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ABSTRACT

A rule~based object/task modelling approach
18 proposed which 1s characterized by
specifying object behaviors and domain
tules i1n terms of object-oriented logic
programming, and specifying tasks and

meta -rules 1n terms of network— eriented
formalism In addition the concepts of
associations, virtual objects, multaiple

level integrity control and net expressions
are 1introduced The object-oriented logac
programming system is extended for
supporting the semantic modelling, and an
explicit control knowledge representation
mechanism 15 developed This approach may
be viewed as a step to the integration of
ob ject-oriented programming, logaic
programming, semantic modelling and event
modellaing, and to the combination of
forward chaining and backward chaining
techniques Therefore 1t can praovide
complementary benifits an deductive query
support, integraty control, explacat
control knowledge representation and
intelligent user interface, and enhance the
flexability and extendability of knowledge
based systems to accommodate applications
in multiple domains, towards a generalized,
tule-based management of data, action and
operational schemes This approach 1%
being designed and partially amplemented on
top of System G [Chen 85b1 on a VAX
computer
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1 INTRODUCTION

The need for developing the next generation
information systems has given Tise to
studies on integrating database systems and
Artificial Intelligence (AL) systems
[Ullman 8513 The fact that both Logic
Programming (LP) and Relational Database
(RDB) are subsets of first order predicate
calculus suggests a rtesemblence between
them On one hand, LP provides powerful
formalism for representing database rules
and deductive rtetrievals, on the other
hand, RDB provide adequate means of storing
and managing knowledge [Gall 811 [Gall 84]
fJarke 841 [Parker 841 [Fuchi 851 [Zam
891

The message/object model [(Cox 84)] for
object—-oriented programming has proven very
useful for handling related facts and
rules, and maintaining the consistency of
the modelled enterprises The
object-oriented semantic data modelling
approaches provade the benifit of
representing the system semantics both
structurally and behaviourally [Hammer 781

[Teac 821 I[Wilson 831 [Shep 84] Efforts
in developing object—oriented LP system
[Zani 841, have also been made

fhe combination of +the above +two 1ssuves
becomes attractive for object/task
modelling. because potentially 1t may
combine the benifits of knowledge
representation, inference, integrated
semantic data modelling and aintelligent
user 1nterface However, for such a

purpose there are still some major problems
tu be solved

One problem consists in the lack of a rule
based and well supported object modelling
mechanism that flexibly guides the use of a
large knowledge base One way to solve
this problem 15 to extend the relational
model [Zani 8951 or DBMS [Stone 841, whaile
another way (discussed in this paper) 15 to
develop an LP based Front—-end for RDB‘s to
support ob ject/task modelling, whach
consists in making a compromise between
semantic modellang., declarative knowledge
representation and object oriented LP As

taol for that, the present ob ject—



oriented LP should be extended

Another problem with rule~based
18 the difficulty to express control
structures, or meta rules describing the
usage of domain knowledge and the linkage
of action modules for constructing an
operational scheme with desired run—time
control As we know, in most of the
knowledge based systems currently in
operation, control knowledge 18 not
represented explacatly but scattered
throughout the procedures, therefore a
lattle bit changing may require
modifications to a number of modules Thus
these systems are self~contained, support
only a single model or a class of models as
their configurations are both static and
intolerant from a model perspective In
order to attack this problem, research on
means for handling operational schemes 1n a
data/knowledge base envitonment are
currently active, from the viewpoints of
formal foundations [Dahl 821[Gal 841CChen
85al, 1integrating action capabilaities into
RDB systems 1n terms of the combination of
certain loosely coupled techniques sush as
triggers: vartual relations and so on, as
we described in [Mel B83a-cl, behavior
semantics modellaing ([Hammer 78], event
modelling L[Ant 811, etc Although o
number of ad-hoc tricks have been
developed, whaich did brang some
improvements from different points, there
st1ll lack satisfactory formal solution and
integrated system approach to this problem

techniques

The focus of this work 1s to give solutions
to the above problems by developing a
precise yet flexible rule—based object/task
modelling approach

The proposed solution to the first problem
consists i1n developing an integrated object

modelling paradigm: which 1includes the
following

Extendang the object—oriented LP
paradigm [Zany 841 by introducaing class-—

oriented methods (on multiple ainstances)
and multi—class—-oriented methods for better

supporting semantic modelling and database
applications
Introducing the concept of Vairtual

Objects and 1ts handling mechanism

Developing a8 multiple level object/task
modellaing mechanism, where objects,
assoclations and tasks are specified both
statically and dynamically with structure,
constituents, constraints and methods, in a3
rule—-based fashion

The proposed solution to the second problem
consists 1n modelling the control structure
of a problem-solving or decision—-making
task as a net, and then exploring a
rule—-based, languistic and precise net
specification formalism and a
multiple-level, task—oriented constraints
handling mechanism
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Under this object/task modellaing approach,
database applications are specified as
localized domain knowledge representation
and explicat control knowledge
representation Differnt roles an object
plays 1n different tasks can be i1dentified
distinctly It offers a wunified view to
rules, triggers and constraints, handles
dynamic operational schemes 1n terms of
general-purpose tools within an integrated
system, therefore enhancing the flexibility
of knowledge based systems to accommodate
applications 1n multiple domains

This approach 1s
partially implemented
an extended experimental RDB
85b1 on a VAX computer

being designed and
on top of System G,
system ([Chen

In this paper, starting from overviewing
the impacts of 1logic to RDB through an
example, we point out the need to merge the
management of facts (data) and the
management of domain rules in terms of an
object-oriented modelling approach (Section
2), In order to provide a suitable +tool,
we extend the notion of object- oriented
logic programming to better support
semantic representation and database
applications, and then propose a rule—-based
object modelling mechanism: in addition
with introducaing the concepts of
assoaciations, virual objects and task
(Section 3), To specify the control
structure of a task, we combine the
techniques of forward chaining and backward
chaining, ¢to develop a net-oriented task
modelling formalism, thus the rules vs

objects and the meta-rules vs tasks are
both covered (Section 4), After
demonstrating this approach with a task
specification example, finally 1n Section 5
we gaive some concluding remarks

2 A RULE-BASED FRONT-END TO RDB

RDB and LP techniques are moving fast
towards a common destination This holds
true both 1n terms of functiocnalaity and
performance, and 1s made possible both from
their common ancestry of mathematic 1logac
and the complementary benefits they can
provide The studies on the mathemataic

of RDB and LP have 1ssued a new
research field building logic front-ends
to database systems for semantic rules
representation and deductive retrievals

foundation

as a formal system, rTelies upon an

language based on the first order
predicate, a semantics or interpretation of
formulas in that language and a proof
theory [Shoe 471 Well formed formulas
{wff’s) are defined either as atomic
formulas or connecting or quatifying
other wéffs The general form of clauses
that will represent database facts and
deductive rules 1s

Logic,
object

by

]
T

P1 & P2 & & Pk -> R1 R2 Rq



Legic admits a declarative semantics, that “"‘—::;::S:ZSDE;D‘;:DE;—’D ASTBGTY ‘;‘KJ‘TS’“:]
18 logic clauses may be interpreted as - - - - '
statements of facts In addition. logac wk_h:l“ ("°°ftian2§°§§"5o ASMB_QTY, WK_HRS) -

order_proc _ID, DEL _  ASMB_QTY, _, _),
admits an imperative semantics in which asmb_des (MODEL, ASME_HRS. config( . _» . .33
logic clauses may be interpreted as WK_HRS 1s ASMB_QGTY # ASMB_HRS
commands An attempt to answer a query 1is part 4 (ORDER_ID (CODE, GTY))

s_Te _ Teq ] -
:efe:red to an attiTpt to satisfy a goal order_proc (ORDER_ID. _ _. _ O, _) ' fa1l

or to prove a goa
parts_reg (ORDER_ID req(CODE., GTY)) -

order_proc (ORDER_ID. MODEL. _, ASMB_GTY, WAIT_QTY, _)
As we traditionally identify association ssmb_des (MODEL, _, config(CODE_S CODE_C,CODE_M, CODE_F)) !,
between domains and represent them using parts_anv (CODE _., AMT),
relations, we will now specify the (CODE = CODE_S., CODE = CODE_C CODE = CODE_M, CODE = CODE_F).

association between relations and represent

behavioral
clauses

logical predicates and relations 1s that
predicate

Te
pr
wl

aggregation)

n
(r

shown below in
one,
constants

properties
The

by using
correspondence

logic
between
a
could reasonably be stored as a
and a hierarchically constructed
can be i1mplemented as relations
type hierarchy {such as an
We asseme that all variables
are universal quantified
Tealize that the LP language
the example 1s a Prolog-like
lower case letters stand for
and predicate symbols, upper

lation,
edicate
th a

a8 clause
eaders may

where

case letters stand for variables)

We

aboave

shall 1llustrate the concepts described
through an decision-making example

concerning a8 simplified manufacturing order

processing
assembling company

18

{predicates).
orders),
for each model of machines,
assembly
"products—-ainv”
parts and ready-made machines).,

for an instrument
The i1nformation needed

in certain relations
includes “"order" (states
"asmb—-des" (lists the parts needed
as well as the
time), "parts—inv" and
(describe the inventories of
and "parts"

system

stored

and "machines" (descride models and costs),
whose 1nstances are viewed as facts of the
following form

order (order_id. model, qty., finish_qty)
parts (code, cost)
machines (model. cost)
parts_inv (code. name:. amt)
products_inv (model, name, amt)
asmb_des (model, asmb_hrs,
config(senser, cpu, monitor, frame))

The rules for processing a single order are
stated in terms of Horn clauses

order_proc (ORDER_ID MODEL.,

order_proc (ORDER_ID MODEL.

PICK_QTY,
aTy,

0 O SALES_VALUE)
FINISH_GTY),

order (ORDER_ID. MODEL.,
products_anv (MODEL, _., AMT),
machines (MODEL, COST),
AMT 5= (QTY - FINISH_QTY).
PICK_QTY is GTY - FINISH_QTy,
SALES_VALUE 1s PICK_QTY & COSY, !
PICK_QTY,

ASMB_QTY, WAIT_QTY, BALES_VALUE) -
order (ORDER_ID. MODEL, QTY, FINISH_GTY)
products_anv (MODEL. _, AMT),
asmb_des (MODEL, _, config(CODE_8. CODE_C,CODE_M, CODE_F)),
parts_inv (CODE_S. _., AMT_S),

parts_inv (CODE_C, _, AMT_C).
parts_inv (CODE_M, _, AMT_M),
parts_inv (CODE_F, _, AMT_F).
machanes (MODEL, COST®,

PICK_QTY 15 AMT,

N 13 QTY - FINISH_QTY - AMT,
min (ASMB_GTY, [AMT_S. AMT_C.
WAIT_GTY 13 N - ASMB_QTY,
SALES_VALUE is (PICK_GTY + ASMB_QGTY) # COST

AMT_M  AMT_F  N)),
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GTY 1% ASMB_QGTY + WAIT_GTY — AMT,

write (parts_req (ORDER_ID, req(CODE, QTY))), fail

where predicate "order—proc" represents the

decisions for processing the order, 1t
describes the number of machines which can
be delivered 1mmediately (PICKGTY), those
that need to be assembled (ASMBQTY), and

those that have to wait due to the lack of
parts (WAITQTY), and the current SALESVALUE
from this order, “work—-ticket” lists the
tasks of the assembly workshop.
“parts-req” lists the net quantity of each
part that must be supplied to complete the
order

in a
RDB

Then one may make deductive
style not possible ain
systems, such as

queries
traditional

?- order_proc (0503, _,

ASMB_QTY,

PICK_QTY,

WAIT_QTY, _)
(For order 0503,

directly picked”?

how many machines c¢an be
how many can be assembhled

Tight now ? how many have to wait due to
the lack of parts?)

?- parts_req (0503, req(CODE, QTY))

(How many parts must be supplied for
processing order 0503 ?)

?—- wkticket (___; 0503, o HRS)

(Based on the current inventory, how long
the assembly work takes ?)

From this example we can see that logic
clauses can be employed as a very elegant
formalism for representing deductive
queries, where the details of which

relation are actually stored i1s hidden from
users by the "“logic nevigation”, and rules
can be thought of as a generalization of
the derived view mechanism which provade
for their efficient 1mplementation via the
usual mechanisms for query support

However, the difficulty to express control
structures 1s one of the problem with
general first—order logic as a knowledge
representation formalism Thus we need to
explore 1n addition an approach to the
integrated management of facts and rules,
which efficiently and correctly guides the
use of a large knowledge base In other
words, we need combine the power of logic
front—end of RDB with the capabilities of
semantic modelling and task controlling, to
form an integrated obgject/task modellaing



mechanism which offers a complete view ¢to
objects, localizes rules to the domains or
tasks they apply, and represents control
schemes explicitly

3 RULE-BASED OBJECT MODELLING

3 1 AN EXTENDED OBJECT-ORIENTED
LOGIC PROGRAMMING SYSTEM

In the object-oriented semantic modelling
paradigm, reality 15 represented in terms
of objects as well as their relationships

Each object has an associated set of
procedures called methods denoting 1ts
dynamic behaviors The manipulation of

objects 15 made by applyang the methods on
them, referred to as "“sending the objects a
message”

Unlike the wusual operator/operand model,
which treats operators and operands as 1f
they where 1independent, ain the above

message/ab ject approach, an object instance
records 1ts type (class) explicitly, whach
18 used to determine the set of legal
operations on the objects of this class,
and the type dependencies become
permanently encapsulated within classes

This concept 1s coincident with a “save"
database design principle localization
[Rid 831

In order ¢o buald an object-oriented
paradigm as the top of the proposed suystem,
we must first build such a paradigm on the
logic front—-end layer of the system
Generally we 1dentify an ob ject
structurally as

a primitive one which can be fully
defined without reference to other objects,
and represented by an LP predicate without
any nested predicate as 1ts argument

a compound one composed 1n a nested or
recursive fashion from two or more objects,
represented by an LP predicate with at
least one predicate as 1ts argument

Then each method 15 stated as an LP clause

we classify three kinds of methods the
individual-oriented methods (1—methods),
the class—oriented methods (c-methods) and
the multi-class—oriented methods
(mc—methods, described in Section 3 3)

An 1—-method 1s defined on a single objgect
instance (universally quantified), although
that instance may be & complex structure
(such as an aggregation) based on a type
hierarchy Passing a message 1s specified

by wusing the 1infix operator " ", as (the
number of arguments may be zero)

1-method object (argl, arga, )

A c-method 15 defined on a class of object
instances (the simplest example 15 a
relation waith multiple tuples) Its

application 1s represented as
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c—-method object ()

The 1ntroduction of multiple instances
oriented methods 1s significant to data-
base applications where data extensions are
usually much bigger then i1ntensions

In the object—-oriented semantic modellaing
paradigm, an amportant feature 15 the
inheritance network whereby an object can
be declared as a specialization of other

ob jects, therefore inheriting their
behavioral properties This feature allows
new classes to be built on top of older,

less specialized classes instead of beaing
rewritten from scratch The inheritance
network 1s declared by means of the infix
operator "isa" The clause

object_A 1sa object_AA & object_ BB &
implies inheritance from A to i1ts ancestor
AA or BB all the methods and constraints
The "1sa" relationship 1s not symmetrac,
but transitive, 1in 3 sense that an "isa"
link can be resulted from the transitive
composition of others without redundant
declarations

The interpretation of @ message consists in
the unification of the objects, the
unification of the method and the proof of
the method If an object 1s declared by
"15a" as an subobject, then the unification
of the method with the methods associated
with the ancestors of the object ain the
"i1sa" network, 1s necessary When an
object has more then one ancestors, we
first determine the order of the ancestors,
then use a so called "uvpward-first" search

strategy, starting from checking the farst
available ancestor. observe to see whether
1t 18 a root (no further ancestor
remained), 1f not, move upward until either

the unification succeds or backtrack to try
the next possible ancestor at the  highest
possible ancestry level

3 2 OBJECT-SPECIFICATION

type 18 the structural
of a class of objects, whach

An ob ject
specification

may be hierarchically decomposed The
specification of an object type describes
1ts name, structure, methods and

constraints

The structure defines the attributes and
constituents possessed by that object.
Methods consist of the rules applicable to
the objects in term of Horn clauses.,
Integrity constraints are assertions that
instances of objects are compelled to abey.
which can be classified according to
various criteria, sach as type constraints,
dependency constraints and so on In our
approach a constraint 1s specified similar
to the body of a Horn clause Thus for
example the ob ject type “order" 1s
specified as



object_type

order (ORDER_ID, MODEL, QTY, FINISH_GTY)
{
structure
{ ORDER_ID c4,
MODEL c8,
aTyY 14,
FINISH_QTY 14
key ORDER_ID
>
constraints
{ MODEL [ "hc20:, hc40, hcobO",
QTY > 0, QTY < 10000,

QTY > FINISH_QTY
}
1-methods
{ what_kind_order (Linstrument,MODELJ)

order (_, MODEL., _, _)
unfinish_qty (X) -~

order (_, _, QTY, FINISH_QTY).
X 1s GTY - FINISH_QTY

b

c-methods

{ diff (IDa, IDb, X) -
order (IDa, _, QTYa, _),
order (IDb, _, QTYb, _),

X 1s QTYa - GTYb
¥
The specified constraint means that

(VORDER_ID) (WMODEL ) (VGTY) (VFINISH_GTY)
(order (DRDER_ID, MODEL, QTY, FINISH_QTY) -->
MODEL. € {hc20, hc40, hcb0} & QTY > O &
QTY < 10000 & QTY > FINISH_GTY)

An instance of an object 1s a predicate
with all +¢the arguments been instantiated
with specific values Thus the goal

“?- unfainishqty(X) order (0056, hc40, 30, 10)

succeeds with X 20
And 1f we have facts

order (0001, hc40, 40, 10)
order (0002, hc40, 10, 0)

Then the query
2- di1ff(0001, 0002, X) order (0001, hc40,40, 1

has no defined meaning, and the goal

- diff (D001, 0002, X) order ()

succeeds with X = 30

The inheritance complexity provides links
which connect types to generic types,

allows methods and constraints on a generic

object type to be applied to the instances
of all types of objects wunder a same
ancestor For example

0)
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object-type 1inventory (CODE, NAME, AMT)
{
structure
{ CODE 8,
NAME cl2,
AMT 14
key ITEM
¥
constraints
{ AMT >= 0, AMT < 5000
>
c—-methods
{ clean -~

retractall (inventory (_, o))

’

¥
/% drop records of ouvt-of-stock i1tems #/
Then we can specify that

products_ainv (MODEL, NAME,
inventory (MODEL., NAME,

AMT) 1sa
AMT)

parts_ainv (CODE,
inventory (CODE,

NAME,
NAME,

AMT) 1sa
AMT)
Thus

“?- clean parts_inv

drops from the database all the 1instances

for out-of-stock parts
3 3 O0BJECTS ASSOCIATION

could be
It 15 best

Although 1n general everything
viewed as an object [Wilson 831,
to consader only the semantically
meaniningful objects In fact, the need to
represent associative behaviors of a group
of different type objects, without creating
any "fuziy" object, does arise 1n many
situations For this purpose we introduce
a concept called "associataion"

Briefly speaking, an association i1s a group

of related objects of different types An
association type 18 the structural
specification of a class of associations,

and specified 1ts name, constituents

by

ob jects, methods and constraints

The constraints, which ainvolve multiple
objects, are specified against one (or more
1f necessary) selected object by means of
the 1nfix operator "withcons" The methods
of an association are referred to as
multi-class—oriented methods (mc-methods),
which are defined on multiple classes
involved Thus for example an association

productsinvvalue 1s specified as

assocciation_type
{
ob jects
{ machines,
¥
mc-methods
{ products_anv_value (MODEL,
machines (MODEL., COST).,
products_ainv (MODEL, NAME,
VALUE 15 COST # AMT

products_ainv_value

products_anv

VALUE)
AMT).,

>



constraints
{ products_ainv with_cons
{products_inv (MODEL, NAME, AMT),
machines (MODEL. COST).
COST # AMT < 500, 000
¥
¥
¥
The specified constraint means that

(VHDDEL)(VNAME)(VhMT)(VhOST)
(products_ainv(MODEL, NAME, AMT) &
machines (MODEL, COST) —->

(COST # AMT < 500, 000))

The above method shows how to calculate the
inventory value for a kind of machaines, for
example, suppose we have the facts

products_ainv (hc40, thermal_meter. 30)
machines (hc40, 250)

the goal

?=- products_inv_value (hc40, X)
praducts_anv (), machines ()

succeeds with X = 7500

The constraint stated above restricts the

inventory value of any kind of machines,
with a proper alarm facilaity, this
information can be utilized for the

manufacturing planning

It 15 worth noting the difference between a

compound object and an association The
former, represents a meaningful object and
ties to a certain data structure, the
later, on the other hand, neither

new object, nor reffers to
any storage structure, 1t only mentions the
dynamic behaviors caused by a group of
different types ob jects Thus the
introduction of association can improve the
system expressive power without having ¢to
dream up tedious extra objects

introduces any

3 4 VIRTUAL OBJECTS

Passing message implies that certain action
may be taken ruled by the specified method
clause, then the resulting predicate (on
the left side of +the clause) can be
reasonably viewed as a virtual object (VO)

The instance of a VO 1s derived from the

instances of other (source) objects, and
instantiated by passing message thus
represents the results of the message

passing Thus VO’s may be viewed as a link
between data access and data processaing
Differnt from actual objects, VO’s may or
may not be actually filed and physically
stored until needed

For anstance, in the above order processing
example, the predicate orderproc can be
specified as a VO instantiated by applying
the method (1dentified by the same name) on
an association of objects

order_proc (ORDER_ID, MODEL, PICK_QTY,
ASMB_OTY, WAIT_QTY, SALES_VALUE)

order (), products_inv (), asmb_des (),
parts_inv (), machines ()

The declaration of a VO contains

structure
(which can be the

same as for the usual
actual object), source objects, mapping
rules and so on The source objects can be
actual or VO or a mixture of both, thus a
VO may be defined hierarchically We list
below a VO specification "partsreq”, in the
order processing example, where one of 1ts
source object "orderproc" i1tself 1s a VO

V:rtual_nb;rct_tupe parts_req (ORDER_ID req(CODE, QTY))

structure
{ ORDER_ID c4,
req (CODE Q@TY)
{ CODE cq4 Q@TY 14 key
key ORDER_ID

CODE >

¥

souTrce
{ asmb_des order_proc
}

mapping rules
{ parts_req (ORDER_ID. req(CODE, QTY)) -

order_proc (ORDER_ID, _, _ _. O, _), ' ¢arl

parts_req (ORDER_ID req(CODE, GTY)) -~

order_proc (ORDER_ID, MODEL _, ASMB_GTY MWAIT_GQTY =
asmb_des (MODEL, _, config(CODE_S CODE_C CODE_M, CODE_F) ),
13

parts_inv (CODE, _, AMT),

(CODE=CODE_S CODE=CODE_C, CODE=CODE_M, CODE=CODE_F),
QTY 1s ASMB_QTY + WAIT_QTY - AMT
write (parts_veq (ORDER_ID rveq(CODE GTY))) fa1l

Unification 1s the way to make VO’s
physically accessible In the case that a
VO has virtual source objects, the latter
must be instantiated in advance accor- ding
to their own definitions, and such a
process may spread vpward in the virtual
object network until all the actual and

VOi‘s involved are fully 1instantiated
Syntactically, the instantiation of a VO,
such as "partsreq", 1s represented by the
clause

mapping (parts_req)
It a3lso displays and stores all the
instances (tuples) of the VO
The instance of a VO has a life time which
extends over a single task Its

refreshment may adopt one of the following
strategies (1) when 1t 1s accessed after
the alteration of 1ts source objects. (2)
by demand During a tast, the cost of
recoemputation VO‘s can be reduced by
introducing a mechanism called "life flag"

The 1i1fe +¢flag 1s a property of a VO,
indicating whether this object has a valad
(live) current i1nstance For each actual
or virtual object a possible list of 1ts
"directly dependent virtual objects” (DDVO)
15 generated automatically by the system
from all the VO declarations For an
actual object, any updating automatically
triggers @ kill operation, turning off the

life flag of 1ts direct dependents (1f
any) For & V0. any kall operation
propagates through 1ts own direct
dependents (1f any) Thus updating an
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all 1ts vartual
Thereby the

actual object will kill
dependents hierarchically
recomputation of a live vairtual object.
which may be ditectly accessed or
indirectly referenced as the source object
of others, can be eliminated

It 18 worth noting that

Both methods specification and
constraints specification can be added to
the VO specification when necessary

The constraints defined on a VO 1s
interpreted as the post-condition of 1ts
mappaing (for validating the instance)

No update defined on
vD’s

operations are

This approach offers the

advantages

following

(1) In
mapping
However,
than a
definitaion,
high 1level,

the rule-based environment, a VO
15 Just one or a cluster of rules
a V0 1s a more feasible entaity
Tule a VO has a structure
can be directly queried at a
with a pranting format, It
can, flexibly, either be used as a source
object for other VO’s, or be involved 1in
associations and tasks

(2) VO provides a natural way to accomplish
Tule localization

(3) Duplicate unification fov VO’s in a
task can be reduced

3 5 MULTIPLE VIEWS TO AN OBJECT

For a knowledge based system, 1t 15
reliable and convenient to localize rules
on the proper problem domains We shall
call this concept "localization", whaich may
cause multiple views to an object That
means the roles an object plays may vary
from task to task Its behavior 1s based
on 1its general properties, but may or may
not be all the same 1n different tasks
For example, a certain method on an object
is significant in one task, but meaningless
in another, a constraint on an object i1s
stronger in one task than in another, and

50 on For inctance, a semantic constraint
on "order" might be "Q1Y > 0", uwhere a
task-oriented constraint might be a weaker

one "QTY > 10" expressing & company policy
requiring all the orders must be in batch
of minimum 10 pireces

We will see below in the task
specifications that the task—oriented
behavior of an object 1s determined by ats
task-oriented methods and constraints,
which can be accessed to show the different
roles the object plays in different tasks

In general, the described structural and
behavioral object modelling mechanism fully
supports semantic data models in a saimpler
and more versatile framework

4 RULE-BASED TASK MODELLING
A task 1s an operational scheme for complex
decision—making, problem-solving.,
simulation or control in a knowledge based
environment The task modelling concerns
not only the domain knowledge. but also the
control structure whose description may be

viewed as certain meta-rules In thas
section we will propose a task modelling
formalism for the integrated task

specification and execution
4 1 FORWARD AND BACKWARD CHAINING

In general a rule "1f X then Y" can be used
in  computations in different ways On one
hand, one can try to prove a hypothesis Y
by establishing the precondations X through
backtracking inference On the other hand,
one can try to match a given situation to
the condition X in order to ainfer a
possible action Y through forward chaining

Although ainference applies backtrackaing,
control structures are easy to be
represented by forward chaining

our solution for handling tasks 1s
characterized by wusing the combination of
both methods The task scheme
specification 18 basically a forward

chaining network with a number of paths

Thus for an aindividual action, when a
request cannot be satisfied darectly. the
system wi1ll determine 1f a rule 1in the
knowledge base can be used to reformulate
the request, that 1is, Using backward
chaining, from the desired data toward
database facts which must be assertained

However. the control of a task ainvolvang
multiple actions 15 accomplished using
forward chaining or triggering mechanism,
to tie the actions together, determine the
order in which the anticaipating actions
take place and form an operational scheme

4 2 TASK SPECIFICATION

A task specification concerns about the
domain knowledge as well as the control
knowledge for the operational scheme As

we know, +the behavior of an operatio— nal
system in a dynamic environment, concerned
with states and state transitions, can be
modeled as a digraph or a net (such as a
Petri—net) Adopting +this concept, we
propose a task specification approach where
the control flow network 1s specified as a

net, the rules for paths of the net are
specified as lankers Below we give an
overvieuw to the proposed task

specification
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task_name
{ object_specification
{ actual_objects
virtual_objects
methods
constraints
¥
scheme_specification
{ actions
net
linkers
¥
¥

The obgject
domain

specification comprise the
knowledge of the task I, on one
hand, lists all the anticipating objects
(whach may be actual or vartual, and
previously defined with their structures,
methods and constraints), on the other
hand, describes the task—-oriented methods
and constraints, which are encapsulated
withain the task thus can only ba utilized
locally for <this task This information
describes the knowledge base that contains
facts and rules about the enterprise to be
modelled, defines the system state, and
implies the contents of the possible system
Tecovery

The scheme specification concerns the
control knowledge for the task, determining
the wusage of domain knowledge and the
linkage of actions which make up an
operational scheme with desired run—-time
control (for more details, refer to
author’s another paper [Chen 85b1)

(1) Action Specification

In the object-oriented paradaigm, actions
are denoted by the messages (methods on
objects) to be passed, that carry out
necessary inference, update the system
state by Tesulting in the addition of new
facts, or modifications of the existing
ones An action specification gives the
above correspondence, with the form
action (ACTION, MESSAGE)
We distiguish the concepts of "action” and

"message" as following a message 1% a
static description whereas an action 1s the
execution of a method on an object or a
group of objects where 1t 1s defined A
message passing at different time (with
different system states) must be 1dentified

separately, except ain the case of a loop
Thus there 1s a one-to-many mapping from
the space of methods to the space of
actions An action may be activated when
1ts turn comes and the pre—-conditions are
satisfied, whose result may be accepted
according to the post—-conditions

(2) Linker Specification

Linkers describe the <conditions for each

possible path in the net denoting the task
scheme, that s, the connection rules
Each linker has four arguments

(attraibutes), as

linker (LINKER_NAME, LINK_MODE,
TERMINATE_MODE. CONDITION)

The LINKMODE may be ‘r’ (regular) or
(condational branch) If the mode 15 ‘r’,
a set of rules may be specified under the
attribute CONDITION to determine whether
the execution may continue or be
terminated I# the mode s ‘c’, then more
than one set of rules must be specified to

Ic/

determine a proper branch The
TERMINATEMODE includes ‘h’ (hard
termination 1f errors are detected, with
system state recovery) and ‘s’ (soft
termination without state recovery) In
fact linkers can include the pre-coditions
and post—conditions of all the actions
involved

(3) Net Specification

A net definition specifies the 1nternal
linkage among the actions and the control
flow (not data flow, as a rule, all

inter—action communication must be carried
out by accessing data/knowledge base, which
may be viewed as "mailboxes") in terms of
high level, linguastic, net expressions

The proposed net specaification system, waith
1ts anterpretation, 1s characterized by
introducing the following concepts

net-structures, denoting actions: linkers
and sub-nets which are rvepresented by
by expressions, and

operations for constructaing
existing ones, which map net-
net-structures i1n general

net forming
new nets from
structures to

1s founded on the use of a
fixed set of combining forms called path
forms A new net can be built from
existing ones by means of path forms and
simple definitions Generally a net
specification uvtilizes the following

This approach

of net—-structures,

of path forms, viewed as operations
parameters are net-structures,

a set of sub-net definitions,

a naming rule called "first-meet Tule”
utilized 1n loop specifications

a set
a set
whose

An net-structure may be
an atom (terminal symbol) whach 1s either
an action, a linker, or a special system
symbol such as a stop symbol ‘%’
a net-expression (non-terminal symbol)
constructed i1in a nested or Tecursive
fashion from net-structures

A path form 1s an expression denoting a
combination of net-structures whaich depend
on the actiens, linkers and sub-nets that

form the parameters of the expre-~ ssion
Instead of describing nets structurally.
path forms represent nets func— tionally

Since 1n general all the net-expressions
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are built n terms of path forms, they
provide powerful means of representing
various net constructions Examples of a
basic set of path forms are given below
(the capital symbols generally stand for
net-structures whaich may be actions,
sub-nets, or linkers)

Composition

A > B means that A and B are composed
from left to right with no
linking condition specified

A (P)B means that A and B are

conditionally composed
through a8 linker P

Serialization
LA, Bl
ble {(can take place in parallel)

Condataion

{P){A, B, C> means a conditional branch

{conditions are specified by the

linker P 1n front)
compose—to—all
A > {B, C, D} means [A>B, A>C, A>Dl]
utilized
recursively for

net as the

fhese path forms can be
hierarchically or
representing a complex
combination of ctertain simpler (or lower
level) nets and i1n fact more additional

path forms may be defined and implemented

A defined sub-net in a net—expression, and
indicated, in the current implementation,
by 1ts name preceded with a symbol "@" such
as "@A" To apply a defined sub-net means
to replace 1t by 1ts definition in the net
expression where 1t appears

The first -meet rule 1s a naming mechanism
describing how to handle a symbol for an
action, a linker or a sub-net, which
appears more than once in a net-expression,
by going back to the leftmost position 1in
the expression where the symbol appears

1This rule aimplies that a back loop 1s
specified by & naming convention, and
actions corresponding to the same action
module must be named differently except to
indicate a loop The "goto" destination of
a loop may be an action, a linker or even a
sub-net For example, n the
net—-expression

(P}

A" [B, C, DI > @U > (P){A,

—[>

PO
QOU
o

a condition 1s
Ilinker P,

the first
possible

specified 21n
indicataing tweo
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means that A and B are serializa-

subsequent actions go
leftmost A, oT repeat
specified by the leftmost (P), depending on
the conditions specified at that (P) and
the state of the system at the moment the
operation reaches that point Thus the
checking action 1s continvously repeated
until some other action changes the system
state to let the conditions be satisfied

In this example, U 1s a sub—net-expression
and represented graphically by a black box

back to the
the checkaing

There are some restrictions which a ‘"well
defFined" net must satisfy For example.
the net—-expression [A, CI1 > (P){A, D} 1s
1l1legal saince 1in the serialization form
LA, C1, actions A and C are not serializable
when contral 1s transferred from the A on
the right to the A on the left

Generally a net
predicate (relation)

specification 15 a

net (NET_NAME, NET_EXPRESSION)

where the main—-net of a task 15 1identified
by the taskname

The author believes that the
specification formalism 1s considerably
sampler than other languages describing a
task representable by a 2D digraph, for it
l1i1fts the net specification from a

proposed net

structural level to a functional level, and
only uses the most elementary naming
mechanism, including net definition and
substitution rule, as well as the
first-meet rule Most aimportantly, 1t
handles names as objects whaich can be

combined with other objects without special
treatment

4 3 TASKS AS A TYPE OF SPECIAL OBJECTS

In this approach:, the "task" 1s treated as
a special type of system objects An task
15 a structure or an abstract type filled
with information about 1ts domain and
control knowledge {(action, net and linker
specifications) as 1ts instance value
This information 1s stored as a set of
associated relations with fixed intensions
which consist of the aintension of the
"task" type There are standard operations
on "task" variables, such as most of the
query and update aperations on the
associated relations, and the global query
and execution operations on the whole task
1f properly specified the execution of a
task 1s automatically carried out by a
system called Process Handler (PH) once 1t
1s activated This approach 1s also useful

for developing knowledge based "Task
Libraries”

4 4 AN EXAMPLE

To 1llustrate the proposed approach, we
will give a complete rule-based task
specification for the order processing

example mentioned before, as following



task order_processing
{
object_specafication
{ actual_objects { order,products_inv:parts_ainv
>

vairtual_objects { order_proc. parts_req, wk_ta
b ]

mc—-methads { update_inv (MESSAGE) -

+asmb_des, parts, machines

cket

order_proc (ORDER_ID, MODEL. PICK_QTY. ASMB_QTY,
WAIT_QTY, SALES_VALUE)),

asmb_des (MODEL., _, config(CODE_S,CODE_C, CODE_M, CODE_F)),

retract (products_inv (MODEL., NAME, AMT)).

NEW_AMT 1s AMT ~ PICK_QTY,

assert (products_inv (MODEL, NAME, NEW_AMT),
retract (parts_anv (CODE_S, NAME_S, AMT_S)),
retract (parts_inv (CODE_C, NAME_C, AMT_C)).
retract (parts_ainv (CODE_M, NAME_M, AMT_M)),
retract (parts_inv (CODE_F, NAME_F, AMT_F)).,

NEW_AMT_S 1s AMT_S - ASMB_QTY,
NEW_AMT_C 1s AMT_C - ASMB_QTY,
NEW_AMT_M 1s AMT_M - ASMB_QTY,
NEW_AMT_F 1s AMT_F - ASMB_GTY,

assert (parts_ainv (CODE_S, NAME_S. NEW_AMT_S}),
assert (parts_ainv (CODE_C, NAME_C, NEW_AMT_C}).
assert (parts_inv (CODE_M. NAME_M, NEW_AMT_M)}),
assert (parts_inv (CODE_F, NAME_F., NEW_AMT_F)),

MESSAGE = invetories_updated

update_order (MESSAGE) -

order_proc (ORDER_ID, MODEL, PICK_QTY, ASMB_QGTY,
WAIT_QTY, SALES_VALUE))

retract (order (ORDER_ID. MODEL

» QTY, FINISH_GTY)),

NEW_FINISH_QTY 1s FINISH_QTY + PICK_QTY + ASMB_QGTY.

assert (order (ORDER_ID., MODEL.,
MESSAGE = order_updated
¥
constraints { order with_cons {MODEL [ "hc40,
products_inv with_cons <{produc
machin
COST #
}
scheme_specafication
{ action { o 1s mapping (order_proc)
a 15 mapping (wk_ticket)
b 1s mapping (parts_regq)
u 18 update_inv (MESSAGE) parts__
asmb_d
c 1s listing (parts_inv)
d 1s listing (products_anv)
v 1s update_order (MESSAGE) orde

b ]
net { order_processing 1s (p0) @proc > @
proc 1s o > {(pl)la, b1
update 15 u > [c, dI > v

>

linker { pO 1s (v, h, (order with_cons {QTY
pl 1s (r, h, (order_proc with_cons
parts_inv with_cons

>

¥
We assume that all the anticipating objects approach
are previously declared Within thas task,

the wvartual objects only need to be The net representation for the task

instantiated once (by "mapping") In fact, 1llustrated 1in Figure 1 Its performance
the three wvirtual objects, holding the ¢an be described as follows Action o,
resulting data of the order processing and b carry out the order processing 1in
task, can also be simply queried outside terms of computing vartual objects
this task, Just for estimation, without "orderproc”, ‘"workticket” and "partsreq"”.
updating the system This 1s an evadence and convey the resulting data to

showing the flexibilaty offered by our actions v and v update the inventories and
multiple level object/task modelling the order, action ¢, d display the
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GTY, NEW_FINISH_QTY)),

hcb0"Y

ts_inv (MODEL. NAME, AMT),
es (MODEL, COST),

AMT < 500, 0002

inv{), products_anv(),
es (), order_proc ()
r (), order_proc ()

update

> 10}))
{ASMB_QTY > 0%,
{QTY > 0¥))



state of inventories after processing the
current order Certain control rules are
specified at linkers pO and pi

T B e ¥ o] TR AR v e

MULTIPLE-LEVEL INTEGRITY

OBJECT/TASK ENVIRONMENT

A =
@4 9

An efficient and flexible integrity control
facilaity 1s quite essential for a
generalized system used to support multaiple
models 1n an object/task environment The
approach we have developed 18 characterized
ac £nllnmue

(1) An Integrity Control Monitor (ICM)

been developed which 1s driven by

constraints specifications on objects

tasks The stored facts can only
modified by specified methods, which

guarded and validated by the system
operations form the basic building
of application programs thus

careless user would not have a
violate them

has
the
and
be
are
These
even

chance to

(2) In order to have a flexible constraints
handling mechanism 1n a multiple task
environment, we classify the constraints by
levels to accommodate various requarements
Within this flexible framework the user may
reconstruct the application schemes with a
minimum amount of upheaval We distinguish
three level constraints

BC, are the basic constraints specified
against objects, which ensure the objects
semantically significant They are the
strongest type of constraints, global to
the whole system and must always hold
regardless of individual situations
Monitored by the system aintegrity control
faci1lity, 1t 1s 1n principle i1mpossible to
carry out an action which violates the BC
Any violation of the BC will terminate the
action or task (hard terminate)

TC,
speci1fied

are the constraints locally
within a task, and are weaker
than BC Thus a system state may meet the
conditions on one task, but might not meet
the conditions an another In other words,

proc
upslate
<:> Figure 1
- The net

the wvaiolation of TC does not imply the
violation of BC, thus state recovery is not
absolutely necessary, but depends on users’

requirements
1L.C, are specified 1n the linkers of
tasks for triggering certain actions They

are weaker than both BC and TC, and are
local to the 1internal linkage of certain
taskes

These relationships are detected by the

cucstoem during the TC and LC enecifications;
gsyssem curing sne 10 anc Lo gpecaifrcastions;

or during an attempt to alter any of them

In fact, handling an operational scheme as
an 1integrated object "task" within the
system framework makes it more reliable to
control the data integration and easier to
define task-oriented constraints

5 CONCLUSIONS

In this paper, we have combined logic with

the object-oriented semantic modelling., at
object, association and task levels We
have also complementaryly utilized the

techniques of forward chaining and backward
chaining, and developed a net—oriented task
modelling approach

This work may be viewed as a step to the
integration of object-oriented paradigm
logic programming, semantic modelling and
event modellang. providing therefore
complementary benifaits in inference,
deductive query support, 1ntegrity control,
and explicit control knowledge
representation, towards a generalized,
Tule-based management of data, action and
cperational schemes

There still some
modellaing database
clauses do not have

problems remained For

applaications, Logaic
the +full expressaive
power of symbolic logic A well known
shortcoming 18 thear inabilaty to
explicitly represent negative information
and 1f-and~only—1¢ Improving the
implementation effeciency 1s also a 1ssue
to be explored

This approach as being designed and
partially aimplemented on top of System G
[Chen 85b1 on a VAX computer, where the
logac front-end 18 based on "taght
coupling”" mechanism [Vass 831, and the PH
and ICM are modified from their original
versions on System G

representation
for the task

order_processing
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