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Abstract

It is common in organizational contexts and in law to
apply a decision-scope approach to decision making.
Higher organization levels set a decision scope within
which lower organization levels may operate. In case
of conflict the regulations and rules of a higher level
(e.g. European Union) take precedence over those of a
lower level (e.g. a member state). This approach can
also be beneficially applied to the specialization of the
most important kind of business rules in information
systems, action rules. Such rules define under which
conditions certain actions may, must not, or need to
be taken.

Applying the decision scope approach to business
process modeling based on BPMN means that busi-
ness rules should not be buried in decision tasks but
be made explicit at the flow level. This requires a re-
thinking of the current BPMN modeling paradigm in
that several aspects in conditional flow so far modeled
jointly are separately captured: (a) potential order-
ing of tasks, (b) conditions under which a task may or
may not be invoked, and (c) conditions under which
a particular task needs to be invoked. Rather than
re-defining BPMN as such, an appropriate extension
may be provided on-top of BPMN and mapped to
standard BPMN primitives.

Applying the decision scope approach to active
data warehousing, where analysis rules express ac-
tionable knowledge, requires to consider two alterna-
tive hierarchies: (1) hierarchies of sets of points at
the same granularity and (2) the roll-up hierarchy of
points in multi-dimensional space.

This paper presents the decision scope approach,
outlines how it complements inheritance and spe-
cialization approaches typically followed in object-
oriented systems, and introduces consistency rules for
business rule specialization as well as auto-correction
rules, which rectify an inconsistent lower-level busi-
ness rule such that it becomes consistent with higher-
level business rules.
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1 Introduction

Specialization is one of the most prominent tech-
niques in conceptual modeling to deal with complex-
ity. It assists structuring design artifacts, making
them more compact and better comprehensible. Ar-
tifacts are designed by specifying their features. With
specialization, more specific artifacts inherit features
from more general artifacts and may specialize in-
herited features through extension (i.e., adding or-
thogonal features) or refinement (i.e., adding details
to inherited features); changing inherited features is
termed “overriding”. Specialization is used in a num-
ber of related areas, such as knowledge representa-
tion [11], programming languages [9], data model-
ing [36], and business process modeling [12].

While the idea of organizing artifacts (nodes in
semantic networks or concepts in ontologies, types
in programming languages, classes of objects in data
modeling, and classes of business cases in business
process modeling) in hierarchies is common across re-
lated areas, the particular notions and rule governing
specializations differ, sometimes even within the same
area. A “rule-free” (i.e., arbitrary and unconstrained)
change of inherited features, which is possible in some
programming languages by free code overriding, is in
disaccord with the very ideas of conceptual modeling
and of abstracting common features along specializa-
tion hierarchies of design artifacts.

1.1 Contravariance and Covariance

It is generally agreed that propositions that hold for
members of a superclass1 should also hold for mem-
bers of a subclass, unless stated otherwise (in case
of non-monotonic inheritance). The key differences
between various approaches concern (1) what partic-
ular propositions over members of a class are made
by a class specification and (2) the rules that gov-
ern specialization hierarchies (e.g., monotonic or non-
monotonic inheritance).

In data modeling, classes usually specify con-
straints over properties of their members which are
interpreted as invariant conditions that need to be
satisfied by members of a class over their life time. In
knowledge representation, classes (frequently called
concepts) specify necessary and sufficient conditions
for an object (frequently called individual) to be con-
sidered a member of a class; a change of an object’s
property may lead to a dynamic re-classification.

In programming languages, the notion of type sub-
stitutability is predominant [14, 28]: Any member

1Irrespective of the specific artifact, we will speak in the follow-
ing of classes and objects, of members of classes, and of super- and
subclasses for specialization relationships between classes.
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(frequently called instance) of a class should be us-
able in every place in which a member of superclass
is expected. Regarding the methods specified with
a class, type substitutability comes with the follow-
ing proposition: “Given any member of the class, if
the pre-condition of a method is met, the method can
be successfully performed on that member”. Notice
that the member of the class may also be a member
of a subclass whose overridden method is not con-
sidered in this proposition. Type substitutability (in
the presence of local2 static type checking) requires
contra-variant inheritance - the redefined type of a pa-
rameter of an inherited method needs to be the same
as or a supertype of the inherited type and a rede-
fined precondition of a method must be more general
(i.e., be implied by the inherited precondition). This
ensures that if the precondition of a method is met at
a superclass it is also met at the subclass.

Semantic data and process models have since their
earliest appearance promoted the idea of co-variance
as the more natural approach to specialization [10];
the “real world” argument for co-variant specializa-
tion [16] has been adopted also by UML 2.0 [13]. Re-
garding the methods of a class (or an activity of a pro-
cess), co-variant specialization comes with the follow-
ing proposition: “Given any member of the class, if
the pre-condition of a method is not met, the method
cannot be sucessfully performed on that member”.
Notice the difference in the propositions implied by
class specifications adhering to contra- or co-variant
specialization, it is seldom expressed ad verbis.3

Both notions, contra- and co-variance, have their
place; usually for different purposes, substitutability
and incremental specification. It has been suggested
to combine both notions by selecting at run time a
more general method for an instance of a more spe-
cific class if dynamic types of input parameters do
not match the static types of input parameters of an
overridden method [15]. Such approaches may have
their merit in special cases, but lead to inconsistencies
if specific constraints of a more specific class need to
be met (which a more general method would not be
aware of).

Specialization in business process modeling has
been addressed by consistency notions that are akin
to co-variance and contra-variance, such as observa-
tion vs. invocation consistency of object life cycles
(used for modeling business processes in an object-
centric manner) [34], or projection vs. protocol inher-
itance [5, 40] of process nets. Invocation consistency
and protocol inheritance support the idea of substi-
tutability in that a process class may be seamlessly
replaced by another process class without any effect
of the embedding environment. Observation and pro-
jection inheritance support the idea of incremental
specification through extension and refinement.

1.2 Specialization and Business Rules

In re-active systems, such as active databases, the
concept of specialization has been extended to active
rules (that initiate an activity based on events and
conditions) and studied in depth with respect to type
substitutability [6].

Constraints, pre- and postconditions of methods,
and active rules capture business rules explicitly at
the design level in a declarative form and do not bury
them in hidden design artifacts (such as in internals

2i.e., without global program code analysis
3The different semantics of pre- and postconditions of methods

has been described from a different angle based on deontic logic,
but without explicit reference to co- and contra-variance [41].

of decision activities or in procedural method spec-
ifications). At the requirement level, business rules
(which are defined as any “rule under business juris-
diction” by OMG) should, according to the Business
Rule Manifesto [1], be specified in declarative from as
provided by the SBVR-specification [2] for document-
ing the semantics of business vocabularies, business
facts, and business rules. Scientific work has classi-
fied business rules into static business rules expressing
invariant conditions over facts and their relationships
and into dynamic business rules expressing rules that
concern state changes [21].

Information system design needs to address the
choice on how to best represent business rules in de-
sign artifacts. It is nowadays commonly accepted that
business rules should not be hidden, but be explicitly
captured in a declarative form[1]. We have argued in
the past [25] that depending on the kind of business
rule, different choices should be made on how to cap-
ture business rules in process modeling, such as by us-
ing constraints, by pre- or post-conditions of activities
(defining enabling conditions and results, resp.), or by
using activation conditions (defining under which con-
ditions an activity is triggered). We have also intro-
duced an object-centered design approach for jointly
modeling object structure and business processes [24],
an approach which currently receives considerable at-
tention in conference panel discussions and industry
promotion under the labels “artifact-centered busi-
ness process modeling” [22] and “case base manage-
ment process modeling” (CMPM). And we have sep-
arated several concerns in business process modeling
that are frequently mixed: (1) potential ordering of
activities, (2) passive pre- and post-conditions of ac-
tivities (specified independently of the invocation of
activities by pre- and post-states in a net represen-
tation or by expressions in some form of predicate
logic over business cases and activity parameters, or
by both), and (3) activation rules that define un-
der which conditions (including events) an activity
is invoked [27]. Such a separation is in our opinion
a pre-requisite to appropriately handle specialization
of business rules in the context of business processes
modeling and data ware housing.

The issue of specialization of business rules has
been briefly discussed [8, 26, 37], but to the best of
our knowledge not been extensively addressed so far
in a comprehensive, uniform manner. At the require-
ment elicitation level, the SBVR-specification of sev-
eral hundred pages comes without a comprehensive
description of criteria for the specialization of busi-
ness rules. At the design level, alternative approaches
- as described above - have been promoted.

1.3 Business rules and decision scope

To move forward, we look for guidance by consider-
ing on how law is “specialized” along law hierarchies
(e.g. constitutional law, simple law) or, similarly, on
how rules are specialized along levels of jurisdictions
(e.g., regulations at the level of the European Union,
regulations at the level of a member state). In these
contexts it is common to apply a decision-scope ap-
proach to decision making. Higher organization levels
define what is permitted and what is forbidden. Dif-
ferent to deontic logic, permissions and prohibitions
are not complementary but leave a decision-scope in
which lower organization levels may operate. Reg-
ulations and rules of a higher level (e.g. European
Union) take precedence over those of a lower level
(e.g. a member state) in case of conflict. Such an
approach can also be beneficially applied to the spe-
cialization of business rules. We describe this in the
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paper for the most important kind of dynamic busi-
ness rules in information systems, action rules. Such
rules define under which conditions certain actions
may, must not, or need to be taken.

Applying the decision-scope approach to special-
ization reconciles the apparently conflicting special-
ization approaches of co- and contra-variance by fol-
lowing them separately in parallel. The proposi-
tions underpinning contra-variance inheritance rep-
resent permissions stating under which conditions a
method may be invoked; the propositions underpin-
ning co-variance represent prohibitions stating un-
der which conditions (if a precondition is violated),
a method cannot be invoked (i.e. the method invoca-
tion will fail).

The decision scope approach as described can be
extended to activation conditions, which may trigger
an activity if is permitted to do so. But not every ac-
tivity that is permitted need to be actually invoked.
There is a discretion to choose. This discretion is im-
portant in the context of conditional flow in business
process modeling, where activation conditions may in
effect chose any of several potentially applicable, i.e.,
permitted activities. In semi-formal decision making
such a choice is deferred to the case officer. OMG
promotes two opposite approaches to business process
modeling, BPMN [35] where all flows and flow condi-
tions are pre-defined and CMPM in which flow condi-
tions and choices can be identified by a case manager
on a case by case basis. The decision scope approach
is applicable to both. For CMPM, it is required to
consider different types of guards. For BPMN, multi-
ple aspects in conditional flow so far modeled jointly
need to be separately captured: (a) potential order-
ing of tasks, (b) conditions under which a task may or
may not be invoked, and (c) conditions under which a
particular task needs to be invoked. We will present
such an extension to BPMN later in the paper and
explain that rather than re-defining BPMN as such,
an appropriate extension may be provided as well on-
top of BPMN and mapped to standard BPMN prim-
itives (based on event-based gateways and deferred
decisions).

Another dimension of choice in inheritance is
monotonicity. Specialization and the decision-scope
approach are inherently monotonic as any potential
conflict of rules is resolved by precedence of rules of
higher organizational levels over those of lower or-
ganizational levels. To avoid repeated specification
of the same rules at lower organization levels, apart
from a few exceptions, non-monotonic rules are used
in law systems as well. These are explicitly identi-
fied as such by stating that a rule is presumed for
lower jurisdictions and may be overridden by them
(e.g., world wide sales conditions state that warranty
is for one year, unless local consumer law prescribes a
longer warranty period). Approaches in which mono-
tonic and non-monotonic rules coexist in a decision
scope setting have been proposed in the context of
authorization in database systems [7]: Authorization
rules are classified into positive (corresponding to a
permission) and negative (corresponding to a pro-
hibition) rules and orthogonally thereto into strong
(monotonic) and weak (non-monotonic) rules. Vari-
ous rules govern the interplay of their combination in
the context of inheritance along hierarchies of autho-
rization objects, e.g., a weak positive authorization
of a higher level may be canceled by a strong nega-
tive authorization rule at a lower level. This principle
can be beneficially carried over to the specialization
of business rules in general.

1.4 Decision Scope and Data Warehousing

The decision-scope approach is also relevant to ac-
tive data warehousing [30, 38, 39], in which analy-
sis rules express actionable knowledge, and to com-
parative data analysis in business intelligence [32],
in which comparison results between two groups of
facts (group of interest and group of comparison) may
trigger actions providing guidance on how to pro-
ceed in analysis (guidance rules) or actions informing
analysts about striking comparison results that may
need further attention or action (judgment rules). We
have applied some limited form of decision-scope ap-
proach in active data warehousing in the past and
encountered the need to study specialization of anal-
ysis rules in the SemCockpit[32] project. In addition
to business process modeling, two alternative hierar-
chies need to be considered: (1) hierarchies of sets
of points at the same granularity and (2) the roll-up
hierarchy of points in multi-dimensional space.

Specialization along subset relationships between
sets of points at the same granularity is governed by
the same rules as specialization between a superclass
and a subclass of objects. Specialization along a roll-
up hierarchy of points in multi-dimensional space ac-
tually concerns entities of different kinds, yet con-
nected by some form of part-of relationship. This
gives rise to two alternative rule evaluation strate-
gies, both meaningful in practice, but with a different
application space in mind.

In the prerogative strategy, an action triggered for
a higher-level point implicitly implies the same action
for each lower level point. E.g. if a company decides
to abandon a product line (such as mobile phones)
this decision is implied for every product (i.e., every
phone model in our example) of this product line.

In the presumed strategy, an action (typically an
informative one) triggered for a higher level point is
presumed to cover also lower level points and is thus
not carried out again for lower level points (to avoid
unnecessary information overload, the basis of per-
forming roll-up analysis in data warehousing), unless
it is justified by a negative activation rule. E.g., if
in comparative data analysis a judgment rule triggers
an informative action that average treatment costs for
patients with diabetes mellitus of type 2 patients in
Austria are twice as high than in Germany last year,
it is presumed that this will hold in general for each
province in Austria. Minor deviations are generally
not of interest in comparative data analysis, but ma-
jor ones are. The knowledge what kind of exceptions
should be reported (a kind of business rule) can be
expressed by a negative activation rule according to
the notion of negative rules described before. Such
a negative activation rule may trigger an informative
action reporting a notable exception if the difference
in compared costs is less than 20% for comparing pa-
tients in a province of Austria with patients in Ger-
many but a positive activation rule has led to report
at a higher granularity a striking difference of average
treatment cost per patient in Austria versus Germany.
E.g., based on such deviating observation for compar-
ing Tyrol (a province of Austria) with Germany this
rule will report that contrary to Austria as a whole,
average treatment costs per patient have been similar
when comparing Tyrol with Germany.

We discuss the decision scope approach to special-
ization of business rules from a general perspective in
the remainder of this paper, which is organized as fol-
lows. In Section 2, we quickly revisit co- and contra-
variant specialization approaches in object-oriented
systems and describe how the decision scope approach
applied in organizational contexts reconciles both. In
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Section 3, we show by detailed examples how the
decision-scope approach can be applied in the realm
of business process modeling and propose an exten-
sion of BPMN to this purpose. We introduce a set
of consistency rules that govern the decision scope
approach and introduce a set of auto-correct-rules to
modify inconsistent rules such that they become con-
sistent. Continuing the law analogy, auto-correction
amounts to repealing a simple law by a constitutional
court if it contradicts constitutional law. In Section 4,
we extend the decision-scope approach to data ware-
housing. Section 5 concludes the paper with a sum-
mary and outlook.

2 Inheritance: A Quick Review and an Intro-
duction to the Decision Scope Approach

We quickly review the notions of co- and contra-
variant inheritance in conceptual modeling and
object-oriented systems, introduce the decision scope
approach to specialization as observed in law and or-
ganizational context, and show how co- and contra-
variant inheritance can be reconciled in the decision-
scope approach by following both notions indepen-
dently in parallel.

2.1 Inheritance in Conceptual Modeling and
Object-Oriented Programming

The notion of specialization according to co-variance
has been promoted by semantic data and process
models as a natural approach to reflect how sets and
subsets of objects of the real world relate. It supports
information systems design by specializing a more
general class through extension, i.e. by adding new
properties (attributes or relationships), and refine-
ment, i.e., by providing more detail for inherited prop-
erties or by restricting them. Usually, classes spec-
ify invariant conditions over properties of its mem-
bers. These are treated as constraints that need to be
satisfied by its members over their life time. Inher-
ited invariant conditions may be strengthened at sub-
classes. Any member of a subclass is considered to be
also a member of the superclass such that if inherited
constraints (invariant conditions) are strengthened at
subclasses a member of a subclass will also satisfy
the more general constraints of its superclasses. In
case of relationships between members of classes, a
subclass of one side of the relationship may restrict
the inherited relationship to be to a subclass of the
original other side of the inherited relationship. Con-
sidering relationships does not add to the nature of
the problem itself, we restrict our discussion to at-
tributes of object classes with simple types (such as
Integer, String or restrictions of these) from here on.

UML 2.0 [18] has also adopted co-variant special-
ization and we will use it to present our examples.

Example 1. We consider a very abbreviated descrip-
tion of selected parts of a loan application process in
this paper. Figure 1 depicts a class hierarchy of loan
applications in UML notation. Loans are described
by an amount (a), a credit worthiness (w)4, and a
monthly rate (r). Private loan applications are fur-
ther described by the attachable income (i) that is of
relevance for salary seizures should the private loan
not be repaid. Mortgage loans are further described
by a mortgage lending limit (l) of the mortgaged prop-
erty that is of relevance if the mortgage is to be re-
deemed should the loan not be repaid.

4Actually, the credit worthiness relative to the loan application
is a function of available disposable income and requested loan
amount; we abstract from such details here.

Invariants specify that amounts of loans are be-
tween 10 and 900k $, amounts of private loans be-
tween 10 and 70k $, and amounts of mortgage loans
between 30 and 900k $.

LOAN

amount: $
inv: amount   10 and amount   900 

creditWorthiness: Int

monthlyRate: $

setAmount (a: $)setAmount (a: $)
precond: a   10 and a   900

safe-setAmount (a: $)
precond: a   30 and a   80

PRIVATE  LOAN MORTGAGE  LOAN

attachableIncome: $

setAmount (a: $)
precond: a  10 and a  80

lendingLimit: $

setAmount (a: $)
precond: a   30 and a   900

inv: amount   10 and 
amount   80 

inv: amount   30 and 
amount   900

Figure 1: Class Hierarchy of Loans

Strengthening of constraints over inherited object
properties, either by restricting their type to a sub-
type (subclass) or by strengthening explicitly stated
invariant conditions, require co-variant inheritance
for “mutators”, i.e., methods that update the values
of attributes. The domain of input parameters of in-
herited methods must be accordingly restricted to a
subtype of the updated inherited property and pre-
conditions of inherited methods must be accordingly
strengthened to reflect to stronger invariant condition
at the subclass. This applies also to types of return
values of methods and their postconditions. We re-
peat what we already mentioned in the introduction
that a precondition of a method is to be interpreted
as a proposition that ”Given a member of the class, if
the precondition of a method is not met, the methods
cannot be performed on that member“.

Example 2. Method setAmount(a:$) of class LOAN,
which sets the amount of a loan application to the
value supplied as parameter, has a precondition coin-
ciding with the corresponding invariant. Notice that
in general preconditions of methods may be differ-
ent to re-stating relevant invariants. In fact it should
be unnecessary to include relevant invariant condi-
tions in pre-conditions as these kinds of precondi-
tions should ideally be inferred (at least for setter-
and getter-methods). The precondition of method
setAmount is overridden at subclasses PRIVATE LOAN
and MORTGAGE LOAN to reflect the invariants of these
classes accordingly. The specialization applied com-
plies with co-variance as explained earlier.

Class hierarchies designed according to co-variance
in conceptual data modeling match class hierarchies
that would be built by ontology reasoners based on
class descriptions that contain no reference to super-
classes but contain explicit descriptions of otherwise
inherited attributes.5 The main difference is that in
conceptual modeling the class hierarchy is the pri-
mary design artifact along which attribute descrip-
tions are inherited by subclasses from superclasses,

5We assume here that concepts in the ontology refer to a com-
mon set of objects and that class descriptions are interpreted as
concept expression stating that the concept comprises all objects
of the given object class that possess the attributes of the class and
satisfy the invariant conditions of the class.
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whereas in current ontology engineering practice, the
relationships of classes (concepts) to their attributes,
but without reference to a superclass, are the primary
design artifact and subclass relationships are inferred
through subsumption reasoning.

There are - depending on the ontology and con-
ceptual model used - other differences between on-
tologies and conceptual data modeling, but these are
not relevant for the point we wish to make here that
class hierarchies and corresponding concept hierar-
chies align one-to-one. While originally, ontologies
were envisioned as an explicit formal specification of
a conceptual model [19, 20], especially since the in-
ception of Semantic Web research, ontology languages
frequently take on the open world assumption, while
conceptual modeling mostly adheres to the closed
world assumption. Also, ontology languages treat
conditions over attributes as conditions for classify-
ing objects whereas data models typically treat con-
ditions over attributes as constraints that may not be
violated in updating a member of a class. But this
is not a universal assumption, as since the early days
of conceptual modeling primitive classes have been
complemented by derived classes whose members are
dynamically re-classified if they no longer meet the
derivation condition of the derived class. When one
takes into account the full history of conceptual mod-
eling, many claimed differences between conceptual
models and ontology languages become blurred, es-
pecially since within ontology research basic distinc-
tions of approach such as the ability to infer a sub-
sumption (inheritance) hierarchy by reasoning or to
define it by specification depend on the language used
(e.g., [4, 3]).

While conceptual modeling and ontology engineer-
ing would be expected6 to come up with generally the
same hierarchy, but use different paths to achieve the
same result, this “common” class hierarchy will usu-
ally not constitute a class hierarchy that satisfies type
substitutability as demanded by the contra-variant
approach to inheritance promoted in object-oriented
programming. Contra-variant inheritance requires to
generalize the types of input parameters of inherited
methods to super types and to generalize inherited
preconditions of methods in overriding. This ap-
proach ensures that any method that can successfully
be applied on some instance of a class can also be suc-
cessfully applied on any instance of subclass of the
former. We repeat what we have already stated in
the introduction: a precondition of a method is to be
interpreted as proposition “Given a member of the
class, if the precondition of the method is met, the
method can be successfully performed on that mem-
ber.”

Example 3. The class hierarchy of loans in Fig-
ure 1 violates substitutability. However, method safe-
SetAmount(a:$) of class LOAN with precondition a ≥ 30

and a ≤ 90 is “type-safe”. It can be applied on any
member of class LOAN, be it a mortgage loan or a
private loan.

2.2 The Decision-Scope Approach in Law:
Constitutional Law before Simple Law

Law hierarchies and organizations use a decision-
scope approach for decision making along hierarchies
of law or organizational levels. Regulations and rules
come (among others) in two typical forms, permis-
sion that allow actions and prohibitions that forbid

6Notice that we do not claim a one-to-one correspondence but
consider the global picture.

actions. Permissions and prohibitions are not com-
plementary. There are actions that are on the one
hand not explicitly permitted and on the other hand
not explicitly forbidden. This leaves room for maneu-
ver in decision making at lower organizational levels.
We also observe that legal cases usually are related
to a most specific jurisdiction and in case of potential
multiple jurisdictions there are tie-brakers to decide
upon in which concrete jurisdiction a legal case is to
be handled. Similarly, we assume the abstract super-
class rule, which has been identified as good design
practice, is applied in designing class hierarchies [23]:
Each object belongs to a single, most-specific class
that is concrete, i.e., has no subclasses.

The decision scope approach is governed by a sim-
ple, intuitive set of consistency rules:

1. Permission and prohibitions are always dis-
joint and they are complementary at a concrete
bottom-level organizational entity / law.

2. What is permitted at a higher level is also per-
mitted at lower levels.

3. What is forbidden at a higher level is also forbid-
den at lower levels.

If we take this perspective and revisit the notions
of co- and contra-variant inheritance, we can observe
that the propositions made by contra-variant special-
ization correspond to permissions and the proposi-
tions made by co-variant specialization stretch over
permissions and the decision scope, or if negated, cor-
respond to prohibitions (i.e., to what is forbidden).

This observation allows us to superimpose both
kinds of propositions into a single, dual-faceted class
description. Behavior attributed to the permissive
part of the class description is type safe in the tra-
ditional sense of type substitutability. Behavior at-
tributed to the prohibitive part of the class descrip-
tions can be identified as “illegal”, i.e., such action
cannot be performed on any member of the class. To
decide whether behavior attributed to the decision
scope is permitted or forbidden, one needs to con-
sult lower level classes along the class hierarchy to
the concrete class of an object. For concrete classes,
the decision scope is closed, i.e. what is forbidden is
not permitted and what is permitted is not forbid-
den. The dual facets of class descriptions of abstract
classes become a single facet for concrete classes.

Example 4. The class hierarchy of loans in Figure 1
with methods setAmount and safe-SetAmount of class
LOAN already represents such a dual-faceted class de-
scription. However, an integrated description would
only represent a single method with a positive (re-
flecting permission) and a negative (reflecting prohi-
bition) precondition. Similarly, in an integrated de-
scription the current invariant shown for class LOAN
would be converted into a negative invariant condi-
tion a < 10 or a > 900 (which if met when updating
a member will constitute an invalid update, irrespec-
tive to which specific class the member belongs to)
and complemented by a positive invariant condition
a ≥ 30 and ≤ 90 (which if satisfied when updating a
member will constitute a valid update, irrespective
to which specific class a member belongs to).

Figure 2 illustrates the decision scope approach
and its relation to co- and contra-variant inheritance.

3 The Decision Scope Approach in Business
Process Modeling

In this section we discuss how the decision scope ap-
proach can be applied to business process modeling.
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Permitted

Decision Scope
Contra-Variant 

Preconditions

Co-Variant Preconditions

Forbidden

Abstract

Class

Concrete

Class

...

Figure 2: The basic Decision-Scope Approach

In particular we consider the, in our opinion, most im-
portant kind of dynamic business rules: action rules.
They concern under which conditions certain actions
(activities, tasks) may, must not, or need to be taken
in the process flow.

3.1 Business Rules in Business Process Mod-
eling

Business rules in business process modeling express
constraints over properties of business cases, the po-
tential order of activities, pre- and postconditions of
activities, and activation conditions (which express
under which conditions a particular activity is in-
voked). At the design level, constraints over prop-
erties of business cases are typically captured by the
modeling primitives of conceptual data models and
associated constraint language (e.g., by UML cardi-
nality constraints or OCL); the potential order of ac-
tivities is typically captured by various forms of pro-
cess diagrams based on Petri nets, state charts, or
similar formalisms. Conditions under which activties
may, must not, or need to be taken are frequently not
considered independently from process flow. Apply-
ing a decision scope approach to modeling business
rules that govern the execution of business processes
requires to consider these kinds of conditions indepen-
dently of each other and of process flow. But before
we look into the specialization of business rules, we
revisit the modeling of business processes from a gen-
eral perspective.

The order of activities of a business process is typi-
cally expressed by some form of process diagram, e.g.,
by BPMN. Of particular interest are decision points
at which process flow splits into alternatives.

Example 5. Figure 3 depicts a fragment of a loan
application process. Once the credit worthiness for
a loan application has been determined (not shown),
the loan application is granted ( g), rejected ( j), or
forwarded for decision to the board ( f). Note: This
is a simplified picture, the loan application process
modeled may have other alterative paths at this deci-
sion point such as requesting additional information
from the applicant if the case officer is not satisfied
with the information at hand. Note: The loan appli-
cation process modeled in full (in Petri-net notation)
can be found in [26].

Activities are governed by business rules that de-
fine under which conditions an activity a of a process
class O may be invoked (P a

o ), must not be invoked
(F a

o ), or need to be invoked (Oa
o). To keep the ex-

planation of the decision scope approach simple, we
assume herein for simplicity that conditions are ex-
pressed over properties of a business case. However,
the presented approach can be extended to conditions
over parameters of activities and to events. Note that

Forward to 

Board

Reject Loan

Grant Loan

Loan

Figure 3: Fragment of Loan Application Process in
BPMN

we use the terms permission (P ), prohibition / forbid-
den (F ), and obligation (O) from deontic logic; but
different to deontic logic “permitted is not equivalent
to not forbidden” and, conversely, “forbidden is not
equivalent to not permitted”. Likewise, we will later
use disobliged (D) as “counterpart” to obliged (O),
where both conditions are again not complementary.

Example 6. Figure 4 visualizes the business rules
governing activity forward depending on the amount
of the loan and the credit worthiness of the appli-
cant with respect to the loan application. (Note that
different to Figure 1 we assume here and in the fol-
lowing that all kinds of loans are between 0 and 80k
$. This is to simplify the presentation and to be able
to focus on key points). A loan application with a
low credit rating must not be forwarded to the board
(as it should be immediately rejected). A loan appli-
cation for a low amount and with a very high credit
rating must not be forwarded to the board either (as
it should be immediately granted). A loan applica-
tion for a high amount and a medium credit rating
may (dependent on the discretion of the case officer)
be forwarded to the board.

The white “open space” in Figure 4 constitutes
the decision scope for activity forward for subclasses
of class LOAN, which will be introduced later.

Note that we have used positive (+), negative (−),
and activation ( ) conditions to specify permitted,
forbidden, and obliged invocation of an activity. We
intentionally use here a different terminology and no-
tation (+,−, ), for conditions indicated with activ-
ities as we will later auto-complete and auto-correct
indicated conditions to permissions (P ), prohibitions
(F ), and obligations (O).

Similarly, Figure 5 visualizes the business rules
governing activity grant of class LOAN and Figure 6
the business rules for activity reject of class LOAN.

The business rules governing a single activity must
be conflict-free (see: Figure 7), i.e., for the state of a
business case (given by values of its properties): (1)
an activity may not be permitted and forbidden as
well, (2) an activity may not be obliged and disobliged
as well, (3) if an activity is obliged it is permitted, and
(4) if an activity is forbidden it is disobliged.

The business rules governing the set of alternative
activities A at a given decision point in a business pro-
cess must be decision-consistent (Figure 8), i.e., for a
state σ of a business case at the decision point: (1) at
least one activity must be permitted, and (2) at most
one activity is obliged (which means it is permitted).
- Note that for simplicity we consider only alterna-
tive (i.e., exclusive) choice here. Notice also that it
is possible that several activities are permitted at the
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Figure 4: Business process LOAN: Business Rules Re-
garding forward
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Figure 5: Business process LOAN: Business Rules Re-
garding grant

same time and it is possible that no activity is obliged
for a given state of a particular instance of a business
process (as determined by the values of its proper-
ties). Then it is at the discretion of a human process
agent to decide which one of the permitted alternative
activities to choose for a given process instance.

Considering the propositions we attached to per-
mission and prohibition of an activity, i.e., that an
activity may be executed for a business case if its
permission is met and that an activity cannot be ex-
ecuted for a business case if its prohibition is met, we
add two other consistency criteria such that these two
propositions are correctly reflected in case of alterna-
tive activities: If an activity is obliged, alternative
activities are forbidden (criterium no. 3 in Figure 8)
and if an activity is permitted, alternative activities
are disobliged (criterium no. 4 in Figure 8), which
means they cannot be obliged at the class or some
subclass. We note that criterium no. 2 is redundant.
It follows from no. 4 in Figure 8 and no. 3 in Figure 7.

During business process design, adding an obli-
gation to an activity may be restricted by the per-
missions defined with alternative activities and may
require to extend the prohibitions specified with al-
ternative activities such that criteria no. 3 and 4 of
inter-activity consistency are met. To avoid such re-
dundant specification, we introduce appropriate auto-
completion and auto-correction rule in subsection 3.3.
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Figure 6: Business process LOAN: Business Rules Re-
garding reject

1. Permitted is not forbidden, and vice versa:
P a
o (σ)→ ¬F a

o (σ), F
a
o (σ)→ ¬P a

o (σ)

2. Obliged is not disobliged, and vice versa:
Oa

o (σ)→ ¬Da
o (σ), D

a
o(σ)→ ¬Oa

o (σ)

3. What is obliged is permitted:
Oa

o (σ)→ P a
o (σ)

4. What is forbidden is disobliged:
F a
o (σ)→ Da

o(σ)

Figure 7: Criteria for Intra-Activity Consistency

Example 7. The business rules for activities forward
(Figure 4), grant (Figure 5), and reject (Figure 6)
of process class LOAN are intra-activity and inter-
activity consistent.

Figure 9 shows the business rules for activities for-
ward, grant, and reject for loans superimposed. Note
that situations that can be inferred according to the
consistency criteria are not specifically indicated: If
an activity is obliged (shown) all other activities are
forbidden (not shown), and if an activity is obliged
(shown) it is permitted as well (not shown).

Business rules governing the permitted, forbidden,
and obliged invocation of an activity in a business
process should be explicitly represented at the design
level rather than buried within activities. The latter
approach would contravene the objective of concep-
tual design to make business rules explicit. Just as
cardinality constraints, an important class of static
business rules, are captured in UML graphically by

1. At least one activity permitted:
∃a ∈ A : P a

o (σ)

2. At most one activity is obliged:
a ∈ A, b ∈ A, a ̸= b : Oa

o (σ)→ Db
o(σ)

3. If an activity is obliged, alternative activities
are forbidden:
a ∈ A, b ∈ A, a ̸= b : Oa

o (σ)→ F b
o (σ)

4. If an activity is permitted, alternative activi-
ties are disobliged:
a ∈ A, b ∈ A, a ̸= b : P a

o (σ)→ Db
o(σ)

Figure 8: Criteria for Inter-Activity Consistency
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Figure 9: Business process LOAN. Business Rules Re-
garding grant, forward, and reject (superimposed)

cardinality indications associated with associations,
action rules should likewise be explicitly captured
next to the process flow in business process model-
ing notations such as BPMN or captured by differ-
ent kinds of guards in case-based management process
modeling (CMPM).

Example 8. Figure 10 indicates, as extension to
BPMN, permitted, forbidden, and obliged invocation
of an activity in process flow as positive (+), negative
(−), and activation ( ) condition.

Forward to 

Board

Reject Loan

Grant Loan

w < 2

: w   3 a   40

w < 2 ( w   7 a < 10)

w   7 a < 10

w   7 

w < 2 a   40 

w   7 a   40

Loan

w < 2

w   7 a < 10

Figure 10: Business process LOAN in BPMN, ex-
tended with positive (+), negative (−), and activation
conditions ( )

Rather than requiring a change in BPMN, this
proposed extension can be provided on top of BPMN
and mapped to standard BPMN modeling primitives.
E.g., an exclusive OR-gateway with positive, nega-
tive, and activation conditions on its outflow may be
mapped to an event-based, deferred decision gateway,
with a send-event at its inflow and different catch-
events for each activity at its outflow. The decision
procedure itself may be mapped to a decision process
(e.g., following the “decision logic abstraction pat-
tern” in rBPMN [29]) that is initiated by catching
the send event associated with the inflow of the OR-
gateway and completed by sending one of the events
caught in the ouflows of the OR-gateway. For semi-
automatic decision making, these events may be ex-
plicitly raised in all or some occasions by a human
process agent.

3.2 Specialization of Business Rules

Following the decision scope approach, action rules of
a process class o may be specialized at a subclass ô
in that more specific rules at the subclass must act
within the decision scope set by the superclass and
providing room for manoeuvre at the subclass (see:
Figure 11).

O F

P D

Abstract

Class

Concrete

Class

...

Figure 11: The Decision-Scope Approach

In particular, see Figure 12, (1) an action rule
at the subclass must be more general than the same
kind of rule at the superclass (generalization), (2) ac-
tion rules at the subclass must not contradict those
given at the superclass (super-subclass inter-activity
conflict-freeness), and (3) (a) permissions and pro-
hibitions for concrete classes are complementary, (b)
an activity is obliged if all alternative activities are
forbidden, (c) an activity is disobliged if some other
activity is permitted, and (d) obligations and dis-
obligations are complementary (closed decision scope
for concrete classes). Note that for checking overall
consistency it would be sufficient to check first for
generalization and then for activity-consistency (see
above); the criterium “super-subclass intra-activity
conflict-freeness” additionally captures a core princi-
ple of the decision-scope approach that superclasses
should dominate subclasses. This will be of particu-
lar relevance when we later introduce auto-correction
rules. We also note that one of the three criteria (3b-
3d) is redundant.

We now apply this perspective to our use case.

Example 9. Figures 13 and 14 visually indicate
the business rules governing activities forward, grant,
and reject for private loans and mortgage loans re-
spectively. As before with Figure 9, if an activity is
shown obliged, all other activities are forbidden (not
shown), and if an activity is shown obliged it is per-
mitted as well (not shown). Two diagrams are shown
for private loans, one covering the case where the at-
tachable income i is less than the monthly rate r,
the other one where it is higher (in which case its
is much riskier to grant a loan as rates cannot be
fully recovered by salary seizures). Similarly, two dia-
grams are shown for mortgage loans, one covering the
case where the amount a of the loan is at less than
70% of the mortgage lending limit l of the property,
the other one where it is higher (in which case its is
riskier to grant the loan as the loan amount may not
be fully redeemable by sale of the property). Note:
The application process for loans and the application
process for private loans specialize the more general
application process for loans by adding activities and
states. They have been modeled in a Petri-net no-
tation in [26] and are governed by the consistency
criteria for process specialization presented in [34].

One can easily verify by visual inspection that the
rules for mortgage loans and the rules for private loans
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1. Generalization

(a) P a
ô (σ)→ P a

o (σ)

(b) F a
ô (σ)→ F a

o (σ)

(c) Oa
ô (σ)→ Oa

o (σ)

(d) Da
ô (σ)→ Da

o (σ)

2. Intra-Activity Conflict-Freeness

(a) P a
o (σ)→ ¬F a

ô (σ)

(b) F a
o (σ)→ ¬P a

ô (σ)

(c) Oa
o (σ)→ ¬Da

ô (σ)

(d) Da
o (σ)→ ¬Oa

ô (σ)

3. Closed decision scope for concrete class o

(a) P a
o (σ) = ¬F a

o (σ)

(b) Oa
o (σ) =

∧
b∈A,b ̸=a F

a
o (σ)

(c) Da
o (σ) =

∨
b∈A,b ̸=a P

a
o (σ)

(d) Oa
o (σ) = ¬Da

o (σ)

Figure 12: Criteria for Decision Scope Consistency:
Subclass o, superclass ô, state of business case σ

are “decision-scope consistent” with those for loans in
general (see: Figure 9). Moreover, note that no deci-
sion scope is left with mortgage loans and for private
loans as regard to permissions and prohibitions. It
is known for each activity whether it is permitted or
forbidden.

Figures 15 and 16 show the representation of
these business rules at the design level using the pro-
posed extended BPMN notation. Notice that the
diagrams shown provide a full picture for each ac-
tivity, including inherited and redundant conditions
(e.g., if an activity is obliged, the activity is permit-
ted and alternative activities are forbidden). Auto-
completion rules introduced below enable designers
to specify much simpler diagrams (e.g., Figure 18).

3.3 Auto-Completion and Auto-Correction
of Business Rules

Decision consistency can be ensured in several ways:
(1) a priori by having reasoners checking for subsump-
tion or disjointness of rule conditions according to the
identified consistency criteria, (2) a priori by auto-
correction and auto-completion of specified rule con-
ditions in a way such that the consistency criteria are
met, and (3) a posteriori by checking for conflicts dur-
ing process execution. All three options are sensible
and may also be used together, each for a different
kind of consistency criterium.

A priori checking by reasoners can immediately
identify decision conflicts but will usually limit the
expressiveness of the language for writing rule condi-
tions (a situation encountered frequently with ontol-
ogy languages where languages supported efficiently
by reasoners often do not meet the desired expres-
siveness). Moreover, it will require repeating rule
conditions at subclasses, while in conceptual model-
ing subclasses usually only specify the “delta” (i.e.,
additional or changed features with respect to the su-
perclass).

Auto-correction and auto-completion of specified
activity conditions according to the intent of the
decision-scope approach is more appropriate in gen-
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Figure 13: Business process PRIVATE LOAN. Business
rules regarding grant, forward, and reject (superim-
posed)

eral. Auto-correction and auto-completion rules de-
termine based on given (but possibly incomplete and
inconsistent) conditions, whether an activity is per-
mitted, forbidden, or obliged for a given process state
of a business case. Similar approaches are employed
in database systems or programming languages. In
database systems, the violation of an integrity con-
straint need not lead to a transaction abort but may
corrected in that other data are inserted, deleted, or
modified as well such that all integrity constraints
are finally met (e.g. the SQL-clause, ON DELETE CAS-
CADE). In programming languages, pre-conditions of
inherited methods are implicitly “or“-ed such that the
criteria of contra-variant contract specialization are
met (e.g., Eiffel).

Auto-correction and auto-completion take the role
of remedying inconsistencies similar to the way in
which simple law is repealed by a constitutional court
if it is in conflict with constitutional law. The con-
sistency criteria can be enforced as follows by auto-
correction and auto-completion.

Generalization: Auto-completion in that an activ-
ity condition at the subclass is extended (using logical
“or”) by the activity condition of the same kind at the
superclass.

Super-sub class intra-activity conflict-freeness:
Auto-correction in that the activity condition at the
subclass is restricted (using logical “and”) to the de-
cision scope set by the superclass.

Closed decision scope for concrete classes: There
are two choices for auto-completion to close the deci-
sion scope for permission and prohibition, either per-
mitting everything that is not forbidden or forbidding
everything that is not permitted. Auto-completion
for obligation is to set obligation of an activity to the
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Figure 14: Business process MORTGAGE LOAN. Busi-
ness rules regarding grant, forward, and reject (super-
imposed)

conjunction of prohibitions of all alternative activi-
ties. And the decision scope between obligation and
disobligation can be closed by setting disobligation to
the complement of obligation.

Intra-activity consistency: There are two choices
for auto-correction of conflicts between permission
and prohibition depending on whether prohibitions
should take dominance over permissions or vice versa.
Auto-correction is that the subordinate condition is
restricted to the complement of the dominant con-
dition, e.g., permission to negated prohibition. The
same situation applies for obligation and disobliga-
tion. Inconsistencies between obligation and permis-
sion and between prohibition and disobligation can
be rectified by auto-completion in that permission is
extended by obligation and disobligation by prohibi-

Forward to 

Board

Reject Loan

Grant Loan

i < r w   7 a   10) 

i   r w   2 a   10)

Private Loan

i < r w   7 a < 10) 

i   r w   2 a < 10)

(i < r ((w   3 w < 7) (w   7 a   10)) 
(i   r w   2 a   10)

(i < r ( w < 3  (w   7 a < 10)) 
(i   r ( w < 2  (w   2 a < 10))

w < 2 (i < r w < 7)

w  7 (i   r w  2)

(i < r w    7 a < 10) 
(i   r w   2 a < 10)

(i < r (w < 7 a   10)) 
(i   r (w < 2 a  10))

i < r w < 3) 

i   r w < 2)

Figure 15: Business process PRIVATE LOAN in ex-
tended BPMN
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Reject Loan

Grant Loan

0.7l < a w < 3) 

0.7l   a w < 2)

(0.7l < a ((w   3 w < 7) (w   7 a   40)) 

(0.7l   a w   2 a   40)

0.7l < a w   7 a   40) 

0.7l   a w   2 a   40)

Mortgage Loan

0.7l < a w   7 a < 40) 

(0.7l   a w   2 a < 40)

w < 2 (0.7l < a w < 7)

(0.7l < a (w < 3 (w   7 a < 40)) 
(0.7l   a ( w < 2 (w   2 a < 40))

w   7 (0.7l   a w   2)

(0.7l < a (w < 7 a   40)) 
(0.7l    a (w < 2 a  40)) 

(0.7l < a w   7 a < 40) 
(0.7l   a w   2 a < 40)

Figure 16: Business process MORTGAGE LOAN in ex-
tended BPMN

tion. Alternatively, one could use auto-correction by
restricting obligation to permission and prohibition
to disobligation.

Inter-activity consistency: The criterium that at
least one activity is to be permitted for each possi-
ble state of a business case amounts to checking for
deadlock and cannot be covered easily in a meaning-
ful way by auto-correction; such a decision needs to
be managed manually a priori (at design time) or at
business process execution time. The criterium that
alternative activities are forbidden if an activity is
obliged can be enforced by restricting obligations or
by extending prohibitions, the criterium that if an
activity is disobliged if an alternative activity is per-
mitted can be met by restricting permissions or by
extending disobligations.

Missing activity conditions: Missing activity con-
ditions are set to “false”.

We note that the presented options for auto-
correction and completion cannot be arbitrarily com-
bined since also the interplay of the various consis-
tency criteria has to be taken into account.

Figure 17 summarizes auto-correction and auto-
completion rules for a particular choice of the possi-
ble options identified above. They determine under
which conditions an activity a of an abstract subclass
o with superclass ô is permitted (P a

o ), forbidden (F a
o ),

obliged (Oa
o), and disobliged (Da

o ) based on positive
preconditions (+ao), negative preconditions (−ao),
and activation conditions ( ao) specified for activity
a at subclass o and based on the permission (P a

ô ),
prohibition (F a

ô ), obligation (Oa
ô), and disobligation

(Da
ô ) determined previously for the activity at super-

class (ô). For simplicity, the shown auto-correction
and completion rules assume single inheritance: Each
class has at most one superclass; if a class has a super-
class it inherits all activities from the superclass and
may introduce additional activities. The case of mul-
tiple inheritance can be handled by considering the
union of the conditions inherited from superclasses.
Further, we assume that each activity a belongs to a
single set of alternative activities A.

The first rule in Figure 17 extends the notions of
permission, prohibition, obligation, and disobligation
for an activity a that is introduced at subclass o, i.e.,
does not belong to superclass ô, to ô such that for
every activity of a class these conditions are defined
also at the superclass, which simplifies the notation
of auto-correction and auto-completion rules. F a

ô and
Da

ô are set according to the criteria no. 3 and 4 of
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inter-activity consistency: Activity a is forbidden for
the case that an alternative activity is obliged and
activity a is disobliged for the case that an alternative
activity is permitted.

The auto-correction rules fix several kinds of con-
flicts in one step: Interactivity conflicts between pro-
hibition and permission (criterium no. 1 of Fig-
ure 7), whereby prohibition takes dominance; super-
subclass intra-activity conflicts (criterium no. 2 of
Figure 12), whereby according to the decision-scope
approach conditions at the superclass are dominant;
and inter-activity conflicts with regard to obligations,
whereby obligation is restricted to cases in which no
alternative activity is permitted or obliged. Note:
The auto-correction rules are defined in a situation
in which inter-activity conflicts between obligations
and permissions have not been yet resolved (which
will be done thereafter by auto-completion) such that
the rules need to refer to prohibitions and positive
activation-conditions.

The rationale behind the auto-completion rules is
that designers can specify business rules in the same
simple way as we presented them in Figures 9, 13, and
14. Thereby we assumed that (1) an activity is per-
mitted if it is obliged, (2) an activity is forbidden if an
alternative activity is obliged, and (3) an activity is
disobliged if it is forbidden or if an alternative activ-
ity is permitted. Further, according to the decision-
scope approach activity conditions at the subclass are
extended by the corresponding activity conditions at
the superclass (criterium no. 1 of Figure 12).

For classes without super classes, auto-completion
and auto-correction is subject to the same rules
whereby all conditions that refer to the superclass are
to be substituted by “false”. For concrete classes, the
decision scope for permissions and prohibition needs
to be closed by extending for each activity its permis-
sion to the complement of its prohibition, its obliga-
tion to the conjunction of the prohibitions of alterna-
tive activities, and its disobligations to the comple-
ment of its obligation.

1. For activity a ∈ A, a introduced at o:

(a) P a
ô = false

(b) Oa
ô = false

(c) F a
ô =

∨
b∈A:b̸=a O

b
ô

(d) Da
ô =

∨
b∈A:b̸=a P

b
ô

2. Auto-Correction

(a) F̆ a
o = −ao ∧ ¬P a

ô

(b) P̆ a
o = (+ao ∧ ¬F̆ a

o ) ∧ ¬F a
ô

(c)  ão = ( ao ∧ ¬F̆ a
o ) ∧ ¬Da

ô

Ŏa
o =  ão ∧ ¬∨b∈A:b̸=a( b̃o ∨ P̆ b

o )

3. Auto-Completion

(a) Oa
o = Ŏa

o ∨Oa
ô

(b) P a
o = P̆ a

o ∨ P a
ô ∨Oa

o

(c) F a
o = F̆ a

o ∨ F a
ô ∨

∨
b∈A:b ̸=a O

b
o

(d) Da
o = F a

o ∨
∨

b∈A:b̸=a P
b
o

Figure 17: Auto-Completion and Auto-Correction:
Abstract subclass o, superclass ô, set of alternative
activities A of o that includes a

Example 10. Figure 18 shows business process
MORTGAGE LOAN, a concrete business process special-
izing business process LOAN of Figure 10, but incom-
pletely and incorrectly defined. The introduced auto-
completion and auto-correction rules produce the per-
missions, prohibitions, and obligations as expressed
by the the activity conditions +, −, and  shown for
business process MORTGAGE LOAN in Figure 16. Dis-
obligations (not shown) are the complement of obli-
gations.
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Grant Loan

0.7l < a w < 3) 

0.7l   a w < 2)

0.7l < a w   7 a   40) 

0.7l   a w   2 a   40)
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0.7l < a w   7) 

(0.7l   a w   2 a < 40)

0.7l < a w < 7 

Figure 18: Business process MORTGAGE LOAN, par-
tially specified in extended BPMN

3.4 Discretionary Choice

We have treated activation conditions of an activity
as obligations in the previous subsection and reasoned
that if an activity is obliged all alternative activi-
ties are forbidden. This is a meaningful assumption
for modeling under which conditions an activity of
a business process may, must not be, or needs to be
invoked. In the case of service use, the situation is dif-
ferent. The user of a service may by discretion choose
to select automatically (i.e., without human agent in-
volvement) one of several permitted alternative ac-
tivities. Such a discretionary choice trigger, however,
does not imply that alternative activities in the used
business process are forbidden in general. For service
compatibility[17] it is only required that (1) choice
implies permission, (2) a particular choice at a super-
class implies the same choice at a subclass, and (3)
choices are exclusive (in case of decision points be-
tween exclusive activities, which we consider herein),
see: Figure 19. Discretionary choice conditions may
be annotated to sequence flow in BPMN as another
kind of condition.

1. Choice implies permission:
Ca

o → P a
o

2. Generalization:
ô is superclass of o: Ca

ô → Ca
o

3. Exclusive choice:
a ∈ A, b ∈ A, a ̸= b : Ca

o → ¬Cb
o

Figure 19: Criteria for Discretionary Choice

Example 11. A discretionary choice condition may
define that a loan application is automatically for-
warded to the board if the loan amount is high and
the credit rating is average ((w ≥ 3∧w < 5)∧a ≥ 40),
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which is permitted (cf. Figure 4). This choice con-
dition may be extended for mortgage loan, e.g., to
((w ≥ 3 ∧ w < 5) ∧ (a ≥ 40) ∨ (a ≥ 40 ∧ 0.7l < a)),
which is permitted for mortgage loans (cf. Figure 14).
Note: The annotation of discretionary choice condi-
tions is not shown in Figures 10 and 16.

Ways to auto-complete and auto-correct discre-
tionary choice conditions are: (1) to restrict choice
to permission, (2) to extend choice by the respective
conditions of superclasses , and (3) to resolve conflicts
in case multiple choice conditions overlap by (a) using
priorities for activities, (b) by using a default master
activity, or (c) by restricting each choice condition to
non-overlapping parts.

3.5 Weak and Strong Business Rules

Specialization and the decision-scope approach as in-
troduced are inherently monotonic as any potential
conflict of rules is resolved by precedence of rules at a
superclass over those at a subclass. In case the same
rules apply for all subclasses apart from a few excep-
tions, monotonicity requires to restructure the class
hierarchy or to redundantly define the same set of
rules at several subclasses. Non-monotonic default
rules may be a reasonable design alternative, pro-
viding such they are used in limited cases and are
identified as such. In the legal context at which we
looked for guidance to the decision-scope approach,
lower level provisions may override higher-level pro-
visions in identified cases (e.g., general world-wide
sales conditions may state that warranty is for one
year only, unless local consumer law prescribes oth-
erwise). An approach for supporting monotonic and
non-monotonic rules together has been developed in
the context of authorization rules in database systems
by introducing weak and strong authorization rules.
We carry this idea over to the specialization of busi-
ness rules in general.

Strong business rules are handled as described so
far. Weak business rules may be overridden or can-
celed partially or fully at subclasses. In case of con-
flict between a strong and a weak business rule, the
strong business rule takes precedence.

Strong and weak business rules come in positive
and negative from. A weak positive rule of a super-
class may be overridden by a different weak positive
rule at the subclass or canceled by a negative (strong
or weak) rule at the subclass. Whether overriding
or cancelation is chosen will depend on the extent of
difference to the superclass: A major deviation from
the superclass will usually be handled by indicating
a different weak positive rule at the subclass, a mi-
nor deviation by a negative rule. Whether a strong
or weak negative rule is used depends on whether the
rule may again be overridden or canceled at a subclass
or not. Complementary, a weak negative rule at the
superclass may be overridden by another weak nega-
tive rule at the subclass or be canceled by a positive
(strong or weak) rule at the subclass.

The notions of strong and weak could be conceptu-
ally used for preconditions (positive or negative) and
activation conditions (positive or negative) for activ-
ities. In practice, we have (so far) only encountered
use cases for strong and weak activation conditions.

Example 12. Figure 20 visualizes the same business
rules as Figure 9 but extended with a weak activation
condition ( ̃f) to forward a loan application to the
board in case the credit worthiness is relatively high
and the loan amount is not very low.
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Figure 20: Business process LOAN: Weak and Strong
Business Rules

Õa
o =

{  ̃a
o ∧ ¬Da

o if  ̃a
o is defined

false otherwise

D̃a
o =

{
− ̃a

o ∧ ¬Oa
o if − ̃a

o is defined
false otherwise

Figure 21: Weak Activation Conditions: Cancelation,
class o without superclass

Figures 21 and 22 summarize the interplay be-
tween strong and weak activation conditions, nega-
tive and positive. The figures show how weak obliga-
tions and weak disobligations for invoking an activity
a of class o without a superclass or with superclass ô,
resp., are derived from activation conditions (weak or
strong, positive or negative) and have to be read in
conjunction with Figure 17.

Example 13. Figure 23 shows a negative strong ac-
tivation condition (− f) for activity forward of class
LOAN canceling partially the inherited positive weak
activation condition for a rather low loan amount
in case the detachable income i is lower than the
monthly rate r and the loan amount is below 30k. It
also visualizes the resulting weak obligation to invoke
activity forward for a private loan (Õf).

In semi-automatic decision making, an activity a
will be automatically invoked for a business case of
concrete class o, if it is strongly obliged or if it is
permitted and weakly obliged.

Õa
o =

{  ̃a
o ∧ ¬Da

o if  ̃a
o is defined

Õa
ô ∧ ¬(Da

o ∨ D̃a
o ) if  ̃a

o not defined

D̃a
o =

{
− ̃a

o ∧ ¬Oa
o if − ̃a

o is defined

D̃a
ô ∧ ¬(Oa

o ∨ Õa
o) if − ̃a

o not defined

Figure 22: Weak Activation Conditions: Overriding
and Cancelation, subclass o, superclass ô
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Figure 23: Business process PRIVATE-LOAN: Weak and
Strong Business Rules

4 Analysis Rules in Data Warehousing

In this section we describe how the decision-scope ap-
proach can be applied in data warehousing. Business
rules in the context of data warehousing usually rep-
resent actionable knowledge on how to react on the
presence or absence of (base or aggregated) facts in a
data warehouse. We call such kinds of business rules
analysis rules. They are used in active data ware-
housing for semi-automatic decision making, provid-
ing a feedback loop to transactional database systems
in that rule actions are transactions in transaction
databases. Analysis rules are useful as well in com-
parative data analysis where they guide users during
an analysis process, provide judgements or alert man-
agers upon detection of interesting comparative situ-
ations (which are given through the comparison of a
fact group of interest vs. a fact group of compari-
son). For simplicity, we introduce the decision-scope
approach for non-comparative situations.

4.1 Data Warehouses and Classes of Facts

A data warehouse consist of a set of facts and a set
of dimensions. Each dimension consists of a leveled
hierarchy of roll-up nodes. For simplicity we assume
a linear hierarchy to explain the decision-scope ap-
proach: (1) The roll-up hierarchy of nodes is a tree,
(2) Each node belongs to a level, (3) All leaf nodes
belong to the same level, (4) Any two nodes of the
same level roll-up to nodes of a common level. The
set of facts, usually referred to as cube, consists of
multi-dimensional points, whose coordinates are leaf
nodes of the dimensions, and a set of measure val-
ues. We refer to the levels of the coordinates of a
multi-dimensional point as granularity.

Example 14. Figure 24 depicts the schema of a sim-
ple data warehouse with dimensions PRODUCT, LOCA-
TION, and TIME and cube SALES&LOSSES with mea-
sures loss and sold. The figure shows also sample
nodes of dimension PRODUCT: nodes milk and cream
at level Product, nodes longLife and shortLife at level
ProductCategory, and node food at level ProductLine.

Base facts (whose point coordinates are at the bot-
tom granularity) roll-up to aggregated facts (or roll-
up facts). In this fashion the measure of an aggre-
gated fact is derived from the base facts that roll-up
to the aggregated fact, i.e, whose coordinates directly
or indirectly roll-up to coordinates of the aggregated
fact. From here on, we simply speak of “a point (or
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P d t
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Product
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Product

long life short life
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……
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Year

Day

2012

12/2012

2011

12/12/2012… …

…

AllLoc

LOCATION

all Year

TIME

2012 2011

AllTimeall

Figure 24: Data Warehouse Schema SALES&LOSS

fact) rolls-up to another point (or fact)”, when the
point (or fact) directly or indirectly rolls-up to the
other point (or fact). In top-down analysis, drill-down
refers to the inverse of roll-up.

Example 15. Fact (Milk,Vienna,28-11-2012,5,20) rolls up
to fact (shortLife,Austria,2012,8,27).

For applying the decision-scope approach to spe-
cialization of analysis rules, we consider a fact as ob-
ject and the set of facts of a particular granularity
(given by a level for each dimension) as a class. Fur-
thermore, we can consider the class of facts of par-
ticular granularity G that roll-up to a given multi-
dimensional point p, denoted as p[G]. In this nota-
tion the class of facts at a particular granularity G
is the set of facts that roll-up to the root point r,
consisting of the all-node from each dimension, r[G].
For brevity, a coordinate of a point or a level of a
granularity is omitted if the coordinate is the root
node of the dimension or the level is the root level,
respectively. If a point p rolls-up to q, then p[G] is a
subclass of q[G]. While class hierarchies with multiple
inheritance can be constructed this way, we introduce
the principles of the decision-scope approach in data
warehousing for single inheritance. An extension to
multiple inheritance requires to check the introduced
consistency criteria for each superclass and it requires
as well to apply the introduced auto-correction and
auto-completion rules for each superclass.

Example 16. Class (food,Austria,2012) [ProductCate-
gory,City,Year] could for example contain roll-up fact
(shortlife,Vienna,2012,7,17).

4.2 Mono-granular Analysis Rules

We can apply the decision-scope approach as intro-
duced for action rules defined over classes of business
processes in the same way to analysis rules defined
over classes of data warehouse facts if we consider
only analysis rules that are defined over classes of
facts of the same granularity. We call such analysis
rules mono-granular.

Analysis rules are associated with a class of facts
and determine, based on conditions over facts of the
class, whether an action should be invoked or not.
Thus, analysis rules specify a positive or negative ac-
tivation condition, strong or weak. In most data ware-
house settings initiated actions are always permitted
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such that negative and positive preconditions of ac-
tions need not to be modeled (but this could be done
as well if needed the same way as introduced for busi-
ness processes).

Analysis rules are usually checked for a subset of
facts for which they are defined based on external or
application events. E.g., an informative action may
be initiated at the end of a temporal period (month
or year) after evaluating facts of this period once they
have been loaded into the data warehouse, or a guid-
ance action (suggesting further analysis steps) may be
initiated for facts that are part of a current analysis
situation (consisting of a set of facts selected in the
current analysis step of an analysis session [31]).

Specialization along subset relationships between
points at the same granularity is governed by the same
set of rules as specialization between superclasses and
subclasses of objects.

Example 17. Figure 25 depicts the conditions under
which a particular Product is to be de-listed ( ) or not
to be de-listed (− ) in a particular State dependent
on the percentage of the loss-to-sold ratio (l/s). The
analysis rules are specified for product line food and
specialized for product categories shortLife and longLife.

class  delist − delist

(food) [Product,State] l/s ≥ 40 l/s < 10
(longLife) [Product,State] l/s ≥ 15 l/s < 10
(shortLife) [Product,State] l/s ≥ 40 l/s < 20

Figure 25: Mono-Granular Analysis Rules: Delist

4.3 Multi-Granular Rules: Prerogative Eval-
uation

In addition to the subset relationship between set of
points at the same granularity, the roll-up hierarchy
of points in multi-dimensional space can be used to
evaluate analysis rules for the same action along drill-
down relationships (the inverse to roll-up). One pos-
sible evaluation strategy is the prerogative evaluation
strategy in which an action triggered for a higher level
point implicitly implies the same action for each drill-
down point. We have applied this principle in similar
form for active data warehousing in the past [38, 39].
An alternative evaluation strategy will be presented
in the subsequent subsection.

In the prerogative evaluation strategy, analysis
rules for the same action are evaluated top-down. We
assume at first that for one granularity at most one
analysis rule is defined by a condition pair, consist-
ing of a positive and negative activation condition.
If one of the two condition applies for a roll-up fact,
analysis is completed, whereby the indicated action is
triggered if the positive activation condition is satis-
fied. Only if both conditions are not satisfied, i.e., for
the situation that a fact falls into the open space of
the condition scope, the analysis rules for drill-down
granularities and drill-down facts at these granulari-
ties are considered in further rule evaluation.

Prerogative evaluation of analysis rules along roll-
up hierarchies in top-down manner can be combined
with evaluation along class hierarchies of points at the
same granularity as described in the previous subsec-
tion. At each granularity all analysis rules defined for
classes of points at that granularity are considered,
and for each fact the most specific class is chosen.
For simplicity we assume here that the class hierar-
chy of points has been defined such that each fact
falls into a single most-specific class. Once a decision

has been determined for a fact at a given granularity,
analysis stops; if no decision could be made due to
an open decision scope, analysis continues with drill-
down facts at a lower granularity for which an analysis
rule is defined. Again, we assume herein for simplicity
that the hierarchy of granularities for which analysis
rules for a given action are defined is a tree. The
approach for message-to-method binding introduced
for multiple inheritance of cooperation contracts [33],
which define methods that are polymorphic in multi-
ple receivers, can be carried over in order to extend
the presented approach for the case of multiple inher-
itance.

Example 18. Figure 26 defines analysis rules
at the granularity of (Product,State) and at
the lower granularity of (Product,City) for action
delist(PRODUCT,LOCATION). Figure 27 shows sample
facts and for each fact whether action delist is trigged
for the fact in the multi-granular evaluation strategy.

The analysis rule for (shortLife) [Product,State] is
the most specific rule for roll-up fact (milk,Austria,20)
but does not apply, neither positively nor negatively.
Therefore, the analysis rules for action delist are
evaluated for drill-down facts and the analysis rule
specified for (shortLife) [Product,City] triggers for fact
(milk,Vienna,48), de-listing milk in Vienna.

Analysis rule (shortLife) [Product,State] applies to
roll-up fact (cream,Austria,20) de-listing cream in Austria
which implicitly implies that cream is no longer sold
in every city in Austria. Therefore, analysis is com-
pleted and no longer checked for drill-down facts such
as (cream,Vienna,15).

class  delist − delist

(food) [Product,State] l/s ≥ 40 l/s < 10
(longLife) [Product,State] l/s ≥ 15 l/s < 10
(shortLife) [Product,State] l/s ≥ 40 l/s < 20

(food) [Product,City] l/s ≥ 45 l/s < 10
(longLife) [Product,City] l/s ≥ 25 l/s < 10
(shortLife) [Product,City] l/s ≥ 45 l/s < 20

Figure 26: Multi-Granular Analysis Rules: Delist

point l/s % delist

(milk,Austria) 20
(cream,Austria) 50  
(milk,Vienna) 48  
(cream,Salzburg) 52
(cream,Vienna) 15

Figure 27: Multi-Granular Prerogative Evaluation on
Sample Facts

4.4 Multi-Granular Rules: Presumed Evalu-
ation

An alternative evaluation strategy to the prerogative
strategy is the presumed evaluation strategy. In the
presumed strategy an action (typically an informative
one) is not triggered again for drill-down facts to avoid
information load, unless it is justified by a negative
activation condition.

Example 19. Figure 28 defines analysis rules
at the granularity of (Product,State) and at
the lower granularity of (Product,City) for action
alertMg(PRODUCT,LOCATION) . Figure 29 shows sample
facts and for each fact lists whether action alertMg is
triggered for the fact in the multi-granular evaluation
strategy.
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The analysis rule for (shortLife) [Product,State] is
the most specific rule for roll-up fact (milk,Austria,20)
but does not apply, neither positively nor negatively.
Therefore, the analysis rules for action delist are
evaluated for drill-down facts and the analysis rule
specified for (shortLife) [Product,City] triggers for fact
(milk,Vienna,48) alerting the manager for milk in Vienna.

The analysis rule (shortLife) [Product,State] applies to
roll-up fact (cream,Austria,20) alerting the manager for
cream in Austria, with the alert presumed to include all
drill-down facts. This avoids raising an alert for every
city in Austria and shields the manager from informa-
tion overload, since presumably if the aggregated fact
has a strikingly unusual measure value, so will usu-
ally the drill-down facts from which the aggregated
measure is computed, e.g. fact (cream,Salzburg,52). But
different to prerogative evaluation, an exception is re-
ported if the alert should not have been raised due to
a negative activation condition for a drill-down fact
(e.g., for drill-down fact (cream,Vienna,15)). An excep-
tion alert will be raised in such a case.

class  alertMg − alertMg

(food) [Product,State] l/s ≥ 40 l/s < 10
(longLife) [Product,State] l/s ≥ 15 l/s < 10
(shortLife) [Product,State] l/s ≥ 40 l/s < 20

(food) [Product,City] l/s ≥ 45 l/s < 10
(longLife) [Product,City] l/s ≥ 25 l/s < 10
(shortLife) [Product,City] l/s ≥ 45 l/s < 20

Figure 28: Multi-Granular Analysis Rules: Alert-
Manager

point l/s % alertMgr

(milk,Austria) 20
(cream,Austria) 50  
(milk,Vienna) 48  
(cream,Salzburg) 52
(cream,Vienna) 15 − 

Figure 29: Multi-Granular Presumed Evaluation on
Sample Facts

5 Conclusion

In this paper we have outlined the general princi-
ples of the decision-scope approach to specialization
of business rules. We have shown that the decision-
scope approach used by law hierarchies and hierar-
chical organizations for decision making along hierar-
chies of laws or organizational levels can be benefi-
cially applied to the specialization of business rules.
We have presented a set of consistency criteria that
govern the decision-scope approach and introduced
auto-correction rules to adjust inconsistent business
rules in that conflicts are resolved in favor of the su-
perclass, like in the real world a higher-level authority
overrules a lower-level.

In particular, we have exemplified how the
decision-scope approach can be incorporated into
business process modeling and how it can be used in
capturing actionable knowledge in data warehousing.
We currently work in the SemCockpit [32] project on
employing the decision scope approach for specializa-
tion of guidance and judgment rules in the context of
comparative data analysis in business intelligence.
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