A Brief Overview of Process Trees

Sander J.J. Leemans!, Sebastiaan van Zelst?, and Xixi Lu®

! RWTH Aachen University, Germany
2 Celonis Gmbh, Germany
3 Utrecht University, the Netherlands

Abstract. Process trees are a process modelling language for which in-
ception and early development, like many other modelling languages,
Wil van der Aalst played a pivotal role. The hierarchical nature of pro-
cess trees provides many theoretical guarantees on which one can build.
Therefore, unsurprisingly, process trees have often been used and applied
in process mining techniques developed in recent years. Yet, a concise
overview, combined with a solid formal foundation, is lacking. Therefore,
in this paper, we provide a unified definition of process tree operators
as defined in literature and discuss their applications and relation to
Petri nets. It should not come as a surprise to the reader that the usage
of process trees or related modelling formalisms, as well as other works
relevant to this work, yielded a total of 60 references.

1 Introduction

Process mining analyses event data recorded by information systems to derive
insights into how processes are actually executed. Process mining does so by
discovering and analysing process models from event data. A key trade-off is
selecting a model representation that is expressive enough to capture real-world
behaviour while remaining suitable for the analyses to be conducted. Among the
various modelling formalisms used in process discovery and analysis, process
trees may be an attractive choice. Such trees are block-structured by syntax con-
struction, support simple compositional semantics and can easily be converted
to other modelling languages such as Petri nets and BPMN.

The idea of representing processes in a block-structured way, using a small
set of well-nested control-flow operators such as sequence, choice, concurrency
and loops, can be traced back to early workflow and service modelling languages.
For example, Microsoft’s XLANG language already emphasised block-structured
modelling with operators for sequence, switch, while, parallel execution and race
conditions [54]. Similarly, [13] compared graph-based notations (e.g., BPMN,
Petri nets) with block-structured ones, highlighting the trade-off between mod-
elling flexibility and analysability. These early contributions laid the ideas of
block-structured models on which the process tree would later be based.

The term process trees was coined in the process mining literature by Wil
van der Aalst and others [5]7], which selected a tree-based representation as the
modelling language for their Evolutionary Tree Miner (ETM). The tree structure



guarantees soundness for all generated candidate models, while the evolutionary
search optimises the quality of such models in terms of fitness, precision and
simplicity. This property made process trees a suitable choice for the ETM.

Building on this idea, a team led by van der Aalst [21}[25H27] introduced a
formal definition of process trees and showed how process trees provide a direct,
hierarchical representation of block-structured workflow nets, abstracting from
Petri-net notations while preserving behaviour equivalence. The inductive dis-
covery framework (the foundation for the later Inductive Miner family) exploits
the process tree operators to ensure the discovery of sound and perfectly fitting
models. Moreover, a proof was provided that under standard completeness as-
sumptions, the algorithm rediscovers the original model from which the log was
derived, if the model is block-structured. By formalising the semantics of process
trees, this line of work established process trees as the standard representation
for block-structured process discovery and related conformance techniques.

Building on these contributions, process trees have been widely used: as out-
puts of process discovery, as intermediate representations for translations to and
from workflow nets, and as models for conformance checking and performance
analysis. Their hierarchical nature enables scalable algorithms and modular,
divide-and-conquer reasoning, while their extensible node types allow the ex-
pression of advanced constructs (e.g., cancellation, recursion) for more complex
behaviour. These properties allow researchers and practitioners to strike a useful
balance between expressive power and simplicity.

In this paper, we provide a brief overview of process trees, their applications,
and their relation to Petri nets. [Section 2|introduces the different types of process
trees, ranging from basic operators to more advanced nodes. discusses
the main applications of process trees, focusing on their role in process discovery,
conformance checking and other process mining tasks. explores the
relation between process trees and Petri nets. concludes the paper.

2 Types of process trees

A process tree is a hierarchical structure over nodes, expressing a language of
traces over an alphabet of activities /. A tree consists of leaf nodes and operator
nodes. We define process trees in terms of their expressed language .

2.1 Leaf nodes

A leaf node has no children. Several flavours of leaf nodes have been proposed:
the no-operation silent leaf 7, the activity leaf a and the non-atomic activity leaf
a. They can be defined as follows, assuming a € X and 7 ¢ X (the third column
will be defined in Section :

6(7—) = < >} = E(Xstart}—)end( ))
t(a) = {(a)}
14

{
(5) = {<astart7 acomplete>} = g(%(astartv acomplete))



Two further leaf nodes, the recursive A and the cancellation 4, will be ex-
plained with their corresponding operator nodes.

2.2 Operator nodes

An operator node combines the languages of its children to express its own
language. The way the children languages are combined depends on the operator
@, with a corresponding language combination function fg.

UB(Py,... Pp)) = Le(Pr,... Py) with Pj ... P, process trees
Several operators have been defined, of which we will provide a couple here.

x The exclusive choice operator x indicates that a trace from one of its children
must be chosen. As such, its corresponding language combination function
£, takes the union of its children languages:

b(Pyy. P = | up)

1<i<n
= E(X{starb—)Pp—mnd\lgiSn} (Pla s Pn))

O The loop operator O indicates a repeated execution of its children languages.
Four syntactically different but expressivity-equivalent types have been de-
fined, as well as a fifth completely different one.

(a) The n-nary loop operator O" always executes a trace from its first child
(the body child, and then there is a repeated choice to stop, or to execute
another (redo) child followed by a trace from the body child, and be faced
the same choice again. This implies that the n-ary loop operator must
have at least two children.

lsn(Py, ... Py) = ((Py) - U U(P;) - 0(Py)
= E(Ol(—>(><_(1;2,...Pn)7P1)))

(b) The unary loop operator OO! has a single child. This child is always
executed, after which it may be repeated.

b (Pr) = €(Py) - £(Py)”
= (O™ (P, 7)) = L(O*(P1, 7)) = L(O*(P1, 7, 7))

(c) The binary loop operator ()2 has two children. The first child is always
executed, after which there is a repeated choice: either stop, or execute
the second child and the first child again.

la (P, Pp) = £(Py) - (((P2) - €(P1))
= ((O"(P1, P»))



(d) The ternary loop operator (9%, in contrast, has precisely three children:
a body, a redo and an exit child; the loop consists of a trace of the body
child, and then an arbitrary number of traces of the redo child followed
by a trace of the body child, and once the loop ends a trace from the
exit child [5].

less (Py, Py, P3) = 4(Py) - (U(P2) - £(P1))" - £(Ps)
= U= (0" (P, P2), P3))

(e) The fixed-length loop (% is unary and executes its only child exactly k
times (8], for a fixed k:

Low(Pr1) = e1<i<k £(P1)
= f(—)(Pl, - Pl))
The sequence operator — executes a trace from all of its children in order.
U—=(Pr,...Py))=L(P)-... - UPy,)
= E('<start»—>P10—).‘.l—>Pn}—>end(P1a ce Pn))
= g(Xstarh—)Pﬂ—h..»—)PnHend(Pl7 ce Pn))

The reversed sequence operator < executes a trace from all of its children
in reversed order.

U(+(Pr,...Py)) = UP,)-...- L(Py)
= U(—(Pp,... P1))

The interleaved operator <+ includes a trace from all of its children, without
overlap in these traces.

(P, P)) = | Py
i1...in €~v(N)
with ~(n) all permutations of {1...n}
= xX(=(Py,.--Pi),...)

The concurrent operator A takes one trace of each of its children, and shuffles
these traces arbitrarily [24].

UN(PL, ... P)) = (P ... w (P
= U(=qpp<i<n}(Pr, .- Pp))

The inclusive choice operator V operator must contain at least one trace
from one of its children, but may contain a trace from any number of its
children, concurrently.

UV(Py,...P,)) = U AE(P;), ... U(Py))
1<j<nAd,...i€~(])
with ~(j) all permutations of {1...j}
_ g(X(Pl,PQ,/\(Pl,PQ)) ifn=2
 UX(P,V(Py, ... Py, NP,V (Py,. .. Py)) ifn>2
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(a) Recursion: {a™b™ | n > 1}. (b) Cancellation: {{a,b,c), {(a,e,d), (a,e, f)}.

Fig. 1: Examples of process trees with their languages.

The partially ordered operator < generalises over the sequence and concur-
rent operators, by including one trace from all of its children, while enforcing
a partial order G between these traces [18].

g({g(Pl, .. Pn)) = {0’ ‘ vlgi’jgndi c é(PZ) N 0j € g(Pj) AN

J, - 00y lfPZ G Pj
7:9; o;Wo; otherwise

Without loss of generality, in this definition we assume each event to project
to a unique child P;.

The arbitrary choice operator y generalises over the exclusive choice and
sequence operators by allowing arbitrary choices between children. That is,
using a directed acyclic graph G with indicated start and end nodes, every
child on a path from start to end is executed in the order of the path.

txa(Pr,... Py)) = U UPy) ... UP,)

start—g Py, —G...->G Pi,, —gend

To ensure that every child is on a path from start to end, we define the
directed acyclic graph G as follows: let (start, P, ... P,,end) be a sequence
of the start node, all process tree children and the end node. Then, G is a
directed acyclic graph if and only if for every child 7 it holds that (i) for
every edge X — P; it holds that X is either the start node or a child P, ;,
(ii) for every edge P; — X it holds that X is either the end node or a child
Piy, (iil) the start node and every child P; have an outgoing edge and (iv)
every child P; and the end node have an incoming edge.

The recursion operator V has exactly one child and executes this child trans-
parently. However, if the child executes a A leaf node, execution jumps back
up to the corresponding Vv node [20]. Each V must be uniquely labelled in
its subtree, and thus the label ¢ of a A node links it to a single V node.
Intuitively, the V operator node indicates that a function is entered. The A
leaf node indicates a recursive step into the V node. Figure [1a] provides an



example. The corresponding language definition is therefore also recursive:

{(vq) ifA, is a descendant of v, Arfp(V,)
()} otherwise

Note that by design, a recursive leaf node A  only recurses if there is a
corresponding V, of which it is a descendant, and in this operator node v,
it must be possible to avoid A leaves, in order to not have infinite recursion
(rfp). If these conditions are not satisfied, the A leaf behaves as a silent leaf
7. A node has a A-free path if:

rfp(7) = true
rfp(a) = true forae ¥
rip(O"(Py, ... Pp)) = rip(F1)
rfp(O (Py, Po, P,)) = rfp(Py) Arfp(Ps)
rfp(OF(Py)) = rfp(P)
rfp(®(Py,... Py)) = tfp(P1) V... Vrip(P,) for ® € {x,V}
tip(&(Pr, ... Py)) = tip(P) A ... Arip(P,)  for @ € {—=, <, A, <}
rip(V(P1)) = rfp(P1)
rfp(A,.) = false for any label r

4 Cancellation in process trees involves a leaf and two operators. First, a can-
cellation leaf #p either executes an activity a € X or triggers an error of the
set £ C X. Second, there are two cancellation handling operator nodes 4. _,
and #.,5. Each of these operators has at least two children, and, on normal
execution, executes its first child. If during that execution an error occurs, a
non-first child will handle the error e, if the child’s language contains a trace
that starts with e. In that case, the remaining execution of the first child
is halted, and one of such e-handling non-first children is executed. After-
wards, the #_, operator ends its execution, while the 4~ operator attempts
to execute its first child again. Figure [Ib| shows an example.
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To the best of our knowledge, these leaves and operators are all that have
been used in context of process trees. Nevertheless, there are still operators
in formal languages to be explored, such as the k-times-concurrent-with-itself
(iterated shuffle) [57] operator and the concatenation operator.

2.3 Summary & expressivity

gives an overview of the usage of process tree leaves and operators in a
selection of literature. In total, we identified 5 types of leaves and 16 operators.

For most leaves and operators in Sections [2.1] and [2.2] alternative definitions
were provided in terms of other operators. Flrst the operators O, 2, © and
O™ can be rewritten into one another and are thus equally-expressive. Second,
using the alternative definitions, the leaf node 7 and the operator nodes x, OOF,
—, +, >, A and V can be language-equivalently rewritten into a process tree
using only the nodes a, O™, x, <, V and 4. Thus, this set of leaf and operator
nodes forms a minimal process tree definition. The non-minimal operators
an be considered as convenience operators to express languages more elegantly.

However, as every regular language can be represented by the regex-operators
choice, sequence and Kleene-star, every regular language can also be represented
by the nodes a, —, x and O'. Conversely, as no process tree operator except vV
induces an infinite state space, every process tree without the recursion operator
V expresses a regular language. The recursion operator V brings the expressivity
of process trees to context-free languages, as witnessed by in which a
model with an infinite state space is shown.

2.4 Extensions

Process trees have been extended in several directions to broaden their expres-
siveness, beyond a sole focus on control-flow. Configurable process trees were
introduced by Wil and his colleagues [7] to allow the definition of families of



Table 1: Process tree operators used in literature.

Application TaaxO" PP OF s AV <Y V4
discovery 1 Ta X OF — A

discovery | 7a x O - AV
discovery a X o — A

discovery 18] 7a x O? =<
discovery 15| 7 a o2 <X
discovery 20| Ta x O" — A v
discovery 19 7a xO" — A b
configurable models 7 o x o? — < A
in-database discovery a xXO" — A

life-cycle discovery 30| axon - A

stochastic tree discovery 18] Ta x ol oF = A
conformance checking | 7a xO" — A
conformance checking Ta X 0?2 — A

model quality \@ Ta X o? =<+« AV
abstraction rediscoverability | 7a xO" - AV
concept-drift detection | 7a X 0?2 — A
translation from workflow-nets | Ta x 0? — A

translation from workflow-nets  [14] 7a % o2 =<

reduction rules \
process redesign
process redesign

Y10 use binary trees, “without loss of generality”.
2 \\ assumes that every activity a € X' appears only once in a process tree.

S|
X
S
L4
T
> > >
<

related process trees by introducing configuration nodes in the tree. This sup-
ports variability management, for instance, in organisations or product lines
where processes share a common core but differ in specific steps. Another line
of research focuses on object-centric process trees [11], which move from the
traditional, single-case notion to model processes involving multiple interacting
objects. Queue-extended process trees enrich the tree with explicit queuing
semantics, allowing the modelling of buffering and processing-time behaviour.
In a different direction, hybrid approaches such as Declare-trees combine
the strict block-structuredness of process trees with the flexibility of declarative
models.

Process trees have also been adapted to prefix trees with data attributes ,
which incorporate data perspectives into the process model. By linking behaviour
to case-level properties (e.g., cost, priority, or region), these models support more
context-aware analyses and facilitate the discovery of behaviour conditioned by
data. Finally, process trees have been extended with likelihoods of choices made
in their execution, making them stochastic process trees .



3 Applications

3.1 Discovery

As shown in [Table 1] several process tree discovery techniques have been pro-
posed, which aim to construct a process tree automatically, given only an event
log of recorded behaviour. These can be categorised into genetic algorithms,
reduction algorithms, recursive algorithms, and random algorithms.

Genetic algorithms start with an initial population of process trees, which
is evolved using cross-over, random mutations and selection. The Evolutionary
Tree Miner [5,[7] is an example of a genetic algorithm. Reduction algorithms
start from a process tree that trivially represents the entire event log, after which
reduction rules are applied that lower the complexity of the tree, while preserving
its behaviour as much as possible. The Toothpaste Miner [§] is an example of a
reduction algorithm. Recursive approaches work in a top-down fashion, in which
they first identify the most important tree operator in an event log, then split the
log according to this operator and recurse, until a base case ends the recursion.
The Inductive Miner family [4,/10,{15H20}23}/25-H27,29H31}|35./43./55] is an example
of recursive approaches. Finally, random algorithms construct a process tree by
selecting operators and activities randomly, which leverages the structure that a
process tree provides. In a study of model quality |9], random process trees were
leveraged.

3.2 Conformance checking

The structure of process trees is also leveraged in conformance checking, that is,
the study of to what extent a process model (a process tree) coincides with an
event log.

An alignment is a sequence of edit operations that transform a trace from an
event log into a path through a process model, which to some extent provides
an explanation of the deviations between the trace and the model, which can
in turn be used as a measure for fitness and precision. Obtaining an alignment
with a minimal number of edit operations is PSPACE-complete [52].

To address this, derivative measures on sub-sets of activities [31] or sub-
traces [41] have been proposed. This first technique projects process trees to
sub-sets of activities, which is hard on Petri nets but easy on process trees,
using reduction rules |22]. Computing a minimal alignment has been approxi-
mated [46], again leveraging the structure that process trees provide. Recently,
finding a minimal alignment has been translated to mixed integer linear pro-
gramming [51], and finding a minimal alignment on a process tree in which each
activity appears at most once is polynomial [50]. In [58], the authors propose
an alignment repair approach for process trees. Given an existing alignment for
a process tree, the authors propose a technique that repairs the alignment, i.e.,
on the basis of a given slight modification of the original process tree. Finally,
in [42], an approach is discussed to find an alignment in case one does not com-
pletely trust the log and/or the process tree, and in [3], all optimal alignments
are computed to avoid having to make an arbitrary choice between them.



For model-model comparisons, the formal results of process discovery can
be leveraged: for certain classes of process trees, it suffices to reduce both trees
exhaustively using reduction rules [22], after which the resulting trees can be
compared on syntactical equivalence to decide language equality [23].

3.3 Other

Beyond foundational extensions to the process tree definition , a
variety of tools, visualisations and applications have been developed, and a mul-
titude of case studies have been conducted to evaluate their accessibility and
practical usefulness. A prominent example is the Inductive Visual Miner [28§],
which provides an interactive environment to explore process trees. It supports
the operators x, —, O™, A, <> and V. In addition, it combines tree editing with
enhancing the tree with time performance measures. Another notable tool is
Cortado [49], based on a variety of incremental process tree-based discovery and
conformance checking approaches [44}[45/[47,|48], which supports interactive and
incremental process discovery using process trees as the modelling language.

Complementing tool support, process trees have also been used frequently in
case studies due to their block-structured, easy-to-understand, and sound nature.
For example, the PM? project, led by Wil [12], conducted a case study using the
Inductive Visual Miner and process tree discovery in real-life business settings,
demonstrating both its scalability and interpretability for practitioners.

In practice, process tree—based approaches have also been adopted in com-
mercial tools. For instance, Celonis’ Process Adherence Manager implements a
variant of the Inductive Miner and provides functionalities that uses the discov-
ered process trees as reference models for conformance checking and deviation
analysisEI

On the analytical side, several approaches build upon process trees to ad-
vance specific forms of analysis. Under Wil’s leadership, process trees have also
been used as the modelling language for local process models (LPMs) to ex-
press and discover frequent behavioural patterns in event logs [56]. Process trees
have also been used for causal analysis [34], providing more fine-grained in-
sights into causal dependencies between activities. Other work has focused on
pre-processing event logs to further extend the practical usability of process
trees. Examples include handling the discovery of process trees with duplicated
tasks [36] and embedding process trees into hierarchical activity trees to support
multi-level abstraction [37].

4 Relation with Petri nets

In this section, we explore the relationship between process trees in Petri nets.
We show, for the basic process tree operators —, x, A and (0%, how a corre-
sponding sound WF-net can be obtained. Furthermore, we explore the reverse,

4 https://docs.celonis.com/en/process-adherence-manager . html
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Fig. 2: Schematic overview of the translation of process tree structures into sound
WF-net fragments (borrowed from [59]). A\(Q;) refers to the (recursively) con-
structed patterns as shown, S\(QZ) corresponds to said net in which the unique
source and sink place are removed.

i.e., deciding whether a given sound WF-net corresponds to a process tree, and,
if so, discover the tree.

4.1 Translating Process Trees into Petri Nets

Recall that, with the exception of the recursion operator, a process tree expresses
a regular language. Translation to a Petri net is therefore trivial. However, such
a translation may yield an overly large Petri net.

To retain a compact model, when translating a process tree to a Petri net,
one is often interested in utilising the same number of labelled transitions as
there are activity leaves in the tree. Still, under this constraint, translating a
process tree to a Petri net is straightforward. For each basic operator, a simple
schematic construct can be defined that describes the same behaviour, as shown
schematically in A leaf (either visible or not) is translated to a sin-
gle transition with one connecting pre- and one connecting post-place. A token
resides in the pre-place, which also serves as the source place of the WF-net.

Process tree operators are translated into a Petri net fragment by inserting
the (recursively computed) Petri net representations of their children into a
predefined fragment corresponding to the operator’s nature. In this context,
we let A\(Q) represent the Petri net representation of some process tree Q. We
assume A(Q) to be a WF-net, and thus, to describe a unique source and a
unique sink place. We let S\(Q) be the Petri net that is obtained by removing
the unique source and sink from A(Q). For a sequence construct —(Q1, ... Qn),
we compute the WF-net representation A(Q;) of each of its children Q1,...,Q,
and then form a sequential Petri net structure that includes each of the WF-
net structures of its children. When inserting the subnets computed for the
children of the operator (i.e., nets X(Q1)7...,5\(Qn), we do so by connecting
the source place of the operator’s fragment to the transitions that connect to



the source place of the fragment computed for the subtree. Symmetrically, the
same procedure is performed on the transitions that connect to the sink place of
the net fragment computed for the subtree. In patterns for the other
operators are depicted as well. Note that as each pattern describes a sound WF-
net fragment, the final recursively composed WF-net of a process tree is sound
by constructionﬂ

4.2 Translating Petri Nets into Process Trees

Translation of a Petri net to a process tree is useful, since, if a process tree can be
defined that is language-equivalent to a given Petri net, the discovered tree struc-

ture can be exploited, e.g., alignments can be computed more efficiently. Like

in the translation from process trees to Petri nets, if a Petri net describes a finite
language, a process tree of the form x (—(o1(1),...,01(|1])), ... =(on(1), .. .0n(|lon])))
can be constructed, assuming that the net’s language consists of n members.
However, to utilise the tree hierarchy effectively, one ideally finds a process tree

that has the same number of activity leaves as there are labelled transitions in

the net.

In [59], a method is proposed to detect a process tree representation of a given
WEF-net. The core idea of this work is to identify subnets in the main net that
can be mapped to a process tree structure. When such a subnet is identified, the
subnet is replaced by a single transition, carrying the process tree representation
as its label. This procedure is repeated until (i) no pattern can be found, or, (ii)
a net with a single transition remains. If case (i) applies, the algorithm cannot
construct a language-equivalent process tree, if (ii) applies, the label of the single
remaining transition is a language-equivalent process tree to the original input
net. The authors note that the work bears great similarity to the work by van
der Aalst and Lassen on the translation of unstructured Workflow processes to
BPEL [2].

An alternative, under-explored, direction toward the problem of detecting
tree structures in Petri nets is by identify whether a WF-net is block-structured.
We present an informal characterisation of this class of nets, i.e., for acyclic WF-
nets. In a block-structured acyclic net, a choice/parallel construct (i.e., source
place/transition) introduces sub-regions that cannot interact with one another.
Consider in which we depict a schematic example of a WF-net contain-
ing a place-bordered block. From a formal perspective, a place-bordered block
is formed by two places p, p’ with the same outdegree and indegree, for which
a bijection b on the arcs exists such that any path from the source to the sink
that visits (p,t) also visits b(p,t), with b=(¢',p’). Observer that, if such a path
exists, indeed, the transitions in one sub-net of a place/transition bordered block
cannot consume/produce tokens in the other sub-nets of a block. As an example,
consider in which we depict the above described notion on an example
Petri net.

® Interestingly, the basis for this proof, provided in [59], is based on [1], published by
van der Aalst in 2000, long before process trees were studied.



Fig. 3: Schematic overview of a place-bordered block in a WF-net.
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Fig. 4: Example Petri net N1 where each pair of the block has a dedicated visual
pattern. The colored arc pairs represent the corresponding arc bijection

For nets with cycles, the above-described definition requires an extension
since places that can act as the source place of the do part of a loop act as the
target place of the redo-part of a loop. However, one of the incoming arcs of said
source place is used to activate the loop, and hence, needs to be excluded from
the mapping. Additionally, the definition of paths from the source to the sink
place is not applicable to WF-nets containing cycles.

Finally, note that the detection of process tree structures in arbitrary Petri
nets bears significant similarity with respect to the detection of Refined Process
Structure Tree (RPST) decomposition [39]. However, since RPST decomposition
is defined for Workflow-graphs (i.e., a predecessor of BPMN), which do not have
a visual entity representing a process state (such as places), detection of the
RPST decomposition on an arbitrary Petri net does not yield a corresponding
process tree structure. As a consequence, a proper RPST decomposition can be
discovered on unsound (not well-handled) WF-nets (see also Fig.18 of [59]).

5 Conclusion

This paper reiterated several process tree operators and combined them in a
single formal framework, and we identified a minimal set of process tree opera-
tors and leaves that can express any process tree of any formalism we encoun-



tered. The applications of process trees, including process discovery, conformance
checking and various others, were discussed. We illustrated the relation between
process trees and Petri nets by translating trees to nets and vice versa.

As future work, we foresee that process trees have the potential to assist

in process-based reasoning, for instance in process mining with stochasticity or
time performance. To this end, the hierarchical block-structured nature may be
leveraged to structurally compute probabilities and timing. Furthermore, current
techniques may see even wider application if translations of Petri nets to process
trees for all operators would be established.
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