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Abstract

The problems inherent in the task of developing and maintaining large scde
information systems have recaved wide cverage. The essential problem with
these systems is their inflexibility to change, compounded by the fad that
most contemporary software processes fail to adequately addressthe spedfic
problem of system evolution.

This paper argues that the development of information systems requires the
adoption of a new paradigm which recognises the explicit separation of
organisational palicy from programming code. To this end the paper discusses
arule-based model which is used for the spedfication of al control aspeds of
an information system. The definition of this model is adieved within a
framework which is based on an objed-oriented approach. This framework
requires the definition of objeds on the basis of a binary relationship model
and the identification of operations on these objeds. The invocation of these
operations is handled by the rule-model.

Rules pertaining to the behaviour aspeds of an objed classmay be viewed in
terms of a network graphicd notation. Such a network can be used for the
dua purpose of factoring a rule-base & well as animating the behaviour of
each object class.

1. Introduction

In recent yeas there has been a growing redisation that the development of large information systemsis
bemming increasingly more difficult as user requirements become broader and more sophisticated.
Conseguently, the aeaof requirements edficaion isrecaving particular attention by developers snce
it is becoming obvious that improvements in this area ae likely to yield considerable advantages in both
quality of software and productivity of projed personnel [5]. A maor criticism levelled a8  most
traditional requirements edfication approadiesistheir poa handling of the cgturing and modelli ng of
the knowledge of the universe of discourse [14, 3, 31]. These shortcomings can be atributed partly to the
inherent nature of the process of capturing, modelli ng and verifying concepts of the modelled damain and
partly to inadequattormalisms used for the representation of these concepts.

Requirements gedficaion implies two basic adivities: modelling and analysis [11]. Modélling refers to
the mapping of red world phenomena onto basic concepts of a requirements gedficaion language.
These basic concepts grve & the means of building various gructures which, in their totality, congtitute
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the requirements gedficaion for a problem domain. Analysis refers to techniques used to fadlit ate
communication between requirements enginees and end-users making we of the requirements
specification as the basis of that communication.

Because one of the primary uses of a requirements pedficaion isin urderstanding a spedfic goplicaion
domain the models used in expressng the spedficaion must be cognitive in nature. These models,
generally referred to as conceptual models, must be relevant to the mili eu in which the information system
is used, (i.e. the objed system), and not related to its design or implementation. Moreover, the models
should force ative participation of users by stimulating and generating questions as to how redity is
abstracted and assumptions are made.

A number of desirable properties for a requirements edfication (defined in the form of a @nceptual
schema) have been proposed [4, 34, 32, 24] and can be summarised as follows.

Implementation Independence. No implementation aspeds auch as data representation, physicd data
organisation and access as well as aspeds of particular external user representation, (such as
message formats, data structures, etc) should be included in a conceptual model.

Abstraction. Only genera aspeds of an information system and the universe of discourse should be
represented (i.e. those not subjed to frequent change). Abstradion results in a schema in which
certain details are deliberately omitted.

Formality. Formality implies that descriptions sould be stated in an urambiguous g/ntax which can be
understood and analysed by a suitable procesor. The formalism should be based upon a rich
semantic theory that allows a dea relationship between descriptions in the formalism and the world
being modelled [21].

Constructiveness. A conceptual model should be onstructed in such a way as to enable eay
communication between analysts and users and should acoommodate the handling of large sets of
fads. In addition, such a model neels to overcome the problem of complexity in the problem
domain, by following appropriate éstradion mechanisms which permit decompaosition in a natural
manner.

Ease of Analysis. A spedficaion neeals to be analysed in order to determine whether it is ambiguous,
incomplete, or inconsistent. A spedfication is ambiguous if more than one interpretation can be
attached to a particular part of the spedfication. Completenessand consistency require the existence
of criteria against which the spedfication can be tested. However, the task of testing for
completeness and consistency is extremely difficult, normally becaise no ather spedfication exists
against which it can be tested [25].

Traceability. Tracedility refers to the aility to crossreference dements of a schema with
corresponding elements in a design spedficaion and ultimately with the implementation of an
information system.

Executability. The importance of exeautability is in the validation of a spedficaion [3, 15, 18]. In
particular it refers to the aility of a spedficaion to be simulated against relevant fads in the
modelled redity. The exeautability of the descriptions in a schema is aibjed to the employed
formalism.

These requirements for a mnceptual model lead to two key questions about the modelli ng approach that
should be followed:

» what to model, i.e. what aspeds of the information system and the universe of discourse need to
be captured in a particular specification?

e how to model, i.e. what method should a developer follow for constructing an appropriate
specification?



The first question is addressed in this paper from the perspedive of organisational policy. The agument
put forward, which is also suppated by others c.f. [13, 19], is that one of the most important fadors
towards the development of information systems which are cagable to read¢ to changes in their
environment is the explicit modelli ng of application domain policy. In other words, it is proposed that in
order to addressthe problem of system evolution successully, there is a need to seek solutions which
identify areas of change and explicitly represent al volatile dements of the gplicaion domain. On the
basis of this premise the paper discusses a rule-based model which is used for the spedfication of all
change-related (i.e. control) aspects of an information system.

The second question is addressed in this paper from an objed-oriented perspedive. An information base
is considered as consisting of a set of objeds which have cetain behaviour. The identificaion of these
objeds follows a lingustic gpproach which determines entities and their relationships. These cnceptual
relationships are based on Fill more's case grammar [12] and this approach has proved succesgul in the
fields of database design [23] and knowledge representation [29, 17]. On the basis of this approad, first a
binary relationship model is derived and subsequently this model is used to derive aset of objed classs.
The behaviour of eat objed classis defined in terms of operations whose cntrol is determined by the
rule-based model.

The importance of defining the @ntrol aspeds of an information system in dedarative terms cannot be
overestimated. It is the authors premise that these control aspeds refledt evolution within the system's
environment which in turn is guided by domain spedfic policy (from strategic to ogerational levels). The
authors argue that in order to addressthe problem of system evolution successully, developers must be
provided with a process which identifies areas of potential change axd dffers explicit representation of
these volatile concepts. This approadch conforms to the recommendations in [3] and provides the means
of maintaining spedficaions at a high level of abstradion by separating the goals of a system from the
functions which redise these goals. If such a separation is not adieved, as is the cae with most
contemporary approadches, then those very elements which determine change in the system are spedfied
and maintained only in programming code. The implicaion of this approac is that redisation of
evolution in information systems requires considerable dfort with urpredictable results due to the
difficulty in locaing and atering the gpropriate code which represents the palicy to be changed. To
emphasise this point consider for example, a system which was examined by Anderson et a [1], which
takes a set of clock timings for employees as input and produces a set of pairs <no-of-hours, rate-of-
pay>. Rates applicable to an individual are determined by pdlicy relating to the individual, the
department and the cmpany. Whilst thisis arelatively simple problem, in terms of businesspadlicy (only
8 husinessrules are involved), it requires a program of over 3,500 lines of code to ded with it. The
approach proposed in this paper would define under what conditions the operations are to be exeauted
and ignore all aspects of control flow.

The paper is organised as follows. Sedion 2 dscusses the framework within which a rule-based
spedficaion may be developed. This framework is established along the lines advocaed by the objed-
oriented paradigm. To this end, the model and techniques for defining objeds and operations on objeds
are respedively described in sedions 2.2 and 2.3. The gproadc is demonstrated using examples from the
case study of appendix A.

On the basis of the proposed framework, the spedfication of the behaviour of al operations (and by
extension the behaviour of the entire information system) is determined in arule-based paradigm. Such an
approach to spedfying evolutionary aspeds of systems is the subjed matter of sedion 3. Sedion 3
introduces the syntax and semantics of dynamic rules. The concepts discussed in sedion 3 are explained
using again the case study of appendix A.

Sedion 4 introduces a graphicd notation which is used for grouping dynamic rules acording to their
effed on an objed class and is also used as the basis of animating the behaviour of ead rule by
presenting a model with plausible triggering conditions. The grouping asped serves as the means of
fadoring a patentially large rule base whereas animation asssts in the validation of the model by ading
as the means of communication between systems analysts and end users.



2. An Object-Oriented Framework: Objectsand Operations

21 Advantages of an Object-Oriented Approach

Objed-oriented development is an approach based on the mncept of developing a software system in
terms of objeds and their interadions. The objed-oriented phil osophy has gained many advocaes in the
programming field, (seefor example [20, 8, 22, 28, 9, 6]). In this £dion, the basic principles underlying
the object-oriented philosophy are applied to the requirements specification area.

In an objed-oriented framework the basic unit of decompasition is the objed. An objed, which can be a
classor an instance of a dasshas certain behaviour and is asociated with certain functions. An objed is
regarded as an autonomous entity, responsible for its own behaviour. It suffers adions and can trigger
adions on other objeds, in order to perform some of its functions. The adions performed by an objed,
are called the interface of the object.

One important advantage of using an objed-oriented framework at the requirements gedficaion level is
that such a framework comes close to a human's perception of the red world. As Borgida & al [7] point
out, "the chief advantage of object-oriented frameworks is that they make possible a direct and natural
correspondence between the world and its model”. Consider the wholesaler company example in
Appendix A. In this example, an objed-oriented view about the way this company operates would be to
consider the mmpany as a olledion of various objeds which belong to oljed classes (e.g. COMPANY,
PRODUCT, CUSTOMER etc.). These objeds interad with ead other and exhibit certain behaviour. For
example, the main behaviour of a COMPANY objed is to ched the stock of ead product every end of
month, to produce aproduct list at the end of every week and to take cae of the requests that are made by
customers for certain products. In order to achieve dl these tasks, the objed COMPANY interads with
other appropriate objeds, i.e. PRODUCT, CUSTOMER, etc. When it is time for the company to check
the stock of all products, the COMPANY objed interads with all the instances of the objed class
PRODUCT, each one of which checks its own stock.

Another advantage of the objed-oriented framework is that it addresses information hiding, abstradion
and inheritance. Information hiding, refers to the principle of hiding design dedsions about the
abstradions that are being employed to the model of redity. Abstradion, when used during system
development, refers to the process of emphasising some apeds of a system, which are cnsidered
important, while suppressng others. Inheritance refers to the aility of objeds to inherit properties and
behaviour of other objeds. Inheritance is one of the important and useful feaures of objed-oriented
frameworks as it helps to avoid repetitions in system descriptions.

2.2 Definition of Object Classes

A key charaderistic of the requirements edficaion areais that the projed adivities involve much
informality and uncertainty [33]. Consequently, the definition of objeds appropriate to the modelled
domain is far from atrivia task. Most objed-oriented approaches make the asaumption that somehow a
set of objed classes are identifiable. The paradigm developed in this paper derives an initial set of objeds
on the basis of alingustic gpproach. This approadc is based on the premise that most of the information
about an applicaion domain is conveyed to developers in the form of statements (during interviewing of
key personnel in the gplicaion domain) as well as from examination of different documentation (forms,
reports etc) relevant to the application.

Therefore, a mnceptual schemais viewed as a set of individual elementary facts. An elementary fad isa
true elementary proposition. For example,

la. "John works for Accounts"
1b. "Accounts employ John"

References to individual things in the universe of discourse is made through labels. Examples of labels
taken from the @ove set of elementary propasitions are John and Accounts. A thing of the universe of



discourse which is referenced by alabel is known as an entity. An entity classis an aggregate of entities
for example, PERSON, DEPARTMENT, SUBJECT. The example dementary propasition 1(a) can now
be defined as:

la. Person with name 'John'
works for
Department with department name 'Accounts'

This propasition shows two types of relationship. One type a&ciates entities to labels, known as a
reference relationship, and the other type is confined to associating entiti es, known as a fact. An example
of the former is 'Person has Name' where PERSON is an entity class and Name is a label class An
example of the latter is 'Person works for Department' indicaing that both PERSON and DEPARTMENT
are entity classes.

Eadh relationship class (reference or fad) represents one deg structure for which there may be two o
more surfacestructures (depending on the number of things that the relationship asociates). Each surface
structure represents the role (also cdled sentence predicate) that an entity classor a label classplaysin
the relationship. For example, 1(a) and 1(b) below together represent a single, deep structure i.e. a
relationship class between two entity classes.

la. Employees work in Departments
1b. Departments employ Employees

The sentence predicae 1(a) represents the role that the entity classEMPLOYEE plays in its asociation
with the entity class DEPARTMENT. The sentence predicate 1(b) represents the inverse.

A graphicd notation of an integrated set of elementary fads in the form of an information diagram, of
which an example is $iown in figure 1, can be used to acommodate better communication between
developers and users. The information diagram depicts a number of entity classes, label classes and
sentence predicaes and the cadinality constraints which exist in ead set of relationships. For example,
in figure 1 it is wown that 'a DEPARTMENT has at leest 1 and at most 1 DEPARTMENT_NAME'
where DEPARTMENT is an entity class and DEPARTMENT_NAME a label class.

0.n

FIRST NAME

o

EMPLOYEE
1,1 Ll,l 0n | SURNAME
works in
[ |
employs | 1 n
DEPARTMENT 11 L.l [ DEPARTMENT
N = NAME

Figure 1. Example of an Information Diagram

On the basis of thisanalysis, an information diagram for the wholesaler company described in appendix A
is shown in figure 2.
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Figure 2. Information Diagram for the Wholesaler Case Study

In pradice, the processof deriving an information diagram would involve much iteration due to the need
to refine the schema.

On the basis of the information diagram, a set of objed clases can be derived. Each objed class
corresponds to an entity class which hes as its properties all references and seleded fad classs. For
example, from figure 2 the object PRODUCT can be defined as follows:

defclass PRODUCT

dots stock,type integer (0, 100000),
reorder_pointtypeinteger (0, 10000),
reorder_quantitytype integer (0,10000),
sell_price typeinteger (0,10000),
sold_by,typeinstance of(SUPPLIER),
cheapest_supplietypeinstance of( SUPPLIER),

endclass.

2.3 Definition of Object Behaviour

The definition of objed classes represents the spedficaion of the dements of the static aspeds of an
information system. Equally important is the spedfication of the dynamic aspeds. This is achieved
through the definition of the behaviour of each object class.

The behaviour of an objed classis organised into small separate units acording to their intended use.
The importance of these units, known as operations, lies in the partition of the behaviour of an objeda
and in the grouping of dynamic rules (discussed in sedion 3) which determine the mntrol aspeds of the
behaviour of each object class.



An operation describes a function of a system or a particular situation where the objed of interest plays
an important part. An objeq, if it suffers adions or ads upon other objeds, will be asciated with one or
more operations. For example the operations associated with the objed class PRODUCT are: check
stock, reorder, sell the product, change price, produce stock list and new stock. A spedal case may
occur where an objed may be adive without having any operation attached to it. This is the cae where
the behaviour of an objed is described in the operation of another objed. Consider for example the
objed class ORDER. The behaviour of this class may be described in the operations of other objed
clasesfor instance, PRODUCT and CUSTOMER. Obviously, the dlocation of an operation to an objed
classis amatter of choicefor the developer. The atachment of operationsto oljed classes may be shown
graphically, in arobject behaviour diagram, an example of which is shown in figure 3.

PRODUCT

check sell orders_
< order > < prodﬁct >
reorder
IS-A IS-A price

L \
HIGH_ COMPATIBLE_
DEMAND_ PRODUCT
PRODUCT

sell daily reorder
product listing

Figure 3. An Example Object Behaviour Diagram

The objed behaviour diagram of figure 3 shows the objed class PRODUCT and its operations together
with its subclasses and their respedive operations. The semantics of spedalisation is as follows. A
spedalised ohjed classisa dasswhich inheritsthe dharaderistics and the behaviour of its parent class In
general, a spedalised classinherits the operations of its parent class However, two speda cases may
exist:

» A subclassresponds to events which do not trigger the generalised class This case is denoted
by giving a different name to the operation of the subclass For example, the operation
daily_listing attached to HIGH_DEMAND_PRODUCT signifies the fad that it only applies to
this object class and not its parent class.

» An operation of a subclasshas the same goal as an operation of its parent classbut its detail ed
functionality is different. In this case the operation has the same name & its corresponding
operation of the parent class However, the spedalised operation overrides its generalised
equivalent. For example, COMPATIBLE _PRODUCT which is a spedalisation of PRODUCT,
inherits all the operations of its parent classexcept the operation reorder which is overridden
by its ownreorder operation.

The detail ed spedfication of an operation represents the primitive adionsto be caried out on an instance
of the objed classto which the operation is attached. For example, the objed ORDER_LINE may have
operations, ‘create’, 'delete’, and 'issue'. The operation for ‘create’ might be specified as follows:



1.  ORDER_LINE <- create (P)

2. S := any good SUPPLIER for PRODUCT.P.

3. PURCHASE_ORDER_LINE := self <- new;

4, QUANTITY of it := QUANTITY to be reordered for PRODUCT .P;

5. PRICE charged for it := PRICE at which a PRODUCT.P is supplied by
SUPPLIER.S;

6. PRODUCT referred to on it := PRODUCT .P;

7. PURCHASE_ORDER that contains it ;= S <- get_purchase_order.

8. DB <- add (OL).

This example is afairly detailed definition of how an order line may be aeaed. Similar definitions have
been defined in the context of the RUBRIC projed [31]. Line 1 contains a header, indicaing the entity
(purchase_order_line), the operation name (creae) and a single parameter. Line 2 seleds a good supplier
for the product referenced by P. Line 3 creaes a new purchase order line, with lines 4 to 7 assgning
values to it. Line 8 finally adds the order line to a database object known as DB.

Notice that within the operation, other operations can be fired, such asonlines 3, 7 and 8 The operation
message on line 7 aso returns a value which is assgned to purchase order that contains it (the
ORDER_LINE).

3. Specification of Behaviour in Terms of Rules

An Information System can be viewed as an artifad with certain functionality defined by a set of adions
and with certain behaviour which is the result of the exeaution of various adions which have been
triggered by some ayents. These triggering agents may be generated either by the environment or by the
various parts of the Information System. For example, if the Information System is a stock control
system, a happening in the red world, such as the arival of new stock for a product, affeds the
Information System by triggering the adions that perform the updating of the stock quantity of the
recaved product. Obvioudly, the system responds only to certain happenings of the red world.
Furthermore, the exeaution of some adions in one part of an Information System, could affed another
part of it and trigger some other adions at that part. For example, referring again to a stock control
system, the result of cheding the stock quantity of a product, could affed the adions in the part of the
system that takes care of the reordering of low stock products. Therefore, the dynamic part of an
Information System could be ansidered as consisting of small parts with predefined functionality. The
functionality of al these partsisthe functionality of the Information System as a whole. This functionality
is described in a set of adions which are exeauted when they are invoked either by a happening in the
environment or as aresult of adions performed in other parts of the Information System. The grouping of
these actions is carried out in terms of the concept of operation as defined in section 2.

In order to describe the behaviour of a system, one neals to use cncepts that describe the interadion
between various parts of the system and the interadion between the system and the environment. In this
paper, these interadions are described using the mncept of signal. Signals are messages which are
generated as aresult of the exeaution of some adions in the Information System or by the environment as
aresult of a happening in the red world. They convey information about what has happened and can
trigger a set of adionsin a part of the Information System. For example, if a austomer's order has arrived,
the environment will generate the signal order_arrived which will trigger a number of appropriate adions
in the Information System. Signals are dso generated inside the Information System and they are the
means of communication between various parts of the system itself. For example, the cndition that the
quantity of stock for a product has fallen below the reorder level will be a signal to order new stock.

Following this discusdon it is possble to view the evolutionary aspeds of an information system as a
collection of actions which are executed whenever an appropriate signal is received. Therefore,

a signal is defined as a bodean expresson which when evaluated to true invokes a set of adions
that change the state of the information system. A signal may be generated in the environment of
the information system or within the system itself.



The mncept of signal by itself, however, is not sufficient for spedfying the mntrol aspeds of a system's
behaviour. This is achieved through the use of a dynamic action rule which serves as the means of
specifying the coordination of the execution of all operations. Therefore, in the context of this paper,

a rule is the means of spedfying the mordination of signals and operations, i.e. it defines the
conditions necessary for the invocation of operations. A rule has the syntax:

"WHEN" <signal >
["1F" <precondition>]
"THEN" <action_part>.

signal:= env_signal | clock_condition | state_condition | state_operation.
precondition:= state_condition | clock_condition.

action_part:= operation_message.

operation_message:= object_class_name [variable] "<-" op_name [parameter].

The WHEN part of arule is compulsory. It implies that when the triggering condition becomes true the
rule may be considered further and in this snse the WHEN clause is considered as the temporal control
mechanism of the model.

A signa may be: a ontrol message from the Information System's environment e.g. 'reorder request
obtained’; or a @ndition on time periods and the system clock, e.g. 'end of the month'; or a condition
expressed in terms of the definition of an objed class eg ‘'quantity in stock <
quantity of reorder_pdnt; or a database operation expresed in terms of an objed class edg.
'before_create_order'.

The precondition part determines whether a rule may fire and may be expressed in terms of either
conditi ons on the value of an objed's property or in terms of a dock condition. Signals and preconditions
may be @njunctive or digunctive expressons. The following are example rules for the objed class
PRODUCT from the wholesaler case study in the appendix.

ruleR1:  WHEN SIGNAL order_arrived (INCOMING_ORDER.O)
IF O.CUSTOMER.PAYER_STATUS = bad
THEN CUSTOMER <- order_on_waiting_list (O, C)

ruleR2:  WHEN SIGNAL order arrived (INCOMING_ORDER.O)
IF O.CUSTOMER.PAYER_STATUS = good
THEN PRODUCT <- check_order (O)

ruleR3: WHEN SIGNAL before create orderline INCOMING_ORDER.O, PRODUCT.P)
IF O.QUANTITY < P.STOCKAND
P.STOCK > P.REORDER_POINT
THEN PRODUCT <- sell_product (O, P)

ruleR4: WHEN SIGNAL before create orderline INCOMING_ORDER.O, PRODUCT.P)
IF has_failed (rule_R3)
THEN PRODUCT <- order_on_hold (O, P)

ruleR5: WHEN SIGNAL process_orders_on_hold (INCOMING_ORDER.O)
THEN PRODUCT <- check_order (O)

ruleR6:  WHEN SIGNAL new_stock (PRODUCT.P, QUANTITY.Q, SUPPLIER.P)
THEN PRODUCT <- new_stock (P, Q, S)

Inthis sample set of rules, rules R1, R2, R5 and R6 have a ontrol message from the environment as their
signal. Such a signa would normally be generated by the user of the system through some dialogue



screen. Rules R3 and R4 have adiff erent invocetion strategy sincethey have an internal signal in the form
of a dtate operation. Observe that both these rules have @& dgnals the state operation
before create orderline. This gate operation isin fad generated as part of the operation check _order but
thisis transparent to bah of these two rules. Furthermore, R3 and R4 are totally unconcerned about the
detail ed adtions of the check _order operation and as far as their triggering part is concerned the necessary
signal may be generated at any part of the information system and these rules will always respond in the
same way. Thus, detail s about how some antrol aspeds of the information system are to be exeauted are
of no concern at the specification level but emphasis is instead plaed¢wtomeeds to be carried out.

The example rules R1-R6 are meant to apply to the objed classPRODUCT. As discussd in sedion 2.3
any objed class may be spedalised into ather clases. In the example ca&e study, PRODUCT is
spedalised into HIGH_DEMAND_PRODUCT and COMPATIBLE_ PRODUCT. This gedalisation
implies not only differences in the structural component of the subclasses but also dfferent behaviour.
According to the description of the businessrules for the wholesaler case study (see gpendix A), for a
high demand product, i.e. of type A, B or C, whenever the stock is below the reorder point for these
products, good customers will have their order immediately processed. Therefore, the behaviour of
HIGH_DEMAND_PRODUCT will be different to that of PRODUCT. Spedficdly, rules 3 will be
overridden by rules R3.1 and R4.1 respectively:

Rule3.1: WHEN SIGNAL before create orderline INCOMING_ORDER.O, PRODUCT.P)
IF P is_a HIGH_DEMAND_PRODUCHRND
0O.CUSTOMER.PAYER_STATUS = good
THEN PRODUCT <- sell_product (O, P)

Rule4.1l: WHEN SIGNAL before create orderline INCOMING_ORDER.O, PRODUCT.P)
IF P is_a HIGH_DEMAND_PRODUCRND
O.CUSTOMER.PAYER_STATUS = bad
THEN PRODUCT <- order_on_hold (O, P)

Summarising the methoddogicd aspeds of the proposed paradigm, a developer would define aset of
objed classes pertinent to the gplication domain, the basis of some lingustic analysis and with the
asdstance of an information diagram. For eat objed classa set of operations will be defined and eath
operation will be detailed in terms of the basic adions relevant to the atached oljed class The
invocation conditions i.e. control and coordination of a system's operations will be defined dedaratively
in terms of rules.

4, Graphical Notation

Becaise of the poatentially high wlume of rules and the complexity of their interdependency, a
spedficaion expresed in terms of the mnstructs described in sedion 3 should be viewed at a higher
level of abstradion. It is obviousthat atextual representation of rules ladks adequate adstradion fadliti es.
Therefore, a graphica notation which permits the modelli ng of the interadion of these rulesis a desirable
property of the proposed model. If in addtion this notation exhibits formal properties then the
spedficaion would lend itself to animation which can be exploited for highlighting the behaviour of the
system to paential users. This requirement leads to the cnsideration of the Petri Net formalism and its
many extensions [27]. Of particular relevanceto the requirement stated above is the Augmented Petri Net
approach [35].

The graphicd formalism introduced in this sdion uses places to represent signals (the WHEN part of
rules) and transitions are inscribed with the IF and THEN parts. Since every rule needs a signal to be
triggered, al the trangitions will have & least one input place representing the triggering signal. An
example net for the rules derived by considering the behaviour of PRODUCT presented in sedion 3 is
shown in figure 4.
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Figure 4. A Net for the Rules of PRODUCT

The dynamic behaviour of the model can be demonstrated by the firing of the net. When a place
asciated with a signal holds a token, this means that the signal is present and the rules inscribed to the
transitions which have & input this place are enabled. If the precondition part is stisfied, the rule fires
and the marking of the net changes acordingly. The firing of the rules may generate other signals which
can subsequently enable other transitions. Consider for example that a austomer's order has arrived and
the environment has generated the signal order_arrived. The place aciated with this sgnal would then
recave atoken. Rules R1 and R2 will then be marked as being enabled. If the precondition part of eah
one of these rules is stisfied, the adion part of ead rule will be exeaited and new conditions will then
apply. For rules R2 and R5, the same operation will be invoked (ched<_order) will try to crege anew
orderline (a database adion). Before this database adion takes placethe triggering part of rules R3 and
R4 will be enabled and one of these two rules will be executed.

There ae two main advantages from organising and representing gaphicdly rules acording to the
behaviour of eat objed class The first advantage is a natural decompasition of what could paentially
be alarge and complicated set of rules. For example, consideration of the rules corresponding to the
behaviour aspects of HHGH_DEMAND_PRODUCT would result in a net as shown in figure 5.
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Figure5. A Net for the Rules of HHGH_DEMAND_PRODUCT

The second major advantages of the net model is that, its graphicd representation coupled to its formal
semantics, lends itself to animation. A software system has been developed to edit and animate nets with
places as sgnals and transitions inscribed by rules [30]. This graphica animation fadlity may be used for
demonstrating the dynamic behaviour of the modell ed system and for providing help in the verificaion of
the rule-based spedficaion. For example, animation of the model can help with deteding redundant and
conflicting situations by highlighting the rules inscribed to every transition every time atranstion is
enabled. Redundancy occurs when two or more rules rules can fire in the same situation gving the same
results whereas conflict occurs when rules that fire in the same situation produce contradictory results.

One of the modd's feaures is that the number of tokens that ead place ca hold is countable. This
feaure enables the detedion of circular rules by the asgnment of output places to some transitions
which would serve a courters of the number of times the transitions fire. A place asgned as output to a
transition, receéves a token every time this transition fires. If this placeis not input to any other transition,
its tokens will not be mnsumed. Therefore, the number of tokens that this output placewill be holding
will correspond to the number of times that the input transition has fired. If such a placeis continuously
receiving tokens, this may be an indication of the existence of circular rules.

Missngrules could also be deteded by animation. For example, if asignal, which is expeded to trigger
some adions, has been generated and nothing is happening, this may mean that some rules are missng.
Another indication of misingrulesiswhen there ae some transitions which never become enabled. If the
triggering part of the rule is internal to the system, this would mean that the necessary rule for the
production of the signal is missing.

5. Conclusions

Contemporary approacdes to system development, whil st attempting to improve the quality of systems,
have focused primarily on initial quality, with little gtention given to the technicd problems of system
evolution. The result is that the software industry continues to produce inflexible systems which are
difficult to maintain. The gproach presented in this paper attempts to provide a better approac to
building systems through the development of a software process and supparting tools which will
explicitty acommodate those parts of a system that are regarded as volatile. Traditionaly,
ANSI/SPARC-style data management architedures and recent developments in HCI management tools



have enabled the separation of these dements of a system. The main initiative of the presented in this
paper has been to extend this approach to include organisational palicy. In particular, this approach seeks
to separate out and explicitly maintain throughout the software lifecycle, the notion of pdlicy, as
described by and triggers and preconditions in dynamic rules. Complementary to this approach is work
currently being carried out in the RUBRIC projed [16] which enhances the paradigm presented in this
paper by incorporating integrity rules at the spedficaion level and by mapping all concepts from the
spedficaion level to the operational level. This theoreticd work is supparted by a software environment
which assists system developers to first specify a system and subsequently develop and run applications.

The advantages of explicitly representing krowledge éout a slice of redity are likely to be significant in
the longterm. It isthe authors' belief that such an approach will | ead to a number of benefits of which the
most important are:

» better validation of captured requirements through the use of specification execution

» improved maintenance of an information system viathe explicit representation and management
of business policy (being analogous to data management)

» development of aspedficaion in an incremental fashion, becaise of the separation between the
what a specification is suppose to represent and how the functional requirements are realised.

The motivation behind this approadc is the redisation that there is a need to provide aframework for the
acarate representation of user requirements in a spedficaion and to explicitly maintain this
spedficaion throughout the lifetime of an information system. To this end, the paradigm discussed in this
paper seeks to provide agreder range of fadliti es than is currently pradised for as Dubais et al [11]
argue, contemporary spedficaion languages whil e they provide ancepts well suited to the description of
algorithms, tend to be less appropriate to the description of application domains.

It is aso becoming obvious that current conceptual modelling formalisms are oriented towards the
functional spedficdion of the software system rather than the definition of the problem domain [14]. If
improvements are to be made in the quality of software then the knowledge aout the gplication domain
must be formalised and explicitly encoded. To this end, the work presented in this paper follows the
premise that information system development is about formalising and decumenting knowledge about the
universe of discourse and this knowledge should be represented explicitly and independently to the way
that it is implemented in data structures and algorithms, thus leading to a more dficient way of
developing and maintaining software.
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APPENDIX A: Description of a Wholesaler Company

Company B & S is a wholesale firm that runs its business in a simple and straightforward way.

A.l

6.

General Domain Description

From the supplier and customer organisation the name, the addressand the mntad person are
known.

For alist of products there is information about the sales price, the quantity of stock in hand,
the reorder point, the reorder quantity and the suppliers that can supply the product and at what
price.

An order to a supplier (outgoing orders) consists of a list of order lines, ead spedfying the
ordered products and quantity (price not mentioned).

We receive shipments from suppliers that match a set of order lines of the same supplier.

An order from a austomer (incoming order) consists of alist of order lines, ead spedfying the
ordered products and quantity.

A shipment to a customer matches a set of order lines of that customer.

A2 Business policies, decisionsand rules

At the time of implementation , the following policies were established:

1.

2.

3.

4,

At the end of the month, ched the stock level of ead product and if it is below the reorder
point, order a quantity equal to the reorder quantity.

Buy the products from the supplier whells it cheapest.
Every week a stock list must be produced.

Prices can only change overnight.

After problems that appeared becaise product A, bought from supplier X, was not completely compatible
with product B, bought from supplier Y, the managing director decided that:

5.

Product B can only be bought from suppliers that also sell product A and vice versa.

A yea later the the company were selling alot of A, B and C type products, so that the cmpany run out
of stock very often for these and only these products. Since sales had unpredictable peak sales, the
managing director decided that:

6.

7.

For only products A, B and C, one should now reorder whenever the reorder point is reated
and not wait until the end of month.

Whenever the stock is below the reorder point for these products (A,B,C only), good customers
will have their order immediately processed. The other orders are put on hold urtil new stock
arrives. Then, first come first served, applies.



