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Abstract. Decomposition is widely used in process mining to enhance
scalability, facilitate focused analysis, and mitigate the cognitive com-
plexity of large-scale models. While both process discovery and confor-
mance checking benefit from decomposition, existing approaches—especially
those based on single-entry single-exit (SESE) fragments—impose struc-
tural constraints that limit diagnostic value. This paper proposes a com-
plementary decomposition technique that partitions a WF-net into iso-
lated subnets, i.e., internally coherent fragments with clear interfaces.
The decomposition is hierarchical, independent of SESE assumptions,
and compatible with valid system net decompositions, enabling divide-
and-conquer conformance checking. Experiments show that our approach
improves alignment runtime and yields fitness approximations that are
closer to the true values than existing decomposition methods.

Keywords: Process mining - Conformance checking - Decomposition -
Process diagnosis

1 Introduction

Decomposition is a common strategy in process mining to improve scalability
and enable focused analysis on large or structurally complex models. By split-
ting a model into smaller fragments, tasks such as discovery and conformance
checking can be performed more efficiently and with reduced overhead [3]. This
is particularly valuable for real-world processes with many activities, intricate
routing, and large event logs.

Problem Current decomposition techniques based on the Refined Process Struc-
ture Tree (RPST) and SESE blocks help localize analysis and lower compu-
tational cost [I8]. While every WF-net can be transformed into an RPST,
SESE-based decomposition imposes strong structural boundaries. WF-nets with
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multi-entry or multi-exit constructs cannot be meaningfully grouped, resulting
in overly fine-grained or trivial fragments. As illustrated in Fig. [Ta] edges 1-
7 and 1622 cannot be combined into larger SESE components and therefore
remain as isolated fragments in the RPST (Fig. . This leads to fragmented
decompositions and additional transformations for visualization [18].

(a) A WF-net and its SESE decomposition (b) Decomposition from the proposed approach

s? 3 st

(c) The corresponding RPST of (a) (d) A simplified view of (b)

Fig. 1: Comparison of two different decomposition methods.

Solution € Contribution We introduce a decomposition method based on iso-
lated subnets—transition-bordered, structurally coherent fragments that capture
subprocesses of the WF-net. As shown in Fig. the approach yields meaning-
ful control-flow units even for nets where SESE methods are less effective. The
decomposition is naturally hierarchical: subnets can be collapsed for abstrac-
tion (Fig. or expanded for detailed analysis. The resulting fragments retain
key behavioral properties and integrate with valid system net decomposition [3],
enabling correct decomposed conformance checking.

Results We show that the produced subnets preserve soundness and free-choiceness
and support valid decomposed conformance checking. Experiments on a diverse
set of models demonstrate that, despite decomposition overhead, our method
achieves better runtime and produces fitness estimates closer to the global opti-
mum than existing decomposition strategies.

Outline Section [2| reviews related work. Section [3] introduces preliminaries. Sec-
tion [ details the method. Section [5] reports experiments. Section [6] concludes
the paper.
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2 Related Work

For an overview of process mining, we refer to [4]. In this paper, we focus on de-
composition approaches to enable scalable process mining, covering both process
discovery and conformance checking. Process discovery aims to automatically de-
rive a process model from an event log, while conformance checking quantifies
the alignment between observed (event logs) and modeled behavior. It identifies
deviations, assesses fitness, precision, and generalization, and provides diagnos-
tics to refine models or correct executions.

Given the growing scale and complexity of real-world processes, decomposi-
tion is increasingly necessary to make process mining computationally feasible.
[2] and [3] propose general decomposition techniques for process mining, partic-
ularly targeting process discovery and conformance checking. In [3], it is shown
that conformance checking can be decomposed, provided that the resulting frag-
ments share only uniquely labeled transitions. The general decomposition strat-
egy primarily aims to improve scalability. However, previous work argues that
it is not well suited to provide additional diagnostic insights due to fragmented
components of maximal decomposition [I8]. Moreover, decomposed conformance
checking is known to provide an over-optimistic approximation of the fitness
metric [3]. Later, the recomposition [15] approach was proposed to overcome
the problem. Additionally, it is used to isolate subprocesses and repair them to
improve the overall model quality [21].

To support both improved diagnostics and faster conformance checking, the
Refined Process Structure Tree (RPST) [19] has been used in various stud-
ies [I8IT6] to construct a hierarchy of single entry single exit fragments (SESE).
Rather than evaluating the entire process model against the full event log, this
method checks alignments between specific subprocesses—defined by SESE frag-
ments—and their corresponding sublogs. These SESE fragments serve as frag-
ments with well-defined interfaces, enabling localized conformance analysis and
process comparison [6]. However, as the name implies, this approach implicitly
assumes that the process model is made up of single-entry single-exit blocks.
While RPST can decompose any WF-net in theory, the resulting fragments may
be less informative when the input WF-net includes arbitrary structures such
as multi-entry or multi-exit blocks. In contrast, our approach imposes no such
structural constraints on the input net; it automatically decomposes the WF-net
into subnets with self-contained control flow. Additionally, the resulting decom-
position is naturally hierarchical, enabling more detailed diagnostic analysis.

Decomposition techniques for multiple-entry-multiple-exit (MEME) fragments
have been proposed in works such as [22I11]. However, the resulting decompo-
sitions do not easily translate into valid decompositions as defined in [3], limit-
ing their applicability for decomposed conformance checking. Later, we demon-
strated that our proposed decomposition can be extended to satisfy the criteria of
a valid decomposition [3], thereby enabling the use of decomposed conformance
checking.
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3 Preliminaries

This section presents essential concepts used throughout the paper, starting
with fundamental notations, followed by definitions related to event logs and
Petri net—based concepts.

For any given set A, B(A) represents the set of all multisets over A. If M €
B(A), then M (a) denotes the number of occurrences of @ € A in the multiset
M. For example, if we consider the set A = {w,z,y, 2z} and the multiset M =
[w?, 2%, y3, 25], we have M (y) = 3 because y appears 3 times in M. The notation
o € A* is used to represent a sequence over some set A. For a sequence o =
(a1, a2, as, ..., a,), the length of the sequence is denoted by |o| = n. For each
1 < <o, the element o (i) = a; € A refers to the i-th element of the sequence.
Given two sequences o and ¢, their concatenation is written as o - o’.

Next, we introduce the projection function. Given a set A and a subset X C
A, a projection function [x takes an object (such as a set, multiset, or sequence)
over A and returns a corresponding object over X by filtering out elements that
do not belong to X.

For a set A, the projection onto X is Alx = {a € A | a € X}, ie,
only elements from X are retained. For a multiset M over A, the projection
is Mlx(a) = M(a) if a € X and 0 otherwise, preserving multiplicities of ele-
ments in X. For a sequence o € A*, projection is defined recursively: ()[x = (),
and for (a) - o, ({(a) - 0)[x = (a) - (6]x) if a € X, and o|x otherwise, ensuring
that elements of X keep their relative order while others are removed.

Definition 1 (Activities, Traces, and Logs). Let A be the universe of ac-
tivities. A trace o € A* is a sequence of activities. A log L € B(A*) is a multiset
of traces.

Definition 2 (Petri Net). A Petri net is a tuple N = (P, T, F), where P is
the set of places, T is the set of transitions, PNT = @&, FF C (PxT)U(T x P) is
the set of arcs. A labeled Petri net N = (P, T, F,l) is a Petri net with a labeling
function l € T - A, where A is some universe of activity labels. If a transition
s mot in the domain of 1, it is called a silent transition.

For any z € PUT, o= {y | (y,x) € F} denotes the set of input nodes (preset)

N
of z and ze = {y | (z,y) € F} denotes the set of output nodes (postset) of z.
The superscript NV is dropped if it is clear from the context.

Definition 3 (Marking, Marked Net). Let N = (P, T, F) be a Petri net. A
marking M € B(P) is a multiset of places. (N, M) denotes a marked net.

A place p € P is marked at a marked net (N, M) if M(p) > 0. A marked
place is visually noted by one or more black dots (depending on the cardinality)
called tokens. A transition ¢ € T is enabled in M, denoted as (N, M)[t), if every
input place of ¢ is marked in M, i.e., Voot M(p) > 0. (N, M)[t)(N, M’) denotes
that ¢ is enabled and the resulting marking M’ of firing ¢ is M’ = (M \ et) U te.
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Let 0 € T* be a sequence of transitions. (N, M)[o)(N,M’) denotes that
there exists a set of marking M, M, ..., M, 41 such that My = M, M,+1 =
M’ and (N, M)[o())(N,M') for 1 < i < n. A marking M’ is reachable from
M if J,e7« (N, M)[o)(N,M’). We denote the set of all reachable markings as
R(N,M) ={M’' € B(P) | 3per~(N,M)[c)(N,M")}.

Definition 4 (Subnet). Let N = (P, T, F,1) and N’ = (P, T', F',l') be Petri
nets. N’ is a subnet of N if PP C P, T'CT, F'=FnN(P' xT)U(T" x P')),
and l' =1]7.

Definition 5 (Free-choice Net). Let N = (P,T,F) be a Petri net. N is a
free-choice net if for any t,t' € T : ot = ot’ or ot Net’' = .

Free-choice nets have separate constructs for choices and synchronizations,
as any two transitions either have the same preset or do not share any places in
their presets.

In business processes, we are often interested in a specific type of Petri net,
namely the Workflow net (WF-net). WF-nets have well-defined structures and
properties, such as soundness, to avoid apparent anomalies.

Definition 6 (Workflow Net (WF-net)). Let N = (P, T, F) be a Petri net.
N is a workflow net if it has a dedicated source place i € P : i = & and a
dedicated sink place o € P : oe = &. Moreover, every node x € PUT is on some
path between i and o.

A workflow net N = (P, T, F) with source ¢ and sink o is sound if it is safe
(no place holds more than one token), always able to reach o from any marking,
and has no dead transitions. For details, see [1].

Definition 7 (System Net). A system net is a tuple SN = (N, Mnit, Mpinar)
where N is a Petri net. M,y and Mpna denote the initial and final marking.

A WF-net N can be directly connected to a system net SN = (N, [i], [0])
with its designated source and sink places. A log L is perfectly fitting SN if
and only if every trace of L perfectly fits SN. In practice, logs rarely align per-
fectly with models, making conformance checking essential. Instead of a binary
check, it quantifies behavioral deviations. Alignment-based techniquesﬁ the gold
standard, map log traces to model executions using synchronous (matching) and
asynchronous (log- or model-only) movcsE| Optimal alignments minimize user-
defined deviation costs and enable conformance metrics like fitness.

4 Our approach does not rely on alignments but uses them to illustrate benefits.
5 A precise definition of conformance checking and alignment approach is out of scope.
For details, see [58].
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4 Approach

We first introduce the concept of an isolated subnet. Then, we detail how to use
the concept of an isolated subnet to decompose a WF-net using ILP. Lastly, we
connect the proposed decomposition to the concept of valid decomposition, as
defined in [3], to decompose conformance checking.

Definition 8 (Isolated Subnet [1314]). Let N = (P, T, F,l) be a WF-net.
Let i be the source place, i.e., v € P : o = & and o be the sink place, 1i.e.,
0€ P:oe=g. Ny = (Ps, Ty, F,l;) is an isolated subnet of N if

1. Ny is a subnet of N
2. there exist Pi, C P\Ps, Pout € P\Ps, Tstart C Ts, Tena C Ts such that
(a) Vier,,,, (ot = Pi,), the preset of every transition in Tsiare equals Piy,.
(b) Vier,,,(t® = P,yut), the postset of every transition in Teng equals to Poy:.
(¢) Vpep, (OpUpo C TS), all places in Py only connect to transition in Ty.
(d) Veer\ Ty (ot C PS), except for Tsiare, the input places of every transition
i Ts are in Ps.
(€) Ve \Tona (to - PS), except for Tepnq, the output places of every transition
i Ty are in Ps.
(f) {i,0} N Py = @, the source and sink places are not in the subnet.
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(a) Visualized requirements of an Isolated Subnet (b) A sub-WF-net transformed from (a)

Fig. 2: An Isolated Subnet and its corresponding sub-WF-net

As in Def. [8] the requirements for an isolated subnet are visualized in Fig. 2a]
In this figure, Ny satisfies all requirements, with the only incoming connections
passing through the start transitions T+ and the only outgoing connections
through the end transitions Te,4. All other nodes within Ny remain internally
connected, without external incoming/outgoing arcs. Note that any transition in
a WF-net is an isolated subnet by definition, as well as the whole net (excluding
the source and the sink places i and o). We refer to these two types of isolated
subnets as minimal and maximal trivial subnets respectively.

As shown in Fig. isolated subnets can be transformed into WF-nets. The
WF-nets can be analyzed in isolation to enable focus analysis. A convenient
aspect of sub-WF-nets derived from isolated subnets is that they inherit both
soundness and free-choiceness from the original WF-net. Soundness helps rule
out anomalies, while free-choice nets offer efficient analysis backed by strong the-
ory [9]. Recent advances also suggest the potential for more efficient conformance
checking algorithms for sound free-choice WF-nets [20].
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4.1 Decomposition

The proposed decomposition aims to partition a WF-net into isolated, non-
overlapping subnets that collectively cover all transitions of the original net.
Formally, we define it as follows:

Definition 9 (Decomposition). Let N = {P, T, F,1} be a labeled WF-net and
D = {S',5% ...,58"} be a set of isolated subnets of N. D is a decomposition
of N if: I = I|p:; the subnets in D are pairwise disjoint, meaning (T* 0T =
YN (PPN PI =g) for1 <i<j<n; and the union of all the transitions in
the isolated subnets equals the set of transitions in N, i.e., UlSiSnTi =T.

A decomposition is called trivial if |[D| = 1 or |D| = |T|. Fig. |3| shows the
running example of this paper, where Fig. [3a] and Fig. Ba] are the input and
output, respectively. In Fig. {S1, 86,87 58 89 §10 gl g12 gl gi5 Gl6}
is trivial, as well as {S°}.

(a) The running example WF-net (input) (b) The decomposed WF-net (output)

Fig. 3: The running example.

This definition is intentionally broad to allow flexibility in different appli-
cations, which may result in multiple valid decompositions. For the use case in
this paper, we are interested in decompositions that produce subnets suitable
for diagnostic purposes. Specifically, we seek non-trivial decompositions where
the resulting subnets are as large as possible. These subnets may be further de-
composed, enabling a hierarchical structure. In practice, the assignment can be
computed using ILP.

4.2 ILP Formulation for Isolated Subnet Assignment

Given a WF-net N = (P, T, F) with source and sink places i,0 € P (ei = &,

oe = &) and a set Ty, C T, the goal is to extract a maximal isolated subnet

Ny = (Ps,Ts, Fs) containing all transitions in Tjy,;; without including all of T'.
Decision Variables:

Tt, yp; Sty €, up,”p c {0, 1}

where z; and y, indicate inclusion of transitions and places; s, e; mark start/end
transitions; and u,, v, mark input/output places.
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Objective:
maxz Ty (1)
teT
Constraint{t
=1 YVt € Tinit (2)
zy =0 Vt € Tepciuded (3)
Yp < > @ VpeP (4)
t:(p,t)EFV(t,p)EF
st <xe, x < Se+Yp Vt e T,Vp € ot (5)
er <y, x<e+Yp Vt € T,Vp € te (6)
¥vi=0, Yo=0 (7)
Up > St — Yp, Up < 1—1yp vVt € T,Vp C ot (8)
Up e —Yp, Up<1l—yp Vt e T,Vp € te (9)
1>y, +up+ Vpe P (10)
> @ < T (11)
teT
Yp < x4 Vp € PVt € ep U pe (12)
up < Lpp,  up <5y up > 5 — (1= Iy) vt,p (13)
Up <Oy, vp <y, vp>e—(1—0y) Vip (14)

Ezplanation of the Formulation The ILP maps Definition [§|to linear constraints
as follows:

— Subnet Logic: Egs. f handle transition membership. Eq. enforces
Conditionby requiring all transitions incident to an internal place (y, = 1)
to be included (z; = 1).

— Boundary Identification: Egs. f@ identify Tsiqrs and Tepng by detect-
ing included transitions linked to external places (Conditions [2d| and .

— Interface Consistency: Eqs. 7 use indicator constants Ip; and Oy,
to ensure boundary transitions share identical presets/postsets, satisfying
Conditions Ral and 2hl

— Structural Constraints: Eq. enforces Condition and Eq. en-
sures exclusive place roles. Objective maximizes transitions while Eq.
prevents the maximal trivial isolated subnet.

To obtain a decomposition as defined in Definition [9] we iteratively apply
the ILP solver [I7] using this formulation to assign each transition to an isolated
subnet.

To better illustrate the idea and provide an overview, Figl] presents an
overview of the decomposition, specifically visualizing the first two iterations.

5 The presented constraints are non-exhaustive to avoid trivial edge cases; the tool
implements the full specification.
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Assigning
Isolated Subnet
(ILP)

Fig. 4: An overview of the proposed decomposition with the running example.

At each iteration, we begin by assigning Tj,i; and Tezerudeq- The set T is ini-
tialized with the transition that has the highest connectivity, i.e., the highest
sum of incoming and outgoing arcaﬂ In the running example, the transition la-
beled b is selected. Transitions that were already assigned in previous iterations
are excluded and placed in Tepepugeq- For the first iteration, Tepciuded 1S empty.
Next, the ILP solver described in Sect. [4.2] identifies the maximal non-trivial
isolated subnet for transition b, which is $2, including transitions labeled b and
c. These two transitions are then placed in Tepepugeq for the next iteration.
Since each isolated subnet can be transformed into a WF-net, the decom-
position can be applied recursively to build a hierarchy of subnets until each
transition can only be assigned to the minimal trivial subnet (i.e., the transition
itself). Fig. |3b| shows the resulting decomposition of the running example.

Iterative Approach, Complexity, and Determinism We employ an it-
erative greedy strategy rather than a global optimization because finding an
optimal global partition can be considered as a variation of the NP-hard Bal-
anced Graph Partitioning problem. A single global ILP is computationally in-
tractable for large-scale industrial WF-nets; however, our local maximization
approach provides a scalable and practical compromise. To guarantee repro-
ducibility, transitions are selected as seeds (T;n;t) via a deterministic ordering
(e.g., lexicographical or by connectivity), and previously assigned transitions are
added to Teyciudeq to ensure a disjoint partition of T'.

7 If multiple transitions share the same connectivity, one is selected at random.
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The proposed decomposition procedure aims to bridge two objectives: struc-
tural coherence for process diagnosis and formal validity for decomposed con-
formance checking. While isolated subnets (Def. [§)) are designed to be naturally
self-contained sub-WF-nets, the theory of valid decompositions [3] requires spe-
cific conditions to ensure the soundness of decomposed conformance checking
results. The procedure introduced in the following subsection ensures the result-
ing fragments satisfy such theoretical requirements.

4.3 Connection to Valid Decomposition

Generally speaking, a valid decomposition [3] is a partition of a system net where
subnets only share uniquely labeled transitionsﬂ The union of the subnets con-
stitutes the system net. Formally, we define the valid decomposition as follows.

Definition 10 (Valid Decomposition [3]). Let SN = (N, M;ni, Mpna) be
a system net where N = (P,T,F,l) is a Petri net. D = {SN* SN? .., SN"}
is a walid decomposition of SN if and only if for all 1 < i < n: SN' =
(Ni7anit,M]’énal) is a system subnet with N* = (P*,T* F',I*) where I* = ]
and SN = U cicn SN': and for all 1 < i < j < n: the subnets are essentially
disjoint, meaning (P'N P = @) AN (F'NFI =) AN (T'NTI C TY(N)).

In [3], it is proven that a valid decomposition has a useful property: a log
fits a system net if and only if it fits all subnets. This property implies that
conformance checking can be divided into several smaller problems, i.e., a divide-
and-conquer approach. Moreover, it is guaranteed that the aggregated cost of
subnets’ alignments never exceeds the optimal overall alignment’s cost [3]. This
makes it a useful optimistic estimate: it provides an upper bound for the overall
fitness and a lower bound for the total costs. To take advantage of this, we have
to extend the proposed decomposition in the previous section.

Comparing Def. 0] and Def. [I0, we see that the pieces missing for the pro-
posed decomposition to be valid are the places connecting the subnets and the
corresponding arcs. To achieve this, we first introduce a helper function.

Definition 11 (Place-induced Subnmet). Let N = (P,T,F,l) be a labeled
Petri net and let p € P be a place. The place-induced subnet of p in N, denoted
by p-Subnety(p), is the labeled Petri net N' = (P, T',F',l') defined as follows:
P’ = {p} (containing only the place p); T' = ep U pe (containing all transitions
directly connected to p); F' = {(t,p) € F |t € ep} U {(p,t) € F | t € pe} (con-
taining all arcs linking p to its adjacent transitions); and l' = |1/ (the restric-
tion of the labeling function to these transitions). This function can be extended
to a set of places P C P by applying it element-wise, i.e., p-Subnety(P’) =
{p-Subnety(p) | p € P'}.

8 Note this requirement can be fulfilled naturally in our approach by forcing the du-
plicated labels to be in the Tj,:; as defined in the ILP constraints.
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In other words, the p-Subnet 5 (p) consists of the place p, all transitions directly
connected to p, the arcs between them, and the restriction of the labeling function
to those transitions.

Definition 12 (Extended Decomposition). Let N = (P, T, F,l) be a labeled
WF-net, and let D = {S',S%,...,5"} be a decomposition of N as defined in

Def. E Let P¢ = P\ (U1<i<n Pi) be the set of places that are not in any subnets
in D. The extended decomposition of N is defined as D U p-Subnet (P°).

Using the example in Fig. [3bl the extended decomposition would be {S!, S?, ..., S®}U
{C1,C?,...C°% in Fig.

Definition 13 (Induced Valid Decomposition). Let SN = (N, Minit, Mfinai)
be a system net with N = (P,T,F,l) a labeled WF-net. Let D;{[ denote the ex-
tended decomposition of N. The induced valid decomposition of SN, denoted by
VN, is obtained as follows:

- For any subnets that share a silent transition t € (T*NT7) N (T \ dom(l)),
merge them into a single subnet S = (P U PI, T'UTI F'U FI 1P UlY).

- Remove any subnet that is strictly contained in another subnet, i.e., for
Nt = (P, T F' 1) and N7 = (P7,T7, F7 17) in the merged set, if P C P,
T CT7, and F* C FJ, then discard N°.

- For each remaining subnet N* = (P*, T*, F* 1), construct a system subnet
SN* = (N, M, M},,.,), where ' = i, M}, = [p€ P |ep=0], and

M]l‘inal:[pepl |p.:®]'

- Let Vy := {SN" | 1 < i < m} be the resulting set of system subnets.

2| 'Em
] ! () (R}

[b] $5 n

o—{f] [{}-0-{i] [i}>o-{i] [{}~0O

)

Fig.5: A valid decomposition of the WF-net in Fig.

The induced valid decomposition of the net in Fig. [Bb]is shown in Fig. 5] The
grayout subnets are either a subset of another subnet or share silent transitions,
and are thus removed. With the connection to valid decomposition, the proposed
approach can utilize the benefits of decomposed conformance checking.
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5 Experimental Evaluation

We conduct several experiments to evaluate the effectiveness of the proposed
approac}ﬂ when applying to decomposed conformance checking. We begin by
introducing the dataset and then discuss the setups and results.

Dataset To generate WF-nets with arbitrary structures, we apply the syn-
thesis rules from [9UI2I14] to create six models (labeled [A/E] [100/200/300])
with 100, 200, and 300 transitions, and simulate them to obtain event logs. To
better reflect real-world scenarios, we introduce three types of noise: insertion,
swapping, and deletion. Insertion adds a random activity from the alphabet A
at a random position; swapping exchanges two activities; deletion removes one.
Noise is applied randomly per trace—some remain noise-free, and others may
contain one or more noise types multiple times. We also include model-log pairs
(pr[A-Glm6, pr-1151, pr-1908) from [1§], mostly generated using PLG [7],
with 36-430 transitions. Lastly, the BPI challenge 2015 (BPIC15_[1-51) [10],
one of the few publicly available real-world data sets at a larger scale, is also
included. Full statistics are available in the experiment repository.

Scalability A key benefit of decomposed conformance checking is improved scal-
ability. We compare alignment runtimes for four approaches: general decompo-
sition [3], SESE decomposition [I8|, our proposed method, and non-decomposed
conformance checking [5], as shown in Figure @ For decomposed methods, run-
time is split into Decomposing Time (computing a valid decomposition) and
Aligning Time (performing alignment on the decomposition).

Decomposing Time General decomposition yields the fastest decomposition time,
as expected from its scalability-focused design—though at the cost of overly
optimistic fitness, as discussed later. The decomposing time of our approach
depends on the ILP solver and grows with model size (e.g., around 2s for A100,
9s for A200 and 27s for A300, showing a more than 4x increase when doubling
transitions initially and even more after that).

Aligning Time All decomposed approaches outperform non-decomposed align-
ment across all synthetic datasets. However, no single decomposed method con-
sistently outperforms the others. Alignment is faster when the traces fit the
model well, as seen in prBm6 (perfect fit) and prAm6 (77% fitting traces). The
decomposed algorithms benefit from the reduced complexity, as shown by the
much lower computation time. In addition to model size and log noise, the aver-
age trace length is a major factor: logs that exceed the time limit often contain
particularly long traces. One thing worth noticing is the performancﬂ of the

9 The implementation and experimental artifacts are available at https: //git.
rwth-aachen.de/tsunghao.huang/flexibledecomposition4pm
*Y Note that the bars are cut off at 10°.
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Fig.6: Runtime comparison of three decomposition approaches and the non-
decomposed alignment.

SESE decomposition on most of the real-world event logs BPIC15_[1-4]. For
these models, the presence of silent transitions makes the alignments of the
decomposed approach larger, and therefore, they take longer to compute. The
SESE decomposition is particularly impacted as silent transitions are on every
fragment of the SESE components (implying they need to be merged accord-
ing to Definition . In contrast, the decomposed components of the proposed
approach are much smaller. In general, while our decomposition scales less effec-
tively than others, it still delivers notable runtime gains over the non-decomposed
baseline, highlighting a direction for future improvement.

Impact of Trace Length & Noise This experiment examines how trace length
and log noise affect computation time, comparing the proposed decomposition
with the non-decomposed variant. To assess trace length impact, we use logs
with varying average lengths. For each, a perfectly fitting (noise-free) version is
also included to evaluate the effect of noise. Results are shown in Figure [7]

The proposed decomposition consistently achieves the fastest runtimes, re-
gardless of trace length or noise. In noise-free cases, the non-decomposed ap-
proach performs only slightly worse. However, with noise, its performance de-
grades significantly, whereas the decomposed method shows only a minor slow-
down. This contrast becomes more significant as the average trace length in-
creases.



14 T. Huang et al.

—8— Decomposed No Noise Decomposed With Noise —M- Non-Decomposed No Noise —&- Non-Decomposed With Noise
A100 E100 pr-1151 pr-1908
3] ] ] e 2
3 10 >y e
c 1 - s . 7
g10 josr PP o
© i - . I
JE " - -4 " | g = -
°E" 101<.’ A‘——l--'.‘ i lez- a/v’/‘
. «——o——9— 9 ——
100 4 E 1®
T T y T T T y T T T T T T u T y
50 60 70 80 90 20 40 60 80 20 30 40 50 20 30 40
Avg Trace Length Avg Trace Length Avg Trace Length Avg Trace Length

Fig. 7: Impact of trace length and noise on the runtime.

Impact of Subnet Size Since conformance checking time also depends on
subnet size, we examine its impact on performance. The ILP solver can restrict
subnet size, ensuring only isolated subnets within the limit are identified. Results
for four model-log pairs are shown in Figure[§] Smaller subnet sizes generally lead
to faster computation, as individual alignment tasks are simpler due to reduced
net and trace complexity. The trade-off is more frequent ILP invocations, as
fewer transitions are covered per iteration. However, in this experiment, this
did not increase overall runtime. Note that the speed gain comes at the cost of
lower fitness accuracy, which tends to be over-approximated. This trade-off is
examined further in the next experiment.

A100 E100 pr-1151 pr-1908
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[ 4
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0 . . ; : 01 : : 0 :
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Max Subnet Size Max Subnet Size Max Subnet Size Max Subnet Size

Fig. 8: Comparing the impact of the maximum subnet size on the runtime of the
decomposed fitness-checking algorithm.

Approximation of Fitness Decomposed conformance checking guarantees
that a log fits the system net iff it fits all subnets. However, if a trace is non-
fitting, it can lead to overestimated fitness due to missing global constraints
within subnets [3]. This experiment investigates the fitness discrepancy between
decomposed methods and the "true fitness" from non-decomposed alignment.

Figure [0 compares overall fitness deviations, demonstrating that our ap-
proach achieves values closer to true fitness than the SESE decomposition. We
believe this is due to the ability of our approach to group nodes that are frag-
mented for SESE decomposition, as discussed in Fig.

Figure[l0|shows that fewer subnets generally yield fitness values closer to true
fitness, similarly for both SESE and our proposed decomposition, as expected
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Fig. 10: Comparing the impact of the number of subnets on the fitness. The red line
represents the fitness value acquired by non-decomposed alignment.

from [3]. Since the general decomposition fixes the number of subnets internally,
its fitness appears as a dashed line.

6 Conclusion

We presented a decomposition approach based on isolated subnets that enables
flexible, hierarchical partitioning of WF-nets with clear interfaces. Applied to
conformance checking, it supports targeted diagnostics on a broader range of
models and remains compatible with valid decompositions. The large-scale ex-
periments showed improved fitness approximations compared to existing decom-
posed alignments, alongside better runtime than non-decomposed alignments.

Limitations and Outlook The method introduces higher computational over-
head than SESE techniques due to repeated ILP solving, prioritizing structural
precision over raw efficiency. Furthermore, the approach requires validation on
more real-world logs, as large-scale public data (= 300 activities) is currently un-
available to our best knowledge. Future work will focus on reducing ILP overhead
by approximating, pre-processing, and developing user-adaptive decomposition
features. Despite these limitations, our technique offers a practical foundation
for analyzing complex models beyond SESE constraints.
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