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Abstract—Due to the creation of the new Decision Model
Standard, derivation business rules play an even more crucial
role in organizations’ daily operations. To capture these
business rules, organizations can choose between a multitude
of commercially and scientifically available business rule
languages. However, currently no set of criteria exists to
evaluate these business rule languages and underlying tools
with regard to expressiveness and preciseness. So, a need for a
reference framework to simplify the selection process can be
identified. During this research, a set of 15 fundamental
constructs is identified, required to create precise and
expressive business rules, which can be used as reference
framework to perform an evaluation. The identified
fundamental constructs have been validated in three different
rounds using sequentially 37 patterns, 252 business rules, and
six business rule management systems by applying Mill’s
Method, which indicated usefulness and completeness.
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L INTRODUCTION

More and more organizations capture their business logic
in the form of business rules. A business rule is defined as:
“a statement that defines or constrains some aspect of the
business, intending to assert business structure or to control
the behavior of the business [1].” In the last decade, these
business rules have become an increasingly valuable asset
for organizations. To specify and manage this asset, a
multitude of business rule languages and systems is
available. For instance: RuleSpeak, The Decision Model
(TDM), the Simple Rule Markup Language (SRML), the
Semantic Web Rules Language (SWRL), the Production
Rule Representation (PRR), the Semantics of Business
Vocabulary and Business Rules (SBVR), SRL, N3, and IRL
[2].

The abundance of available systems and languages, and
the fact that they differ to a large extent regarding their
expressive power, causes two challenges. The first challenge
organizations may encounter are difficulties in selecting an
appropriate business rule management system or business
rule language, since no set of criteria exists, which could be
used as reference point for comparison. This can for
instance lead to the selection of a language with a too
extensive or too low level of expressive power. A second
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problem can occur when a language, tailored to a particular
business rule management system, is selected. In case an
organization transfers to a new or additional system, the
business rules have to be re-specified to comply with the
specification language of that specific system, which is
highly inefficient, expensive and error prone.

Research has been initiated to compare the business rule
languages, since various differences between the languages
exist. Examples of such studies are [3] and [2]. Zoet et al.
compared the representational capabilities of four different
business rule languages [3], by mapping the fundamental
elements of these languages onto the constructs of the
Bunge-Wand-Weber (BWW) representation theory [4].

Previous studies focused on high-level elements (e.g.,
thing, property) of business rule languages. This view is
applicable to analyze business rule languages at a global
level, but not to evaluate the details of the syntax and
semantics of the languages. Other previous studies focused
on creating a business rule language that could cope with a
whole range of logic. Examples of such languages are LISP
and PROLOG [5]. However, much of the expressive power
of these languages is not even applied in practice. This is
caused by different factors, for instance: unusable for
business users, but more importantly, most of this
expressive power is not necessary to be able to specify
derivation business rules.

The aim of this research is to evaluate business rule
languages from a more detailed and practical view in order
to tackle the outlined problems above. This research was
conducted based on the following research question: “How
can derivation business rules be specified precisely and
implementation independent?”

This paper is organized as follows. Section II presents
the literature review, which provides insight into different
types of business rules and the specification thereof. Section
III explains the applied research method to devise and
validate the envisioned artifacts. The data collection and
data analysis process are described respectively in Section
IV and Section V. In Section VI, the results that derive from
the identification and creation of artifacts are presented.
Section VII provides the conclusions of the study including
the contributions, limitations and future work.
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II.  LITERATURE

In literature, a “business rule” is defined in a variety of
ways, which is emphasized by a statement of Von Halle
“depending on whom you ask, business rules may
encompass some or all relationship verbs, mathematical
calculations, inference rules, step-by-step instructions,
database constraints, business goals and policies, and
business definitions [6].” Furthermore, not one commonly
accepted way to classify business rules exists. From
literature, ten different classification schemes to classify
business rules emerged, which each cover several business
rule categories (types) [1][7]1[8][91[10][11][12]. Among the
ten classification schemes, different names are used to refer
to either similar or dissimilar business rule categories.

To delimit this research, the focus will lie on one
specific type of business rules namely derivation business
rules. A derivation business rule can be defined as: “an
expression that evaluates facts, by means of a calculation or
classification, leading to a new fact (i.e., conclusion)
[1][13].” To position the type of business rule on which
this research focuses, derivation business rules, this type is
compared to the categories included in the ten found
classification schemes. This comparison showed that
derivation business rules correspond to the following
categories of the found classification schemes: 1) Inference
rules, 2) Computation rules, 3) Derivation rules, 4)
Classification rules, 5) Decision rules, 6) Calculation rules,
and 7) Rounding rules [1][7][8][11][12][ 14].

Besides the fact that different business rule definitions
and categories exist, also many different business rule
notation forms are available to specify derivation business
rules. At the highest abstraction level, two main formalism
types can be identified: implementation dependent and
implementation independent languages. The first type is
defined as “an implementation dependent language is a
language that complies to a specific software formalism,
has a delimited predefined expressiveness, and is tailored to
be interpreted by a particular information system [15].”
Examples of implementation dependent languages are LISP
and Haskell, but also the languages used by specific
business rule (management) systems, such as Corticon or Be
Informed. When organizations use such an implementation
dependent language and switch to a new business rule
management system, the business rules must be re-specified
in order for this system to process them, which is highly
inefficient, expensive and error prone. In contrast, an
implementation independent language is considered as: “a
language that complies with a certain level of naturalness
but has a delimited predefined expressiveness and is not
tailored to be applicable for a specific automated
information system [15].” So, this second formalism could
by applied in multiple environments addressing the
disadvantages of a dependent language but is generally not
precise enough to be directly executable by an automated
information system.
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A solution for this problem can be found by
investigating which fundamental constructs (i.e., building
blocks of a language) are necessary to specify a precise
derivation business rule. Similar studies are performed in
different research fields concerning fundamental constructs.
For example, Moody created a checklist comprising a
defined set of criteria to determine if a language can be
easily understood by people [27]. Furthermore, Van der
Aalst created a list of patterns to check if business process
management systems could handle different types of process
elements [28]. Like in the previous studies, our goal is not
to create a new language. However, the focus will lie on the
identification of the minimal set of constructs a language
needs to contain to be able to precisely specify business
rules found in practice. When this minimal set of
fundamental constructs is used as reference point to select a
language, it should be made clear that not all these
constructs have to be included in the language. In some
cases, these constructs are already available as property in
the business rule (management) system. For example, in
tools like Be Informed and Berkely Bridge the relationship
between constructs cannot be expressed by means of the
language but only by the use of a system property.

III. RESEARCH METHOD

The purpose of this research is to identify the
fundamental constructs that characterize a precise and
transformable derivation business rule. The premise of this
research is that the identified set of fundamental constructs
is good enough when most common business rules in
practice can be captured. To accomplish this goal, a research
approach is needed that can identify 1) the fundamental
constructs applied in business rules and 2) the similarities
and dissimilarities between fundamental constructs applied
in business rules.

Both requirements can be met by applying grounded
theory. The purpose of grounded theory is to “explain with
the fewest possible concepts, and with the greatest possible
scope, as much variation as possible in the behavior and
problem under study [16].” Grounded theory identifies
differences and similarities by applying eighteen coding
families. However, this does not provide a structured
comparison of the identified situational factors across cases.
Therefore, an additional technique is needed to compare the
differences between a variety of business rules. A technique
specifically engineered to inspect cases for similarities and
differences is ordinal comparison based on Mill’s method of
agreement and difference [17]. Mill’s methods are used to
draw conclusions about causal relationships by analyzing
the data (i.e., effects) and find common denominators (i.e.,
causes) [18]. With regard to this research, the common
denominators correspond to the required fundamental
constructs found in each case to be able to specify precise
derivation business rules.
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IV. DATA COLLECTION

Three rounds of data collection were performed. The first
data set comprised existing business rule patterns, these
were collected in order to identify the first set of
fundamental constructs. For the second data set, existing
business rules were gathered to analyze if the identified
fundamental constructs could cover the business rules or
additional constructs were needed. For the third data set,
business rules were collected, which were implemented in a
specific business rule management system, to examine the
applicability of the identified fundamental constructs in an
implementation dependent environment.

To select the data sets, one overall practical selection
criterion was applied namely site/document access to be
able to use the data for this research. In contrast, the applied
theoretical selection criteria differed per data set. For the
first data set, one theoretical criterion was taken into
account, which meant that solely business rule patterns
focused on specifying derivation business rules were
included. Based on this criterion, 37 patterns from the
following five current existing business rule pattern
catalogues were selected: [8][11][12][14][19]. Table I
shows the amount of collected patterns per catalogue.

TABLE I. AMOUNT OF PATTERN COLLECTED PER CATALOGUE.

Pattern Catalogue Amount of Patterns
Morgan 2
RuleSpeak 12
Wan Kadir & Loucopoulos 2
Von Halle 2
Regelspraak 15

TOTAL 37

For the second data set, one theoretical selection
criterion was applied: only instantiations of derivation
business rules were eligible. By adhering to this criterion,
252 derivation business rules were randomly selected from
the following eleven different business rule cases
originating  from  both  literature = and  practice:
[SI[11][12][14][19][20][21][22][23][24][25]. This sampling
strategy is followed in order to cover a wide range of
domains where business rules are utilized. Table II lists the
amount of selected business rules per case.

With regard to the third data set, two theoretical criteria
were applied. The first theoretical criterion to select the
business rule management systems implied that the
documentation of each system covered the implementation
of the same business rule set (i.e., use case). The second
theoretical selection criterion corresponded to the fact that
the business rule set had to comprise derivation business
rules. As result, implementation documentation including 69
derivation business rules was collected of the following six
business rule management systems: 1) Blueriq, 2) Corticon,
3) IBM ODM, 4) Sapiens, 5) OpenRules, and 6) OpenL
Tablets.
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TABLE II. AMOUNT OF BUSINESS RULES COLLECTED PER CASE.

Business Rule Case Amount of Business Rules
Morgan 4
RuleSpeak 11
Wan Kadir & Loucopoulos 4
“on Halle 9
Regelspraak 19
WereWolf 16
Diabetic Patient Monitoring ]
Patient Therapy 12
Tax Return 32
Au pair 1
UServ Product Derby 138
TOTAL 252

V. DATA ANALYSIS

The data analysis comprised three different validation
rounds. For each wvalidation round, the same coding
procedure and scheme were applied. The coding procedure
was established together with a second researcher and based
on the Joint Method of Agreement and Difference of [18].
Due to space limitations, only an excerpt of the coding
scheme is shown in Figure 1 and Figure 2 including two
example business rules from the second validation round.

Derivation Business Rule
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Figure 1. Example mapping of Business Rules on Conclusion Part.
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Figure 2. Example mapping of Business Rules on Condition Part.

The coding scheme is split up for readability reasons into
two separate tables, where the orange and green cells
contain the fundamental constructs and the white cells the
data item parts (i.e., business rule parts). The first example
business rule (see row no. 1 in Fig. 1 and Fig. 2)
corresponds to the coding of the following derivation
business rule of the UServ Product Derby case: “The car’s
potential theft rating is high if the car is convertible.” To
code this business rule, the conclusion and condition part
were identified first where “the car’s potential theft rating is



eKNOW 2017 : The Ninth International Conference on Information, Process, and Knowledge Management

high” corresponds to the conclusion part (see Figure 1) and
“if the car is convertible” to the condition part (see Figure
2). Subsequently, the conclusion and condition part were
disassembled in smaller parts, which were matched onto the
fundamental constructs of the coding scheme. For example,
the fundamental construct Quantifier is two times included
as “the” and three instantiations of the fundamental
construct Subject are identified namely “car”, “potential
theft rating” and “car”.

Although the same coding procedure and scheme were
applied for every validation round, some differences can be
appointed between the three rounds with regard to the
process. During the first round, one researcher coded the 37
collected business rule patterns. In case the researcher was
not certain about the coding of particular parts, a second
researcher was consulted and the coding process was
continued. Subsequently, this second researcher coded a few
randomly selected business rule patterns, which were
compared with the coded variant of the first researcher. Any
discrepancies were discussed until agreement was reached.
For the second round, three researcher were involved
namely the two researcher of the first round and one
additional researcher. This additional researcher acted as
reliability coder since the outcome of the coding could be
influenced by the mindset and convention of the researcher
after the first round. Involving a reliability coder could
reduce this effect and could enhance the reliability of the
results [26]. So, the 252 selected business rules were coded
by both the first researcher and the reliability coder applying
the same coding procedure. Besides the use of this coding
procedure, the first researcher coded and explained a few
example business rules to the reliability coder in advance to
ensure that the coding was performed in exactly the same
way. After both mappings were conducted, the results were
compared and the differences were discussed among all
three researchers until agreement was reached again. Prior
to the third validation round, a few data items were coded
together by the two researchers of the first round. Then, the
entire coding procedure of the implemented version of
business rules from the implementation documentation of
the six selected business rule management systems was
completed by the first researcher. Same as applied for the
first round, the second researcher was consulted when
obscurities emerged. Finally, the second researcher
randomly validated a few coded data items. Any anomalies
were discussed until agreement was reached, after which the
third coding round was finalized.

VL

In this section, the 15 fundamental constructs that are
identified to specify a precise and implementation
independent derivation business rule are described, which
are: conclusion part, condition part, subject, quantifier,
relation, expression, classification, value, propositional
operator, ground, mathematical operator, mathematical
function, modal claim type, construct and connective.

RESULTS
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A derivation business rule is composed of two
fundamental constructs on the highest abstraction level: the
conclusion part and condition part. In the example business
rule of Figure 3, the conclusion part is denoted by an orange
border and the condition part by a green border. In literature,
the conclusion part is also referred to as ‘conclusion
assertion’ or ‘then-part’, and the condition part as ‘if-part’ or
‘when-part’ [3][13]. The conclusion part and condition part
are further specified with specific underlying fundamental
constructs, which are described in the remainder of this
section.

tax_amount] [of] [a [taxpayer be calculated as the sum of A [each
current employment minus Ehdkax rebate] | if fhelhationalityl [offtheltaxpayeris Dutch and Ehdfagelbf]
hdtaxpayerlis higher than 18.

Figure 3. Example business rule indicating the fundamental constructs.

A. Subject

The subject is the most fundamental part of a business
rule. A subject is “a noun, a thing with an agreed-upon
definition, a recognizable business entity [13][14].” It refers
to the business entity on which a conclusion is drawn, as well
as the condition(s) that should be applied to reach this
conclusion. In the example business rule, subjects are
denoted by a blue border, for example: tax amount, taxpayer,
and salary (see Fig. 3). In the business rule pattern catalogues
and literature, several different names are found to refer to a
subject like: term, subject, result, value, subj, property of a
concept, entity, and attribute [8][11][14].

B. Quantifier

The subject indicates which business entity is applied, the
quantifier indicates how many or which specific instantiation
of the business entity must be applied. This can for example
be a specific subject (i.e., the subject), one subject (e.g., a/an
subject) or more subjects (e.g., each/every subject). In the
example business rule, each quantifier is denoted by a red
border (see Fig. 3). In the pattern catalogue of Morgan, this
fundamental construct is called a determiner [14], and in the
business rule language SBVR a keyword [10].

C. Relation

In the majority of studied business rules, multiple subjects
were present. See for example the business rule in Fig. 3,
which includes the subjects “tax amount” and “tax payer”.
The purpose of this business rule is to conclude something
about the combination of both, namely the “tax amount of
the tax payer.” The question that arises is if this combination
must be seen as one subject or as two individual subjects. In
practice, both solutions to this problem can be recognized.
However, the choice to include subject as a single
fundamental construct in the identified set to refer to both
“concepts (i.e., entities)” and “properties of concepts (i.e.,
attributes)”, can have a disadvantage. Although it keeps the
amount of fundamental constructs limited, it can also make
the business rule ambiguous. Therefore, some practitioners
choose to add an additional fundamental construct, which
addresses this disadvantage. This fundamental construct

10
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specifies the relation between subjects. By means of this
relation, the different granularity levels between subjects can
be made clear again. Since it is necessary to be able to
precisely specify the relation between subjects in a business
rule, ensuring an unambiguous and precise business rule, the
fundamental construct relation is added. This relation is
shown by means of a black border in Fig. 3.

D. Expression

Taking the definition of a derivation business rule into
account , “an expression that evaluates facts, by means of a
calculation or classification, leading to a new fact (i.e.,
conclusion) [1][13]”, both the calculation and classification
fundamental construct are seen as a specific type of
expression. Considering this definition, two statements can
be made: 1) facts in a derivation business rule are evaluated
by means of a calculation or classification, and 2) a new fact
(i.e., conclusion) of a derivation business rule is either
determined by a calculation or a classification. Both the
calculation and the classification are seen as a separate
fundamental construct of a derivation business rule, where
the calculation is called a ground. The fundamental construct
is called a ground since it has several underlying
fundamental constructs, therefore names like computation or
calculation are considered as too narrow.

E. Classification

A specific type of expression is the classification. On the
one hand, in the conclusion part a classification can equate a
subject with another subject or a value. For example: “Food
Intake Risk Points of the patient must be equated to 2.” In
this example, the subject Food Intake Risk Points is equated
to the value 2. On the other hand, in the condition part a
classification can check the consistency between a subject
and another subject or a value. For example: “If Solid Intake
of the patient is equal to 5 days.” In this case, the subject
Solid Intake is compared to the value 5.

F. Propositional Operator

To be able to make the difference between the two
classification options (i.e., equate with or check the
consistency) clear, a fundamental construct is included. This
fundamental construct is called a propositional operator,
which is underlined in the example business rules above.

G. Value

A fundamental construct that emerged from the coding
exercise is value. Von Halle and Goldberg refer to a value by
the word ‘fact’ or ‘fact value’ [13]. The fundamental
construct value is added to distinguish between constants and
variables. Where value is a constant and subjects are used to
denote variables.

H. Ground

The second type of expression is the ground. On the one
hand, in the conclusion part a ground can equate a subject
with a basic ground. For example: “Malnutrition Risk Points
of the patient must be computed as Weight Loss Risk Points
of the patient + Body Mass Index Risk Points of the patient.”
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On the other hand, in the condition part a ground can
compare a subject with another subject, a value, or a basic
ground. For example: “IF Weight Loss of the patient is less
than 5%.”

1. Mathematical Operator and Mathematical Function

To be able to make the difference between the two ground
options (i.e., equate with and compare with), a fundamental
construct is included. This fundamental construct is called a
mathematical operator, which is underlined in the business
rules above. In addition to mathematical operators, also
more sophisticated calculations have to be made. For
example: sum, median or cosines. These are called
mathematical functions. Since business rule management
systems make a difference between the two, both
fundamental constructs are included.

J. Modal Claim Type

The fundamental construct modal claim type is only
applicable for the conclusion part and not for the condition
part. This fundamental construct determines how the
derivation business rule is imposed. In other words, this
fundamental construct defines the modality of the business
rule. Examples of these modality options, which occurred
during the coding exercise, are: “must” to formulate an
obligation or “may” to formulate a permission. In the
example business rule of Fig. 3, the modality is denoted by a
purple border. By explicitly specifying the modality of a
business rule, the intention of the business rule becomes
clearer for humans. However, excluding the modality will
not change the logic of the business rule. When ‘must’ is
excluded from the example business rule (see Fig. 3), only
the representation will change.

K. Construct

The fundamental construct called comstruct is used to
indicate a condition part of the business rule, which is
repeatedly found in business rule catalogues or languages.
Most pattern catalogues only include specific instantiations
for this fundamental construct and no overall name is given.
For instance, Morgan includes the instantiations ‘if or unless’
to indicate the condition part [14]. Solely the RuleSpeak
pattern catalogue of Hoppenbrouwers provides an overall
name for such instantiations namely keywords, which covers
the following three: if, when and only if [19]. In computer
science, or more specifically with regard to programming
languages, the above provided instantiations are commonly
referred to as constructs.

L. Connective

In some business rules more than one condition is
included, for example: “IF Age of the patient is equal to 18
AND Liquid Intake of the patient is more than 1 day.” In
these cases, the connection between these conditions has to
be made clear. Does only one condition has to be met, or a
few of them, or maximal one. To indicate the relation
between the conditions, the fundamental construct
connective is added.

11
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VIL

This research investigated the fundamental constructs of
derivation business rules with the purpose of developing a
reference framework to evaluate existing business rule
languages and business rule management systems. To
accomplish this goal, a grounded theory study was executed
to derive the minimal set of fundamental constructs needed
to define a precise and implementation independent business
rule that can be transformed (automatically) to an
implementation dependent business rule. The analysis
revealed 15 fundamental constructs that are required to do
so. Although the three performed validation rounds and the
amount of used input data for each round are considered as
sufficient (i.e., 37 patterns, 252 business rules, and 6
systems), the size of each data set could be increased for
further research to enhance the generalization of the results
even further. We believe that this work represents a further
step in research on business rule management. Future
research will focus on the formulation of patterns including
the fundamental constructs. The patterns can be applied to
consistently and unambiguously formulate business rules
and evaluate the expressiveness of business rule
management systems.

DISCUSSION AND CONCLUSION
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