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1. BPM life cycle - Design phase
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1. BPM life cycle - Enactment phase
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1. BPM life cycle - Analysis phase 
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1. Positioning Conformance Analysis
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Objectives:
• quantitatively measure conformance (i.e., metrics)
• locate deviations
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Measuring Fitness

therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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claim that a “good” process model should somehow be minimal in structure
to clearly reflect the described behavior (i.e., structural appropriateness), and
minimal in behavior to represent as closely as possible what actually takes place
(i.e., behavioral appropriateness).

Conformance checking aims at both quantifying the respective dimension of
conformance and locating the mismatch, if any. Therefore, we have developed
metrics for measuring the fitness, and the behavioral and structural appropriate-
ness of a given process model and event log [35,36]. But we also seek for suitable
visualizations of the results as this is crucial for giving useful feedback to the
analyst.

For example, we can quantify fitness by replaying the log in the model. For
this, the replay of every logical log trace starts with marking the initial place
in the model and then the transitions that belong to the logged events in the
trace are fired one after another. While doing so one counts the number of tokens
that had to be created artificially (i.e., the transition belonging to the logged
event was not enabled and therefore could not be successfully executed) and the
number of tokens that had been left in the model, which indicates the process
not having properly completed. Only if there were neither tokens left nor missing
the fitness measure evaluates to 1, which indicates 100 % fitness.

Figure 2. Example process model after replay of event log L2

Figure 2 shows that the place of missing and remaining tokens during log
replay can also be used to provide insight into the location of error. Because
of the remaining tokens (whose amount is indicated by a + sign) in place c6
transition G has stayed enabled, and as there were tokens missing (indicated by
a − sign) in place c7 transition H has failed seamless execution. This suggests
that the expert consultation (activity G) did not take place for all the treated
cases, and possible alignment actions would be to either enforce the specified
process or to introduce the possibility to skip activity G in the model.

f =
1
2
(1−
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1
2
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)
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1
2
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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claim that a “good” process model should somehow be minimal in structure
to clearly reflect the described behavior (i.e., structural appropriateness), and
minimal in behavior to represent as closely as possible what actually takes place
(i.e., behavioral appropriateness).

Conformance checking aims at both quantifying the respective dimension of
conformance and locating the mismatch, if any. Therefore, we have developed
metrics for measuring the fitness, and the behavioral and structural appropriate-
ness of a given process model and event log [35,36]. But we also seek for suitable
visualizations of the results as this is crucial for giving useful feedback to the
analyst.

For example, we can quantify fitness by replaying the log in the model. For
this, the replay of every logical log trace starts with marking the initial place
in the model and then the transitions that belong to the logged events in the
trace are fired one after another. While doing so one counts the number of tokens
that had to be created artificially (i.e., the transition belonging to the logged
event was not enabled and therefore could not be successfully executed) and the
number of tokens that had been left in the model, which indicates the process
not having properly completed. Only if there were neither tokens left nor missing
the fitness measure evaluates to 1, which indicates 100 % fitness.

Figure 2. Example process model after replay of event log L2

Figure 2 shows that the place of missing and remaining tokens during log
replay can also be used to provide insight into the location of error. Because
of the remaining tokens (whose amount is indicated by a + sign) in place c6
transition G has stayed enabled, and as there were tokens missing (indicated by
a − sign) in place c7 transition H has failed seamless execution. This suggests
that the expert consultation (activity G) did not take place for all the treated
cases, and possible alignment actions would be to either enforce the specified
process or to introduce the possibility to skip activity G in the model.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
the HTTP message. This makes it possible to associate a message to an opera-
tion by looking at the SOAP-action field. In the case where the communication
protocol is based on plain XML over HTTP, the binding information includes
an association between each WSDL operation and a relative URL to be found in
the every message pertaining to that operation. Again, this makes it possible to
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
the HTTP message. This makes it possible to associate a message to an opera-
tion by looking at the SOAP-action field. In the case where the communication
protocol is based on plain XML over HTTP, the binding information includes
an association between each WSDL operation and a relative URL to be found in
the every message pertaining to that operation. Again, this makes it possible to
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−
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) +
1
2
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∑k
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i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−
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i=1 nici

) +
1
2
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i=1 nipi
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Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.

10

f =
1
2
(1− 0 + 0+

(1207 · 7) + (145 · 9)+
) +

1
2
(1− 0 + 0+

(1207 · 7) + (145 · 9)+
)

f =
1
2
(1− 0 + 0 + 0+

(1207 · 7) + ((145 + 56) · 9)+
)

+
1
2
(1− 0 + 0 + 0+

(1207 · 7) + ((145 + 56) · 9)+
)

(1)

f =
1
2
(1− 23 + 28

(1207 · 7) + ((145 + 56) · 9) + ((23 + 28) · 8)
)+

1
2
(1− 23 + 28

(1207 · 7) + ((145 + 56) · 9) + ((23 + 28) · 8)
)

f = 1− 23 + 28
(1207 · 7) + ((145 + 56) · 9) + ((23 + 28) · 8)

≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
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2
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) +
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Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in

5



/faculteit technologie management

2.1 Measuring fitness: Log replay analysis

23

missing tokens
remaining tokens

= 3
= 5

consumed tokens
produced tokens

= 1
= 0

Measuring Fitness

therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
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∑k
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) +
1
2
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∑k
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) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.

5.1 Associating messages to message types

In order to apply the conformance checking technique described in this paper, it
is necessary to map each message received or sent by a service to a corresponding
message type. This mapping can be derived from the information available in
the BPEL business protocol definition of the service.

Actions in a BPEL process definition that send and/or receive messages
are linked to WSDL operations. WSDL operations in turn are associated with
binding information that determines how the messages related to that opera-
tion are encoded and exchanged in a given communication protocol (e.g. SOAP
over HTTP or XML over HTTP). The structure of the binding information de-
pends on the communication protocol, but in any case, it provides the means
for identifying messages that pertain to that operation. Specifically, in the case
of SOAP over HTTP, the binding information includes an association between
each WSDL operation and a possible value for the SOAP-action field found in
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.
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Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
(1−

∑k
i=1 nimi∑k
i=1 nici

) +
1
2
(1−

∑k
i=1 niri∑k
i=1 nipi

) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.

f =
1
2
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) +
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) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
m4 = r4 = m5 = r5 = 1). Counting the tokens being produced and consumed in the Petri net
model (i.e., c1 = p1 = 7, and c2 = c3 = p2 = p3 = 9, and c4 = c5 = p4 = p5 = 8), and
with the number of process instances per trace, given in Figure 3.2, the fitness can be measured
as f(L2) ≈ 0.995. During log replay of the last event log L3 it turns out that none of the traces
can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.

Figure 3.5: Diagnostic token counters provide insight into the location of errors

Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
in the model than considering the expert consultation missing in almost half of the high-value
claims that took place; however, a final interpretation could only be given by a domain expert
from the insurance company.
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≈ 0.995

5 Monitoring and Correlating Messages (Marlon)

The proposed method assumes that all messages sent (outbound) and received
(inbound) by a service for which conformance checking is performed, are logged.
This include the actual contents of the messages, but also any headers (e.g.
HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:

– Its type.
– The process instance to which it belongs
– The task (i.e. BPEL action) that produces it or consumes it.

The remaining of this section discuss these three issues in turn.
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therefore could not be successfully executed) and the number of tokens that had been left in the
model, which indicates the process not having properly completed.

Let k be the number of different traces from the aggregated log, n the number of process
instances combined as one of these traces, m the number of missing tokens, r the number of
remaining tokens, c the number of consumed tokens, and p the number of produced tokens
during log replay, then the token-based fitness metric f is formalized as follows.
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) +
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) (3.1)

Note that, for all i, mi ≤ ci and ri ≤ pi, and therefore 0 ≤ f ≤ 1. Using the metric f
we can now calculate the fitness between the event logs L1, L2, L3, and the process description
given in Figure 3.1 respectively. The first event log L1 shows three different log traces that
all correspond to possible firing sequences of the Petri net with one initial token in the Start
place. Thus, there are neither tokens left nor missing in the model during log replay and the
fitness measurement yields f(L1) = 1. Replaying the event log L2 fails for the last two traces
ACHDFA and ACDHFA, since the model requires activity G being performed before activating
task H. Therefore, in both cases one token remains in place c6, and one token needs to be created
artificially in place c7 for firing transition H (i.e., m1 = r1 = m2 = r2 = m3 = r3 = 0, and
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can be associated with a valid firing sequence of the Petri net and the fitness measurement yields
f(L3) ≈ 0.540.
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Besides measuring the degree of fitness pinpointing the site of mismatch is crucial for giving
useful feedback to the analyst. In fact, the place of missing and remaining tokens during log
replay can provide insight into problems, such as Figure 3.5 visualizes some diagnostic infor-
mation obtained for event log L2. Because of the remaining tokens (whose amount is indicated
by a + sign) in place c6 transition G has stayed enabled, and as there were tokens missing (indi-
cated by a − sign) in place c7 transition H has failed seamless execution. Regarding evaluation
of potential alignment procedures, there rather should be created a possibility to skip activity G
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f = 1.0 f ≈ 0.540f ≈ 0.955
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2.2 Potential alignment
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f = 1.0

• enforce specified 
behavior

• align model with actual 
behavior
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3. Appropriateness
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Fitting model 
but not sufficiently 
specific from 
behavioral point of view.

Fitting model
but not represented in
structurally suitable way.
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3.1 Behavioral Appropriateness

• unnecessary behavior can decrease 
the appropriateness of a 
process model
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3.2 Structural Appropriateness

• structural properties may decrease the 
appropriateness of a process model
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outline

1. Positioning Conformance Testing in BPM
2. Fitness

1. Measuring fitness: Log replay analysis
2. Potential alignment

3. Appropriateness
1. Behavioral appropriateness
2. Structural appropriateness

4. Tool demonstration
5. Conclusion
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5. Conclusion

• Incremental approach to check conformance of a 
process model and an event log:
1. Fitness
2. Appropriateness (structural + behavioral)

• Metrics allow for quantification of conformance
• Potential points of improvement can be localized
• Ideas implemented in Conformance Checker 

(as a plug-in for ProM framework)
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? Questions ?
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