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Abstract. Compliance checking of business process models against regulation
is inevitable. Due to various sources of compliance requirements, a conflict of
interest of such requirements is very likely. Thus, it is crucial to analyze the
relation between compliance rules to discover any possible conflicts before even
checking such rules against process models. Although this step is important in
the compliance management life cycle, there is almost no work that studied this
direction. In this paper, we start by checking for consistency between execution
ordering compliance rules expressed in linear temporal logic (LTL), addressing
control and data flow aspects. To achieve this, we rely on the generation of Biichi
automaton from LTL formulas. However, we show that domain-specific knowledge
is of crucial importance to draw correct conclusions.
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1 Introduction

Compliance checking of business process models has received growing attention in
recent years. Financial scandals in large public companies led to legislative initiatives
like SOX [1]. The purpose of these initiatives is the enforcement of certain controls on
business. Controls can be in the form of, e.g., executing activities in certain order or
separation of duty regarding financial transactions (a person who issues an order must
not be the one to grant it). In addition to regulations, compliance requirements might be
enforced by domain specific initiatives, e.g., BASEL II [28] in the banking sector.
Since then, compliance of a process model at design time has been addressed by
different approaches. In such approaches either the process model creation is guided by
compliance rules (e.g., [17, 16, 18]) or existing process models are verified against com-
pliance rules (e.g., [3, 12, 23, 31]). Still, most of the effort is spent on checking/enforcing
compliance between a process model and a rule. Almost no work discussed how to
automatically check consistency among various compliance rules. On the one hand, such
inconsistencies might stem from ambiguous descriptions of compliance rules as they are
typically described in natural language and, therefore, subject to interpretation. On the
other hand, compliance requirements might originate from a variety of sources, e.g., in
the form of regulations (SOX Act in the public sector), internal policies of the organi-
zation, or guidelines and best practices (e.g, BASEL II and guidelines for anti-money
laundering [7] in the financial sector). Consequently, the chance for conflicting rules is
very likely. For instance, consider two rules, one stating that “in general, money needs to
be transfered before shipment of the product”, whereas the second states that “shipment
of the product might happen before payment, if credit card details are already known for
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the customer”. Clearly, there is a conflict that might be attributed to misinterpretation of
the compliance requirements. That is, certain assumptions (e.g., that credit card details
are not known in case of the first rule) are not made explicit.

One might argue that these conflicts between compliance rules are revealed once a
process model is checked for compliance. However, it does not seem reasonable to spend
effort on such a check that is bound to fail. Moreover, the negative compliance result
might cause even more time consuming investigations of the particular process, even
though conflicts in the compliance rules caused the compliance violation. Therefore, it
is essential to provide support for automated conflict detection for compliance rules.

Our contribution in this paper is an automated approach to check consistency among
rules that specify execution ordering constraints, potentially enriched with data-related
aspects. These rules are expressed as temporal logic formulas [30, 32]. Although the
notion of consistency checking among rules expressed in temporal logic has already
been addressed in literature, it has been applied solely in the context of hardware specifi-
cations [8]. While our work is inspired by these approaches of checking consistency, we
show that they cannot be applied for compliance rules of business process models in a
straight-forward manner. Instead, additional domain knowledge needs to be leveraged.

The remainder of this paper is organized as follows. Section 2 provides preliminaries
for our work, i.e., basic notions of execution ordering compliance rules and their formal
grounding used for model checking. Afterwards, Section 3 shows that consistency check-
ing of compliance rules is not straight-forward and illustrates the need for considering
domain knowledge. Based thereon, we introduce the notion of a business context that
captures domain knowledge in Section 4. Section 5 shows how the business context is
applied to detect conflicting and inconsistent rules. Further on, we review related work
in Section 6 and conclude the paper in Section 7.

2 Preliminaries

In this section we introduce the background of our work. First, Section 2.1 briefly summa-
rizes linear temporal logic with past operators (PLTL). Second, Section 2.2 summarizes
our previous work in the area of compliance checking. Afterwards, Section 2.3 gives
details on the formal background of compliance checking using model checking.

2.1 Linear Temporal Logic with Past Operators (PLTL)

Linear Temporal Logic (LTL) allows expressing formulas about the future of systems. In
addition to logical connectors (—, A, V, —, <) and atomic propositions, it introduces
temporal operators, such as eventually (F), always (G), next (X), and until (U). PLTL [32]
extends LTL by operators that enable statements over the past. That is, it introduces
the previous (P), once (O), always been (H), and since (S) operators. Although the
past operators do not increase expressiveness of the formalism, they enable convenient
specification of predicates over the past [20].

2.2 Compliance Rules for Business Process Models

Compliance rules might require the execution of certain activities or enforce ordering
constraints for a set of activities. Thus, these rules focus purely on the control flow
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Rule Pattern PLTL Formula
Global Scope Existence F(executed(a))
> Global Scope Absence G(—ezxecuted(a))
E Before Scope Absence G(ready(b) — H(—executed(a)))
= After Scope Absence G(executed(a) — G(—executed(D)))
£ After Scope Existence G(executed(a) — F(executed(b)))
§ Between Scope Absence G(ezecuted(a) — (—executed(b)) U executed(c))
Before Scope Existence) G(ready(b) — O(executed(a)))
Before Scope Absence G(ready(c) — (—executed(b)) S executed(a))
<
g Data Flow G(ready(a) — Agyep (Vs state(d, s)))
Conditional After Scope Existence G(executed(a) A A ;o p(V g state(d, s))
— F(executed(b)))
 Conditional After Scope Absence G(executed(a) A N\ e p(V,es state(d, s))
] — (—ezecuted(b)) U executed(c))
S Conditional Before Scope Existence G(ready(b)

— O(executed(a) A N\yep(V,eg state(d, s))))
Conditional Before Scope Absence G(ready(c) — (—executed(b)) S

(executed(a)) A N yep(V,eg state(d, s)))

Table 1. Mapping of Compliance Rule Patterns into PLTL

perspective of process models. These rules might be further classified according to the
scope they consider, which might be global, before, after, or between [10]. Within a
scope rules can require the existence or absence of activities. In [3, 6], we showed how
compliance rules focusing on the control flow can be modeled in PLTL. We also showed
how these rules can be verified using model checking techniques.

The aforementioned kinds of rules neglect data aspects of process models. It is
well-known that this is not sufficient for real-world scenarios, as execution of an activity
often changes data objects from one state to another [19]. Therefore, data aspects have
to be taken into account in order to achieve holistic compliance checking, which we
discussed in previous work [5].

The whole spectrum of compliance rules along with the respective PLTL expressions
is illustrated in Table 1. With A as the set of activities of a process model, the PLTL
expressions are based on the predicates ready(a) and executed(a). They capture the
facts that an activity a € A is about to execute or has already executed, respectively.
It is worth to mention that the predicate executed(a) holds solely in one state. That is,
the state that is reached by the execution of a. In other words, executed(a) does not
hold in all states after execution of activity a. In the line of the data access semantics
defined in [2], we assume a set of data objects D and a set of data states S. Further on,
the predicate state(d, s) requires that a certain data object d € D is in state s € S.
Global Scope rules require that a certain activity is either executed in all process

instances (existence rule), or in none of them (absence rule). An example for a

global scope existence rule would be an insurance handling process, in which it is

required that the case is always archived.
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Before / After Scope Absence rules require the absence of a certain activity either
before or after the execution of another activity, i.e., mutual exclusion.

Leads to rules specify a causal dependency between two activities, such that one activity
eventually follows the execution of another activity (existence rule). This case might
also be interpreted as an after scope existence rule. Further on, a third activity might
be requested not to occur in between (absence rule). As in case of the existence rule,
the latter could be seen as a between scope absence rule.

Precedes rules specify a causal dependency between two activities, such that one activity
has been executed whenever another activity is about to execute. Again, this kind of
rules might be specified as an absence rule. That is, an activity has been executed
whenever another activity is about to execute, while a third activity has not been
executed in between.

Data Flow rules specify requirements for the execution of a certain activity in terms of
combinations states of data objects. These requirements have to be met, whenever
the activity is about to execute.

Conditional Leads to rules specify an execution ordering relation between activities
that is further refined by data conditions. That is, a leads to rule as introduced above
has to hold solely in case certain data conditions are met. Such a data condition
might be considered in the case of existence rules as well as in case of absence rules.

Conditional Precedes rules also refine the aforementioned precedes rules. That is, the
causal dependency is required to hold solely if the data condition is met. Again, a
data condition might be applied for existence rules and absence rules.

2.3 LTL Model Checking based on Biichi Automata

Model checking techniques can be applied to check compliance rules that are specified in
LTL. In particular, both, the actual compliance rule as well as the behavioral model of the
system, a process model, might be represented as Biichi automata. A Biichi automaton
for an LTL formula represents a computation to satisfy the formula, if there is one.
Approaches like [14, 13]! are capable of generating a Biichi automaton for a given LTL
formula. Based on the set of words that is accepted by the automata of the formula and
the system, we are able to conclude whether the system satisfies the compliance rule.

3 Checking Consistency for Compliance Rules

This section introduces our approach of checking consistency be means of exemplary
compliance rules. The overall setting is depicted in Fig. 1. In general, there might be
more than one set of compliance rule, e.g., rules related to anti money laundering and
rules related to BASEL II. Some of these rules are related, i.e., they address a common
set of business processes. In order to enable consistency checking of these rules, we have
to include extra knowledge from the domain. Finally, the conjunction of all LTL formulas
is created and its corresponding Biichi automaton is checked for having accepting states.

L An implementation of the algorithm presented in [13] is available from http://www.1lsv.
ens—-cachan.fr/~gastin/ltl2ba/index.php
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Domain Specific Knowledge and Assumptions Compliance Requirements Set N Compliance Requirements Set 1

Conjunction of LTL Formulas ]

Fig. 1. The Approach of Consistency Checking

In order to motivate the need for taking domain knowledge into account, we introduce
a set of example compliance rules. Following on the model checking approach as
introduced in the previous section, we illustrate the resulting Biichi automaton for the
conjunction of compliance rules. Of course, one would assume the compliance rules to
be consistent, if the Biichi automaton has accepting runs, whereas inconsistent rules are
indicated by an automaton that has no accepting runs. However, our examples show that
detection of inconsistencies is not as straight-forward as expected.

Example 1. (Cyclic Dependency) Imagine two rules that consider the ordering of two
activities, one specifying the payment of goods and the other describing the sending of
goods. Let the first rule R1 state that payment must precede sending goods, whereas the
second rule R2 states the opposite, i.e., sending goods precedes payment. It is obvious
that the objectives behind the two rules are totally different. In the first one we need to
guarantee that the money has been transferred before the goods are sent out. With respect
to the second rule, the objective might be to gain new customers by relaxed payment
conditions. If we represent the payment activity with a and the sending goods activity
with b, the corresponding LTL formulas would be G(executed(b) — O(executed(a)))
and G(executed(a) — O(executed(b))). Here, O is the past time LTL operator once.

The Biichi automaton generated for the con-
junction of both formulas is illustrated in Fig. 2. ( — @, 1
Although R1 and R2 are clearly inconsistent, the ez

respective Biichi automaton has accepting runs. In
particular, the following runs are possible.
1. Neither a nor b are executed at all, which is represented by the transition from state
inat to itself.
2. Both activities, a and b are executed in a single step, which is represented by the
transition from inet to statel.

The phenomena that led to the first accepting run is called vacuous satisfiability [8].
The set of compliance rules would be satisfied by all process models that contain neither
a nor b. Obviously, that is not a valid solution in our context, as these compliance rules
are specified for process models that contain these activities.

The second accepting run is invalid in our context either. Common process description
languages, e.g., the Business Process Modeling Notation (BPMN) or Event-Driven

Fig. 2. Automaton for R1 and R2
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Process Chains (EPC) assume interleaving semantics. That is, two activities cannot
complete their execution at the very same time. That, in turn, is reflected in any behavioral
model of a process model, which is derived by transformation to some intermediary
representation, for instance, Petri nets (cf., [9]). These models do not contain a single
state in which two activities finish their execution. For this reason, the second accepting
run of the automaton in Fig. 2 is also invalid in our context.

Example 2. (Contradictions) Imagine two rules that have the same condition, but
different implications. For instance, one rule R3 specifies that the reception of payment
leads to the activity of sending goods by DHL. A second rule R4, in turn, states that
after the reception of payment, the goods have to be sent by UPS. Further on, let a be
the activity of receiving the payment, while the send activities are represented by b in
case of DHL, and c in case of UPS, respectively. Then, the resulting LTL formula would
be G(executed(a) — F(executed(d))) A G(executed(a) — F(executed(c))). The
Biichi automaton, which was omitted due to its size, has accepting runs, owing to the
vacuous satisfiability phenomena discussed above and state transitions with more than
one activity being executed at a time. However, there are other accepting runs that might
not be traced back to these phenomena. These runs correspond to scenarios, in which
activity a is executed; thereafter activities b and c are executed in any order.

A process model fragment that —
shows such a behavior and, there- Send Goods

X X by DHL
fore, satisfies the compliance rules
Receive
Payment

is illustrated in Fig. 3. However, this
Fig. 3. A process fragment satisfying rules R3 and R4

model would not be considered a
valid solution for our compliance re-
quirements from a business point of
view. Goods might be send only once
using either activity Send Goods by
DHL or Send Goods by UPS. There-
fore, consistency checking for these kinds of compliance rules requires further informa-
tion about the business domain.

Send Goods J

by UPS

Example 3. (Data Issues) The aforementioned aspects are also of relevance for data-
related rules. As mentioned before, we assume a formalization of data flow for process
models, such that a data object can be only one data state at a time. Thus, data states are
exclusive.

Consider a compliance rule RS that requires a purchase request to be in state
archived when the case is closed. Based on the predicates introduced in Section 2,
this compliance requirement is expressed as G (ready(a) — state(d, archived)) with
a being the activity to close the case and d the data object representing the purchase
request. Further on, a second rule R6 requires a purchase request to be either in state
accepted, or rejected, i.e., G(ready(a) — state(d, accepted) V state(d, rejected)),
when the case is about to be closed.

Not surprisingly, the Biichi automaton for the conjunction of these rules has a lot
of accepting runs (again, the figure was omitted due to its size) even though both rules
are inconsistent. That results from the phenomena that were already discussed above for
activities. That is, accepting runs violate the requirement of exclusive data states, require
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data objects to be in no state (vacuous satisfiability), or are invalid from a business
perspective (e.g, the state of the purchase request might be set to both, accepted and
rejected). Again, inconsistencies between two compliance rules cannot be identified by
solely testing the generated Biichi automaton for the absence of accepting runs.

4 The Business Context

It is of crucial importance to include correct assumptions about the system/domain under
investigation in order to correctly decide about the consistency of the specification [8].
We also illustrated this need by our examples in Section 3. Thus, reasonable consistency
checking has to consider business context information.

The business context describes the domain specific knowledge. It reflects the way a
business provides its added value. Moreover, it could be seen as the unified view of the
domain among the participants. The context is a global process independent description
of the business activities. Processes are composed from individual business activities
from the context. Each business activity provides a value by its own. For instance, an
activity Payback claim by bank transfer provides the value of transferring the amount
of money claimed by a customer as its effect. However, execution of such an activity is
based on assumptions about the input, there are preconditions. Moreover, having another
activity Payback claim by a cheque, it would be part of the domain knowledge that it is
not possible for the two payment activities to be both executed in the same process.

To make the concept of a context more familiar, one might think of the notion of
service registries [27] in service oriented architecture as a sub-concept for the business
context. There, each service is described independently in terms of its inputs and outputs
on a syntactical level. In a business context, business activities are the counterpart of
services in a registry. We require at least the following information to be part of the
business context in terms of relations between business activities. 1) Preconditions: for
each activity we need to know the preconditions, other activities required to execute
previously. 2) Effect: the value added by executing a certain activity. 3) Contradiction:
the set of activities that cannot be allowed to execute within the same process instance.

5 Detecting Compliance Conflicts

Given a set of compliance rules, it becomes necessary to check consistency among them.
In particular, the business context (domain knowledge) has to be considered in the PLTL
expressions in order to detect inconsistencies based on the respective Biichi automaton.
Again, we assume a set of compliance rules to be inconsistent, if the Biichi automaton
for the conjunction of the rules has no accepting runs. We illustrate the approach based
on the examples presented in Section 3.

Example 1. (Cyclic Dependency) The first example contains two rules R1 and R2 that
state a cyclic dependency between payment for goods, activity a and sending the goods,
activity b, respectively. However, the Biichi automaton generated for the conjunction
showed accepting runs, which required both activities not to be executed at all or to be
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1 la && b
a&&b

(a) Automaton for the conjunction of R1, R2, (b) Automaton for the conjunction of RI,
F(executed(a)), and F(ezecuted(b)) R2, F(executed(a)), F(executed(b)), and
G(—(executed(a) N executed(b)))

Fig. 4. Biichi automata for R1 and R2 with additional conditions

executed in the same step. In order to cope with the first phenomenon, that is, vacuous
satisfiability, we specify an additional rule, F'(ezecuted(a)), that enforces the execution
of payment for goods activity. That, in turn, results in the automaton that is illustrated in
Fig.4(a), which still accepts the concurrent execution of both activities. As discussed
in Section 3 such concurrent execution conflicts with the assumption of interleaving
semantics for process models. Therefore, another predicate that prohibits concurrent
execution, G(—(executed(a) N executed(b))), is added. As mentioned in Section 2 the
predicate executed(a) holds only for one state, i.e., the state that is reached by executing
the activity a. The updated automaton is shown in Fig. 4(b). This automaton has no
accepting run. At this point, we conclude that the rules R1 and R2 are inconsistent given
our knowledge about the process modeling domain. Thus, the additional formula that
prohibits concurrent execution of activities is of a general nature and has to be added for
consistency checking of any activity execution compliance rules.

Example 2. (Contradictions) . The second example introduces two rules R3 and R4
with the same condition (reception of payment), activity a, but different implications
(sending goods by DHL, activity b, or sending goods by UPS, activity c, respectively).
However, enforcing the knowledge about non-concurrent execution of activities a, b,
and c, as was discussed in Example 1, still generates a Biichi automaton that accepts
all runs in which activity a is executed; thereafter, activities b and c are executed in
any order. However, according to the business context, we figure out that activities
Send Goods by DHL and Send Goods by UPS contradict each other. This fact has
to be reflected in consistency checking. That is, both activities are considered to be
mutually exclusive. Therefore, we add the following two LTL formulas to the conjunction,
G(executed(b) — G(—executed(c))) and G(executed(c) — G(—executed(b))). The
resulting Biichi automaton has no accepting run. Again, the automaton was omitted
due to its size. We conclude that there cannot be a process model that would satisfy
R3 and R4 under the information given by the business context. Thus, we detected an
inconsistency between both compliance rules.

Similar to the two examples above, data access semantics for data elements have to
be reflected in the LTL formulas for consistency checking. That is, for our case, the fact
that each data object can assume a single value (state) at a time has to be considered.
Moreover, the knowledge about contradicting data values has to be incorporated.

So far, we showed through examples how consistency checking between different
compliance rules can be reduced to a check of accepting runs (accepting states) in a
Biichi automaton generated from an LTL formula. Using the business context, addi-
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tional knowledge was injected in the LTL formula in order to reflect domain-specific
compliance requirements. Based thereon, we generalize the approach to any given set
of compliance rules for which consistency checking is required. The requirement of
separate execution states is captured as follows.

Definition 1 (Separate Execution States). For any set of activities A, each activity
completes its execution in a separate execution state, i.e.,
Nave aarr G(m(executed(a) A executed(b))).

Non-vacuous satisfiability for compliance rules has to be ensured. Therefore, we intro-
duce the following LTL formula.

Definition 2 (Non Vacuous Satisfiability). Process models that would satisfy compli-
ance rules regarding a set of activities A have to satisfy them non-vacuously. That is,
Naca Flexecuted(a)), if and only if a appears in the condition of a compliance rule.

Further on, contradicting activities as well as mutual exclusive data states as defined by
the business context have to be treated accordingly.

Definition 3 (Contradicting Activities). if two activities a and b are known to be con-
tradicting, exclusive, from the business context, the LTL formula to avoid contradicting
activities is defined as G(executed(a) — G(—executed(b))).

Definition 4 (Mutual Exclusive Data States). Let D be the universal set of data objects,
S the set of all data states, and S the set of all possible data states for a specific data ob-
ject d € D. For each data object d € D, the LTL formula that captures the mutual exclu-
sion between data states is given by ]\ o 5, G(state(d, s) — Ny cg,\ 5y 7state(d, s')).

Algorithm 1 describes our approach to check consistency among a given set of
compliance rules. The algorithm takes a set of compliance rules and a business context
as input. Based thereon, the additional LTL formulas are generated in order to meet the
requirements introduced above. Finally, the algorithm decides consistency by analyzing
the existence of an accepting run of the resulting Biichi automaton.

6 Related Work

A large body of research on compliance checking of business process models has already
been published. Our primary interest is the work on execution ordering compliance
checking. The research in this area can be classified into two groups: compliance by
design and compliance checking of existing models. The idea of compliance by design is
to enforce process model compliance already at the stage of design [16, 17, 21, 25, 26].
Here, violations to a compliance rule are highlighted while a process model is created.
The other branch of research employs model checking techniques to verify that exist-
ing process models satisfy the compliance rules [3, 12, 23, 31]. Based thereon, explana-
tion of how violation could occur [5] has been tackled. Further on, resolution strategies
have been presented in order to resolve compliance violations automatically [15, 4].
Resolution of violations can be driven by the severity of violations. In this sense an
interesting method was introduced in [22]. This formal approach enables measuring the
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Algorithm 1 Consistency Checking for a Set of Compliance Rules

Require: A set of compliance rules R expressed in LTL.
Require: Domain specific knowledge.

1: Let A be the set of all activities mentioned in compliance rules.
2: Let Acondition C A be the set of activities mentioned in the condition part of the rules.
3: Let D be the set of data objects mentioned in the rules.
4: Let S be the set of data states for the data objects in D.
5: Let M be the set of LTL formulas that will be conjuncted and checked for consistency.
6: M=R
7: for all a € Acondition do
8 M =MU{F(a)} //Handling activities
9: end for
10: for all a € Ado
11:  forallb € Ado
12: if a # b then
13: M =MU{G(=(aAb))} //Including knowledge about execution environment
14: end if
15:  end for
16:  Let C, be the set of contradicting activities to activity a according to the context.
17:  forall c € C, do
18: M = M U{G(a — G(—c))} /I Contradictions between activities
19:  end for
20: end for
21: foralld € D do
22:  Let Sq C S be the set of states data object d can assume.
23:  forall s € S;do
24: M = MU g, pe2:1G(state(d, s) — —state(d, s’))} // One data state at a time
25: LET C{q,,) be the set of contradicting data states of s.
26: M=MU U8’€C<d.s) {G(state(d, s) — G(—state(d, s")))} // State contradictions
27 end for '
28: end for
29: Let BA = LTL2BA(N\,,cpr ™)
30: if B A has accepting run then
31:  return true
32: else
33:  return false
34: end if

degree of compliance. Once a compliance rule is specified, the approach tells the degree
of compliance for a given process model on the scale from O to 1.

In the above mentioned approaches, the need to check consistency of compliance
rules was not addressed. Moreover, the consistency of the requirement of a rule with the
way business is conducted, e.g. the business context, was not discussed.

Recently, several requirements frameworks for business process compliance manage-
ment have been proposed. In [24] the authors formulate requirements for compliance
management tools. The requirements address the issues of lifetime compliance. The
focus is also on the requirements to languages expressing compliance rules, on the rules
priority, and on validation of process models against rules during design time and runtime.
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Another framework was proposed in [11]. The requirement to check consistency among
several rules complements these frameworks. Moreover, the approach we presented in
this paper is a realization of this requirement.

The review of related work illustrates that the problem of business process compli-
ance is pressing. However, it reveals that in the area of compliance rules consistency
checking not much has been done yet.

Declarative business process modeling is a way to allow flexibility in processes.
Processes are modeled by specifying a set of execution ordering constraints on a set
of activities [29]. In that approach, constraints are mapped onto LTL formulas; which
are used to generate an automaton to both guide the execution and monitor it. Albeit
for a different purpose, this approach is similar to our work in terms of mapping LTL
formulas to Biichi automata. However, in our approach, we just need to check the result-
ing automata for accepting states/runs as means to decide about consistency between
compliance rules.

7 Conclusion

Consistency checking between compliance rules and the way business is conducted,
i.e. the business context, on the one hand and among a set of compliance rules on the
other hand, is an integral step in the compliance management lifecycle. In this paper,
we demonstrated a formal approach to check such consistency. Checking is done by
mapping compliance rules, represented as PLTL formulas, into Biichi automata. In
order to correctly decide about consistency, domain knowledge was reflected. Therefore,
further PLTL formulas were added to the set of compliance rules. Rules are consistent
under the domain knowledge, if and only if the Biichi automaton has accepting runs.

In future, we would consider approaches for managing inconsistencies among rules.
One approach could be to prioritize rules. Another would be deriving consistent subsets
of rules.
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