsl world, semantiers and funetion of the knowledre in  the
logic daizbases, manage semantics in the databases., In the fourth chapter, we
will discuss knowledge acqguisition processes that includes knowledge
assimilation and dessimilation processes in the logie databases with some simple

cxanples.

2. Applying profiles of constraint

The accumulation of the knowledgze appearing in the real world described by an
object language is called "Knowledge in the object world" or "Object knowledge".
Constraints ars ablc not oaly bo represent principles and rules in the real
world that have not been easily represented explicitly, but are also able to
aetivabe the useful information related to  them tordotermining problems and
their sclutions.

In thisz chapter we will investipgate 2bout the root of constraint's functions,

analyzing their applying profiles.

2.1 Definition of constraint

Changes and actiens in the real world can be represented as pommand  sequancos
in the object world that consisted of definition conmands, feteh comoends,
update comnands and delete compands., They are called Mictions." Constraint
becomes more useful when the astions hzppen in general, so it is deseribed with
the corresponding actions.

We will propose that "Primitive constraint® is specified in the following

form.

<Constraint»::=<Pre Conditions», {<Pre State>:{Pre State Descriptionss ->3
“Post Stater:{Post State Descriptions>}, <Post Conditions> (A4)
lere, to spe¢ifly Lhe image of constraint, we assume that, <«<Fre Conditions>,
“Pre  State Descriptions), <Post State Descriptions» and <Past Conditions®
conzist of a gool geguence of the logie programming larguajge thal has  functions

equal fto or gore powerful than those of DEC-10 Preleg. The procedural semanties



of <Constralnt> iz as follows.

"To satisfy <Constraint> for the actions" means the state that the fellowing
process sequence 1s completed for the ohiject warld.

1) «Pre Conditions> is satiafied,

2) <Pre State Descripticny is evaluated enly whan 1) is satisfied.

3} <PFre State> defined by the evaluztion of <Pre State Desaription®> is [elched,

b} <Posi State Descriptions? tnat defines the post  =tate iz evaluated.

5) Making <Post State> and substituting <Post State> for <¢Pre State>.

&) Making sure Lhat ¢Post Conditions® is satisfied in the new abjeoct  world.
This iz the only state which sztisfies <Constraint> for the object world.
Next, we will propose "Action Constraint® ('AC') which can define the

necessary conditions of all actions incidental to the primitive <Constrazintd> in

the uvbject world. The syntax of AC is as fol lows.

CAC>::= <Constraint># | <Pre Constraints>, <Constraint> i <Constrainty,

<Fost Constraints> | <Pre Constraints», <Constraint>, <Post Constraints>
<Pre Constraints> i1z <{Pre Constrzintd | <Pre Constraintd, ¢Pre Constraints=>
{Fost Constraints>::= <{Post Constraint> | <¢Post Constrsint®», <Post Constraints>
<Pre Constraintd ::= <ACH

“Post Constraint>r:= <AC> cew 18]

<Constraint> is that of (A).
llere, <Pre Constraints> is pre-conditionz  abeout constraints for the
Constraint> and <Post Constraints is post-conditions about constraints for the

“Constraint». The procedurzl semantics of '¢ACS iz satisfied' is as follows,
The <AC» incidental to the primitive <Comnstraint> in the object world iz

satisfied whon <Pre Constraints> is satisfied before cConstraint? is satisfied
and <Post Conditions> is satisfied after <Copstraint> is satisfied. That is the

only case which "<¢AC> is satisfied',

2.2 Analysis of applying profile of constraint
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Analysis of applying profile of constraint is impertant for the following [our

raints,

a) The necessary items for specifying the real world with its gignificance
become clearer as we the grasp charocteristies of constraing,

b} Clues for useful utilization of constraint are obtained,

¢) Guiding principle for loplementing functions of sonsbraint ape acquired,

d) Clues for finding cut the cause about the eristence of a constraint czn  be
obtained.

The macro-Fformat <ACY defiped by {E} is finmzlly erpanded inte the goal
Zequence  of  logic programuwing  languzge that gan be interpreted procedurally.
The goals of the sequence are applied in turn, as queries whose form iz actions
For the object world. We will try to systematize the concept of constraink by

analyzing <AC» erpanded ipnte the goal sequences.

(1) World Constraint
When <{Pre State> to be fetchecd is always as the same as <Post State> that is=
results in all the <Constraint> in the <AC>, individual <Copstraint> is

Specified by the following formal. That is, [A) is compressed into {C).

<Constraint>;:=z <Pre Conditions», [<State>:<State Deseriptions>},
<Post Conditions> (c)

The states of the object world do not change although the action exists. In
Lhis case, <Constraint> is called "World Constrainth (*WC') as it depends on the
cbject world., WC eczn define the framework of the object world to specify the
object world itself az a significant existence and can specify the static ar
stable state of Lhe object world,

That iz to say, W specifies the necessery condition of the frameworks when
the object world is stable. lhen some action alfcctz the changes in the object
world, WC is applied before and after the detion happens. That is, 'gheck of

WC' @means 'check of the necessary conditions in the object world'. The concept
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of WC is considered the same as that of "integrity constraint! discussed in  the

databzse theory.

(2) Pure Action Constraint
Wwhen the condition menticned in (1) i= not satisfied, this is ealled MAC iz
purely satisfied" or "Pure AC ("PAD') is satisfied"™,

Hext, we will analyze this AC from a different aspect,

{a) Transition Constraint

The actions in Lhe objeet warld are substituted into the goal sequence of the
propor logie programoing  language sipilar to macrc-cxpansions. In the
substitution of a pure AC, 'State Transition' generally vecurs. In the course
of this substitution, ACs are expanded in turn with state transitions. This set
of ACs i3 ealled "The sct in the relationship of Transition Constraint{'TrC').®
Wwhen the ecardinzlity of the set is neither 0 nor 1, a pure AC which is an
element of Lhe set is called "Transition Constraint." Yhen the cardinality 1is 1,
AC equzls <Constraint> and the A0 is called "Individual Constraint® when it is

independent from other ACs in the meaning of the transition,

{b) Dependency Constraint

In Lhe course of evaluating the goal sequence aoquired with the expansion in
{a) using the logic programoing languzge, the values are usuazlly traznsfered
between ACs with common logic variables. These Als are c¢alled "ACs are
constraints th=t depend on each other."™ In other cases, they are "ACs are
constraints that do nob depend on esch other." We can define the concept of  the
set  that dis in the relaticaship of "Dependency Constraint ('DeC'), and
"Independent Constraint," respectively. An element of the former set is called

"Dependent Constraino.”

{c) Class Constraint
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A constraint is sometimes applied for all the elements of sone class or scme
virtual class at the same time. This constraint is called "Class Constrzint
(rCLc ),

ClC is differcnt from the constraints that ape applisd for each element of the
claas, because the WCs related to the CLC are applied for the enire class, not
for each element of the class.

(Ex. 1) When the salary of a person belonging to & cirtain rank is raised, that
of all persons belonging to the same rank should be raised.

(d) Time Constraint
The constraiat which defines the time or absclute time when a conskraint is

applied is called "Time Constraint ['TiC'},"

(Ex. 2} Constraint(C2) should be applied after 3 minutes when constraint(Cl) is

applied,

{Ex. 3} Constraint(C3) should be applied at § o'cleck every weekday.

2.3 Research on constraints

The relationship betwesen former research and the applying prafile of
constraint is anzlvzed in this secbion. We will also discuss on applying
profiile that can be implemented using Prolog.

in  the research on databases constraints, "lategrity Ceonstraint{?IQr)H,
"Integrity Checking" or "Trigrer™ have been propozad, The rescarch on IC
corresponds to that of world constraint(WC), and Hicolas et al.[NGTE] researched
individual consiraints  belonging to  transition constralints in  active
constrainbs, The eoncept of Lrigger corresponds te that of time
constraints[Ca76]. (refer to Fig. 2.2)

"Dynamic Semantic Model for Legie Databases"('DSML") that we will propese in
section b can realize gll types of constraints mentioned before. But
unfortunately, it seems that "Time Constrainit' eoan net ke implemented using

Prolog., Beczuse most of Frolep aystensz do not have the Siper,



Pare &

Applving profile of constraint Former researches zbout constraint
W pure AC
Trl | DeC jCL1C | TiC o .
o # # bl 2 Integrity Constreint ( State Law )
# g i ® # Iranaition Leaw
it il u . C Trigoer
] 5 o o o _|_ DEML, model
o o o o " DSl model implemented by Proleg

Fig., 2.2 Tone relationship between feormer research and the applying
profile of constraint

3. Semantic representation and constraint in logic databases

In this cnapter we will propose how to use constraint to  pepresent  the rezl
world in logic databoses and manage the part of the rezl world with logic
databases,

First, we will discuss the correspendence between the resl world apnd logie
databases.

A thing whiech exists in the rezl world is called an "Qbject." Objeet changes
from hour to hour and arises out ef "Aetiop, " Ubjest is alseo action itself and
common sense 15 a object cemused frow Lhe changes 2nd acticns. A= semantics and
relationships between abjocts is more useful when changes and zeotions occur, it
s very important to represent the seenc, conditions and deprees of ipportance.
We pcan do such ipportant thing=s using constraint.

Also, in logie databascs, data and knowledge generally reflects a part of thne
real world znd its changpes. Their ecxistence means the exislence of an abject in
the rezl world, and the additional-definition, addition, update and deletion in
logic databases corrcspond to a2etions in Lhe peal world.

For example, additional-definition and addition in legie databascs
corresponding te aequisitlon of wuseful information, inerezse of reserves,
discovery of now method and inerease of unuseful information cte., The deletion
corresponds to disappearance of useful matter, decrezse of reserves, abolishoent
of old mpmethod and Lhrowing away of wunnecessary informpation, The update
corresponds Lo the improvement or the worsing of methods and the changes af

uzeful information and reserves.
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From the zbove facts, we can find the possibility of managing part of real

werld through loglce databaszes.

3.1 Compound world and semantic representation in logie databases

A database usually has several purposes and one world for each one. Thi=s
world 1is called "Unit Werld."™ A set consisting of one or more unit world is a
"Cowpound World.™ When one ar more unit worlds have the sape nature, the
compound world is made corresponding to the nature., A& compound world represents
2 partial real world for the pature. & database 1is organized with compound
worlds and represents the real world that the user wants to manage. [(Refer to
Fig. 3.1}

An object in the real world is czlled 2 "Reflected Opject (for short, "RO' or

"H-object'} "™ in logic databzses., It is as though users were watching the real
world in a zirror, In general, a FR-object has different semanties and
characteristies in each unit world. Then, as the pature of the upit world

depends on the =semantics and function of E-object and the relationship between
ll~objects, a concrete definition of & unit werld should be specified using the
constraint that defines the necessary conditions for the ROs. We oan =zpecify
reflectivons using world constraint(WC) and action constraint(AC),

Only a R-object whieh =atisfics WC is admitted a= ope which dose not
contradict  the basic inltention of the logic databazez., MThe R-object satisfies
WC" means "nob{WC) Is not satisfied in the objeet database." ACs aeocommodate
uthe knowledge in the compound world or in the database Lo prevent contradietion

in them, when the R-object wich satisfies WCs is assimilated or obtained.

Real World Logie Database (Knowledge Base)

Partial Real ffEnmpﬂund World 2
World 2

f/;;:::a* Real X/

Q:iiﬂfjflﬁ a
World T L____

[ “""‘———.—-——"

Unit World b

i

Fig. 3.1 The correspondence between Real World and Logic Database
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Essencial actions or accommodations on various scenes can be specified by ACs,

3.2 Dynamic semantic model for logic databases

The database model[Co70],[Ch76],(St80),[HME1) specified using constreint can
represent  static and dynsmic semantics in  relations() and in relationships
between relations., It is called "Dynamic Semantic Model for Logie databases
C'DEMLT')."™ FRules are represented using the syntax of Prolog and each of their
heads and goals are locked upon as a relation. Using DSML we can represoent

following three semantics,

1) The stable necgszary econdition in the ecompound weorld czn  be represented by
describing it with world conztraint which cozn specify stable semantics  in
the relations,

2) The necessary environment and conditions for actions in the unit world or
compound warld ecan be represented as user images. The semantics and
relationship between relations, for example those of transition, dependency,
class and time, can be represented by describing the scenes, actions,
sequences of scenes and assipgnoent of gcguisition of history with the pure
action constraint.

3} The semanties and relationship between the compound worlds in the logic
databases can be represented as in 2).

The following four functions make it possible to represent zemanties,

relaticnships, changes, ete.  in the real world,

a) Meta-knowledge (constraint) can be represented in declarative fora.
b} Each constraint can be represented independently and additions of consztraint
can extend the object partial real werld to be panaged.
¢) Representaticn of the real world in combination of extenzions and intensions
43 users like can be done, The functionz of Prolog interpreter support  this
to be advanced ways.

(%) Relations may not satisfy the conditions of normal form,
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d} The concept of abstraction can be represented using relations, attributes,
insteznces and constraints.

¢) means DEML can represent the méznings that can be represented by "zemantic

network." As Prolog interpreter can be easily implemented using Proleg, the

representation of the meaning that is the resultbs of unifications is possible,

The reason for 4) is to be able to represent g R-object as any one of a

relaticon, abttribute, instance

Relations11 Relationsi2 Relationsih

- i ] | -~
A rbdHE B
E—

f’Eemantics,Relatiunsnip: am

o AN
N

S

\, (by WC and AC)

Relations1l Re i L Heiijicnsifx
L~ A Lf’“@
ZZ 2R 2

Fig. 3.3 The concept of descriptions of semantics end relationships between
relations by DSML.

3.3 Consistency in logic databases

lanagement to prevent contradictions in logic databases is essential, The
consisteney can be defined more precisely using DEML under the assumption of
cloged world assumption{ 'CWA')[RT&].

'The database is consistent' means 'not to detect a contradiction in the
database' and is the state that satisfies the following condition. demo(W,G)
corresponcs te "W - G in logie znd means '0 can be derived form W in first
order logic', substitute(d,B) means "4 is substituted by Bt,

no_contradiction(Compound world, R=cbjects) ->
not{dewo( Conpound_world, not({World _Constraint))),
demo(Finished Constraints_ list, Pre_Constraints),
demo( Compound_world, Pre_Conditions),

dema{Coupound_world, Fre State_descriptions),

demo( Compound_world, Pre_Stata),

demo(Compound_werld, Post_State_descriptions),

substitute_state(Compound_World, Pre_State, Post_State],
demo{ Compound_world, Poast_Conditions),
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no_contradiction(Compound_werldy, Foellowing Constraints),

net({demo(Compound_world, not({World Constraint})).
< Cheek of consisteney >

The econstraints to define consistency in the logie databases form the tree fop
checking itself, Each action constraint desoribeg in them is node of the tree.
World constraint is applied for each node around the time the constraint
assigned by the node 1s applicd, The consistency in the logiec databaze is
checked with depth-first parsing of the tree.

Users can view the partiel real world by locking over the tpee, Users can

investigate ways for managing that rezl world,

ACT (Action Constrzintl)

-

.-*"f
AC2 ACH ACH

AN

AC3 ACk ACT  ACY

7N

ACH ACTO AC1T
Fig. 3.4% The tree of checking Action Constraints

3.4 Management of knowledge acquisition in logic databases

Input knowledse can be obtained automatically in the logic database in whieh
the semantics of relations and relationships between them are defined using
DSML. In this chapter we will explain the process of knowlaedge aggquisition in
logic databaseas. The basie processes of knowledge zoquisition are following

Four sub-processaes,

1) New knowledge that eauses contrediction in the datzbase 1z removed.
Because the facl Lhat a new knowledge causes contradiction in the databaze

is detected by applying world constraint, the new knowledge isn't acquired, ! lal

2) Knowledge in the object compound world are accomnodated to make the compound

world consistent, after new knowledge is aoquired.
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Hore detailed basic processes are the following five subprocesses.

a) New knowledge is acquired in the database z2nd ne other zetion cocurs, (Ib)

b} New knowledze is acquired in the compound world and transitive changes

oceure in it.{Ie)

¢} New knowledge is acguired in the coopound world and all elements of the

class change at that time.(Id)

d) New knowledge is acquired in the compeund world and after the assigned tipe

other changes occur in it,
3) Knowledge in the database is accomncdated to make the database consistent,
after new knowledre is acquired,{Ie)
A more detailed process is just like that of 2).
b} The action occurs at the aossigned time.

Fig. 3.5 shows the processes of knowledpge acquisition. The boxes out of the
database @mean a input of new knowledge intended by Lhe user. The nodes in the
daztabase correspond to actions, an are between astians shows the transition of
astions, The check of 1) is applied to ecach node. Here, as knowledge is
acquired avtomatically, the user should only recognize them. fnowledge usefuyl

for common senze are automatiecally acquired,

Gl &

Compound durld1 Databaszet

@ Compoun

World3
@ @ Compoud .
(e2) World?

. o172

Compound
Horldly

Fig. 3.5 The processes of knowledge acquisition
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3.5 Appearance of DSML database systems

In this section we will explain how = DSML database s=system esn be a good
gzsistant for people,
(1) Knowledge acquisition function

A5 a DSML datzbase system oan ohtain and manzge knowledge fellowing the user's
aim and intention, it can be a good assistance for people. That is, the uszer
may only describe the partial real world that he wants to manage, then the logic
database systom avbematieally azdds, updates or deletes the knowledge in which
the user has intersesr following the user's intention., The knowledge acquired by
thls function is that whieh pecple le=rn involuntarily or forget to learn and is

the base knowludpe for fostering compon sense,

Knowledgeall

T K lad Base
ff,;;' ‘M\\E nowledge Basze

.
’ Enowledge? Knawledge2-<;;
\ 1
\ é > Knowledge? <1 EnowledgeS.,
N ™~

| | THPUT " Enowledgel 3 common
~ Senzel
Enowledgef -

Fig. 3.6 Semi-aulomatic acquisition of knowledge
(2) Database system desizn and management of database system life cyole

D3ML dztabase syscens make it posuible for users or database zdpinistraters o
be able to dv database system(DES) design, DBS management and maling application

prograns al a time with only the databasc design. (refer to Fig, 31.7)

[

DDS Design J

—— Ve N
j DRS Design j( I:‘l>

I
) / DBE Hanagement j]ﬂlaking Application

prograns

Fig. 3.7 Unifying dosign and rmanagement of DBS and making application programs
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Users end DB administrators oan view the aim of the DB, semantics and funetion
of knowledpe in the DE that is specified using DSML. Thus it becomes sasier for
users and administrastors to actively manage the oyele of the [RS (e.z2.

revaluation of design and management),

4. Implementation of knowledge aecquisition programs
An fmplementation of logic databases designed by DEML using declarative logie

programming language :  Prolog is shown in this chapter,

%.1 Syntax lor semantics representation

fnowledge is represented in logic databases using Facts(extenszion),
Rules{intension) and constraint. As sanstraint represents meta leval knowledge
which speeifies semantics of P-objects and relationships between B-objectz, it
is  specified by syntax different from Lhat of object level knowledge
(facts,rules),

The following four points are important for represcntion of econstrainti.

a) To represent each f-object independently.
b} To specify with deglarative [crmsa.
¢) Only a small amount of specification is enough to specify econstraint,
d} To restrict the kinds of forms for spacifying constraint.
Eaeli reason is as followa,
Ra} It becomes easy to add, updale znd delete conztpaint.
Rb} It becones easy to read constraint and to detect errops in it,
fAc) The complexity for specifying constraint decreases.
Rd} The number of rule formats for specifying constraint thal the user must
repember are few.
b.1.1 Syntax of World Constraint(WC)

World Constraints will be definesd by =pecifying them within the framework of
"ehackWC", together with the list of object unit world's name, input and message
upon deteetion of contradiction, WC is specified by the format of Horn logie
Just as is integrity constraint{H 847,

checkWC({ a list of object unit world's name, input, WC,
"message upon detection of contradiction” ).
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5.1.2 The syntax of Action Constraint{Ac)

Action Constraints will be defined by specifying them within the framework of
"eheckAC."  (Hefer to Fig., 4.1) The precise description in the AC ism specified
by goal seguences of Prolog.

The first term in checkAC is the identifier of the A, The sescond term is
input {a new knowledge). Here, users may deseribe input as “update({'0ld
tupple!,'lMew tupple')™ ta request 2 updale of the knowledpgs, and oay describe it
as

"remove(Knowledge)Y to dissimilate the knowledge. The third term specifies
@ pair that consists of the object compound world specilied by the list of unit
world and the nccessary ACs that have already been applied. The third term also
Specifies a pair that consists of the object compound world znd the prohibited
ACs that should not obe applied in the world., The transition of =scenes that have
been checked before the object zetion occurs can  be specified by these
conditions for the pre-constraints,

The fourth termw is 2 list that specifies object zetionz, The following items
are specifled in 4t a) Compound World (a list of unit wopld's name), b)
Atiributes that iz objects of Class Constraint(list), ¢} The environment before
Lhe object actions occur, d) Thne stata for the getions itself before the actions
ooocurs, e) The state TFor the actions itself when the actionz finish and ) The
description to define the values of the state shown by e}l.

The scene arising out of the actions is specified with the third term, &) and
o). b) emables to specify Class Constraint and the attributes assigned by b) is
the object of Lhe class constreint, The econcrete actions apd changes  are
specified by d) and e)., The precise description of zetfens or changes are given
by £). The Time Constraint should be described in this syntax,

The fifth term specifies the sequence of ACs that should be applied after the
object actions finish with a list. The sequence of Als ecsn be represzented by

Lhe third term and this term.
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The sixth term speecifies the last state that must be satisfied in  the object
database. This ecan check whether appropriate zctiona and chanpes have occurred
or not.

The zeventh term assigns whebher the knowledge aequired by the actions is
sipgnificznt or not. The derivation of the new knowledge is left when the
important new knowlecdme is acguired. The syntax of derivation is
Psysmemory( LD, Derivation)."

The speeification of Dependency Constraint iz embedded 1in  the AC with the
logic variables. Users can view Lhe set of dependency constraint.
checkAC{AC_ID,

Input,
[[[World_namet, Necessary_Constraint]ii],
[(World_name2, Prohibitted_Constraint]ip]]
[[Werld_nzme3, Class Constraint's_attributes,
Fre_tate_Descriptions, Pre State =33
Pos_State, Post_State_Desoriptions]iac],
[[¥erld_namal, Following Constraint]iFC],
[[World_names, Post_Conditions]|PCD],

Impartance }

Fig. 4.1 Syntax of Aeticn Condition

4.2 An exapple implementation of knowledge acquisition programs

The premise for the knowledge aequisition program comprise the following three

conditions,

(1) Input is fact(extension).

(2} Closed World Assumption {CWA) is zssumed in the database.

(3) Consistency is defined zs shown in the section 3.3.

We can easily implement the knowledge acquisition program using Frolaog,
because Prolog interpreter can be easily implemented in Preleg and a declarabive

representation 1s allowed in Prolog.

b.3 Examples of checking consistencies of knowledge acquisition



He will show simple examples of checking consistencies ol knowledge

acguisition,

Y1) VWorld Canstraint
A& Tunetion to prevent acquisition of new knowledge that contradicts the object

conpound world is necded.
A new knowledge is " AL hospital E, 2 baby (Yoko) wes born to Horio znd

Yumike. The hospital registers Yoko as their baby, and meakes tests to establish
that this is genetically correct." Results of the constraint check reveal that
the knowledge is genetically wrong. ("Dr. Gregor Johann Mendel (geonetist) says
tio'," a message given on detection of inconsistency. is output.) This shouws
that no eohild with blood type B can be born to 2 couple with bleod type A and O.
Here the World Constraint iLs zs follows,

--- Execution results ===

i ?- assimilate([family],blood_type{youko,b),[parent]).
===== & New knowledge is assimilated 11!

yes
| 7= assimilate([fapmily],father{youke,norio),[parent]).

- loput econflictz with the Intogrity conztraint 11
Dr. Gregor Johann Mendel says ™ HO | *®
< World Conztraint »
checkWC{[ family], father{¥, F),
(blood_type(F,FT),narried{F,H}, bluocd _type(M,HT},
bload type(X,BT),penes_mateh(FT,MT, CET)-->member(IT,CHT) ),
'Dr. Gregor Johann Mepdel says " NO 1 omey
(2} Class constraint
There is a relalion : employes{EMP ,ENAME,SAL,HANK), the knowledge that Mr,
Sakal 1s rank(A} in the database(DB1). The class constraint (ClC2) that defines
"dhen the salary of 2 cuployee belenzing to rank{i} is reised, that .cf all
employees belooging te  the same rank  should be raised" alse ewxists in the
database, In this ease, let us suppose that the new knowledge i, Sakal
haz 10 ¥ rise in salary® is generated for the databasce. Then the salaries of

all euployees belonzing to the same rank are raised to maintain the consistency
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in the database that iz defined by ClC2.

The world of the employee's salary is changed glebally. Common sense on  the
exployee's salary changes. For example, the average of the salary and the ratio
oebtween different ranks,
=== Exceubtion results ——

] 7= assimilate([empluyees],raise[SAL,Dmp{EH,k_sekai,reaearcher,SAL},1ﬂ},[ﬂ]}.
=== lew Knowledge is emp(7,k_sakai,researcher,550)
=== lew Knowledze is  emp(2,s_shibavama, researcher, o)
--- Hew Knowledge 15  empl?,bh_kondou, researchor, 3300
===~ AC is employees(76,77,75,checkAC(2,raise(_38,enp{ 66,k _sakal,researcher, 38
1,103, (], ([{employees], rank_up(_517,emp(_518,_519,_517,_520) ,manager_c)111,[[[e
“ﬁlﬂ?ﬁes].[.519].[J.[Emp(_EIB,_519.rescarcher,_520}]-?)[emp(_51ﬂ._51g,researcher
,-5211],0.521 is _520%(100+10)/100]]1,0],[[[enployecs],[true]ll, 1))
=== fction Constralnbts are checked 1)
< Class Constraint >
checkAC(2Z,
raise{SALt,emp(E.‘-’t,Ha.mct.Hankt,EﬁLt}.ﬁate]+
[[]1,[[(employees], rank up{Rank,smp(EN,Nane, Rank, SAL) ,manager_c)]]],
[[[enployees], (Hame], [],
{emp(EN, Hame, Rankt , SAL)] =»>
ienp(EN, Name, Rankt, New_SAL) ],
[(iew SAL is SAL # (100 + Rate) /100 )] 11,
(i,
[[[employEESJ,[avﬁtempluyecs,SHLt,emp{Eut,Namat,Hankt,ShLL},AvE},

AVE < 900 111,
1)

{3) Transition Constraint

Let us assume that there is a relation: averagesalary{Rank, Averagesalary) in
the database(DE1 using (2)). There is also the tranzition constraint - Mihen
the rank of a employee is raised to 'Manager of department{MD)' in DE1, his
salary snould be raized to SHD  : "SMD = {Average salary of MD) (Rate in
department),m

Represzentations of the scene in whieck the knowledge become useful are
fecessary o specily  Lhe semantics of  the Lkoowledge, We ecan diseriminate
between similar R-objects with them., For example, the scene about & raise in
salary dis different from the case with promotion(erx. this ecase) or without

promotion(ex. (2)). The deseription of promotion is essential in this example.
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In the above, when the ronk of Mr. Sakai is raised, the database management
system activates and checks the essential action for maintaining the consistency
in the database with its autonomous intention. Users may only &ascertain the
resules just like a teacher.

--- Execution results --=

L assimilabu([empluyeeaj.rank_up{Hanh,emprH.s_yanada,ﬁank,SAL}.md].[A
1.

=== lew Enowledge is enp(1,s vamada,nmd,600)

=== lew Knowledge iz  emp(1,s_vamada,md,B840)

-== AT 1is EmPlEFeEE[TT,TE,Tﬁ,ChECkAC[],PaiSEfEUG,DDp{1,E_jamada,md,ﬁﬂﬂj,
EU),[l[[empluyees],rank_up(md,em;f1.ﬂ_famada,md,ﬁﬂﬂJ.md]]],
[]],[[[Enplﬂjeea],E],[I,[&mp[1.;_yamada,ﬂd,ﬁﬂﬂl]-))[Emp(I,s_yamaﬁa,manage
r_e,8L0)],0800 is EDO*{IUU+EG*E)KIGG]J],L].[[[empluyees],[true]]],1)}

=== Agtion Constroints are checked 11

=== AL is ERPlGFEEHE?31BG,TT.cﬂﬂckACIS,rank_upfsuu_leader.emp{1+5_ya:ada,sub_le
ader,ﬁuﬂ}.de,[J,[f[emplnyeus].[]r[],EEMP{Ifs_yamada,sub_;eader,ﬁﬂoj]-}}[
emp(l,s_yamada,md,ﬁaﬂj],[I]].[[[cmplcyees],[raise(ﬂﬂﬂ,emp{1,a_yamada,ﬂana
ger_c,ﬁﬂﬂ},EDJ]]].[[[emplGFEES],[aVE(enpluyeesf_SEQ,emp{_ﬁqﬂ,_ﬁu1,_5ﬂ2,_539],512
1.5124800771,1))

--- Action Constraints are checked 11!
Chetion Constraints

checkil(3,
rank_up(Rank, emp(EN, Name, Rank, SAL) ,md),
L1,
[Clemployees], [1, {1,

lemp({EN, Hane, Rank, SAL) ] ->>

[emp(EN, Name,md, SAL) ],

(i n,
[[[employeea],[raiac(SﬂL,EmpEEN,Hame,md,SﬂL],EU}]]].
[[[employees],[ avefemployees,SALt,emp{EHt.Namet.Rankt,SALt},AVE],

AVE < Bon 111,
17 1.

checxAC(1,
raise( SAL, enp(EN, Name, Rank, SAL) , Rate),
[[[[employees}*rank_upfﬁank.cmpEEH,Hame,Hank,SAL},md]]],[]].
[[lemplayees], [1, [],
(emp(EN, Name, Rank,SAL) ] ->>
[emp(EN, Name, Rank, New_34L) ],
[(New_SAL is SAL ¥ (100 + {Rate * 21y Aon )] 11,
(1, £1, 1)

(4) Dependency Constrazint and Transition Conmstraint
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Let us suppose Dependency and Transition Constraine - "Jhen the rank of a
employee 13 raised to 'Chief manager of department(MC)! in DB1, his salary
should be raised to SMC : "SHC = (Average salary of MC) (Rate in department)
and he can receive authority(ex, authority for entering the rooms)" for the
D31. A4z the second AC (AC2) for authoritycheckl receives the informaton of the
rank, salary and development from the fiprst AC, AC? is a dependency constraint,

In this ¢sse, when the position of #r. Yapada i= raised, the database
management system maintain the consistency about the salary and the asuthority in
the dababase with its autonomous intention.
=== Execcution results ---

I assimilate{[employccs],rank_upiﬂank,EmprH,n_yamada,ﬂank,SAL,DEPT},me},[n]}

--- New Knowledge is  emp(4,n_yamada,mec,1176,investigation)

--- Hew ¥nowledge 1z autherity(ame,Y4,_1759,investigation)

-== TIC i3 empluyees(3i,32,30.cnechﬂc{ﬁ,autharity_pheck[u,n_yamada,mﬂ},[],[[[emp
luyﬂes].[],[empfﬂ,n_gamada.me,1IT&.investigatiﬁn],chenk_ﬂuthuriL;1{R,n_yamada,mc
,TTfﬁ,inveatigationj],{]~>>[authority{m¢,#._1?59,inveatigatiun}l.[]]],E],[},1}1

=== Trensitive Iantegrity Constrazints arc checked 11

-—- TIC is EmpluyeesEEQ,Sﬂ,EB,checkﬂﬁfu,nanh_up{a,emp{_ﬁg.n_yamada,a,_110,1nvcat
igatiun],mu},[J,[[[employees].[],[dept{3,1nvestigﬂtlcn,95},av&_SALEmﬂ,120DJJ,[EE
p{h,n_yamada,a,TGD,investigation}}—3>[emp{ﬂ.n_yamada,me.1TTE,investigation}].[11
76 is 1200*95!1001]],E[[enployees],[authmriby_chack{u,n_yamada,mc}}]],{},I}J

-== Transitive Integrity Conslrainis are checked !!

“Tranzition Constraint>

checkiC{y,

rank_up(RANK, emp(ENO,ENAME,a,SAL,DEPT),me),

{1,

[[{employees], [], [dept(DN, DEPT, DeptRate),ave SAL(me,S MC)],
[emp({EN, Yane,a, SALpre,DEPT)] =23
[emp(EH, Nane,oe, S&lpos, DEFT) ],

[(SALpos is 5 _MC * DeplRate / 100}] 11,

[[[empluyees],Eauthority_pheck[EN,Enamc,wc}]]].

£1, n

checkiC(s,
authority check(EN,Ename,ne),
[,

[[lewpluyess], [], [emp(EN,Ename,ne,SAL, investigation),
ch&ck_authority1(EH,Bname,mc,ShL,invastigatiuﬂ}],
[1 -2
lauthority{mec, EN, ENane,investigation)],(] 1],
1. 1, v ce. (AC2)
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9. Concluszions

irst of all, we discussed the representaion power and applying profile of
"Constraint," We proposed "Action Constraint” and "World Constraint" as genaral
representation forns of constraint and gave their syntax and semantios. The
four profiles of constraint that are the transition {Transition Constraint},
dependency (Dependency Constraint), elass existerss (Class Constraint) and tipe
determination {Time Constraint) were shown to be material. We also investigated
the relationship hetwesn former research about constraint and the four profiles.
The econstraint is a matural expansion of integrity constraint, essentially,

Mext, we proposed z database model "Dynamic Semantic Model for Logic
databases" (D3ML) to meke database systems better assistants for human knowledpoe
processing,  DEML can represent the constrainbts in the resl world &z semantiecs
and functions of knowledge in the logic database. The logiec dztabaze system
Using DSHL enables for the users te manage itself with wonderful easiness. It
can allow users not only to use its knowledge but alse to manage the objeect real
world,

e implemented the DSML dzlabase system by the declarative logie programmin:
languzge Prolog, and made sure that the concept of consbraint is very useful for
manaping the logic databasesn apd Prolog is suikable fop implementing it.

The DSML logic daztabase system can also obtain the krowledge in which users
hzve interest and stare the basie knowledge concorning to common sense, We
gipialned that the desipn and management of the databasze system and making
applieation programs can be done =t a time, and that the mansgement of the
life-cycle of the database becumes easy for the database adminiatrator.

Our further research ius planned to enhance the deseriptive power of  the

constraint and to implement the time constraint.
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