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Motivation

How to check whether interacting parties stick to 
what they agreed upon?
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1. Introduction Process Mining
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• analyze run-time data

• possibly relate to existing 
models and/or requirements

• process mining!
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2. Conformance Checking 

Objectives:

• quantitatively measure conformance (i.e., metrics)

• locate deviations

5

Conformance?
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2.1 Conformance Checking - Fitness
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2.1 Conformance Checking - Fitness
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2.1 Measuring fitness: Log replay analysis
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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.

10



/faculteit technologie management

2.1 Measuring fitness: Log replay analysis

9

= 1
= 2

= 0
= 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.
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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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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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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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) +
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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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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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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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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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≈ 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

5
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HTTP or SOAP) headers accompanying the message. Using this information, it
is necessary to determine for each message:
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– 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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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-
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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
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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
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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
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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
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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
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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
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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
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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.
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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.
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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.
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3. Application to Web Services

• Service-oriented systems are composed of 
services that are:

• independently developed and operated

• interact with one another exclusively through 

message exchanges

! Expected behavior may deviate

• e.g., service receives reply of the wrong type, 

messages may be received in the wrong order, ...

Question: “Do all services in a service-oriented 
system operate as expected?”

29
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which, together with the associated notions of join condition and transition condition, support the
definition of precedence, synchronization and conditional dependencies on top of those captured by the
structured activity constructs. A control link between activities A and B indicates that B cannot start
before A has either completed or has been “skipped”. Moreover, B can only be executed if its associated
join condition evaluates to true, otherwise B is skipped. This join condition is expressed in terms of
the tokens carried by control links leading to B. These tokens may take either a positive (true) or a
negative (false) value. An activity X propagates a token with a positive value along an outgoing link L
if and only if X was executed (as opposed to being skipped) and the transition condition associated to
L evaluates to true. Transition conditions are boolean expressions over the process variables (just like
the conditions in a switch activity). The process by which positive and negative tokens are propagated
along control links, causing activities to be executed or skipped, is called dead path elimination.

Control links may cross the boundaries of most structured activities. However, they must not create
cyclic control dependencies and must not cross the boundary of a while activity or a serializable scope.4
Prior to our work, the interaction between structured activities and control links was not fully under-
stood, resulting in ambiguities and contradictions in the wording of the BPEL specification [5]. Following
our formalisation effort, some of these issues were reported and discussed in the BPEL standardisation
committee, and changes to the specification’s wording have been proposed, albeit not yet adopted (see
footnote 3).

Also, whilst the control flow constructs of BPEL have been designed in a way to ensure that no
BPEL process execution can deadlock5, some combinations of structured activities (in particular switch
and pick) with control links can lead to situations where some activities are “unreachable”. Consider the
BPEL process definition in Fig. 1 where both the XML code and a graphical representation are provided.
During the execution of this process, either A1 or A2 will be skipped because these two activities are
placed in different branches of a switch and in any execution of a switch only one branch is taken. Thus,
one of the two control links x1 or x2 will carry a negative token. On the other hand, we assume that
the join condition attached to activity A3 (denoted by keyword “AND”) evaluates to true if and only if
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Fig. 1. Example of a BPEL process with an unreachable activity.

4 Serializable scopes are not covered in this paper since they are not a control-flow construct and thus fall
outside the scope of this work. Instead, serializable scopes are fundamentally related to data manipulation.

5 Although it has not been formally proved that BPEL processes are deadlock-free, to the best of our knowledge
no example of a deadlocking BPEL process has been put forward. Also, Kiepuszewski et al. [14] proves
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and restricted forms of join conditions) are non-deadlocking. Note that here we refer to “individual BPEL
processes” as opposed to “sets of communicating BPEL processes” which are outside the scope of our work.
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3.1 From BPEL

to Petri Nets

Translation is
feature-complete:

! maps all BPEL

aspects on a 

Petri-net model

C. Ouyang, W.M.P. van der Aalst, S. Breutel, M. 
Dumas, A.H.M. ter Hofstede, and H.M.W. Verbeek. 
Formal Semantics and Analysis of Control Flow in 
WS-BPEL (Revised version). BPM Center Report 
BPM-05-15, BPMcenter.org, 2005.
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We now extend the mapping of control links for structured activities. This is shown in Fig. 7 which
includes mappings for both (a) normal behaviour and (b) skipping behaviour of a non-sequence activity.
For the mapping of suppressing a join failure in Fig. 7(a), place to fx is added to capture an intermediate
state when activity X waits for all its sub-activities X1 to Xn to be skipped, before it is finished (fx).
For both mappings in Fig. 7(a) and (b), the dead path elimination is captured upon the completion of
suppressing the join failure (transition “sjffin”) or skipping all sub-activities of X (transition “skipfin”).
The mapping for a sequence activity can be extended in a similar way, as shown in Fig. 8. Note that
there is an exclusive choice between the normal behaviour (Fig. 7 (a) and Fig. 8 (a)) and the skipping
behaviour (Fig. 7 (b) and Fig. 8 (b)), because the environment puts a token in either place rx or to skipx.
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Fig. 8. A sequence activity with control links.

As an example, Figure 9 depicts the mapping of the BPEL process shown in Figure 1.

"c1"

FL

rFL

cFL

fFL

cSW

fSW

rSW

sSW

Y Y
Y Y

"~c1 c2"v

tc

tc

"tt"

"ff"

"tf"

"ft"

r

s

A3

c

f

c

s

r

f f

c

A2

s

A2r

jct

jcflsf

lst
lsf

lst

A1

A1 A2

A2A1

A1 A2

A3

A3

A3

A3

A1
x2

x1

x2

x2

x1

A3

A3

x1

s

Fig. 9. Mapping of the BPEL process shown in Figure 1.
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3.2 Monitoring and Correlating Messages

From SOAP messages to Event log:

• Process instance (PI)

• Label denoting the BPEL communication 

action (MT)
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Service Behavior

4. Feasibility Study - Overview

34
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4.1 From BPEL to WF-nets (1)

• Translation: BPEL2PNML

35



/faculteit technologie management

4.1 From BPEL to WF-nets (2)

• Reduction: WofBPEL
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Figure 11. Mapping of the Supplier process as output from BPEL2PNML.
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Figure 13. The WF-net for the Petri net shown in Figure 11.
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4.2 Observing Service Behavior

Implementation via Oracle BPEL:

• Supplier service

• Customer service

! could have been implemented
on any other platform! (e.g., 
Java, .NET, etc.)
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Result: Observation of one out of many 

possible communication scenarios
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4.3 Conformance Checking

• Desirable and undesirable scenarios for the 
supplier service execution
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4.3 Conformance Checking

• Analysis scenario 8: (orderResponse)
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4. Conclusion

• Conformance checking particularly relevant in a  
service-based environment due to the 
independence of services

• Feasible to check conformance of an abstract 
BPEL process using existing tool chain 
(BPEL2PNML, WofBPEL, ProM Conformance 
Checker) 

W.M.P. van der Aalst, M. Dumas, C. Ouyang, A. Rozinat, and H.M.W. Verbeek. 

Choreography Conformance Checking: An Approach based on BPEL and Petri Nets 
(extended version). BPM Center Report BPM-05-25, BPMcenter.org, 2005.
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Thank you very much!

Questions?


