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Abstract—Requirement engineering is as an increasingly 
important discipline for supporting business process and 
workflow modeling, as these are designed to satisfy diverse 
customer needs, and increase the productivity of enterprise. 
Moreover, most customers hesitate to adopt a given product 
or service if the added value is not conformed to their 
desires. Dealing with customers, with a wide range of 
perspective, within an enterprise, is very complex. These 
perspectives are grounded in differences in skills, 
responsibility, knowledge and expertise of stakeholders. 
This holds more in the domain of business processes and 
workflows where the satisfaction of the customers is the 
must if these enterprises wish to deal with the pressure of 
the network economy. Based on the requirement 
engineering, we present in this paper an integration of RE 
approach in the modeling of business process and 
workflows. (Abstract) 

Keywords‐component;  Business Process Modeling, 
Requirement Engineering, Workflow Management, Business 
Rule Specification,Business equirement Engineering (key 
words). 

I. INTRODUCTION 

Business rules are specific policies, standards, 
practices, regulations, and guidelines that define how 
employees or enterprise managers carry out business and 
are therefore considered user-perspective requirements. In 
the actual functioning of most organizations, based on 
business requirements, the user requirements are defined. 
When business rules and user (employees) requirements 
have been defined, the functional needs are formulated in 
order to identify the requirements of the expected product. 
In general, the specification of the requirements and their 
constraints for the final product is given, based on the 
functional requirements, as said previously, but also on 
the data requirements. The data requirements define the 
specific items that must be included as part of the product. 
In this requirement process, three levels of requirement 
are considered [19]: (i) the business level, (ii) the user 
level, and (iii) the product level.  
 

These three levels of requirement do not take into 
consideration the customer perspectives which are 
essential for the production of quality products. However, 
it is not reasonable to expect sound business or technical 
decisions during the workflow or business process design 
on behalf of customers, or to resolve conflicting 
requirements supplied by different customers, or to set 

priorities for many requirements that might be collected 
[21]. For this end, the involvement of the customer is the 
most critical factor in the production of quality products. 
The most difficult problem here is sharing the vision of 
the final product with the customer. We argue that, this 
problem can be solved if the customers are associated in 
the production process. This can be done if the business 
process requirements are driven by the customer 
requirements that should be taken into consideration for 
the production of goods or services. These requirements 
are used in the evaluation of the final product by its 
beneficiary’s i.e customers. Moreover, focusing on the 
satisfaction of customers and based on the fact that there 
is a great variety of knowledge within an enterprise that is 
maintained by various employees, this knowledge should 
be included in the requirement engineering process from 
which the business process and workflows are defined. In 
this work, we give a formal definition business rules and 
consider that a business rule is a knowledge that help 
carrying out business. The requirement is considered to be 
a knowledge that is disclosed in order to meet a certain 
business goal. This work is an extension of [22] which 
gives the different levels and types of requirement for the 
modeling business rule and workflows. 
 

The rest of the paper is organized in five (5) sections.  
Section two (2) gives the basic concepts that are suitable 
to model a business rule. In section three (3), we present a 
formal model of a business rule. In section four (4), 
relationships between business rules are presented. In 
section five (5) we shall define the different levels and 
types of requirements that are suitable in the modeling of 
a business process in order to deal with the satisfaction of 
customers and to preserve the enterprise in the global 
network economy pressure. Section six (6) concludes this 
paper, and highlights some upcoming works. 

II.  “BUSINESS RULE” CONCEPT 

The “business rule” concept has widely been developed in 
the context of expert systems. Known by the acronym 
BRMS (“Business Rules Management Systems”), tools 
for business rules management are derived from expert 
systems, which had their heyday in the 1980s [11]. They 
use similar wordings and all have at the center, an 
inference engine. Under the business rules-oriented 
approaches (BROA), this inference engine, is called 
business rules manager [8]. It aims at modeling human 
reasoning, behavior and cognitive mechanisms of a 
human expert in a particular domain. For this, it relies on 
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a fact base (working memory), an inference engine (rules 
engine) and a base of rules (production memory) [8]. 
Facts concepts, inference engine will not be developed as 
part of this work. 

A. Business Rule 

 In literature, the concept of “business rule” was widely 
used, each author with his own vision. Thus, 
 [15, 16] supports that a business rule is a formulation 

that defines or constrains some aspect of a business 
activity. Its purpose is to structure a business activity 
(policy, know-how), to control or influence the 
conduct of a business activity; 

 meanwhile, [17] says that a “business rule” is a 
directive, which is meant to influence or guide the 
conduct of a business activity, in the aim of 
implementing a business policy that is formulated in 
response to an opportunity or a risk; 

 [4] also thinks that a business rule defines a law of 
the domain to which the goal must conform to. It 
helps to organize a management process to achieve 
the goal. The goal, in turn, defines a potential 
expectation that the system can satisfy, it expresses 
what the user of the system wishes to do. 

 We believe that to better understand the semantics of a 
business rule, that it is necessary to situate it in a context 
or specific domain. 

 Definition (1):  
 A “business rule” is a directive of a domain which 
controls the conduct of a business activity of that domain. 
Its goal is to structure a business activity (policy, know-
how) to control or influence the conduct of a business 
activity of the domain in question, in view of achieving an 
expected result. 

  [8] tells us that business rules are divided into two 
broad categories: 
 Structural rules (indicating a necessity): they are rules 

that addresses how a business activity is organized or 
structured, the elements comprising it. Structural 
rules are definition complements; 

 Operative rules (indicating an obligation): these are 
rules that control the manner in which the business 
activity is carried out. Unlike structural rules, 
operating rules are those that can be directly violated 
by business stakeholders. 

In the following, we focus exclusively on business rules 
because they control the business activity. 

B. Structure of Business Rules  

[8] tells us that, depending on the type of business rule 
(declarative or procedural), the structure and semantics of 
that business rule vary. In this paper we focus on 
production rules. These rules are of the form “if. . . then. . 
. [else. . .]” and consist of the following elements: 

 Declarations of variables: used to define the 
application context of the business rule; 

 Salience (Expression) or “level of importance” is an 
expression whose evaluation returns an integer 

corresponding to the importance of the rule. It 
permits us to define an order in the execution of rules. 
This value can also be called business priority. In [1], 
we associated the level of importance to knowledge 
bits. It would be inappropriate to associate it 
explicitly to the business rule given that this 
association is implicit in [1]. Thus we have  removed 
this information in the specification that we shall 
propose in the next section; 

 “If” or condition, or “left-hand part”, or predicate, or 
premise (expression): It constitutes the condition 
under which the rule can be applied; It consists of an 
expression that is evaluated as true or false. It is also 
called “body”; 

 “Then” (side effect expression) or Conclusion or 
“right-hand side”: it is the body of the rule or “head”. 
It represents the action to carry out if the condition 
part is evaluated as true. Under declarative rules, this 
part must be an expression without side effects.  

 “Else” (optional and side effect Expression). It is only 
possible for procedural rules if they contain an “If” 
part. It represents the action to carry out if the 
condition part is evaluated as false.  

 

Expressions are classified into two groups according to 
whether they influence the systems’ state or not. There are 
side effect expressions and expressions without side 
effects. An expression is without side effect if and only if 
it does not change the state of the environment. Some 
expressions, on the contrary, during a business activity, do 
change the state of the environment. They are said to have 
side effects.  

 
Although in [4, 8, 9, 10, 11, 13, 15, 16], we have a clear 

vision of what a business rule is, the fact remains that until 
now, researchers seem not interested in the fact that we 
can carry out a certain  number of operations on these 
rules. The interest of defining a set of operations on 
business rules is to be able to:  
 reuse business rules in the  reengineering of a 

business process or components-based development. 
 compose business rules within the framework of 

model driven engineering; 
 decide on the quality of the formulation of a rule after 

its specification by experts (business executive of the 
organization and software experts);  

 to open a research branch on the description of a 
business rule oriented business process; 

 evaluate the quality of model composition.  
 

 [8] summarizes the formalized specification of a 
business rule R as follows:  
 
R = (RuleLabel (VariableDeclaration)* (conditions, actions)) 

       where:  
RuleLabel = (how?, Priority?, Visibility?,   

                                      Refraction?, CreatedTime?,  
         lastModificationDateTime? )  
 

Conditions = (Expression | AndExpression |  
                            OrExpression | NegationExpression)+  
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                Action = ((Expression) * | NegationExpression+)  
  
 In the following, we shall formalize the specification 
of a business rule as proposed in our approach. We 
continue subsequently by operations performed on 
business rules. The term putting objects to the stage, refers 
to the use of the properties of each object in an expression.  

III. PROPOSAL OF A BUSINESS RULES 

SPECIFICATION  

 In this section we will introduce the concepts 
necessary to describe a business rule according to our 
approach. These concepts are similar to those found in the 
OCL language [18] on the one hand and on the other hand 
to those used in BRMS [11]. Generally we maintain the 
structure of a business rule as defined in [8]. It should be 
noted in this section that we are not defining a 
programming language, but a manner of doing, for the 
specification of business rules, as such this allows us to 
perform a certain number of operations on these criteria.  
 

A. Predefined Types  

1) Simple Types  
 A simple type ST is given by (Dt,Nt,Rt,Stg) where:  

 Dt denotes the date type which is used to specify 
attributes of objects referring to time;  

 Nt denotes the number type referring integer 
values, decimal or real;  

 Rt denotes the rule type which is used for the 
declaration of a business rule;  

 Stg denotes the “String” type: referring to a given 
character or character strings.  

 A constant a of type Date, Number or String is 
denoted by “a”.  Consider a and b two elements of type 
String, we define the function SubStr : Stringଶ ՜ Bool 
such that the following properties hold: 

                                                                     

,ሺܽݎݐܾܵݑܵ ܾሻ ൌ ൜
,݁ݑݎܶ ܾ ݂ ݐݎܽ  ݏ݅ ܽ ݂݅
,݁ݏ݈ܽܨ                        ݐ݊ ݂݅

 

 
 In the following, we will denote by ܵ݅݉݁ݕ݈ܶ݁ the set of 
simple types mentioned above. We also denote by 
∏  the arbitrary choice of a simple type in ,݁ݕ݈ܶ݁݉݅ܵ
  .݁ݕ݈ܶ݁݉݅ܵ

2) Compound Types  
 To these four, we add two suffixes: “aggregate”, “views”, 
and a complex type. ݄ܵ݃݊݅ݐ݁݉  

 The ݄ܵ݃݊݅ݐ݁݉ type, denoted by STg, refers to a physical 
object. Example: a career management tool, a stamped 
application, a registration certificate, a national identity card, 
purchase order, an invoice, etc.. , Whereas:  

 the suffix “aggregate” preceded by the keyword 
“NameSpace”, refers to a set of objects in the 
scope of the rule;  

 the suffix “views” before the name of an object in 
the domain circumscribed by the suffix 
“aggregate” refers to the set of information 

(properties or attributes) of this object which shall 
be used by the business rule.  

 Objects listed using the suffix “aggregate” can be 
accompanied by the following entries:  

 The citation “control” indicates that the object is 
obligatory, but no data of this object intervenes in 
the “description” part of the business rule. If such 
an element is to be absent, the data is declared 
invalid. For example in the case of advancement 
in incremental position, the effective presence is 
necessary, but it does not affect the actual 
processing of the said file;  

 The mention “reference”: it pertains to a value 
used to uniquely identify any object. When 
specifying the business rule, this value is not 
known. A predicate making use of “reference” 
has the following structure:  

… ݐ ݁ܿ݊݁ݎ݂݁݁ݎ ݁݇ܽ݉ . ሾ݅݊ … ሿ 
 

 The mention “artifact” indicates that the object in question 
is produced by the organization.  

B. Declaration of Business Rules  
 The declaration of a business rule is done in two phases: the 
definition of its context, and the specification of the domain 
directives which controls the behavior of the business activity in 
question. The first part of the declaration of a business rule 
permits us to specify the usage context of each object of the 
organization involved in this business activity and the domains 
in which this business rule can still be used. These domains are 
listed immediately after the “keywords”. Meanwhile the second 
part is reserved to describing the action that must be done to 
realize a business. This part is called description.  

1) Definition of Context  
 The specification of any business rule begins by defining its 
usage context. The usage context of a business rule defines on 
the one hand, the semantic field of an object ob used in the 
description; and on the other hand, domains in which this 
business rule may be used (exploitation field of the rule). 
Formally, we shall define the context of a business rule as 
follows:  

  Context:  

    Keywords = 
    ,ଵ݊݅ܽ݉ܦ    ,ଶ݊݅ܽ݉ܦ … ,  ;݊݅ܽ݉ܦ
    Data = 
    .݁ܿܽܵ݁݉ܽܰ     ݃ܶܵ % ܾሼ ݁ݐܽ݃݁ݎ݃݃ܽ     ܣܥ

                                ሾ, ݃ܶܵ % ܾ  ሿܣܥ   ;ሽכ

.ݐ݆ܾܿ݁                     % ሼ݂݀ ݏݓ݁݅ݒ ∏ ܵܶ ሾ, ݂݀ % ∏ ܵܶሿ   ሽכ

      Where:-fd is either a reference to another  
                     object which may not be in 
                    NameSpace; either a simple name of an  
                     attribute or property of that object. fd is  
                     also called arguments of the suffix “views”  
                     or  referenced attribute in the suffix “views”.  

                 -∏ ST represents the type of field  

                 - CA = control | artifact 
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 The suffix “aggregate” defines the set of accessible 
objects when carrying out a business activity for which 
the rule is being defined. The suffix “views” allows for 
objects which have no mention “control” to explicitly 
define the set of information (properties or attributes) of 
this object, which must be used in the description part of 
that business rule. A single aggregate is authorized per 
business rule. Moreover, it is important to note that when 
an object has the mention “artifact”, all its attributes must 
be defined with the mention “reference” following the 
syntax defined below. In the following, we shall call 
context objects, with no mention “control” in the suffix 
“aggregate”. In the following, the concept set will be 
considered as a MultiSet.  

 Consider an object b in this context with no mention 
“control”, we shall denote: card ሺbሻ, the number of 
properties of b listed in the suffix « views » ; 
NameSpaceC, the set of objects referenced in the suffix 
“aggregate” of context C ; cardሺNameSpaceCሻ represent 
the number of objects specified in the suffix “ aggregate”; 
SgC the set of signature of objects of context C ; et 
KeywordsC, the set of words listed after the key word 
« keyword » in the context C. we denote by SigCሺbሻ the 
signature of b where  Sigୡis defined by Sigୡ: 
NameSpaceC ՜ SgC, and  

SigCሺbሻ ൌ ሺෑ SimpleType ቂ, ෑ SimpleTypeቃ
כ
ሻ
 

  The signature of b, SigCሺbሻ shows the list of the 
attributes type defined by the suffix “views”. 

Given another object a of the same context, we 
denoteTriሺa, bሻ, the function which returns the signature 
of a ordered in the order defined by that of b, where Tri is 
defined by Tri: NameSpaceC

ଶ ՜ SgC, such that for every 
a and b : 

If cardሺaሻ  cardሺbሻ, then 

      Triሺa, bሻ ൌ ൫SigCሺaሻ ת SigCሺbሻ൯  ൫SigCሺaሻ െ
SigCሺbሻ൯ 

   Else, 

      Triሺa, bሻ ൌ ൫SigCሺaሻ ת SigCሺbሻ൯ 

Axiom 1: Equivalence of Signature 
(1) We shall say that  a and b have equal signatures if and 
only if: 

  Triሺa, bሻ ൌ SigCሺbሻ. 

(2) a and b are said to be equivalent in their context. 

Axiom 2: Refinement or Extension of Signature 
(3) We shall say that the signature of a is a refinement of 
b if and only if: 

SigCሺa ሻ SigCሺbሻ 

(4) We shall also say that b is an extension of a. 

Axiom 3: difference of signature 

We say that the signatures of objects a and b are different 
if and only if they satisfy neither axiom 1, nor axiom 2. 
 
Axiom 4: ܰܽ݉݁ܵ݁ܿܽ and ݏݐݔ݁ݐ݊ܥ: 
Consider two contexts C and B, 

  are said to be݁ܿܽܵ݁݉ܽܰ  and݁ܿܽܵ݁݉ܽܰ (5)
equivalent if and only if: 

1. cardሺNameSpaceCሻ ൌ cardሺNameSpaceBሻ and, 

a  .2 א NameSpaceB b א
NameSpDceC, SigBሺaሻ ൌ Sigୠሺbሻ.  

(6) We also say that NameSpaceB refines NameSpaceC if 
and only if: 

1. cardሺNameSpaceCሻ  cardሺNameSpaceBሻ and, 

a  .2 א NameSpaceB b א
NameSpaceC, SigBሺaሻ ൌ Sigୠሺbሻ. 

(7) C and B are said to be equivalent if and only if: 

1. NameSpaceC and NameSpaceB are equivalent ; 
and, 

2. KeywordsB ת KeywordsC ്  .

(8) We say that the context C refines context B if and only 
if: 

1. NameSpaceC refine NameSpaceB; and, 

2. KeywordsB ת KeywordsC ്  .

2) Definition of the Description 
 The “description” part of any business rule is reserved 
for the specification guidelines that must be carried out to 
achieve the expected results. Formally, we define the 
description part of a business rule by the triplet: 

  Description   ሺGuard, Sequence, Resultsሻ  
Where: 

- Guard: is the condition to be satisfied in order  
    for actions to be executed; 

- Sequence: is a sequence of actions separated by  
    commas; 

- Results: is a specification of the expected  
     result. 

a. Guard  
 The guard is a condition defined in [8] which must be 
satisfied in order for the description part of the business 
rule to be activated. It is specified by a literal expression 
of human language featuring objects and attributes listed 
in the context. Concretely, it is materialized in the form “if 
condition then ... else ...” to “condition”. A guard shall be 
said to be simple if and only if it is the condition in the 
formulation “if condition then ....” It is said to be complex 
if and only if it is the condition in the formulation “if 
condition then ... else ...”. 

 A condition is an expression of natural language that 
expresses a reality that can be either true or false. To 
express expressions, we defined a number of predicates, 
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of: comparison, coordination, and negation. The following 
table summarizes the predicates raised.  

 

 

Table 1: list of comparison operators 

Types of 
predicates 

predicates Notation 

comparison 
predicates 

…. Is less than…. ሺlt, …,…ሻ
…. Is less than or equal to…. ሺle,…,…ሻ
…. Is greater than…. ሺut,…,…ሻ
…. Is greater than or equal to….. ሺue,…,…ሻ
…. Is equl to….. ሺ؝,… ,…ሻ

Conjunction 
predicates 

 …. and …. ሺ,…,…ሻ
…. or …. ሺ,…,…ሻ

Negation 
predicates 

Opposite of…. ሺד,…ሻ

 

 Conjunction predicates apply only to conditions. This 
is a conjunction of conditions using the conjunctions (‘or’ 
or ‘and’). To reduce misunderstandings between the 
business executives and developers, it was important to 
bring our specification  closer to natural language. It 
should be noted however that only objects declared in the 
context and without the mention “control” should be used. 
The predicates we define raised three types of 
expressions:  CompExpression  reserved for literal 
expressions depicting two objects of  the context 
associated with a comparison predicate;  NegExpression, 
reserved for expressions expressing the opposite of the 
reality expressed by a condition. NegExpression Applies 
only to conditions;  CrdExpression, reserved for 
expressions which translate the composition of conditions. 
The formal representation of each of the preceding 
expressions is as follows:  

CompExpression ൌ .Objectଵۃ attr, Objectଶ. attr,⌂ ۄ 
 NegExpression   ൌ ,Cxଵۃ    ۄ ד
 CrdExpression =൏ Cxଵ, Cxଶ | Cr|NegExpression ,◊ 
Where: 

-Object୶. attr, represents an attribute of the Object୶, 
specified in the suffix “views”; 
- Cx୶ is an expression of type ݊݅ݏݏ݁ݎݔܧ; 
-Cr is an expression of type xpression ; 
-  ⌂ is a comparison predicate; 
- ◊ conjunction predicate; 
 .negation predicate ‘ד‘-

In general, a condition will be represented formally by: 

Condition : ൏  |  CrdExpression| ݊݅ݏݏ݁ݎݔܧ݉ܥ
NegExpression  

 We denote by Conditions, the set of conditions and 
we define the function TriCond: Conditionsଶ ՜
Conditions such that for every pair ሺܽ, ܾሻ of 
Conditionsଶ, TriCondሺa, bሻ returns a sorted condition in 
the same sense as the above defined Tri function, if the 
terms a and b are bound by the same conjunction.  
TriCondሺa, bሻ returns a in other cases. Consider a 
condition β, we denote Termሺβሻ, the set of predicates 

comprising the condition β. We shall denote by 
squelette, the function Squelette: Expressions ՜ String 
, which for any expression a, Squeletteሺaሻ returns a string 
obtained by replacing the various attributes of the objects 
composing this expression by their types without affecting  
the constants. 

Axiom 5: Equivalence of Conditions 

Consider two conditions a and b, we say that a and b are 
equivalent if and only if: 

 ; ሺܾሻ݁ݐݐ݈݁݁ݑݍݏ =  ሺܽሻ݁ݐݐ݈݁݁ݑݍݏ (10)

(11) one of the squelette in the reverse order of the other. 

Axiom 6: Refinement or Extension of a Condition 

(12) Consider two conditions a and b, we say that a is a 
refinement of b if and only if 
,ሺܽሻ ݁ݐݐ݈݁݁ݑݍݏሺݎݐܾܵݑܵ  .ሺܾሻሻ is true݁ݐ݈݈݁݁ݑݍݏ

(13) if (10) is satisfied, we say that b is an extension a.. 

 In the following, the notion of squellete will be 
extended to basic predicates included in the sequences. 

b. Sequence 
A sequence is a series of actions that must be executed 

to produce the result of the business activity. An action is 
a predicate, translating an atomic process or operation for 
achieving a partial or final objective. It modifies the state 
of the environment it is an expression with side effects. 
Two types of actions exist: simple actions and complex 
ones. Simple actions are those consisted of a single base 
predicate. Complex actions are those that refer to a set of 
base predicates, or business rules existing via the 
deterministic choice operator relative to a condition. The 
base predicates, inspired by [8], taken into account in our 
specification are: 

 addition  of... to ...; 

 the withdrawal of .... from ....; 

 the product .... by ... ..; 

 Division ... .. by ... ..; 

 editing of .... on ....; 

 recording of .... in ....; 

 the creation of ... .. in ....; 

 the classification of ... .. in ....; 

 the next of  ... in ....; 

 the previous of ... .. in ....; 

 the update .... by .... 

 The set of base predicates constitutes the domain 
vocabulary. This concept was well presented in [8]. We 
will, therefore, not return to. However, it should be noted 
that extensions of the latter can be done based on natural 
language and the domain, to cover the set of atomic 
actions of this human language. Nevertheless, we 
recommend, basing on tests performed on the 
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specification of business rules in the field of career 
management of State personnel and payroll, in a sample 
of twenty-five administrations, in Cameroon, that we 
maintain these predicates in state. However the 
modification of the number of arguments is permitted. 

 In human language, several twists of language can 
translate these predicates. It’s for the software engineer 
assisted by the business executive to: specify the business 
rule, identify the comments of the business executive, the 
operation in question. To facilitate the expression of the 
business rule, we have, at the risk of repeating ourselves, 
chosed predicates which to some extent may reflect the 
same action. These predicates must put to stage some 
objects declared in the suffix “aggregate”. Besides these 
basic predicates, we defined a predicate of deterministic 
choice denoted ሾ. . . ሿ ሼ. . . ሽ, as follows: 
[obs1,…,obsn]{A1,…,Am} where Ai is in the form 
actioni(val.obsi,1,…,val.obsi,n), and val.obsi,k represents 
the value of obsk for the action i, and obsi denotes the 
property of an object declared in the suffix aggregate. 

 The business rule action୧ shall be executed if and only 
if the values of the parameters Obsଵ, Obsଶ, … , Obs୬ 
corresponds to those of val_Obs୧,ଵ, … , val_Obs୧,୬. This 
predicate enables execution under certain conditions, of a 
single action from among those listed. It also enables us to 
represent a complex action of multiple-choice. Formally, 
the “sequence” will be represented by: 
 Sequence : ሺSimpleAction | ComplexAction ሻା  
          where : 

             -SimpleAction : is an action consisted of an  
                unique basic predicate; 
            - ComplexAction  
…SimpleAction|ሾۦ                 ሿሼ… ሽ|ሾ, ComplexActionሿۧ. 

  We denote by Sequences, the set of business process 
sequences. 

Axiom 7: Equivalence of actions 
Two actions ܽ and ܾ are said to be equivalent if and only 
if :   

        squeletteሺaሻ ൌ squeletteሺbሻ. 

We define the function processStr as follows: 
processStr  Sequences ൈ NameSpaceC ՜ SimpleType 
such that ሺs, oሻ א  Sequences ൈ NameSpaceCC ,
processStrሺs, oሻ is the set of processes which object o is 
subjected to in the sequence s. processStrሺs, oሻ is also 
called the modifications string of the object o. 
processStrሺs, oሻ materializes the effect of processes on 
the object o. 

Axiom 8: Equivalence between Sequences 
Consider two sequences sଵ and sଶ, we say that sଵ and sଶ, 
are equivalent if and only if : a א NameSpaceC, 
processStrሺsଵ, aሻ ൌ processStrሺsଶ, aሻ 

Axiom 9: Extension, Refinement of Sequence  

Consider two sequences sଵ and sଶ, we say that sଵ is a 
refinement of sଶ (or sଶ is an extension of sଵ) if and only if 
the sଶ contains the predicate of deterministic choice and 

there exist a sequence s in this predicate, such that, if a is 
an element of NameSpaceC, then  

  processStrሺsଵ, aሻ ൌ processStrሺs, aሻ   
c. Results  

 The result is what we observe at the end of the 
business activity. Results indicators are defined in the 
same way as for attributes of object that are used in the 
description part of a business rule. In a formal way, let Ob 
be an object, F a given field of Ob of a given simple type 
ST, a result Rt is defined as follows: 

ݐܴ  ൌ ሺܱܾ. ,ሾܶܵ% ܨ ሼݏݓ݁݅ݒ   ሽሻାכሿܶܵ%ܨ

Meanwhile, in the result specification of results, 
certain attributes of objects may not contain the mention 
“reference”. We denote by ܴ݁ݏݐ݆ܾܱ݁ݐ݈ݑݏ, the set of 
results objects of a business rule and 
 .ሻ the number of objects in this setݐ݆ܾܱܿ݁ݐ݈ݑݏሺܴ݁݀ݎܽܿ
Elements of ܴ݁ݏݐ݆ܾܱ݁ݐ݈ݑݏ implicitly have the mention 
“artifacts.” The results can also be seen as the goal to 
attain.  

Axiom 10: Equivalence Results  

Consider two results a and b, we denote ResultObjetsୟ 
(ResultObjetsୠ respectively), the set of result objects of a 
(of b respectively) we shall say that a and b are equivalent 
if and only if:  

ሻݏݐ݆ܾܱ݁ݐ݈ݑݏሺܴ݁݀ݎܽܿ -1 ൌ  ሻݏݐ݆ܾܱ݁ݐ݈ݑݏሺܴ݁݀ݎܽܿ
and, 

ଵ -2 א   , ݏݐ݆ܾܱ݁ݐ݈ݑݏܴ݁
ଶ      א ,ݏݐ݆ܾܱ݁ݐ݈ݑݏܴ݁ ܵ݅݃ሺଵሻ ൌ ܵ݅݃ሺଶሻ. 

Axiom 11: Extension, Results Refinement  
Consider two results ܽ and ܾ, we denote ResultObjetsୟ 
(respectively ResultObjetsୠ) the set of  result objects of ܽ 
(of b respectively), we say that a is a refinement of ܾ, if 
and only if:  

1- cardሺResultObjetsୟሻ  cardሺResultObjetsୠሻ 
and, 

oଵ -2 א  ResultObjetsୟ, 

oଶ     א  ResultObjetsୠ, Sigୟሺoଵሻ ൌ Sigୠሺoଶሻ. 

After presenting the different parts of a business rule, 
we formally define the business rule as follows:  

 rule_name ൌ  ሺContexte୰୳୪ୣ, description୰୳୪ୣሻ  

  where:  - Contexte୰୳୪ୣ: represents the context  
                                    part of the business rule 

‐ description୰୳୪ୣ : represents the 
description part of the business rule 

 The formal representation of the context and 
description parts of a business rule were given in the 
previous sections. We also defined a number of 
relationships such as equivalence, refinement between 
concepts developed in the sections above. As we proceed, 
we shall use these relations to develop relationships 
between the business rules.  
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IV. RELATIONSHIP BETWEEN BUSINESS 

RULES  

 In the previous section, we have defined a set of 
concepts and relationships between these different 
concepts. All these works were intended to clearly present 
our vision of the business rule and prepare the ground for 
defining relationships between different business rules. 
The lines that follow shall be devoted to these 
relationships. Furthermore, we denote equivalence 
between two concepts by: ≡; refinement by: ؆, and 
,ሺܾݏݓ݁݅ݒ  ሻ, all attributes of the object ܾ in the businessߙ
rule ߙ. 

A. Axioms  

 Consider two business rules α and β, we denote by 
Contexte,  Contexteβ the respective  contexts of the 
business rules α and β and 
Description ൌ ሺGarde, Sequence, Resultሻ, 
Descriptionஒ ൌ ሺGardeஒ, Sequenceஒ, Resultஒሻ the 
descriptions part of the business rule α and β respectively.  

Axiom 12: Equivalence of Business Rules  

 We say that α and β are equivalent if and only if:  

Contexte ؠ Contexteஒ et ቐ

Sequenceα ؠ Sequenceβ
Gardeα ؠ Gardeβ             
 Resultα ؠ Resultβ           

             

Axiom 13: Extension, Refinement of Business Rules  
 We say that α is a refinement β or that β is an 
extension of α if and only if:  

Contexte ؆ Contexteஒ and ቐ

Sequenceα ؆ Sequenceβ
Gardeα ؆ Gardeβ             
 Resultα ؆ Resultβ           

             

Axiom 14: Inconsistent Business Rules  
 We say that a business rule is inconsistent, if and only 
if:  

1- there exists at least one object in the context of this 
business rule that is not used in the description of 
that business rule; 

2- there exists at least one attribute or property of an 
object from its context which is not used in the 
description part of that business rule;  

Axiom 15: Incomplete Business Rules  
 A business rule is said incomplete if and only if it is 
not inconsistent and there are properties that have the 
mention “reference” which does not appear in the result 
objects of the same rule.  

Axiom 16: Merging Business Rules  
 We say that two business rules α and β can merge if 
and only if:  

1- α and β are neither inconsistent nor incomplete;  

2-  Keywords ת Keywordsஒ ്   and    
NameSpace ת NameSpaceஒ ്    

א b  -3  NameSpace ת NameSpaceஒ   and  
viewsሺb, αሻ ת viewsሺb, βሻ ്  ;

B. Impact of these Relations on the Business Process 
Requirements Model 
 

Definition (2): Sequencing Rule  
 A business rule α is a sequencing rule if Sequence 
contains the predicate of deterministic choice. 

 In [1], we presented a goal oriented approach- for the 
definition of a business process requirement model, taking 
into account their level of importance and constraints 
inherent to these requirements. The level of importance of 
a goal is the credit which the user associates to this goal. 
Constraints are non-functional requirements related to 
what this goal must satisfy. The approach that was 
proposed in [1], revolves around four main activities: 
requirement elicitation, selection of different goals, 
transformation of requirements into knowledge bits and 
finally the development of the requirement model. We 
have shown formally that this approach will exhaustively 
describe a business process. To do this, we have given 
formalism to model  the requirements of a business 
executive and deduced from the work of [4], a formal 
representation of what we call knowledge bit or expressed 
requirement. An expressed requirement or knowledge bit 
was defined as follows:  

∂ ൌ  ሺ, ω,, ,  ሻ  
              where  

∂  name of knowledge bit                                        
  is the context in which the goal is defined

ω is the goal                                                                 
 is the business rule                                                  
  represents contraints                                             

       is the level of importance of the goal                     

 

       ∂ is the name of a domain concept .  

Let’s consider ܽ ൌ  ሺ, ߱,, ,  ሻ and 
ܾ ൌ  ሺ′, ߱′,′, ′, ′ ሻ two expressed requirements  ܵ is 
the set of objects of the organizations’ information 
system, for which the expectation a. ω is satisfied under 
the rule a.  and the constraint ܽ.  [1]. It is the same for 
ܵ 

The concepts of requirements identity, sub-
requirements, and sub division of requirements were 
clearly defined in [1]. This definition was exclusively 
focused on usage intension. We shall not return to this. 
We shall use these characteristics to show the impact of a 
business rule on the organizations’ business processes 
requirement model.  

Impact 1: ܵ ൌ  ..  by definition݁ܿܽܵ݁݉ܽܰ
Impact 2: ܽ.  ؠ ܾ. Ԣ therefore a and b are identical 

 
Proof: We assume ܽ. ؠ ܾ. Ԣ and shall show that 
 ൌ    Ԣ, ߱ ൎ ߱Ԣ et  ܵ ൌ ܵ 

 Consider two requirements a and b, in the conditions 
of the paragraph above, we assume that a.  ؠ b.  Ԣ, by 
definition of a. ؠ b.  we have: 
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a) ݁ݐݔ݁ݐ݊ܥ  . ؠ  .  ᇱ, that is݁ݐݔ݁ݐ݊ܥ
ؠ .݁ܿܽܵ݁݉ܽܰ  .  ᇲ and݁ܿܽܵ݁݉ܽܰ
ת .ݏ݀ݎݓݕ݁ܭ .  ᇲݏ݀ݎݓݕ݁ܭ ് hence, ܵ , ൌ ܵ; 

b) ܴ݁ݏݐ݈ݑݏ. ؠ .  ᇲݏݐ݈ݑݏܴ݁ , by definition, ߱ ൎ ߱Ԣ. 

c) From a) and b) we deduce that   ൌ    Ԣ. 

Impact 3 :  ܽ. ؆ ܾ.  Ԣ, a is a sub-requirement of  b. 
 
Proof: Suppose that ܽ. ؆ ܾ.  Ԣ. 'and show that ܵ    ܵ 
and ܾ ൌ   .  Consider two requirements a and  ; byߩ
 ؆  Ԣ  in the conditions in the above paragraph, we 
assume that ܽ. ؆ ܾ.  ᇱ; by definition of a. ؆ b.  Ԣ we 
have:    ؆ Ԣ definition of a: 

a) ݁ݐݔ݁ݐ݊ܥ  . ؆  .  ᇱ that is to say݁ݐݔ݁ݐ݊ܥ
؆ .݁ܿܽܵ݁݉ܽܰ  .  ᇲ and݁ܿܽܵ݁݉ܽܰ
ת .ݏ݀ݎݓݕ݁ܭ .  ᇲݏ݀ݎݓݕ݁ܭ ്  .
؆ .݁ܿܽܵ݁݉ܽܰ  .  ᇲ we deduce݁ܿܽܵ݁݉ܽܰ
by definition that Sୟ    Sୠ ; 

b) ܵé݁ܿ݊݁ݑݍ  . ؆ ܵé݁ܿ݊݁ݑݍ.ᇲ by definition the 
ܽ.  is referenced in ܾ. Ԣ therefore ܾ ൌ  . ߩ

Impact 4: (definition of divisible requirement):  
 We say that a is divisible if and only if Sequence  ୟ. 
contains the predicate of deterministic choice. The 
number of business rules referenced in the predicate of 
deterministic choice constitute the number of parts of 
requirement a. 

Impact 5 (definition of ambiguous requirement):  
 We say that an expressed requirement a is ambiguous 
if and only if a.     is not in the list of domains listed in 
the domain of operations of the business rule.  

Impact 6 (definition merging requirements):  
We shall say that two requirements a and b can merge 

if and only if a.  is merged to b.  . 

 These impacts allow us to complete the definition of 
the concepts discussed in [1] which remained superficial.  

C. Business Object Model (BOM)  

 We mean by “Business Objects”, an object referenced 
in a business rule. Business objects are manipulated in the 
description part of a business rule. This part enables one 
to describe exhaustively the various business objects of 
business processes. In this section, we present the 
methodology of defining business objects. 

 Consider RBP ൌ ڂ b.୬
୧   (where b is an expressed 

requirement,  the business rule of b), the set business 
rules of a business process NameSpaceBP ൌ
ڂ NameSpace୰

୬
୧ୀଵ  (where r୧ is the ith business rules; 

NameSpace୰
is the set of objects referenced in the rule 

r୧), of objects referenced in all business rules; ABP, all the 
business objects attributes, a function 
prop: NameSpaceBP ൈ RBP ՜ ABP that for every pair 
ሺa, rሻ of NameSpaceBP ൈ RBP ՜ ABP, propሺa, rሻ returns 
the set of attributes of the object a referenced in the rule r 
.We define a function fields : NameSpaceBP ՜ ABP, such 
that if b NameSpaceBP , then  

                                                         

fieldsሺbሻ ൌ ራ propሺb, rሻ.
୰אRBP

 

Property 1: Business Object Attributes  
 Consider a business object O, of NameSpaceBP, fields 
represents the set of attributes of the object O.  

 Let fieldref denotes a function fieldref: NameSpaceBP 
 ܣ ൈ  , the attributes of an object b ݁ܿܽܵ݁݉ܽܰ
NameSpaceBP referenced in a business rule is given by :  

 ݂݈݅݁݀ሺܾሻ ൌ ራ ,ሺܾݎ .ሻݎ  ݏݐݑܾ݅ݎݐݐܽ
אோಳು

 

        Where: 

- prop୰ୣ: NameSpaceBP ൈ RBP ՜ ABP ൈ
NameSpaceBP is a function for every pair ሺb, rሻ of 
NameSpaceBP ൈ RBP, prop୰ୣሺb, rሻ returns the set of 
pairs ሺattributୠ, aሻ  such that attributୠ represents the set 
of attributes of the object b having the mention 
“reference” in the suffix “views” of  the object of a 
business rule r. 

Property 2: Reference Attributes of a Business Objects 
 Consider a business object O of NameSpaceBP, 
fields୰ୣሺOሻ represents the set of attributes of the object O 
with the mention “reference” in the suffix “views” of 
business objects of NameSpaceBP. 

 Let ݂݈݅݁݀ݏ௧, be a function  ܰܽ݉݁ܵ݁ܿܽ  
ܣ ൈ  , the attributes of an object b݁ܿܽܵ݁݉ܽܰ
referenced in the business rule is defined by : 

௧ሺܾሻݏ݈݂݀݁݅ ൌ ራ ,ሺܾݎ .ሻݎ ܽ  
אோಳು

 

                                         

Where: 

݁ܿܽܵ݁݉ܽܰ :ݎ - ൈ ܴ ՜ ܣ ൈ
, is a function for every pair ሺܾ݁ܿܽܵ݁݉ܽܰ  ሻ ofݎ
݁ܿܽܵ݁݉ܽܰ ൈ ܴ, ݎሺܾ,  ሻreturns the set ofݎ
pairs ሺܽݐݑܾ݅ݎݐݐ, ܽሻ, such that attributୠ represents the set 
of  attributes of the object b having the mention 
“reference” in the suffix “views” of   the the business rule 
object r. 

Property 3: Links between business Objects  
 Consider a business object  ܱ of NameSpaceBP, 
 ௧ሺܱሻ represents the set of business objects withݏ݈݂݀݁݅
references in the attributes of  ܱ.  These references are 
called links or connections between ܱ and other business 
objects. 

Constraints: (uniqueness of the name business object) 

 The name of a business object is unique in a business 
processes. It can be reused as many times as you want in 
the context part of different rules. It is the same for 
attributes of these business objects. The latter retains their 
types and their names, whatever the business rule. 
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V. LEVELS AND TYPES OF REQUIREMENTS 

FOR BUSINESS PROCESS  AND WORKFLOW 

MODELING 

In the previous sections; we have defined an approach 
to model business rules and its constraints. The defined 
model is based on the concept of context, action and 
conditions which are essential for the definition of 
knowledge within an organization. We then consider in 
this section that a model of a business rule defines specific 
knowledge which is disclosed for the achievement of a 
business goal. 

A business goal is achieved within an organization by 
considering not only actions to be taken by employees, 
but also the needs of customers for their satisfaction as all 
the products, goods or services produced within an 
enterprise are designed for them. For this end, specific 
attention should be taken in order to ensure that the output 
of the process will be accepted and help the associated 
enterprise dealing with the global network economy 
pressure [20].  

In the daily life of an enterprise, some employees are 
breaking out of the process while others are entering the 
process. This mobility of employees has a certain effect in 
the delivery of qualified services to customers as the new 
comers do not have, most of the time, the necessary skills 
or experiences to deal with activities related to their 
positions. This concern should be addressed when dealing 
with the design of a workflow within an enterprise as not 
only machines are participating in the achievement of 
activities, but some parts of these activities are carried out 
by humans. Each human has a tacit and public knowledge, 
and when he breaks out of the process, if nothing is done, 
he goes with this knowledge. As a consequence, the 
enterprise has to train new employees in order to maintain 
the defined quality of service. However, within the 
capacity building period, the quality of service is not as 
good as expected and the beneficiaries of these services, 
most of the time, look for other enterprises for the 
delivery of qualified services. Therefore, in the process of 
defining the requirement for the design of a workflow, the 
management of knowledge is something that should be 
considered [21]. 

In our approach in defining requirements for the 
design of a business process and a workflow, four 
perspectives are to be considered, (1) the customer 
perspective which defines their perception of the quality 
of service and the required quality of service requirement, 
(2) the business perspective where the business 
requirements are defined based on requirements defined in 
the customer level, (3) the employee perspective 

employee requirements are defined in terms of skills and 
experiences, but also the business rules needed to perform 
various activities based on the knowledge gathered during 
the previous performances of activities, and finally (4) the 
product perspective where the requirement of the end 
product are given based on the previous perspectives. 
These four perspectives are given by the figure 1 below.  

 

VI. CONCLUSION AND FUTURE WORKS 

 Dealing with the satisfaction of customers is a 
challenge that enterprises have to tackle in order to resist 
the pressure of the network economy. Enterprises that fail 
to take into consideration this challenge will go bankrupt 
as their products are no more accepted by various 
consumers. To help enterprises in producing qualified 
products, several methods have been defined for the 
formalization of their business processes and workflows. 
However, despite the popularity of these methods, little 
has been done in the integration of various requirement 
types and perspectives in the modeling of business 
process and workflows.  

 In this paper, we have defined a way of formalizing 
the business process rules that we considered to be the key 
concept in the integration of a variety of knowledge in the 
model of business process and workflow to increase the 
productivity within an enterprise and the satisfaction of 
the end users. After its formalization, a business process 
rule has been considered to be a set of knowledge that is 
used to carry out business by both parties’ enterprises and 
customers. Based on this formalization, we have defined 
four perspective levels for the design of a business process 
and a workflow within an enterprise. These perspectives 
include, (i) the customer perspective, where the 
requirements regarding the quality of service desired are 
defined, also the knowledge concerning their perception 
of the service delivered, (ii) the business perspective 
where the requirements regarding the structure of the 
business process are defined, (iii) the employee 
perspective where the requirements concerning the skills 
and experiences are defined and also the knowledge used 
in the processing of activities based on the knowledge 
gathered during the previous processing steps, (iv) the 
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product perspective where the requirements regarding the 
specification of the final product are defined.  

 At this state of our work, we do not deal with the 
explicit management of knowledge within an enterprise or 
the selection of knowledge as not all the knowledge is 
required to be taken into consideration. This work does 
not also go deeper in the modeling of customers for the 
formal definition of their perception and their degree of 
importance given different criteria. These topics are some 
of future works that can be carried out for the refinement 
of the proposed approach.  
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