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ADSTRACT 
-- ---....-- 
A rule-based obJect/task modellrng approach 
15 proposed which 1s characterized by 
specifying obJect behaviors and domain 
rules in terms of obJect-oriented logic 
programming, and specifying tasks and 
meta -rules in terms of network- oriented 
formalism In addition the concepts of 
associations, virtual ObJectis, multiple 
level integrity control and net expressions 
are introduced The ob.ject-orlented logic 
programming system is extended for 

supporting the semantic modelllng, and an 
explicit control knowledge representation 
mechanism 1s developed This approach may 
be vlewed as a step to the lntegratron of 
obJect-oriented programming, logic 
programming, semantic modelling and event 
modelling, and to the combination of 
forward chaining and bat kward chaining 
techniques Therefore at can provide 
complementary benefits in deductive query 
support, integrity control, explicit 
control knowledge representation and 
intelligent user interface, and enhance the 
flexlblllty and extendablllty of knowledge 
based systems to accommodate applications 
in multiple domains, towards a generalized, 
rule-based management of data, action and 
operatlonal schemes This approach 1s 
being designed and partially Implemented on 
top of System G CChen 85bl on a VAX 
computer 
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pernusslon of the Assoclatlon for Computmg Machmery To copy 
otherwlse, or to repubhsh, requires a fee and/or speclflc permlsslon 

1 INTRODUCTION 
- ------------ 
lhe need for developing the next generation 
information systems has given rise to 
studies on integrating database systems and 
Artificial Intellrgence (AI) systems 
CUllman 851 The fact that both Logrc 
Programming (LP) and Relational Database 
(RDB) are subsets of first order predicate 
calculus suggests a resemblence between 
them On one hand, LP provides powerful 
formalism for representing database rules 
and deductive retrievals, on the other 
hand, RDB provide adequate means of storing 
and managrng knowledge [Gall 813 CGall 843 
CJarke 841 [Parker 841 CFuchl 853 EZanl 
f35J 

The message/obJect model ccox 841 for 
obJect-oriented programming has proven very 
useful for handling related facts and 
rules, and maintalnrng the consistency of 
the modelled enterprises The 
obJect-oriented semantic data modellrng 
approaches provide the benefit of 
representing the system semantics both 
structurally and behaviourally [Hammer 781 
CT!z.lc 821 CWilson 831 tShep 841 Efforts 
in developing obJect-oriented LP system 
CZanl 841, have also been made 

lhe comblnatlon of the above two issues 
becomes attractive For obJect/task 
modellinq, because potentially it may 
combine the benifrts of know1 edge 
representation, inference, integrated 
semantic data modelling and intelligent 
user interface However, for such a 
purpose there are still some maJor problems 
to be solved 

One problem consists In the lack of a rule 
based and well supported obJect modelllng 
mechanzsm that flexibly guides the use of a 
large knowledge base One way to solve 
this problem is to extend the relational 
model CZani 851 or DBMS [Stone 841, while 
another way (discussed In this paper) 1s to 
develop an LP based front-end for RDB’s to 
support obJect/task modelllng. which 
consists in making a compromise between 
semantic modelllng, declarative knowledge 
representation and obJpct oriented LP As 

tno1 for that, the present ObJect- 
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orlented LP should be extended 

Another problem with rule-based techniques 
15 the dlfflculty to express control 
structures, or meta rules describing the 
usage of domain knowledge and the linkage 
of actxon modules for constructing an 
operational scheme wxth desrred run-time 
control As we know, In most of the 
knowledge based systems currently in 
operation, control knowledge 1s not 
represented explicitly but scattered 
throughout the procedures, therefore a 
little bit changing may require 
modlfrcatrons 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 rn a 
data/knowledge base environment are 
currently active, from the viewpoints of 
formal foundations CDahl 823CGal 843CChen 
BSa3, integrating action capabilltles into 
RDB systems in terms of the combination of 
certain loosely coupled techniques sush as 
triggers, virtual relations and so on, as 
we described in CMel 83a-c 3, behavior 
semantics modelllng [Hammer 783, event 
modelling EAnt 811, etc Although a 
number of ad-hoc tricks have been 
developed, which did bring some 
improvements from different points, there 
strll lack satrsfactory formal solution and 
integrated system approach to this problem 

The focus of this work is to gsve solutions 
to the above problems by developing a 
precxse yet flexible rule-based obJect/task 
modelling approach 

The proposed solution to the first problem 
consists in developing an integrated ObJect 
modelllng paradigm, which includes the 
following 

Extending the obJect-oriented LP 
paradigm CZani 843 by introducing class- 
oriented methods (on multiple instances) 
and multi-class-oriented methods for better 
supporting semantic modelling and database 
applications 

Introducing the concept of Virtual 
ObJects and its handling mechanism 

Developing a multiple level obJect/task 
modelllng mechanism, where ob Jects, 
associations and tasks are specified both 
statically and dynamically wrth structure, 
constituents, constraints and methods, in a 
rule-based fashion 

The proposed solution to the second problem 
consists in modellrng the control structure 
of a problem-solving or declslon-making 
task as a net., and then exploring a 
rule-based, linguistic and precise net 
specification formalism and a 
multiple-level, task-oriented constrarnts 
handling mechanism 

Under thrs obJect/task modellxng approach, 
database applications are specified as 
localized domain knowledge representation 
and explicit control knowledge 
representation Differnt roles an obJect 
plays in different tasks can be identified 
distinctly It offers a unxf led view to 
rules., triggers and constraints. handles 
dynamic operational schemes in terms of 
general-purpose tools within an integrated 
system, therefore enhancing the flexrbrlrty 
of knowledge based systems to accommodate 
appllcatlons in multiple domains 

This approach 1s being designed and 
partially implemented on top of System G, 
an extended experimental RDB system CChen 
85b3 on a VAX computer 

In thrs paper, starting from overviewxng 
the impacts of logrc to RDB through an 
example, we point out the need to merge the 
management of facts (data) and the 
management of domain rules rn terms of an 
obJect-oriented modelllng approach (Section 
21, In order to provide a suitable tool8 
we extend the notion of obJect- oriented 
logic programming to better support 
semantic representation and database 
applications, and then propose a rule-based 
obJect modellrng mechanism, in addxtron 
with introducing the concepts of 
associationsl virual ObJeCts and task 
(Section 3)) To specify the control 
structure of a task, we comb rne the 
techniques of forward chaining and backward 
chaining, to develop a net-orrented task 
modellrng formalrsm, thus the rules vs 
obJects and the meta-rules vs tasks are 
both covered (Section 4)) After 
demonstrating thxs approach with a task 
specification example, finally in Section 5 
we give 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 in terms of functionality and 
performance, and 1s made possible both from 
their common ancestry of mathematic logic 
and the complementary benefits they can 
provide The studxes on the mathematrc 
foundation of RDB and LP have issued a new 
research field building logic front-ends 
to database systems for semantic rules 
representation and deductive retrievals 

Logic, as a formal system, relies upon an 
obJect language based on the first order 
predicate, a semantics or interpretation of 
formulas in that language and a proof 
theory [Shoe 671 Well formed formulas 
(wff’s) are def lned either as atomic 
formulas or by connecting or quatifying 
other wffs The general form of clauses 
that qIl11 represent database facts and 
deductive rules is 

Pl & P2 & & Pk -> Rl : R2 : L Rq 
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Logic admits a declarative semantics, that 
151 logrc clauses may be interpreted as 
statements of facts In addltlon. logic 
admits an imperative semantics in which 
logic clause5 may be Interpreted as 
commands An attempt to answer a query is 
referred to an attempt to satisfy a goal 
(or to prove a goal) 

As we traditionally identify association 
between domalns and represent them using 
relations, we Will now specify the 
association between relations and represent 
behavioral properties by using logic 
clauses The correspondence between 
logical predicates and relations 1s that a 
predicate could reasonably be stored as a 
relation, and a hxerarchrcally constructed 
predicate can be implemented as relations 
with a type hierarchy (such as an 
aggregation1 We asseme that all variables 
In a clause are universal quantified 
(readers may realize that the LP language 
shown below In the example is a Prolog-like 
one, where 1 ower case letters stand for 
constants and predicate symbols, upper 
case letters stand for variables) 

We shall Illustrate the concepts described 
above through an decision-making example 
concerning a simplified manufacturing order 
processing system for an instrument 
assembling company The xnformation needed 
1s stored in certain relations 
(predicates), includes “order” (states 
orders), “asmb-des” (lists the parts needed 
for each model of machines, as well as the 
assembly time), “parts-inv” and 
“products--lnv” (describe the inventories of 
parts and ready-made machlnesl, and “parts“ 
and “machines” (descride models and costs), 
whose instances are vlewed as facts of the 
following form 

order (order- id, model, qty, f inish-qty 1 
parts (code, cost) 
machines (model, cost) 
parts-xnv (code, name, amt) 
products-inv (model, name, amt) 
asmb-des (model, asmb-hrs, 

conf ig (senser, CPU, monitor, frame 

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

)) 

are 

ordrr-proc (ORDER-ID MODEL. PICK-OTY, 0 0 SALES-VALUE) - 
order (ORDER-ID, MODEL. OTY, FINISH-OTY), 
products-lnv (NODEL. _a AMT). 
nacklnes (HODEL. COST). 
MT >= (OTY - FINISH-OTY). 
PICK-OTY is OTY - FINISH-OTY, 
SALES-VALUE ap PICK-OTY . COST. ’ 

order>roc (ORDER-ID MODEL. PICK-STY, 
ASHE-OTY, WAIT-OTY, SALES-VALUE) - 

ordpr (ORDER-ID. HODEL. STY, FINISH-OTY) 
productp,lnv (HODEL. -a AHT), 
l smb-dps (HODEL. _I config(CODE-SaCODE-C.CODE-H.CODEJ)). 
parts-inv (CODE-S, _s AHT-Ss,, 
parts-inv (CODE-C. -8 AHT-Ct. 
parts-rnv (CODE-H. _, AHTJ,,, 
part,-inv (CODE-F, _, AHTJ), 
macb~nes (HODEL. COST,, 
PICK-OTY xp AMT. 
N xs QTY - FXNfSH-OTY - AMT. 
nln (ASHE-STY, CAHT-Sa AfIT-C. AHT-H AMTJ Nl), 
WAIT-OTY 1s N - AStlB-QTY. 
SALES-VALUE is (PICK-STY + ASHE-OTY) l COST 

wk-tkckct (HODEL. ORDER-ID ASMB-OTY UK-HRS) - 
ordcrgrdc (ORDER-ID. _ _ 0 _, -, ‘, fall 

wk-tlckct (MODEL. ORDER-ID ASMB-OTY, WK-“RS) - 
order-pro< (ORDER-ID, MODEL ASMB-OTYo _, -). 
ssmb-des (MODEL, ASHBJRS, cdifrp(-, _, _ -1) 
UK-HRS 1s ASME-STY . ASME-HRS 

Parts-rpq (ORDER-ID +rq(CODE, OTY)) - 
ordergroc (ORDER-ID, _ _, _ 0, -) 0 fall 

parts-req (ORDER-ID rrq(CODE, OTY)) - 
drdtr-proc (ORDER-ID. HODELe _, ASHB-STY, YAIT-OTY, -) 
Psnb-dcp (HODEL, _, conflg(CODES CODE-C.CODEJl,CODEJ)) ‘, 
parts-xnv (CODE _, AfIT), 
(CODE = CODE-S. CODE = CODE-C CODE - CODE-H, CODE - CODE-F). 
STY 1% ASMB-OTY + UAIT-STY - AHT, 
urlte (parts-rcq (ORDER-ID. rcq(CODE, OTY))). fall 

where predicate “order-proc” represents the 
dec isxons for processing the order, it 
describes the number of machrnes which can 
be delivered immediately (PICKQTY), those 
that need to be assembled ( ASMBGTY 1 I and 
those that have to wait due to the lack of 
parts (WAITQTY), and the current SALESVALUE 
from thrs order, “work-ticket” lists the 
tasks of the assembly workshop, 
“parts-rep” lrsts the net quantity of each 
part that must be supplied to complete the 
order 

Then one may make deductive queries in a 
style not possible in traditional RDB 
systems, such as 

7- order-proc (0503, _I PICK-QTY, 
ASMB-QTY, WAIT-QTY, -1 

(For order 0503, how many machines can be 
directly picked? how many can be assembled 
right now 3 how many have to wait due to 
the lack of parts.31 

3- parts-req (0503. req(CODE, QTY)) 

(How many parts must be supplied for 
processing order 0503 31 

Q- wkticket (-, 0503, -, HRS) 

(Based on the current inventory, how long 
the assembly work takes 31 

From this example we can see that logic 
clauses can be employed as a very elegant 
formalism for representing deducttve 
queries, where the details of whxch 
relation are actually stored 1s hidden from 
users by the “logic nevlgatron”, and rules 
can be thought of as a generalization of 
the derived view mechanism which provide 
for their efficient implementation via the 
usual mechanisms for query support 

However, the difficulty to express control 
structures is one of the problem with 
general first-order logic as a knowledge 
representation formalism Thus we need to 
explore in addxtxon 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 logrc 
front-end of RDB with the capabrlities of 
semantic modelling and task controlling, to 
form an integrated obJect/task modellxng 
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mechanism which offers a complete view to 
ObJects, localizes rules to the domains or 
tasks they apply, and represents control 
schemes expllcxtly 

3 RULE-BASED OBJECT MODELLING 
- -------------------_------- 

3 1 AN EXTENDED OBJECT-ORIENTED 
LOGIC PROGRAMMING SYSTEM 

In the obJect-oriented semantic modelling 
paradigm, reality is represented in terms 
of obJects as well as their relatlonshlps 
Each ObJect has an associated set of 
procedures called methods denoting rts 
dynamic behaviors The manlpulatron of 
obJects 1s made by applying the methods on 
them, referred to as “sending the 0bJeCt.S a 

message” 

Unlike the usual operator/operand model, 
whxch treats operators and operands as If 
they where independent, in the above 
meSSage/ObJeCt approach, an ObJeCt instance 
records its type (class) expllcltly, which 
1s 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 is coincident with a “save” 
database design principle localization 
LRld 831 

In order to build an obJect-oriented 
paradigm as the top of the proposed system, 
we must first build such a paradigm on the 
logsc front-end layer of the system 
Generally we identify an ObJect 
structurally as 

a primitive one which can be fully 
defined without reference to other obJects$ 
and represented by an LP predicate wlthout 
any nested predicate as its argument 

a compound one composed In a nested or 
recursive fashion from two or more ObJeCtS, 

represented by an LP predicate with at 
least one predicate as its argument 

Then each method 1s stated as an LP clause 
we classify three kinds of methods the 
indxvldual-oriented methods (i-methods), 
the class-oriented methods (c-methods) and 
the multi-class-oriented methods 
(mc-methods, described rn Section 3 3) 

An i-method is defined on a single obJect 
Instance (universally quantlfled), although 
that instance may be a complex structure 
(such as an aggregation) based on a type 
hierarchy Passing a message 15 specified 
by usrng the infix operator I’ “, as (the 
number of arguments may be zero) 

i-method obJect (drgl, drg2, ) 

A c-method 1s defined on a class of obJect 
instances (the simplest example 1s a 
relation with multiple tuples) Its 
appllcatron is represented as 

c-method obJect 0 

The introduction of multiple instances 
orxented methods is significant to dats- 
base applications where data extensions are 
usually much bigger then intensions 

In the obJect-oriented semantic modelllng 
paradigm, an important feature is the 
Inheritance network whereby an ObJeCt can 
be declared as a specialization of other 
ObJt?CtSr therefore inheriting their 
behavioral properties This feature allows 
new classes to be built on top of older, 
less specialized classes instead of being 
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 rts ancestor 
AA or BB all the methods and constraints 
The “isa” relatronshrp is not symmetric8 
but transitive, in a sense that an “isa” 
link can be resulted from the transitive 
composition of others wlthout redundant 
declarations 

The interpretation of a message consists in 
the unification of the ObJects, the 
unlflcatlon of the method and the proof of 
the method If an obJect is declared by 
“isa” as an subobJect, then the unification 
of the method with the methods associated 
with the ancestors of the obJect in the 
"lsa" network, 1s necessary When an 
ObJect has more then one ancestors, we 
first determine the order of the ancestors, 
then use a so called “upward-first” search 
strategy, starting from checking the first 
available ancestor, observe to see whether 
1t 1s a root (no further ancestor 
remained), if not, move upward until either 
the unlflcatlon succeds or backtrack to try 
the next possible ancestor at the highest 
possible ancestry level 

32 OBJECT-SPECIFICATION 

An obJect type is the structural 
specification of a class of obJectsa which 
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 obJectr 
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 classxfzed according to 
various criteria, sach as type constraints, 
dependency constraints and so on In our 
approach a constraint is specified similar 
to the body of a Horn clause Thus for 
example the obJect type “order” 1s 
specified as 
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obJect_type 
order (ORDER- ID, MODEL, GTY, FINISH-QTY) 
< 

structure 
C ORDER-ID C4# 

MODEL c8, 
GTY 14, 
FINISH-QTY 14 
key ORDER-ID 

3 
constraints 

C MODEL C “hc20, hc40, hc.50”, 
GTY > 0, QTY < 10000, 
QTY > FINISH-QTY 

3 
l-methods 

C what-kind-order (C1nstrument,MODELl) 
order (-, MODEL, _I -) 

unfinish-qty (Xl - 
order (-, -, QTY, FINISH-QTY), 
X IS QTY - FINISH-QTY 

3 
c-methods 

C d1ff (IDa, IDb, X) - 
order (IDa, -, QTYa, -1, 
order (IDb, -, QTYb, -), 
X IS QlYa - QTYb 

3 
3 

The specified constraint means that 

tbbRDER ID,(%lODEL)+&TY)(%INISH QTY) 
(order t6RDER ID, MODEL, QTY, FINISH ETY) --> 
MODEL E Chc2% hc40, hc603 & QTY-> 0 % 
QTY < 10000 & QTY > FINISH-QTY) 

An Instance of an obJect 1s a predicate 
with all the arguments been instantiated 
with specific values Thus the goal 

3- unflnlshqty(X) order(0056, hc40r301 10) 

succeeds with X = 20 

And of we have facts 

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

Then the query 

3- d1ff (0001,0002rX) order(0001, hc40,40,10) 

has no defined meaning, and the goal 

3- d1ff (0001,0002,X) order 0 

succeeds with X = 30 

lhe 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 under a same 
ancestor For example 

obJect-type inventory (CODE, NAME, AMT) 
c 

structure 
C CODE c8r 

NAME cl2, 
AM1 14 
key ITEM 

3 
constraints 

C AMT >= 0, ANT C 5000 
3 

c-methods 
X clean - 

retractall (inventory (-, -, 0)) 
3 

3 
/* drop records of out-of-stock items */ 

Then we can specify that 

products-1nv (MODEL, NAME, AMT) 1sa 
inventory (MODEL, NAME, AMT) 

parts-1nv (CODE, NAME, AMT) 1sa 
inventory (CODE, NAME, AMT) 

Thus 3- clean parts-inv 

drops from the database all the instances 
for out-of-stock parts 

3 3 OBJECTS ASSOCIATION 

Although 1n general everything could be 
viewed as an obJect tWilson 833, It is best 
to consider only the semantically 
meaniningful obJects In fact, the need to 
represent assoclatlve behaviors of a group 
of different type obJeCtSa without creating 
any “fuzzy” obJect# does arise in many 
situations For this purpose we introduce 
a concept called “association” 

Br1efly speaking, an association is a group 
of related obJects of different types An 
association type is the structural 
specification of a class of associations. 
and specified by 1ts namer constituents 
ObJects, methods and constraints 

The constraints, which involve multiple 
ObJects, are specified against one (or more 
1f necessary) selected obJect by means of 
the infix operator “wlthcons” 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 associataon 
productsinvvalue 1s specified as 

association-type products-inv-value 
c 

ob Jects 
C machines, products-1nv 
3 

mc-methods 
C products-1nv-value (MODEL, VALUE) - 

machines (MODEL, COST), 
products-1nv (MODEL, NAME, AMT), 
VALUE 1s COST * AMT 

3 
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constraints 
( products-inv with-cons 

(products-lnv (MODEL, NAME, AMT), 
machines-(MODEL, COST), 
COST 9 AMT < 500,000 

3 
3 

3 
The specified constraint means that 

(VNODEL ) (MAME 1 (VAMT) (NOST ) 
(products-inv(MODEL, NAME, AMT) & 
machrnes(MODEL, COST) --> 
(COST 9 AMT < 500,000) ) 

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

products--rnv (hc40, thermal-meter, 30) 
machines (hc40, 250) 

the goal 

3- products-inv-value (hc40, X) 
products-rnv 0, machines 0 

succeeds with X = 7500 

The constraint stated above restricts the 
inventory value of any kind of machines, 
wrth a proper alarm facility, thrs 
information can be utilized for the 
manufacturing planning 

It is worth notxng 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, nel ther 
Introduces any new obJectr nor reffers to 
any storage structure, rt only mentions the 
dynamic behaviors caused by a group of 
dxfferent types obJects Thus the 
lntroductlon of assoclatlon can improve the 
system expressive power without having to 
dream up tedious extra obJects 

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 szde of the clause) can be 
reasonably vlewed as a virtual obJect (‘JO) 
The instance of a VO is derxved 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 vsewed as a lank 
between data access and data processing 
Differnt from actual ob.jects, VO’s may or 
may not be actually filed and physically 
stored until needed 

For instance, rn the above order processing 
example, the predicate orderproc can be 
specified as a VO instantiated by applrllng 
the method (identified by the same name) on 
an association of obJects 

order-proc (ORDER-ID, MODEL, PICK QTY, 
ASMB-QTY, WA IT-QTY, SALES-VALUE ) 

order 0, products-lnv (), asmb-des (), 
parts-lnv 0, machlnes 0 

The declaratxon of a VO contains 
(which 

structure 
can be the 

actual 
same as for the usual 

obJecti), source 
rules and so on 

ObJects, mapping 
The source obJects can be 

actual or VO or a mixture of both, 
VO may be defrned hierarchically 

thus a 
We list 

below a VO specrflcatlon “partsreq”, in the 
order processrng example, where one of rts 
source obJect “orderproc” itself is a VO 

VlTtual-obJeCt_tyfc 
< 

pmtr-req (ORDER-ID r*qICODE. GTV)) 

structure 
< ORDER-ID ~4. 

req (CODE STY) 
i CODE c4 QTV 14 kcu CODE 3 

kcu ORDER-ID 
> 

sow-cc 
< l rmb-der ordcrgroc 
> 

r*pprng rules 
i paits-r@q (ORDER-ID. req(CODEe QTV)) - 

ordrrJroc (ORDER-ID. _a _ _I 0. J. ’ fall 

parts-req (ORDER-ID rrq(CODEo GTV)) - 
c.rderJroc (ORDER-ID. MODEL _. ASME-STY WAIT-OTY -)r 
l smb-drc (MODEL. _s conflg(CODE-S CODE-C CODE-&CODE-F)). 

parts-lnv (CODE. _. AMT). 
(CODE=CODE-S CODE=CODE-Co CODE-CODEJo CODE=CODE-F). 
QTV 1s ASME-GTY + UAIT-OTV - AMT 

1 
write (fmtr-rrq (ORDER-ID raq(CODE OTY))) fall 

Unification is the way to make VO’S 
physrcally accessrble In the case that a 
VO has virtual source obJectsa the latter 
must be instantiated in advance actor- drng 
to their own def lnrtsons, and such a 
process may spread upward in the virtual 
ObJect network untrl all the actual and 
VO’S involved are fully Instantiated 
Syntactically, the lnstantratlon of a VO. 
such as “partsreq”, is represented by the 
clause 

mapping (parts-req) 

It also displays and stores all the 
Instances (tuples) of the VO 

Ihe instance of a VO has a life time whxch 
extends over a single task Its 
refreshment may adopt one of the following 
strategies (1) when it is accessed after 
the alteration of its source ObJects, (2) 
by demand During a tast, the cost of 
recomputation VO’S can be reduced by 
introducing a mechanism called "life flag" 
lhe life flag is a property of a VO, 
indzcatrng whether this obJect has a valid 
(live) current instance For each actual 
or virtual ObJect a possrble 1ls.t of its 
“directly dependent virtual ObJects” (DDVO) 
1s generated automatically by the system 
from all the VO declarations For an 
actual obJecta any updating automatically 
triggers a kill operation, turning off the 
life flag of 1ts direct dependents (if 
any) For a VO, any krll operation 
propagates through 1ts own direct 
dependents (lf any) Thus updating an 
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actual ObJect Will kill all 1ts v1rtua1 
dependents hlerarchrcally Thereby the 
recomputation of a lrve virtual obJecta 
whrch may be directly accessed or 
indirectly referenced as the source ObJeCt 
of others, can be elimrnated 

It 1s worth noting that 

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

The constraints defined on a vo 1s 
interpreted as the post-conditron of its 
mapping (for valldatlng the instance) 

No update operations are defined on 
VO’S 

7hl-s approach offers the following 
advantages 

(1) In the rule-based environment, a VO 
mappIng is Just one or a cluster of rules 
However, a VO is a more feasible entity 
than a rule a VO has a structure 
deflnitlon, can be directly queried at a 
high level, with a printing format, It 
can, flexibly, either be used as a source 
ObJect for other VO’S, or be involved in 
associations and tasks 

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

(3) Duplicate unlflratlon for VO’s in a 
task can be reduced 

3 5 MULTIPLE VIEWS TO AN OBJECT 

For a knowledge based system, 1t 1s 

reliable and convenient to localize rules 
on the proper problem domains We shall 
call this concept “locallzatlon”, which may 
cause multiple view5 to an ob Ject That 
means the roles an obJect plays may vary 
from task to task Its behavior IS based 
on 1ts general properties, but may or may 
not be all the same in different tasks 
For example, a certain method on an obJect 
1s significant ln one task, but meanlnqless 
in another, a constraint on an obJect 15 

stronger in one task than in another, and 
so on For instance, a semantir constraint 
on “order” might be “QlY > O”, where a 
task-orlented constraint might be a weaker 
one “QTY ; 10” expressing a company policy 
requir inq all the orders must be in batch 
of minimum 10 pieces 

We Will see below 
th:” 

the task 
specifications that task-oriented 
behavior of an obJect is determlned by 1ts 

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 modelllng mechanism fully 
supports semantic data models in a simpler 
and more versatile framework 

4 RULE-BASED TASK MODELLING 
- -------------------^----- 

A task is an operational scheme for complex 
declsxon-making, problem-solving, 
simulation or control in a knowledge based 
environment The task modellrng concerns 
not only the domain knowledge, but also the 
control structure whose description may be 
viewed as certain meta-rules In thrs 
section we Will propose a task modellrng 
formalism for the integrated task 
specification and execution 

4 1 FORWARD AND BACKWARD CHAINING 

In general a rule “if X then Y” can be used 
computations 

iind, 
in different ways On one 

one can try to prove a hypothesrs Y 
by establishing the precondltlons X through 
backtracking inference On the other hand, 
one can try to match a given situation to 
the condition X in order to infer a 
possible action Y through forward chaining 
Although inference applies backtracking, 
control structures are easu to be -a. 

represented by forward chalnlng 

our solution for handling tasks IS 
characterized by using the combination of 
both methods The task scheme 
specification IS basically a forward 
chalnlng network with a number of paths 

Thus for an individual action, when a 
request cannot be satisfied directly, the 
system will determine if a rule in the 
knowledge base can be used to reformulate 
the request, that 16, using bat kward 
chaining, from the desired data toward 
database facts which must be assertalned 
However, the control of a task lnvolvlng 
multiple actions is accomplished using 
forward chaining or triggering mechanism, 
to tie the actlons together, determine the 
order in which the anticipating 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 speclflcatlon approach where 
the control flow network 1s speclfled as a 
net, the rules for paths of the net are 
speclfxed as linkers Below we give an 
overview to the proposed task 
specification 

287 



task-name 
f ObJect-specification 

c actual_obJects 
virtual_obJects 
methods 
constraints 

3 
scheme-specification 

i actions 
net 
linkers 

3 
3 

The ObJect specification comprise the 
domain knowledge of the task It, on one 
hand, lists all the anticipating obJects 
(whrch may be actual or virtual, and 
previously defined with their structures, 
methods and constraints), on the other 
hand, describes the task-oriented methods 
and constraints, which are encapsulated 
within the task thus can only ba utllired 
locally for this task This rnformatlon 
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 
recovery 

The scheme specification concerns the 
control knowledge for the task, determinlng 
the usage of domain knowledge and the 
linkage of actions which make up an 
operational scheme with desired run-t ime 
control (for more details, refer to 
author’s another paper CChen 85bl) 

(1) Action Specification 

In the ob.ject-oriented paradigm, actions 
are denoted by the messages (methods on 
ObJects) to be passed, that carry out 
necessary inference, update the system 
state by resulting in the addition of new 
facts, or modrflcatlons of the existing 
ones An action specification gives the 
above correspondence, with the form 

action (ACTION, MESSAGE) 

We dlstigulsh the concepts of “action” and 
“message” as following a message 15 a 
static description whereas an action 1s the 
execution of a method on an obJect or a 
group of obJeCts where it is defined A 
message passing at different time (with 
different system states) must be ldentrfned 
separately, except in the case of a loop 
Thus there is a one-to-many maps lng 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 is, the connectlon rules 
Each linker has four arguments 

2 

<attributes), as 

linker (LINKER-NAME, LINKJIODEP 
TERMINATE-MODE, CONDITION) 

The LINKMODE may be ‘r’ (regular) or ‘c’ 
(conditional branch 1 If the mode is ‘r’, 
a set of rules may be specified under the 
attribute CONDITION to determine whether 
the execution may continue or be 
terminated If the mode 1s ‘c’, then more 
than one set of rules must be specified to 
determine 
TERMINATEMODEa 

proper branch The 
Includes ‘h’ (hard 

termination if errors are detected, with 
system state recovery) and ‘5’ (soft 
termination wlthout state recovery) In 
fact linkers can include the pre-codrtions 
and post-conditions of all the actions 
involved 

(3) Net Specification 

A net deflnitron specifies the internal 
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 “marlboxes”) in terms of 
high level, linguisticl net expressions 

The proposed net specification system) with 
1ts interpretation, is characterized by 
introducing the Following concepts 

net-structures, denoting actions, linkers 
and sub-nets which are represented by 
by expre5sions, and 

net forming operations for constructing 
new nets from existing ones, whrch map net- 
structures to net-structures in general 

This approach is founded on the use of a 
fixed set of combrnlng forms called path 
forms A new net can be burlt from 
existing ones by means of path forms and 
simple definitions Generally a net 
speclficatlon utillres the following 

a set of net-structures, 
a set of path forms, viewed as operations 
whose parameters are net-structures, 
a set of sub-net definltionsJ 
a naming rule called “first-meet rule” 
utilized in loop speclflcatlons 

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

A path form is an expression denoting a 
combination of net-structures which depend 
on the actions, linkers and sub-nets that 
form the parameters of the expre- ssion 
Instead of descrlbrng nets structurally, 
path forms represent nets func- tionally 
Since in general all the net-expressions 
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are built in 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 whrch 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 speclfred 

A : (P)B means that A and B are 
conditionally composed 
through a linker P 

Serialization 
CA, Bl means that A and B are serraliza- 

ble (can take place in parallel) 

Condition 
(P)CA, B, C3 means a conditional 

(condltrons are specs f 
linker P in front) 

compose-to-all 
A 3: CD, C, D3 means CA>B, A>C 

rhese path forms can be 
hierarchically or recursive 
representing a complex net 
combination of certain simpler 
level) nets and in fact more additional 
path forms may be defined and implemented 

branch 
led by the 

A>Dl 

utilized 
Y for 
as the 
or lower 

A defined sub-net In a net-expression, and 
indicated, in the current implementation, 
by its name preceded with a symbol “C” such 
as “@A” To apply a defined sub-net means 
to replace it by its deflnltlon in the net 
expression where It appears 

The first-meet rule is 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-expresslonr 
by gozng back to the leftmost position In 
the expression where the symbol appears 
lhls rule implies that a back loop 1s 

SpeclFled by a naming convention, and 
actions corresponding to the same action 
module must be named differently except to 
indicate a loop The “goto” destlnatlon of 
a loop may be an action, a linker or even a 
sub-net For example, in the 
net-expression 

A - CB, C, Dl ; @U > (P)CA, (P)3 

a condition 1s specified In the first 
linker (P), indicating two possible 

subsequent actions 90 back to the 
leftmost 14, repeat the checking 
specified by the’ieftmost (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 is continuously repeated 
until some other action changes the system 
state to let the conditions be satisf red 
In this example, U 1s a sub-net-expression 
and represented graphically by a black box 

There are some restrictions which a “well 
defined” net must satisfy For example. 
the net-expression CA, Cl 3 (P)CA, D3 1s 
illegal since in the serialization form 
CA, Cl, actions A and C are not serializable 
when control is transferred from the A on 
the right to the A on the left 

Generally a net specification is a 
predicate (relation) 

net (NET-NAME, NET-EXPRESSION) 

where the main-net of a task is ldentlfled 
by the taskname 

The author believes that the proposed net 
specification formalism is considerably 
simpler than other languages describing a 
task representable by a 2D dlgraph, for lt 
1lft.S the net specification from a 
structural level to a functional level. and 
only uses the most elementary naming 
mechanism, including net definition and 
substitution rule, 

MO:: 
well as the 

first-meet rule importantly, it 
handles names as obJectS which can be 
combined with other obJects without special 
treatment 

4 3 TASKS AS A TYPE OF SPECIAL OBJECTS 

In this approach, the “task” is treated as 
a special type of system obJects An task 
1s 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 is stored as a set of 
associated relations wrth fixed intensions 
which consist of the intension of the 
“task” type There are standard operations 
on “task” variables, such as most of the 

query and update operations on the 
associated relations, and the global query 
and execution operations on the whole task 
If properly specified the execution of a 
task 1s automatically carried out by a 
system called Process Handler (PH) once lt 
1s activated This approach is also useful 
for developing knowledge based “Task 
Libraries” 

4 4 AN EXAMPLE 

To illustrate the proposed approach, we 
Will give a complete rule-based task 
specification for the order processing 
example mentioned before, as following 
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task ordergrocesslng 
c 

obJect_specification 
( actual-ObJects C orders products-inv, parts-lnv, asmb-des, parts, machines 

3 
virtual-ObJects C order-proc. parts-req, wk-ticket 

3 
mc-methods C update-rnv (MESSAGE) - 

order-proc (ORDER-ID, MODEL, PICK-QTY, ASMB-QTY, 
WAIT-QTY, SALES-VALUE) ), 

asmb-des (MODEL, -, con f 1 g (CODE-S, CODE-C, CODE-M, CODE-F ) ) I 
retract (products-inv (MODEL, NAME, AMT)), 
NEW-AMT 1s AMT - PICK-QTY, 
assert (products-lnv (MODEL, NAME, NEW-AMT), 
retract (parts-inv (CODE-S, NAME-S, AMT-S) ), 
retract (parts-xnv (CODE-C, NAME-C, AMT-C)Jr 
retract (parts-rnv (CODEJII NAMEJh AMTJl) ), 
retract (parts-rnv (CODE-F, NAME-F, AMT-F) 1, 
NEW-AMT-S 1s AMT-S - ASMB-QTY, 
NEW-AMT-C 1 s AMT-C - ASMB-QTY, 
NEW-ANT-M 1 s AMTJ - ASMB-QTY, 
NEW-AMT-F 1s AMT-F - ASMB-QTY, 
assert (parts-rnv (CODE-S, NAME-S, NEW-AMT-S) ), 
assert (parts-lnv (CODE-C, NAME-C, NEW-AMT-C) )a 
assert (parts-rnv (CODE-M, NAME-M, NEW-AMTJI) ), 
assert (parts-rnv (CODE-F, NAME-F, NEW-AMT-F) ), 
MESSAGE = lnvetorres-updated 

update-order (MESSAGE) - 
order-proc (ORDER-ID, MODEL, PICK-QTY, ASMB-QTY, 

WA I T-QTY, SALES-VALUE ) ) 
retract (order (ORDER-ID, MODEL, QTYI FINISH-QTY) )a 
NEW-FINISH-QTY 1s FINISH-QTY + PICK-QTY + ASMB-QTYI 
assert (order (ORDER-ID, MODEL, QTY, NEW-FINISH-QTY) ) I 
MESSAGE = order-updated 

3 
constraints C order with-cons {MODEL C “hc40, hcbO”3 

products-inv with-cons <products-inv (MODEL, NAME, AMT), 
machines (MODEL, COST), 
COST + AMT < 500,0003 

3 
scheme-specification 

C action C 0 is mapping (order-proc) 
a 1s mapping (wk-ticket1 
b 1s mapping (parts-rep) 
U 1s update-xnv (MESSAGE1 parts--inv( )a products-rnv( )I 

asmb-des ( ) s ordergroc () 
C 
d :t 

listing (parts-inv) 
listing (products-rnv) 

V 1s update-order (MESSAGE) order 0, order-proc ( ) 
3 

net C order-processing 1s (~0) Bproc > @update 
proc 1s o > (pl)ta, bl 
update 1s u > Cc, dl > v 

3 
linker c po 1s (r, h, (order with-cons CQTY > 103)) 

pl is (r, hr (ordergroc with-cons CASMB-QTY > 03, 
parts-inv with-cons XQTY > 03)) 

3 
3 

3 
We assume that all the anticipating ObJects 
are previously declared Within this task, 
the virtual ObJects only need to be 
Instantiated once (by “mapping”) In fact, 
the three virtual ObJects, holding the 
resulting data of the order processing 
task, can also be simply queried outside 
thxs task, JUSt for estimation, wlthout 
updating the system This is an evidence 
showing the flexiblllty offered by our 
multiple level obJect/task modelllng 

approach 

The net representation for the task 1s 
11 lustrated in Figure 1 Its performance 
can be described as follows Actron 0, a, 
and b carry out the order processing In 
terms of computing virtual obJects 
“orderproc”, “workticket” and “partsreq”, 
and convey the resulting data to users1 
actions u and v update the inventories and 
the order, action c, d display the new 
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state of inventories after processing the 
current order Certain control rules are 
specified at linkers p0 and pl 

4 5 MULTIPLE-LEVEL INTEGRITY CONTROL IN AN 
OBJECT/TASK ENVIRONMENT 

An efficient and flexible integrity control 
facility is quite essential for a 
generalized system used to support multiple 
models in an obJect/task environment The 
approach we have developed 1s characterized 
as follows 

(11 An Integrity Control Monitor (ICM) has 
been developed which 1s driven by the 
constraints specifications on Ob JeCt6 and 
tasks The stored facts can only be 
modified by specified methods, which are 
guarded and valldated by the system These 
operations form the basic building blocks 
of application programs thus even a 
careless user would not have a chance to 
violate them 

(2) In order to have a flexible constraints 
handling mechanism in a multzple task 
environment, we classify the constraints by 
levels to accommodate various requirements 
Within thrs flexible framework the user may 
reconstruct the applrcation schemes wrth a 
mlnimum amount of upheaval We distlngulsh 
three level constraints 

EC, are the basic constraints speclfred 
against ob JeCtSr which ensure the ObJects 
semantically significant They are the 
strongest type of constraints, global to 
the whole system and must always hold 
regardless of lndlvrdual situations 
Monitored by the system integrity control 
facility, it 1s in principle lmposslble to 
carry out an actron which violates the BC 
Any violation of the BC will terminate the 
action or task (hard terminate) 

TC, are the constraints locally 
specified 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 on another In other words, 

Ip,)-@ 

-?I 
8 

the violation of TC does not Imply the 
violation of BC, thus state recovery is not 
absolutely necessary1 but depends on users’ 
requirements 

LCI are specif led in the linkers of 
tasks for triggering certarn actions They 
are weaker than both BC and TC, and are 
local to the internal linkage of certain 
taskes 

These relatzonships are detected by the 
system during the TC and LC speciflcationsl 
or during an attempt to alter any of them 
In fact, handling an operational scheme as 
an Integrated ObJeCt “task” wathln the 
system framework makes tt more reliable to 
control the data integration and easier to 
define task-oriented constraints 

5 CONCLUSIONS 
- ----------- 

In this papers we have combined logic with 
the obJect-oriented semantic modellzng, at 
obJecta assocratron and task levels We 
have also complementaryly utilized the 
techniques of forward chaining and backward 
chaining, and developed a net-oriented task 
modellrng approach 

This work may be viewed as a step to the 
integratron of obJect-oriented pared igrnr 
logrc programming, semantic modellrng and 
event modellzng, providing therefore 
complementary benaf its in inference, 
deductive query support, Integrity control8 
and explicit control knowledge 
representation, towards a generalized, 
rule-based management of data, action and 
operational schemes 

There stall some problems remained For 
modelling database applications., Logic 
clauses do not have the full expressive 
power of symbolic logic A well known 
shortcoming 1s their rnabilify to 
explicitly represent negative information 
and if-and-only-if Improving the 
implementation effeciency is also a issue 
to be explored 

This approach IS being designed and 
partially implemented on top of System 6 
CChen 85bl on a VAX computer, where the 
logrc front-end 1s based on “tight 
coupling” mechanism CVass 833, and the PH 
and ICM are modlfred from their original 
versions on System 6 

Figure 1 
-------- 
The net 
representation 
for the task 
order-processing 
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