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Abstract. Canceling ongoing process instances is a natural phenomenon
in practice. As such, modeling cancellation behavior is supported in the
Business Process Model and Notation (BPMN) via exception events.
Event-data-driven analysis techniques using such process models, e.g.,
conformance checking, require converting the BPMN model into a for-
mal process modeling representation, i.e., Petri nets. However, the ex-
isting transformation of BPMN models with exception events renders a
classical Petri net, with various additional modeling constructs to mimic
the exception behavior. Using such a model in a subsequent analysis ren-
ders an infeasible computational complexity. Hence, this paper presents a
novel conversion of BPMN models with exception events into reset nets,
significantly reducing the number of required invisible transitions in the
corresponding transformation. Our results show that the enhanced con-
version reduces the computational effort of using the converted models
for conformance checking.

Keywords: Business Process Management - Business Process Modeling
- BPMN - Petri nets.

1 Introduction

Several business process modeling languages exist that allow modeling the be-
havior of the processes in an organization [19]. The Business Process Model and
Notation (BPMN) [20] language is a commonly used standard for business pro-
cess modeling. BPMN is a graph-based language and includes over 50 distinct
modeling elements. Among these elements are exception events, which allow one
to specify exceptional behavior w.r.t. the default process behavior, e.g., a sensor
value exceeding a certain threshold may require a special recovery procedure.

Whereas exceptions refer to non-standard behavior, adequate handling of
an exception that occurred is vital. To verify whether the appropriate excep-
tion handling procedure is followed, conformance checking techniques [8] can be
applied. Such techniques compare historical process executions stored in the in-
formation system of a company, i.e., referred to as event data, with a reference
process model describing the main control flow of a process (and corresponding
exception handling procedures).
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Most conformance checking techniques are not designed to use BPMN as
an input, i.e., they use Petri nets [23]. When applying conformance checking
techniques on a process modeled in BPMN, the model is first transformed into a
Petri net, after which the conformance checking algorithm is invoked. However,
in the case of BPMN models with exception events, such a translation renders
a Petri net with many additional modeling constructs to mimic the exception
behavior. Applying conformance checking on such a transformed Petri net model
is often infeasible in the context of computational complexity.

Transforming BPMN models with cancellation features to Petri nets is partly
addressed in the literature (see for an overview) and applying algorithms
on the resulting Petri nets lacks efficiency. Hence, we propose an enhanced trans-
formation that solves these limitations. Our transformation uses the concept of
reset nets (R-nets) [14], i.e., Petri nets enhanced with means to “reset behav-
ior”. The main advantage of our proposed transformation is that the number
of elements required to model the same behavior as the corresponding BPMN
model is significantly reduced w.r.t. the existing transformation procedures. Such
a smaller model size, in turn, is beneficial for the computational complexity of
model-driven analysis techniques, e.g., conformance checking.

We conducted experiments with BPMN models, including exception events,
comparing the existing transformation approach to our newly proposed trans-
formation. Our experiments explicitly focus on conformance checking analysis of
the transformed models. Our experiments confirm that the resulting R-nets, i.e.,
obtained by applying our newly proposed transformation rules, yield significantly
reduced computational complexity in the context of conformance checking.

The remainder of this paper is structured as follows. In we dis-
cuss related work. In we present background concepts, i.e., BPMN

models and R-nets. presents our method. In we present the
evaluation of our proposed transformation. concludes this paper.

2 Related Work

A general overview of the BPMN language is presented in [20]. Here, we discuss
mappings from BPMN to other modeling languages. In we present an
overview of these approaches, including our approach. The table shows the sup-
ported constructs in the conversion, i.e., sub-process support, internal/external
exceptions, terminations, timeouts, and OR-join constructs. Note that timeouts
and OR-Joins are easily supported in our proposed transformation. However, for
simplicity and brevity, they are not described in this work.

Arbab et al. [4] propose to convert BPMN models to the Reo language [3)
and focus on model verification and compliance analysis. Kheldoun et al. [16]
suggest mapping BPMN models with cancellation to RECAT nets, i.e., a tree-
based structure that utilizes Petri nets. Kherbouche et al. [I7] propose model
checking for BPMN by exploiting a transformation to Kripke structures. Various
transformations of BPMN to Yet Another Worfklow Language (YAWL) exist
[TOITI26l27]. The transformations support sub-processes, internal exceptions,
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Table 1: Overview of BPMN transformations to other modeling languages. Per
construct, a v-symbol indicates full support; a (v')-symbol indicates restrictions
or missing information on the exact mapping of the corresponding construct.

Author Year Target Supported BPMN Constructs
Sub-process|Int. Exception|Ext. Exception|Termination|Timeout|OR-Join
van der Aalst et al. [T} 2002 Petri net )
Dijkman et al. [I2] |2007 Petri net v ) v ) ) v
Raedts et al.[22] 2007| Inhibitor net v v
Arbab et al. [4] 2008 Reo v v v ) v )
Decker et al.[10] 2008 YAWL 4 v ) ) v 4
Ou-Yang and Lin [2T] | 2008 |Colored Petri net v )
Ye et al.[27] 2008 YAWL v ) v v
Ye and Song [26] | 2010 YAWL v ) v v v
Decker et al. [I1] 2010 YAWL 4 v ) ) v 4
Kherbouche et al.[I7] | 2013 | Kripke structure v v
Kheldoun et al. [16] |2015| RECAT net v v v v
Dechsupa et al. [9] |2019 |Colored Petri net v
This work 2022 reset net v v v v ) (V)

timeouts, and OR-joins. The YAWL model is projected to a reset net, where
backward reasoning is required to handle OR-joins. The concept of cancella-
tion is directly translated to reset arcs. Additional transformations supporting
cancellation behavior exist for YAWL models, e.g., to Inhibitor nets [24] and
Generalized Stochastic Petri nets with inhibitor arcs [6].

Several authors focus on transforming BPMN models to Petri nets (or sub-
classes thereof). A general overview of transformations from arbitrary process
modeling languages (including BPMN) to Petri nets is presented in [I8]. Most ex-
isting mappings have in common that the essential BPMN workflow components,
i.e., start/intermediate/end events, sequence flows, tasks, and AND-/XOR-/OR-
gateways, are mapped using the same approach. In [I] van der Aalst et al. propose
a complete set of transformation rules for Workflow graphs (which can be seen
as a generalization of simple BPMN models). In [22], a mapping from BPMN to
Petri nets with inhibitor arcs is presented for model checking. The inhibitor arcs
are used to model timeout events. Dechsupa et al. [9] map a BPMN model to
a Colored Petri Net (CPN). An effective way of transforming block-structured
OR-joins and OR-splits is provided. In both works mentioned above, general can-
cellation is not supported. The transformation approach presented in [12] is most
complete w.r.t. cancellation behavior. The presented algorithm first transforms
the basic workflow patterns to Petri net elements with equivalent behavior. Sub-
sequently, sub-process features are mapped. External and internal sub-process
cancelation events and nested sub-processes are transformed. Since Petri nets
cannot reset certain areas by just firing one transition, the tokens are bypassed
to the end of the cancellation area once the exception event has been fired.

In summary, support for the conversion of BPMN models that include cance-
lation behavior to Petri net-oriented models is limited. To obtain a Petri net from
a BPMN model with advanced cancellation constructs, a mapping via YAWL
is required. To the best of our knowledge, the transformation proposed in this
paper is the first direct mapping to R-nets that covers all relevant BPMN can-
cellation features.
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Fig. 1: Example BPMN model containing the core modeling concepts assumed
in this paper. We use the model as a running example.

3 Background

In this section, we present the concepts used in this paper. We specify the class
of supported BPMN models in [Section 3.1| In[Section 3.2, we present reset nets.

3.1 Business Process Model and Notation

The Business Process Model and Notation (BPMN) [20] language is commonly
used for business process modeling. We use a strict subset of modeling constructs,
i.e., start/end events, tasks (allowed to represent sub-models), gateways, excep-
tion events, and some additional modeling assumptions. Consider[Fig. 1} in which
we depict an example BPMN model describing a simplified loan-application pro-
cess, including all modeling elements considered in this paper.

The model indescribes that first the Receive Application (RA) activity
is executed. After this, sub-process S1 is invoked in which an income check (CI)
and asset check (AC) are performed. The client’s income can be insufficient,
triggering an Income Insufficient (II) exception. After such an exception occurs,
the customer record is archived, and the process is terminated. During sub-
process S1, at any point in time, a background check can reveal that the customer
already exists in the system. In this case, the sub-process is canceled, and a fast
check is performed. After the fast check, the global process either continues
or is canceled. For the two exceptions described, different resolution strategies
are modeled, i.e., exception Income Insufficient is always followed by task t;
(Archive Customer) and subsequently the entire process is terminated whereas
external exception Customer Exists is always followed by task t3 (Fast Check),
after which we either terminate the process, or, we continue to process at gate
go. Observe that event Customer Exists can occur at any point in time, whereas
the end event Income Insufficient can only happen after the task Check Income.
We formally define BPMN models, i.e., as considered in this paper, as follows.
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Definition 1 (BPMN Model). Let X' denote the universe of activity labels.
A BPMN Model is a tuple M=(N,T,G*,G*¥, e* et, B, E" F (,§), whercﬂ :

N is a set of nodes,

— TCN is a set of tasks,

— G*CN is a set of exclusive gateways,

— GTCN is a set of parallel gateways,

— e’eN is a regular start event,

— eteN is a regular end event,

— E%CN is a set of irregular end events,

— E“CN is a set of interrupting intermediate events,

— FCN XN is the sequence flow relation,

— 0: T-»2 is a partial labeling function,

— &: BT is a function assigning an intermediate event to a task, signaling
an exception and thus interrupting the execution of the task.

Compared to the standard BPMN specification, we assume exactly one “regular
end event” is present per (sub-)model (e.g., e4 and es in [Fig. 1)), i.e., repre-
senting normative termination. We assume that the set of tasks can be further
divided in a set of labeled activities (i.e., those tasks t€T" with ((¢)eX) and a
set of sub-models (those tasks t€T with ¢(t)=_L). If an activity refers to a sub-
model, we assume that the underlying model recursively adheres to [Definition 1
e.g., consider task S1 in However, for simplicity, we do not formally de-
fine this. We assume that some hierarchy H is present that captures whether
a model is contained in another model. Further, we assume that any node that
is part of a sub-model is not explicitly contained in the set of nodes N of its
parent model. The root model is assumed to be at hierarchy level Hy, and any
model that is contained in a task of the root model is at level H;. In general,
a model that is contained in a task of a model at level H; is at level H; 1,
e.g., in all elements in sub-model S1 are at level Hy, all other models
are at level Hy. Let M;=(N;,T;,GX, G, e3,et, B EI' F; 0;,&) be a (sub)-
BPMN model at some level >0 and let Mi+1:(Ni+1,Ti+1,GZ-XJFDG;ZFDefH,
et Bl Bl Fiy1,0ip1,&41) be any model at hierarchy level H;q, ie., it
is contained in one of the nodes in T;. We assume that there exists a partial
function §: E$,-»E! that associates certain irregular end events at hierarchy
level H;11 to a corresponding intermediate event in E}', e.g., consider end event
e7 in S1 which is linked to intermediate event eg. Note that, in case M; 1 is rep-
resented by some t€T}, then for every e€E!S | s.t. §(e)#L we have & (d(e))=t.

3.2 Reset Nets

Petri nets [23] are a mathematical model, often used for verification and automa-
tion purposes. Their mathematical definition yields Petri nets unambiguous in
terms of the language they describe, i.e., as opposed to most business-oriented
graphical modeling languages. A Petri net, see as an example, describes
a bipartite graph with two types of vertices, i.e., places (visually represented as
circles) and transitions (visually represented as boxes). Places only connect to

3 We omit OR gateways, yet, the framework is easily extended with OR-support.
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Fig.2: Example reset-net (R-net) modeling the same behavior as the BPMN
model in[Fig. 1] Regular arcs are depicted as black single-headed arcs. Reset arcs
are shown using double-headed arcs in different colors. Each color represents
another type of cancelation behavior. A reset arc directly connecting to sub-
process S1 is assumed to empty all places in the sub-process.

transitions and vice versa. The places of a net are used to represent the state of
the net (referred to as the net’s marking), i.e., using so-called “tokens”, the tran-
sitions are used to manipulate the state. For example, the place p—a; in
contains one token. A transition in a Petri net is enabled iff all its “pre-places”
connecting to it (places with an outgoing arc from the place to the transition)
contain a token. For example, in transition t—t; is enabled. An enabled
transition can fire. When we fire an enabled transition, it consumes a token from
each “pre-place” and creates a new token for each of its “post-places”. For ex-
ample, if we fire transition t—t; in we obtain the new marking [p—as].
Reset nets (R-nets) extend Petri nets with an additional arc type. A reset arc,
i.e., the double-headed arcs in consumes all tokens from the source place
it connects to, upon firing the target transition it connects to. For example, if
at least one token resides in p—ag in and we fire t—ey or t—es, all tokens
in p—ag are removed. Unlike regular arcs, the places associated with a reset arc
can be empty to fire a transition, i.e., no tokens may exist in the places.

Definition 2 (Reset Net). Let P denote a set of places, let T denote a set
of transitions (PNT=0), let FC(PXxT)U(TxP) denote the flow relation, let
R: T—>P(P)E| denote the reset arc relation, let X denote the universe of transi-
tion labels, let T¢X and let £: T—XU{7} denote a labeling function. A reset net
N is a tuple (P,T,F,R,?).

Let N=(P, T, F, R, {) denote a Reset net which will be called R-net for conve-
nience. A marking m of N is a multiset of places, i.e., me M(P), tuple (N, m) is
referred to as a marked net. Given marked net (N, m), a transition t€T is enabled

4 P(X) denotes the power set of set X.
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Fig. 3: The start, end, and intermediate events considered in this paper.

iff Vpe P (m(p)>F(p,t)). An enabled transition ¢ in marking m can fire, yielding a
new marking m/, where m’(p)=0, Vpe R(t) and m/(p)=m(p)—F (p, t)+F (¢, p), VpE P\ R(t).

4 Enhanced Transformation of BPMN Models

This section presents our proposed transformation of BPMN models to R-nets.
We first present additional assumptions on the input BPMN model. Subse-
quently, we show how we iteratively build a corresponding R-net.

4.1 Modeling Assumptions

This section presents the core assumptions of our transformation algorithm w.r.t.
the input BPMN model. We discuss the different types of events and the assump-
tions on the modeling of exception handling mechanisms.

Events Considered Contrary to general BPMN, we assume that a given pro-
cess model has one unique None End Event per (sub)-process. For example, the
BPMN model depicted in has one unique end event (e4) and so does the
sub-process S1 (eg). As such, every (sub)-process is assumed to have a clear
unique start and end event, which we refer to as the regular start/end events.
Furthermore, we assume that the start and end events have one unique outgo-
ing, respectively incoming, arc. All other end events that are part of the BPMN
model are referred to as irregular end events. For example, the model in
contains three irregular end events, i.e., ea, e3 and e7. Consider in which
we depict an overview of the start, end, and intermediate events considered in
this paper. Observe that the events depicted in are exemplary, i.e., other
events (e.g., the intermediate interrupting timer) also apply to the proposed
cancellation behavior. However, as such events have a merely semantic meaning
(i.e., a time-based interrupt rather than a message-based interrupt), we do not
consider these in detail.

Exception Modeling We assume two primary mechanisms for the modeling
of exceptions and cancellation behavior, i.e., visualized in Figures [4a] and [b]
The intermediate events and the message, error, and terminate end events (cf.
are used for modeling exceptions and cancellation behavior. The message
and error end events are used to signal an exception and are connected to an
intermediate event at the boundary of the process in which they are contained.



8 G. Lomidze et al.

.

meS\SiD

Internal External Terminate

(a) Internal exceptions oc- (b) External exceptions (c) The process at the
cur at a specific state of can happen at any point higher level either termi-
a sub-process and are of a in the sub-process. nates, or the process flow
throw-catch nature. is assumed to continue af-

ter the regular termina-
tion of the canceled activ-

ity.

Fig. 4: The two proposed cancellation mechanisms (Figures [4aj and [4b|) and sub-
sequent resolution handling (Fig. 4c) adopted in this paper.

Consider which schematically represents the use of an end event and an
associated “catching” intermediate event. If the end event occurs at hierarchy
level H; for i>1, the corresponding intermediate event is located at hierarchy
H;_1. An unmapped intermediate event associated with some activity (possibly
a sub-process) indicates that the activity it connects to can be canceled at any
point in time, i.e., as visualized in [Fig. 4D

In both cases, after activating an intermediate event, a resolution strategy
applies, i.e., depicted schematically in After observing the intermediate
event related to cancellation, the process at the higher level either terminates,
or the process flow is assumed to continue after the regular termination of the
canceled activity. Observe that various other tasks may be modeled between the

exception event and corresponding termination (as exemplified in [Fig. 1)). We
assume that these tasks cannot be canceled (e.g., ta and t3 in [Fig. 1)).
4.2 Building Reset Nets

This section presents our proposed transformation. Our approach consists of
three steps, i.e., arc mapping, node mapping, and cancellation mapping. The
first two steps are relatively straight-forward and adopted from existing BPMN
transformations [QUI3IT522]. The Cancellation Mapping step can be seen as the
main contribution of this work. In the remainder, we explain each step. The
final cancellation step is only applied to a model when all sub-models have been
completely (recursively) transformed into an R-net.

Arc Mapping In the first step of the transformation, each arc in the BPMN

model, i.e., the F' component of is converted into a place in the
resulting R-net.
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Fig.5: Overview of node mappings of regular start/end events, tasks, AND-
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Fig. 6: Mapping procedure for sub-process tasks.

Node Mapping In the second step of the approach, we convert the nodes
of the BPMN model into corresponding R-net elements. In we show a
schematic overview of node mappings of regular start/end events, tasks, AND-
constructs, and XOR-~constructs. Observe that, for the start event s, we add a
token to the corresponding place p-£ of its unique outgoing arc. The end event is
ignored. Tasks are converted to a transition for which the incoming and outgoing
places are equal to the places corresponding to the incoming/outgoing arcs of
the tasks in the BPMN model. AND-splits and AND-joins are converted into
transitions that generate/consume a token in/from each place corresponding to
an outgoing/incoming arc of the split/join. For an XOR join, a transition is
created per outgoing/incoming arc of the split/join that consumes/produces a
token in the place representing the outgoing/incoming arc of the split/join. The
mapping of tasks that describe a sub-process is straightforward, i.e., see
Place p-f is connected to a new invisible transition (t-enter-8), which is in
turn connected to p-s. A symmetrical procedure is adopted for p-e and p-g.
Consider in which we depict the transformation of the running example
BPMN model after applying the first two steps (i.e., arc and node mapping).

Cancellation Mapping This section presents the mappings for exception han-
dling. Consider in which we schematically depict the transformation rule
for internal exceptions. The choice construct connected to arcs A, B, and C is
already part of the partially complete net, i.e., represented by the choice con-



10 G. Lomidze et al.

PFs
£XOR-g:l

+XOR-g;-2

Fig. 7: Transformation of the running example BPMN model (Fig. 1)) after the
arc/node mapping step.
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Fig. 8: Schematic visualization of internal exception handling.

struct formed by places p-A, p-B, and p-C. Firstly, we create a new net fragment,
representing the intermediate error event Ca (represented by the place p-Ca and
transition Ca), yielding a token in p-Z. Secondly, we attach reset nets from all
places to the transition marking p-B. Finally, we connect p-B by means of a fresh
invisible transition to place p-Ca. If multiple end events with label Ca exist, the
previously described second and third steps can be replicated for the error event.
Observe that, if p-B is marked, all places related to sub-process S are unmarked.
The mapping procedure for external exception handling is depicted in
A place p-Ex is created that has an incoming arc from the t-enter-S transi-
tion and is connected to the exception transition Ex. Place p—Ex is connected by
means of an outgoing arc to t-exit-S. If the transition labelled Ex is connected
to very place in S by means of a reset arc.

Observe that the R-net in[Fig. 3 is the result of applying the transformation
algorithm on the running example BPMN model.

External Exception

Subprocess S _ B pend texitS oy
D RN 2N N

O =0

end Reset Arc
—_—

new

Fig.9: Schematic visualization of external exception handling.
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Table 2: Overview of the characteristics of the models used in the experiments.

Model No.||Tasks|Events| XOR Gates| AND Gates|Sub-Processes|Exceptions
I 14 10 2 6 1 2
11 11 10 4 4 1 2
111 14 30 8 6 8 5
v 9 20 10 4 5 3

5 Evaluation

In this section, we present the evaluation of our approach. We compare the
performance of conformance checking, using different transformations of BPMN
models with cancellation behavior. In we present the experimental

setupﬂ Section 5.2 presents the results.

5.1 Experimental Setup

In this section, we present the experimental setup of our experiments. We de-
scribe the process adopted to generate input data, which is divided into two
steps, i.e., model construction and corresponding event data generation. Addi-
tionally, we describe an alternative transformation of the BPMN models created,
which we use to compare our approach against. Finally, we briefly provide details
on the conformance checking techniques studied.

Model Construction None of the existing work on generating process models,
e.g., Burattin et al. [7], propose a BPMN generator that includes support for the
(generic) addition of cancellation behavior. Hence, we design four BPMN models
of varying sizes with different control-flow behavior and cancellation behavior.
An overview of the characteristics of these models is presented in

Event Data Generation To generate data, as a first step, a noise-free lan-
guage is generated exhaustively for each BPMN model. For models with looping
behavior, the language is trimmed to have a maximum trace length of 25. Within
the language generation, the assumed behavior of (potentially ambiguous) can-
cellation features is as follows. (i) An external exception event may fire even
after the last enabled task has been executed inside a sub-process, and (ii) Tasks
parallel to error or terminate end events may fire whenever enabled, even after
any preceding task of the end event was executed. We add artificial noise to the
generated languages. For each language, we randomly select 200 distinct sub-logs
containing 15 traces, yielding a total of 3000 traces. Given a noise probability

5 All models (i.e., both designed and obtained by means of transformation), event data
generated and computational results, are available via |https://drive.google.com/
drive/folders/10Q11FfRu_Lf9kA1lmoR2gikQcIHAwnsNv?usp=sharing. The code
used in the experiments is available via https://github.com/require-gio/
pm4py-resetnet.
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(0%, 10%, 30%, 50%), we iterate over each event of each trace and apply a noise
operation with the corresponding probability. The noise operation is either an
addition, substitution, or removal operation. The concrete choice of which oper-
ation to apply is made with % for each operation type.

Transformations Considered Aside from the proposed transformation in this
paper, another transformation, i.e., based on Dijkman et al. [12] (referred to
as Dikman transformation), is considered. The Dijkman transformation maps
BPMN models with cancellation behavior to regular Petri netsﬁ However, the
approach requires slight changes to ensure that it can transform the BPMN
models in a language-equivalent manner. Dijkman considers intermediate events
inside sub-processes as triggers for attached internal exception events. Our map-
ping, however, assumes that error end events are responsible for triggering in-
ternal exceptions. The input models are, therefore, manually adjusted for the
Digkman transformation such that error end events are exchanged with inter-
mediate events. Terminate end events behave similarly to internal exceptions
with the difference that, instead of triggering an exception event, they provide a
direct path to the final state of the sub-process they are inside. Hence, the ter-
minate events are manually replaced by intermediate events in the input models
and then mapped the same way as internal exceptions, however, without an
exception flow mapping.

Conformance Checking In our experiments, we consider how well the trans-
formed models perform when applying conformance checking on the models.
To this end, we propose to compute optimal alignments as conformance check-
ing artifacts. Computing alignments requires a Petri/R-net and an event log.
We assess the A* (marking equation) implementation of alignment computa-
tion [2]E| During the experiments, several performance statistics are recorded:
mean computation times, queued sates, visited states, traversed arcs, and the
number of linear programs solved. The machine used for the experiments com-
prises an AMD Ryzen 7 2700X 8-core 4.00 GHz processor, 32 GB RAM and a
Windows 10 operating system.

5.2 Results

This section presents the results of our experiments, i.e., as described in
We discuss general time efficiency and search efficiency of computing
alignments using the R-nets obtained by using our proposed approach and com-
pare it with the Dijkman transformation. As both algorithms render many invis-
ible transitions, we apply reduction rules on the obtained R/Petri-nets to reduce

5 As there is no executable implementation available of the Dijkman transformation,
we re-implemented the approach.

" Note that the A* variant for reset/inhibitor nets has been implemented in python,
extending the pmdpy framework [5].
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Fig. 10: Average alignment computation time per trace of our transformation
(“R-~Net”) significantly outperforms the Dijkman transformation (“Petri net”).

the number of invisible transitions. We use the reduction rules described in [25],
yet, we only apply the non-exponential rules.

The mean computation times (in seconds) for the alignment calculation are
visualized for each noise value and applied algorithm in [Fig. 10} We observe that
our transformation (R-Net in the figure) significantly outperforms the Dijkman
transformation (Petri net in the figure). The model reduction has little influence
on our transformation; however, it does have a significant positive effect on the
time performance of the Dijkman transformation.

Since the Dijkman transformation generates more invisible transitions in the
resulting Petri net (compared to the R-nets obtained by our transformation),
we expect the underlying search efficiency to be better for the models based on
our transformation. Hence, to further investigate the underlying effect of the
observed results, we consider different experimental statistics related to search
efficiency. Since the A* approach uses Linear Programming (LP) internally (i.e.,
as a heuristic for the search), we depict the average number of LPs solved for
each model /noise combination in All four plots follow the same shape as
the computation time results presented in This similarity indeed hints
strongly at a more efficient state-space traversal of the A* algorithm. Other met-
rics investigated, i.e., the number of queued states visited states, and traversed
arcs per search, yield the same insights. As such, we conclude that the models
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Fig. 11: Average number of LPs solved per trace of our transformation (“R-Net”)
significantly outperforms the Dijkman transformation (“Petri net”).

obtained by our proposed transformation allow for significant efficiency in the
state-space traversal of A*-based alignment calculation.

5.3 Threats to Validity

We acknowledge that the number of models assessed in the evaluation is limited.
At the same time, for all four models, we observe a similar pattern for increasing
levels of noise. As such, we assume that the observed trends are also to be ob-
served when conducting the experiments on a larger scale. We acknowledge that
the transformation performed on the models used with the Dijkman transfor-
mation may slightly impact the performance. However, since the core problem
of the Dijkman transformation is the excessive amount of invisible transitions
in the model, we assume this effect to be negligible.

6 Conclusion

The possibility of canceling a process’s main behavior is a natural phenomenon.
Whereas BPMN provides rich support for cancellation features, there has been a
lack of transformation algorithms that can convert said models to an alternative
formal representation for further analysis. In this work, a structured mapping
from BPMN to reset nets is proposed, which serves as the underlying execution
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model for applying advanced analytical algorithms. The mapping of cancellation
features has been defined in detail and is the first to include terminate end events
and internal exceptions triggered by end events. The evaluation shows that the
proposed approach produces models that allow more efficient computation of
conformance checking artifacts.

Future Work We plan to extend the work proposed as follows. We aim to extend
the approach to support a more extensive set of BPMN objects, i.e., there are
many additional event types as well as gateways whose control flow behavior
does not significantly differ from the ones considered in the presented work,
e.g., interrupting escalation events, event gateways, timeouts, etc. We further
aim to formally characterize classes of BPMN models that are supported by
the proposed approach. Additionally, we aim to perform experiments on a larger
scale. As a corresponding prerequisite, an additional interesting avenue for future
work is the automated generation of BPMN models with cancellation features.
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