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Workßow Equivalence



Equivalent workßows
When Are Two Workflows the Same? Jan Hidders, Marlon Dumas, Wil M.P. van 
der Aalst, Arthur H.M. ter Hofstede, CATS 2005

¥ Many formalisms to specify workßows:

¥ Petri nets, Pi calculus, Process algebra, Finite automata, ....

¥ often bringing their own semantics

¥ ÒWhen deÞne two workßow speciÞcations the 
same workßow?Ó

¥ Which semantics? Trace semantics? Bisimulation semantics? Weak 
bisim.? Branching bisim.? Why?

¥ Required for: optimization, workßow search, expressive power, ...
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Fundamental notions
¥ Workßow: (informal) Finite set of activities with some kind 

of control ßow.

¥ Workßow Management System behavior: Offer a task list / 
set to a user; user picks a task and performs it, possibly 
inputting some data; repeat.

¥ Formally we describe a workßow as a possibly inÞnite 
rooted transition tree (V, E, r) with edges E ⊆ V×Σ×V 
labeled form a Þnite alphabet Σ, with each leaf at a Þnite 
depth.

perspective captures the structure of the data in-
volved in the execution of activities and how data are
passed between activities. Theresource (or organiza-
tional) perspective provides an organizational anchor
to the workßow and determines the resources that
are involved in the execution of activities. Theopera-
tional perspective describes the internal structure of
activities by mapping them to manual or automated
actions. In terms of the languages used to specify
workßows, the control ßow perspective plays a cen-
tral role. Indeed, the data perspective is constrained
by it (and can be deÞned on top of it), while the orga-
nizational and operational perspectives are ancillary.
Hence, this paper considers workßows abstracted at
the level of control ßow.

In previous work, well-known notions of equiv-
alence such as trace equivalence (Wombacher &
Mahleko 2002), weak bisimulation (Kiepuszewski, ter
Hofstede & van der Aalst 2003), and branching bisim-
ulation (van der Aalst & Basten 2002) have been used
in the area of workßow.1 Practical examples show
that trace equivalence is too weak. Accordingly, most
authors have adopted either weak or branching bisim-
ulation. However, there has been no formal argumen-
tation as to which notion of equivalence is more ap-
propriate for workßow modeling. We argue that a
well-motivated notion of equivalence for workßows is
imperative to study expressiveness and for deÞning
(possibly partial) inter-language process mappings.

Indeed, when deÞning mappings between differ-
ent languages, one is often confronted with the sit-
uation where a language deÞnes a construct that can
be mapped in several ways in terms of constructs of
the other language. For example, the ÒOR-splitÓ con-
struct represents a multi-choice between a number of
branches, such that none, some or all branches are
chosen, and if several branches are chosen they are ex-
ecuted in parallel. This construct is not supported by
all workßow languages (van der Aalst, ter Hofstede,
Kiepuszewski & Barros 2003) but it can be mapped
into a combination of constructs for parallel execution
and exclusive choice. SpeciÞcally, an OR-split lead-
ing to two tasks A and B can be translated into either
an exclusive system-controlled choice between doing
nothing, only A, only B, or both A and B in paral-
lel. An alternative translation is a parallel execution
of two branches: one in which an exclusive system
choice is made between A or nothing, and another
branch where an exclusive system choice is made be-
tween B or nothing. To be able to properly capture
the OR-split pattern in a given language, it is imper-
ative to have a well-deÞned notion of equivalence that
captures the languageÕs semantics.

In this setting, this paper deÞnes notions of equiv-
alence from an observational viewpoint that reßect
the way(s) workßow systems operate. Observational
equivalence is deÞned in terms of the sets of tasks
that the workßow offers to its environment in re-
sponse to the inputs that the environment provides.
Such sets of tasks are known aswork-sets (or Òwork-
listsÓ when they are prioritized) and are central
to generally accepted conceptions of workßow sys-
tems (Hollingsworth 1995).

Where possible, the observational equivalence no-
tions deÞned are related to known bisimilarity rela-
tions. In particular, we deÞne six notions of equiv-
alence for workßows with silent steps, and we show
that these notions are distinct and that none of them
coincides with either weak or branching bisimulation.

1 Note that concurrent bisimulation and related notions have
not been considered in workflow systems. Instead, each task in a
workflow is expanded into a “begin task” and an “end task” and
equivalence notions are then defined on the expanded workflow (a
typical approach in process algebra (Baeten & Weijland 1990)).
This approach is followed in e.g. (Kiepuszewski et al. 2003).

The paper is structured as follows. Section 2 con-
siders the case of workßow models without silent steps
(but with non-determinism). A notion of observa-
tional equivalence is deÞned under this assumption
and related to bisimulation. Section 3 considers the
case where silent steps are allowed. Notions of obser-
vational equivalence for this general case are deÞned
and classiÞed according to whether they make silent
steps visible to the environment or not. Finally, Sec-
tion 4 concludes.

2 Workflows without Silent Steps

We begin this section with an informal description of
what we deÞne as a workßow and its observable be-
havior. Based upon this description we then present
a formalization of these notions.

A workflow is a set of activities related by control-
ßow dependencies. When executed by aworkflow
(management) system, a workßow behaves as a re-
active system where alternatively the system makes
an offer to the environment in the form of a set of ac-
tivity identiÞers, and the environment responds with
a choice of one of the elements in the offer and any
additional information that is required to complete
the activity.

To remain at a high level of abstraction, we de-
scribe the behavior of a workßow with a transition
tree, i.e., a connected, rooted, edge-labeled and di-
rected graph without cycles. For example, a work-
ßow that Þrst offers the set{A, B} and then always
offers {C} is represented as shown in Figure 1. This

A

B

C

C

Figure 1: A transition tree

deÞnition is independent of the language used to de-
scribe workßows. Typically, such languages rely on
constructs such as task node, parallel split nodes,
synchronization nodes, decision/choice nodes, merge
nodes, etc. But in any case, the resulting descriptions
can be ÒexpandedÓ into transition trees.

The above deÞnition of workßows suggests that the
observable behavior of a workßow can be described as
a possibly inÞnite set of traces that consist of alterna-
tions of offers, containing a set of activity identiÞers,
and acceptances, containing a single activity identiÞer
that is an element of the preceding offer. Since this
describes the observable behavior of the workßow, two
workßows should then be considered the same if they
deÞne the same set of traces. Note that, up to this
point, we could adopt the usual deÞnition of traces
by not including the offers in the trace (i.e., we could
deÞne a trace as a list of activity identiÞers) and this
would lead to the same equivalence relation.

However, as is often argued in concurrency theory,
such a trace-based modeldoes not seem to capture
all there is to know about the control ßow since the
Òmoment of choiceÓ is not represented. The standard
example is the distinction between the transition trees
in Figure 2. In T1 it is modeled that the choice of how
the process will end is taken at the stepA whereas
in T2 it is taken at the step B. From a workßow per-
spective, this distinction captures the fact that the
environment does not just pick an activity identiÞer
(say A), but in addition to this, it supplies external
information needed to conclude the activity. For ex-
ample, in the case of an activity ÒGet ageÓ, when the
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Trace Semantics?
Why not simply trace semantics?
Because ÒMoment of choiceÓ sometimes matters:
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Figure 2: Abstract transition trees T1 and T2

environment picks this activity it must supply the re-
quested information. This information may then be
used by the system that executes the workflow to de-
termine the offer to be made in the next step (e.g.,
different continuations may be observed depending on
the age entered). Therefore the “moment of choice”
is observable by the environment because it can see
whether certain information that was supplied made
a difference for the subsequent offers that were made.
Indeed, if the logs of a workflow would contain the
supplied information we would be able to tell the dif-
ference between a workflow described by T1 and one
described by T2.

Consider, for example, the two transition trees in
Figure 3 where we label the edges not only with the
activity identifiers (in uppercase) but also with the
supplied information (in lowercase). In this example,
the supplied information correspond to decisions (‘y’
for yes, and ‘n’ for no) by the environment. It should
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be clear that T1 in Figure 2 is an abstraction of T ′
1 but

not of T ′
2, and T2 is an abstraction of T ′

2 but not of
T ′

1. Moreover, these two concrete transition trees can
be distinguished by their traces and therefore by their
observable behavior, because the environment can see
which of the decisions actually matter for the final of-
fer. Thus the intuition of “moment of choice” seems
to be captured by the assumption that the (abstract)
transition tree is an abstraction of the concrete transi-
tion tree that ignores the information that is provided
by the environment.

In process algebra the intuition about “moment
of choice” is captured by the notion of bisimulation.
In the following we will give a formal argument that
shows that the intuition about externally supplied in-
formation indeed justifies the use of this equivalence
notion for workflows.

We begin by postulating an infinite set A of ac-
tivity identifiers such as “Receive goods”, “Check
credit”, ”Get patient information”. These will be the
activities that are offered to the environment (i.e., set
of users and applications that interact with the work-
flow system). Next to this set we assume an infinite
set I of input data. These represent units of informa-
tion that can be supplied by the environment of the
system for the completion of an activity. Examples of
such data are a simple boolean such as for the activ-

ity “Check credit” or a complex data structure such
as for “Get patient information”. We also postulate
an infinite set V of nodes.

Definition 2.1 (Abstract Workflow). An abstract
workflow (AW) is a tuple (V, E, r) which represents a
rooted edge-labeled tree with nodes V ⊆ V, edges
E ⊆ V × A × V , and root r ∈ V .

As already explained an abstract workflow ab-
stracts from the data that is supplied by the exter-
nal environment. Therefore we introduce the notion
of concrete workflow that does take this information
into account by labeling the edges with a pair (a, i)
where a is an activity identifier and i the externally
supplied information.

Definition 2.2 (Concrete Workflow). A concrete
workflow (or CW) is a tuple (V, E, r) which represents
a rooted edge-labeled tree with nodes V ⊆ V, edges
E ⊆ V × (A ×I ) × V , and root r ∈ V .

We will require concrete workflow to be consistent,
which means that a certain activity always accepts
the same set of input data. More formally we call a
CW (V, E, r) consistent if it holds that if there is an
edge (n1, (a, i), n2) ∈ E and an edge (n3, (a, j), n4) ∈
E then there is also an edge (n1, (a, j), n5) ∈ E. Fi-
nally we introduce the usual notion of determinism for
CWs such that every specific choice and input action
by the environment leads always to the same state. In
other words, a system that executes a deterministic
process does not make arbitrary choices. Formally, a
CW (V, E, r) is called deterministic if for every node
n ∈ V and pair (a, i) ∈ A×I there is at most one edge
(n, (a, i), n′) ∈ E. Note that in deterministic CWs the
environment can still make arbitrary choices when se-
lecting an activity or supplying input information.

The interpretation of a CW is that in each state
the system offers the environment a choice in the form
of a work-set: a set of identifiers corresponding to
the activities that the environment can perform in
this state. The environment then makes a choice a
from the work-set and supplies the information i, after
which the system moves to the state that is indicated
by the edge labeled with (a, i). The work-set is more
formally defined as follows. Given a CW (V, E, r) the
work-set of a node n ∈ V , denoted as W (n), is defined
such that W (n) = { a|(n, (a, i), n′) ∈ E} .

Because we want to base our notion of equivalence
on observational equivalence we have to define what
it exactly is that is observed about the workflow sys-
tem. For this purpose we introduce the notion of
workflow trace. The events we record in this trace are
(1) the work-set that the system offers to the environ-
ment and which consists of a set of activity identifers;
(2) the choice that the environment makes from this
work-set, represented by an activity identifer; and (3)
the data that is supplied by the environment for com-
pleting the activity, represented by an element of I .
This leads to the following definition.

Definition 2.3 (Workflow Trace). The set of
workflow traces of a CW (V, E, r) is defined as a set
of lists of the form (2A á A á I)∗ á2A such that the list
〈W1, a1, i1, . . . , Wk, ak, ik, Wk+1〉 is in this set iff there
is a path 〈(n1, (a1, i1), n2), . . . , (nk, (ak, ik), nk+1)〉 in
E such that r = n1 and Wi = W (ni) for each
1 ≤ i ≤ k + 1.

The final extra offer Wk+1 in a trace is necessary
to distinguish the trees shown in Figure 4.

We note that this definition of workflow trace is
equivalent to that of colored trace defined in (van
Glabbeek & Weijland 1996) (also called decorated
trace by some authors) if we equate an offer to a color.

This is noticed by users if they supply input:
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environment picks this activity it must supply the re-
quested information. This information may then be
used by the system that executes the workflow to de-
termine the offer to be made in the next step (e.g.,
different continuations may be observed depending on
the age entered). Therefore the “moment of choice”
is observable by the environment because it can see
whether certain information that was supplied made
a difference for the subsequent offers that were made.
Indeed, if the logs of a workflow would contain the
supplied information we would be able to tell the dif-
ference between a workflow described by T1 and one
described by T2.

Consider, for example, the two transition trees in
Figure 3 where we label the edges not only with the
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1. Moreover, these two concrete transition trees can
be distinguished by their traces and therefore by their
observable behavior, because the environment can see
which of the decisions actually matter for the final of-
fer. Thus the intuition of “moment of choice” seems
to be captured by the assumption that the (abstract)
transition tree is an abstraction of the concrete transi-
tion tree that ignores the information that is provided
by the environment.

In process algebra the intuition about “moment
of choice” is captured by the notion of bisimulation.
In the following we will give a formal argument that
shows that the intuition about externally supplied in-
formation indeed justifies the use of this equivalence
notion for workflows.

We begin by postulating an infinite set A of ac-
tivity identifiers such as “Receive goods”, “Check
credit”, ”Get patient information”. These will be the
activities that are offered to the environment (i.e., set
of users and applications that interact with the work-
flow system). Next to this set we assume an infinite
set I of input data. These represent units of informa-
tion that can be supplied by the environment of the
system for the completion of an activity. Examples of
such data are a simple boolean such as for the activ-

ity “Check credit” or a complex data structure such
as for “Get patient information”. We also postulate
an infinite set V of nodes.

DeÞnition 2.1 (Abstract Workßow). An abstract
workflow (AW) is a tuple (V, E, r) which represents a
rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V ×A× V , and root r ∈ V .

As already explained an abstract workflow ab-
stracts from the data that is supplied by the exter-
nal environment. Therefore we introduce the notion
of concrete workflow that does take this information
into account by labeling the edges with a pair (a, i)
where a is an activity identifier and i the externally
supplied information.

DeÞnition 2.2 (Concrete Workßow). A concrete
workflow (or CW) is a tuple (V, E, r) which represents
a rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V × (A×I ) × V , and root r ∈ V .

We will require concrete workflow to be consistent,
which means that a certain activity always accepts
the same set of input data. More formally we call a
CW (V, E, r) consistent if it holds that if there is an
edge (n1, (a, i), n2) ∈ E and an edge (n3, (a, j), n4) ∈
E then there is also an edge (n1, (a, j), n5) ∈ E. Fi-
nally we introduce the usual notion of determinism for
CWs such that every specific choice and input action
by the environment leads always to the same state. In
other words, a system that executes a deterministic
process does not make arbitrary choices. Formally, a
CW (V, E, r) is called deterministic if for every node
n ∈ V and pair (a, i) ∈ A×I there is at most one edge
(n, (a, i), n′) ∈ E. Note that in deterministic CWs the
environment can still make arbitrary choices when se-
lecting an activity or supplying input information.

The interpretation of a CW is that in each state
the system offers the environment a choice in the form
of a work-set: a set of identifiers corresponding to
the activities that the environment can perform in
this state. The environment then makes a choice a
from the work-set and supplies the information i, after
which the system moves to the state that is indicated
by the edge labeled with (a, i). The work-set is more
formally defined as follows. Given a CW (V, E, r) the
work-set of a node n ∈ V , denoted as W (n), is defined
such that W (n) = {a|(n, (a, i), n′) ∈ E}.

Because we want to base our notion of equivalence
on observational equivalence we have to define what
it exactly is that is observed about the workflow sys-
tem. For this purpose we introduce the notion of
workflow trace. The events we record in this trace are
(1) the work-set that the system offers to the environ-
ment and which consists of a set of activity identifers;
(2) the choice that the environment makes from this
work-set, represented by an activity identifer; and (3)
the data that is supplied by the environment for com-
pleting the activity, represented by an element of I.
This leads to the following definition.

DeÞnition 2.3 (Workßow Trace). The set of
workflow traces of a CW (V, E, r) is defined as a set
of lists of the form (2A · A · I)∗ · 2A such that the list
〈W1, a1, i1, . . . , Wk, ak, ik, Wk+1〉 is in this set iff there
is a path 〈(n1, (a1, i1), n2), . . . , (nk, (ak, ik), nk+1)〉 in
E such that r = n1 and Wi = W (ni) for each
1 ≤ i ≤ k + 1.

The final extra offer Wk+1 in a trace is necessary
to distinguish the trees shown in Figure 4.

We note that this definition of workflow trace is
equivalent to that of colored trace defined in (van
Glabbeek & Weijland 1996) (also called decorated
trace by some authors) if we equate an offer to a color.

Abstract
 Workßow

Concrete
 Workßow

Def. A concrete 
workßow is said to 
be an instance of an 
abstract workßow if 
without the input 
labels it is bisimilar.

Def. A concrete 
workßow is called 
complete if in every 
state where a certain 
activity is possible it 
allows the same set 
of inputs.



Observational Equivalence
Traces of concrete workßows: Þnite sequence over 2Σ×Σ×D 
where D is the input value domain.
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environment picks this activity it must supply the re-
quested information. This information may then be
used by the system that executes the workflow to de-
termine the offer to be made in the next step (e.g.,
different continuations may be observed depending on
the age entered). Therefore the “moment of choice”
is observable by the environment because it can see
whether certain information that was supplied made
a difference for the subsequent offers that were made.
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be distinguished by their traces and therefore by their
observable behavior, because the environment can see
which of the decisions actually matter for the final of-
fer. Thus the intuition of “moment of choice” seems
to be captured by the assumption that the (abstract)
transition tree is an abstraction of the concrete transi-
tion tree that ignores the information that is provided
by the environment.

In process algebra the intuition about “moment
of choice” is captured by the notion of bisimulation.
In the following we will give a formal argument that
shows that the intuition about externally supplied in-
formation indeed justifies the use of this equivalence
notion for workflows.

We begin by postulating an infinite set A of ac-
tivity identifiers such as “Receive goods”, “Check
credit”, ”Get patient information”. These will be the
activities that are offered to the environment (i.e., set
of users and applications that interact with the work-
flow system). Next to this set we assume an infinite
set I of input data. These represent units of informa-
tion that can be supplied by the environment of the
system for the completion of an activity. Examples of
such data are a simple boolean such as for the activ-

ity “Check credit” or a complex data structure such
as for “Get patient information”. We also postulate
an infinite set V of nodes.

DeÞnition 2.1 (Abstract Workßow). An abstract
workflow (AW) is a tuple (V, E, r) which represents a
rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V ×A× V , and root r ∈ V .

As already explained an abstract workflow ab-
stracts from the data that is supplied by the exter-
nal environment. Therefore we introduce the notion
of concrete workflow that does take this information
into account by labeling the edges with a pair (a, i)
where a is an activity identifier and i the externally
supplied information.

DeÞnition 2.2 (Concrete Workßow). A concrete
workflow (or CW) is a tuple (V, E, r) which represents
a rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V × (A×I ) × V , and root r ∈ V .

We will require concrete workflow to be consistent,
which means that a certain activity always accepts
the same set of input data. More formally we call a
CW (V, E, r) consistent if it holds that if there is an
edge (n1, (a, i), n2) ∈ E and an edge (n3, (a, j), n4) ∈
E then there is also an edge (n1, (a, j), n5) ∈ E. Fi-
nally we introduce the usual notion of determinism for
CWs such that every specific choice and input action
by the environment leads always to the same state. In
other words, a system that executes a deterministic
process does not make arbitrary choices. Formally, a
CW (V, E, r) is called deterministic if for every node
n ∈ V and pair (a, i) ∈ A×I there is at most one edge
(n, (a, i), n′) ∈ E. Note that in deterministic CWs the
environment can still make arbitrary choices when se-
lecting an activity or supplying input information.

The interpretation of a CW is that in each state
the system offers the environment a choice in the form
of a work-set: a set of identifiers corresponding to
the activities that the environment can perform in
this state. The environment then makes a choice a
from the work-set and supplies the information i, after
which the system moves to the state that is indicated
by the edge labeled with (a, i). The work-set is more
formally defined as follows. Given a CW (V, E, r) the
work-set of a node n ∈ V , denoted as W (n), is defined
such that W (n) = {a|(n, (a, i), n′) ∈ E}.

Because we want to base our notion of equivalence
on observational equivalence we have to define what
it exactly is that is observed about the workflow sys-
tem. For this purpose we introduce the notion of
workflow trace. The events we record in this trace are
(1) the work-set that the system offers to the environ-
ment and which consists of a set of activity identifers;
(2) the choice that the environment makes from this
work-set, represented by an activity identifer; and (3)
the data that is supplied by the environment for com-
pleting the activity, represented by an element of I.
This leads to the following definition.

DeÞnition 2.3 (Workßow Trace). The set of
workflow traces of a CW (V, E, r) is defined as a set
of lists of the form (2A · A · I)∗ · 2A such that the list
〈W1, a1, i1, . . . , Wk, ak, ik, Wk+1〉 is in this set iff there
is a path 〈(n1, (a1, i1), n2), . . . , (nk, (ak, ik), nk+1)〉 in
E such that r = n1 and Wi = W (ni) for each
1 ≤ i ≤ k + 1.

The final extra offer Wk+1 in a trace is necessary
to distinguish the trees shown in Figure 4.

We note that this definition of workflow trace is
equivalent to that of colored trace defined in (van
Glabbeek & Weijland 1996) (also called decorated
trace by some authors) if we equate an offer to a color.
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Def. Two concrete workßows 
are said to be observationally 
equivalent if they deÞne the 
same set of traces.

Def. Two abstract workßows are said to be 
observationally equivalent if for each complete 
instance of one there is an observationally equivalent 
complete instance of the other and vice versa.
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environment picks this activity it must supply the re-
quested information. This information may then be
used by the system that executes the workflow to de-
termine the offer to be made in the next step (e.g.,
different continuations may be observed depending on
the age entered). Therefore the “moment of choice”
is observable by the environment because it can see
whether certain information that was supplied made
a difference for the subsequent offers that were made.
Indeed, if the logs of a workflow would contain the
supplied information we would be able to tell the dif-
ference between a workflow described by T1 and one
described by T2.

Consider, for example, the two transition trees in
Figure 3 where we label the edges not only with the
activity identifiers (in uppercase) but also with the
supplied information (in lowercase). In this example,
the supplied information correspond to decisions (‘y’
for yes, and ‘n’ for no) by the environment. It should
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D,-
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B,y
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C,-
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Figure 3: Concrete transition trees T ′
1 and T ′

2

be clear that T1 in Figure 2 is an abstraction of T ′
1 but

not of T ′
2, and T2 is an abstraction of T ′

2 but not of
T ′

1. Moreover, these two concrete transition trees can
be distinguished by their traces and therefore by their
observable behavior, because the environment can see
which of the decisions actually matter for the final of-
fer. Thus the intuition of “moment of choice” seems
to be captured by the assumption that the (abstract)
transition tree is an abstraction of the concrete transi-
tion tree that ignores the information that is provided
by the environment.

In process algebra the intuition about “moment
of choice” is captured by the notion of bisimulation.
In the following we will give a formal argument that
shows that the intuition about externally supplied in-
formation indeed justifies the use of this equivalence
notion for workflows.

We begin by postulating an infinite set A of ac-
tivity identifiers such as “Receive goods”, “Check
credit”, ”Get patient information”. These will be the
activities that are offered to the environment (i.e., set
of users and applications that interact with the work-
flow system). Next to this set we assume an infinite
set I of input data. These represent units of informa-
tion that can be supplied by the environment of the
system for the completion of an activity. Examples of
such data are a simple boolean such as for the activ-

ity “Check credit” or a complex data structure such
as for “Get patient information”. We also postulate
an infinite set V of nodes.

DeÞnition 2.1 (Abstract Workßow). An abstract
workflow (AW) is a tuple (V, E, r) which represents a
rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V ×A× V , and root r ∈ V .

As already explained an abstract workflow ab-
stracts from the data that is supplied by the exter-
nal environment. Therefore we introduce the notion
of concrete workflow that does take this information
into account by labeling the edges with a pair (a, i)
where a is an activity identifier and i the externally
supplied information.

DeÞnition 2.2 (Concrete Workßow). A concrete
workflow (or CW) is a tuple (V, E, r) which represents
a rooted edge-labeled tree with nodes V ⊆ V , edges
E ⊆ V × (A×I ) × V , and root r ∈ V .

We will require concrete workflow to be consistent,
which means that a certain activity always accepts
the same set of input data. More formally we call a
CW (V, E, r) consistent if it holds that if there is an
edge (n1, (a, i), n2) ∈ E and an edge (n3, (a, j), n4) ∈
E then there is also an edge (n1, (a, j), n5) ∈ E. Fi-
nally we introduce the usual notion of determinism for
CWs such that every specific choice and input action
by the environment leads always to the same state. In
other words, a system that executes a deterministic
process does not make arbitrary choices. Formally, a
CW (V, E, r) is called deterministic if for every node
n ∈ V and pair (a, i) ∈ A×I there is at most one edge
(n, (a, i), n′) ∈ E. Note that in deterministic CWs the
environment can still make arbitrary choices when se-
lecting an activity or supplying input information.

The interpretation of a CW is that in each state
the system offers the environment a choice in the form
of a work-set: a set of identifiers corresponding to
the activities that the environment can perform in
this state. The environment then makes a choice a
from the work-set and supplies the information i, after
which the system moves to the state that is indicated
by the edge labeled with (a, i). The work-set is more
formally defined as follows. Given a CW (V, E, r) the
work-set of a node n ∈ V , denoted as W (n), is defined
such that W (n) = {a|(n, (a, i), n′) ∈ E}.

Because we want to base our notion of equivalence
on observational equivalence we have to define what
it exactly is that is observed about the workflow sys-
tem. For this purpose we introduce the notion of
workflow trace. The events we record in this trace are
(1) the work-set that the system offers to the environ-
ment and which consists of a set of activity identifers;
(2) the choice that the environment makes from this
work-set, represented by an activity identifer; and (3)
the data that is supplied by the environment for com-
pleting the activity, represented by an element of I.
This leads to the following definition.

DeÞnition 2.3 (Workßow Trace). The set of
workflow traces of a CW (V, E, r) is defined as a set
of lists of the form (2A · A · I)∗ · 2A such that the list
〈W1, a1, i1, . . . , Wk, ak, ik, Wk+1〉 is in this set iff there
is a path 〈(n1, (a1, i1), n2), . . . , (nk, (ak, ik), nk+1)〉 in
E such that r = n1 and Wi = W (ni) for each
1 ≤ i ≤ k + 1.

The final extra offer Wk+1 in a trace is necessary
to distinguish the trees shown in Figure 4.

We note that this definition of workflow trace is
equivalent to that of colored trace defined in (van
Glabbeek & Weijland 1996) (also called decorated
trace by some authors) if we equate an offer to a color.



Bisimulation!
Theorem. Two abstract workßows are observationally equivalent iff 
they are bisimilar.

Proof: (Sketch)
If: Follows from symmetry and transitivity of bisimulation.
Only-if: Key insights:
¥From an abstract workßow we can construct a deterministic complete instance by adding 
inputs and duplication subtrees. The abstract version of the result will still be bisimilar to 
the original.

¥ A concrete workßow that is deterministic up to bisimulation can only have the same 
trace set as another concrete workßow if that is also deterministic up to bisimulation.

¥A concrete workßow is deterministic up to bisimulation iff it is bisimilar to a deterministic 
concrete workßow.

¥If two concrete workßows are bisimilar then they have the same trace set.
¥Every concrete workßow that is deterministic up to bisimulation has the same trace set 
as some deterministic concrete workßow.

¥If two deterministic concrete workßows have the same trace set then they are 
isomorphic.

7



Silent transitions
¥ What if we also allow silent transitions / τ steps?

¥ Often used in Petri-net style semantics.

¥ Assumption is usually branching bisimulation. Is that justiÞed?

¥ We compared several bisimulations and observational equivalences:
1. Weak bisimulation

2. Branching bisimulation

3. Full semantics:  The τ steps are visible in the trace

4. Change semantics: Only τ steps that change the offer are visible

5. Non-empty semantics: The τ steps with empty offers are not visible

6. Eager semantics: Do not make offer until no more τ steps

7. Far-sighted semantics: Offers contain tasks reachable through zero or more τ steps

8. Near-sighted semantics: Offers contain only tasks available in current state

¥ All these deÞne different equivalence relationships!

8



ScientiÞc workßows?

¥ What these systems do differently:

¥ No work-list is offered

¥ Functions / Services are called with arguments

¥ These calls may or may not be observable

¥ A result is returned

¥ So what changes?

¥ traces are now Þnite sequences over Σ×D×D
(function, argument, result) for the observable calls

¥ completeness should hold for the result of the calls, not the 
arguments

¥ So is bisimulation then still the same as observational equivalence?

9



Dossier Data 
Structures
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Outline
¥ Motivation

¥ Workßow nets

¥ Jackson types

¥ Jackson nets

¥ Relationships between J. types and J. nets

¥ Characterization of Jackson nets
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Motivation
¥ Storing all information that is involved in a complete run of the 

workßow

¥ For each step:

- inputs from preceding steps

- any external inputs

- produced outputs

¥ What would be a convenient and intuitive data structure for 
storing (and querying etc.) this?

- ÒDossier data structuresÓ

insurance claim

Claim assessment

decision

expert damage report

client record
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A few Easy Cases
CBA ED (A, B, C, D, E) where (..) denotes 

ordered tuple type

D
B

A

C
(A, <B, C>, D) where <..> 
denotes labeled union type

A

B

C

D (A, {B, C}, D) where {..} 
denotes unordered tuple type

A C

B

(A, [B], C) where [..] 
denotes a list type
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Research questions

¥ How can we generate for Workßow nets such types 
consisting of

- ordered tuples,

- unorderd tuples,

- labeled unions and

- lists?

¥ For which class of Workßow nets is this possible?
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¥Workßow nets are subclass of Petri nets:
- special input place pi with no incoming edge

- special output place po with no outgoing edges

- strongly connected if edge from po to pi is added

¥ In addition places and transitions are labeled 
- label represents here the data structure of event/product

¥Runs are deÞned as usual
- initial marking: 1 token in pi

- Þnal marking: 1 token in po

- full run: run from pi to po

Workßow Nets (1/3)‏
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Workßow Nets (2/3)‏
¥ Soundness:

- from all markings reachable from initial marking we can reach the Þnal 
marking

- all transitions are Þred in at least one full run

¥ Trace set:

- labels are assumed to be atomic types / events

- associated net is net where places are replaced with transitions with the 
same label

- trace consists of the sequence of labels of Þring transitions in a full run of the 
associated net
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Workßow Nets (3/3)‏
BA

D

C
E F

B EA
D

C
F

workßow net: Ω

associated net: Ω'

trace set: Tr(Ω) = { ABCDEF, ABDCEF }

Alternative formulation:
- tokens can be either inactive or active

¥ inactive right after production, active after activation
¥ event is either Þring of a transition (event is label of transition) or

activation of a token in a place (event is a label of place)

- transitions can only Þre if all required tokens are active
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Types
¥ General types:

- J ::= A | (J ; J) | (J ‖ J) | (J + J) | (J # J)‏
¥A is postulated set of atomic types
¥; is ordered tuple constructor / concatenation
¥‖ is unordered tuple constructor / parallel
¥+ is labeled union constructor / choice
¥# is separated list constructor / iteration

- A#B ≡ A;(B;A)*

¥ Trace set of type t: Tr(t) ‏
- strings of atomic types, in obvious way

¥ Trace equivalence:

-  t1 ≡tr  t2  iff Tr(t1) = Tr(t2)‏
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Jackson Nets (1/3)‏
R1: Sequential place split:

p1 t1p2 p3⇔

R2: Sequential transition split:

⇔t1 p1t2 t3

R4: AND split:

p1
p3

p2⇔

R5: OR split:

⇔t1
t2

t3

! (t1) = ( ! (t2) + ! (t3) )‏

! (t1) = (! (t2)  ; ( ! (p1) ; ! (t3) ) )‏ ! (p1) = ( ! (p2) || ! (p3) )‏

! (p1) = ( ! (p2)  ; ( ! (t1) ; ! (p3) ) )‏

Reducing WF net to a single place 
generates a type

R3: Loop addition:

p1 p2⇔
t1

! (p1) = ( ! (p2) # ! (t1) )‏
Rules independently established by 
Piotr Chrzastowski-Wachtel et al, BPM 2003
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Jackson Nets (2/3)‏
A

F
E

D

C

pi
A

G

F
E

D

C

B

pip0
pipi

A G

FC

B
pi

pi

A G

F(D || E)‏C

pip0
pipi

A G

pi
pi

A G

C ; (D || E) ; F

B

pip0pipi

A G

pi
pi

A GB + (C ; (D || E) ; F)‏ A ; (B + (C ; (D || E) ; F)) ; G

R1

R5

R2

R4

R5
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Jackson Nets (3/3)‏
- Process can be reversed:

¥start from a single place labeled with a type

¥apply rules until all labels are atomic types

- Works for subset of types called Jackson types:

¥ J0 ::= A | (A;(Jt;A))‏
¥ Jt ::= A | (Jt;(Jp;Jt)) | (Jt+Jt)‏
¥ Jp ::= A | (Jp;(Jt;Jp)) | (Jp‖Jp) | (Jp#Jt)‏

- Generates always a workßow net: Jackson nets

¥other types may also generate workßow nets

¥but Jackson nets are those WF nets with atomic labels for which we 
can generate a type with the given rules

- Then J. net is said to be associated with J. type

¥many-to-many relationship
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Properties of Jackson Nets
Theorem 1
All Jackson nets are sound workßow nets, but not all sound workßow nets are 
Jackson nets.

proof sketch: with induction, if we apply a rule to a sound net we obtain again a sound net. 

Not Jackson nets:

pi pi

Theorem 2
If a Jackson net Ω is associated with Jackson type τ then Tr(Ω) = Tr(τ)‏
establishes correctness of generated type

proof sketch: generalizing notion of trace set for nets labeled with non-atomic types
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Jackson nets and J. types (1/2)‏

To what extent is the generated type determined?
Algebraic equivalence: t1 ≡alg t2

  (t1 ; t2) ; t3  ≡alg t1 ; (t2 ; t3)

  (t1 ‖ t2) ‖ t3  ≡alg t1 ‖ (t2 ‖ t3)!         t1 ‖ t2  ≡alg t2 ‖ t1

   (t1 + t2) + t3  ≡alg t1 + (t2 + t3)!         t1 + t2  ≡alg t2 + t1

     (t1 # t2) # t3  ≡alg t1 # (t2 + t3)!

Theorem 3 If a Jackson net Ω is associated with Jackson types t1 and t2 then 
t1 ≡alg t2

proof sketch: use algebraic rules to ÒnormalizeÓ type and show that 
associated normalized type is unique
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Jackson nets and J. types (2/2)‏
To what extent is the Jackson net determined by the Jackson 
type?

Theorem 4 If " 1 and " 2 are associated with #1 and #2, 

respectively, and #1 $alg #2 then " 1 and " 2 are isomorphic

proof sketch: Show with induction that abstract syntax tree of the type 
determines which nodes and edges there are. Show that algebraic rewrite 
does not change this.

Corollary If " 1 and " 2 associated with #1 and #2, respectively, then the 

following are equivalent:

¥ " 1 and " 2 are isomorphic

¥ τ1 ≡alg τ2
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Conclusion
¥ Jackson nets are interesting subset of sound WF nets for 

generation of dossier data types

- One-to-one relationship between J. nets and J. types, up to some 
algebraic equivalence

¥ Algebraic identities axiomatize trace equivalence on Jackson types 
where every atomic type appears at most once

¥ Characterization of Jackson nets as nets with trace set of a Jackson 
type where every atomic type appears at most once.



Petri Net Provenance



Basic Petri Nets

Def.  A Petri Net is N=(P,T,F) such that P∩T=∅ and F⊆(P×T)∪(T×P). We 
let •t and t• denote the input places and output places, respectively, of a 
transition t.

Def.  A marking m is a bag over P.  We let m1⊖m2 and m1⊕m2 denote bag 
subtraction and addition.

Def.  A Petri run of a Petri net N = (P, T, F) is a Þnite sequence of markings 
〈mi〉i=1..n such that there is a sequence of transitions 〈ti〉i=1..n-1 and for each ti it 
holds that
 (1) mi⊖•ti is deÞned and 

 (2) mi+1=(mi⊖•ti)⊕m2.

28



Run graphs

Def.  A Petri Net homomorphism from N1=(P1,T1,F1) to N2=(P2,T2,F2) is a function
 h : P1∪T1 → P2∪T2  such that (1) h(P1)⊆P2, (2) h(T1)⊆T2 and (3) h(F1)⊆F2.

Def.  A Petri run graph of a Petri net N=(PN,TN,FN) is a pair (R,h) with a Petri net
R=(PR,TR,FR) such that
 (1) FR deÞnes an acyclic graph, (2) h is a Petri net homorphism from R to N,
 (3) for every t∈TR and (q,h(t))∈FN there is exactly 1 edge (p,t) ∈ FR such that h(p)=q, 
 (4) for every t∈TR and (h(t),q)∈FN there is exactly 1 edge (t,p) ∈ FR such that h(p)=q, and
 (5) for every p∈PR and all edges (p,t),(p,s)∈FR there it holds that t=s.

Petri net Petri Run graph

29



Run Graphs and Runs

¥ A run can deÞne several run graphs:

¥ different transitions may cause a similar change in the 
marking

¥ A run graph can deÞne several runs

¥ we sometimes can pick several Þrings with which to 
proceed

¥ Soundness check for the preceding deÞnition:

¥ Theorem: in each direction there is at least one

30



DFL2
Basic idea: allow transitions to produce and consume multiple 
tokens in one place, to model iteration over collections.

31

DFL net

DFL run

This requires that tokens are annotated with an unnesting history that 
identiÞes to which sub-thread they belong:

A list of (t,j,k) where t is the transition that
started the thread, j the number of times that
t has Þred and k is the index of the sub-thread. 
E.g. [(A,1,1), (B,1,2)] 

Tokens of different sub-thread may not be combined by a Þring. The history 
is extended when sub-thread are started, and shortened when combined.



Synchronization edges
Problems: How does the collecting transition know that all sub-
threads have arrived? How does the collection transition know that 
it should proceed because zero sub-threads where started?

Solution: Introduce special tokens that carry synchronization 
information and are generated by special synchronization edges.

32

We now distinguish two types of tuples in the histories of tokens:
- I(t,j,k) that are generated/removed by iteration / * edges
- S(t,j,q) that are generated/removed by synchr. / # edges
Recall, t and j are a transition and the number of times it had Þred when 
it started the sub-thread, and k is the index of the sub-thread and q the 
total number of sub-threads. HT is the set of histories for T.



DFL Nets

Def.  A DFL Net is a Petri Net N=(P,T,F) such that F is 
partitioned into F1, F* and F#, respectively the normal edges, the 
iteration edges and the synchronization edges, and it holds for each 
transition t in T that
 (1) either there are no incoming edge in F*∪F# or there is exactly 
one incoming edge in F* and one in F# and
 (2) either there are no outgoing edges in F*∪F# or there is exactly 
one outgoing edge in F* and one in F#.

Note that the syntactic restrictions (1) and (2) make it clear which 
F* edge and F# edge go together.
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DFL Run
Def.  A DFL run of a DFL net N=(P,T,F) is a Þnite sequence of markings 
〈mi〉i=1..n with each marking a bag over P×HT such that all histories in m0 

are empty, and there is a sequence of transitions 〈ti〉i=1..n-1 and for each ti 
there is a history H in HT, a transition t’, a number j, numbers q1 and q2 such 

that if m- and m+ are deÞned such that m-=∪{ m-p : p∈•t } where
m-p = { (p,H) }                                    if (p,t)∈F1

      = { (p,H·[I(t’,j,k)]) : k=1..q1 }        if (p,t)∈F*

      = { (p,H·[S(t’,j,q1)]) }                     if (p,t)∈F#

and m+=∪{ m+p : p∈t• } where
m+p = { (p,H) }                                    if (t,p)∈F1

       = { (p,H·[I(ti,j’,k)]) : k=1..q2 }       if (t,p)∈F*

       = { (p,H·[S(ti,j’,q2)]) }                    if (t,p)∈F#

where j’ is the number of times that ti appears in 〈tl〉l=1..i, then it holds that
(1) mi⊖•ti is deÞned and 
(2) mi+1=(mi⊖•ti)⊕m2.
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DFL Run graph
Def.  A DFL net homomorphism from N1=(P1,T1,F1) to N2=(P2,T2,F2) is a Petri net 
homomorhpism from N1 to N2 such that (1) h(F11)⊆F12, (2) h(F*1)⊆F*2 and (3) 
h(F#1)⊆F#2.

Def.  A well-bracketed path in a DFL net (P,T,F) if the associated string is well-
bracketed, where this string is deÞned such that edges in F1  are associated with Ò-Ó, 
edges in F*∩(T×P) with Ò(Ó, edges in F*∩(P×T) with Ò)Ó, edges in F#∩(T×P) with 
Ò[Ó and edges in F#∩(P×T) with Ò]Ó.

Def.  A DFL run graph of a DFL net N=(PN,TN,FN) is a pair (R,h) with a DFL net
R=(PR,TR,FR) such that
(1) FR deÞnes an acyclic graph, (2) h is a DFL net homorphism from R to N,

(3) if N1+#=(PN,TN,F1N∪F#N) and R1+# similar then (R1+#,h) is a Petri run of N1+#

(4) for every p∈PR and all edges (p,t),(p,s)∈FR there it holds that t=s and ....
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DFL Run Graphs

(5) if a transition has two different incoming edges in F1 then either there is a place from which 
there are two well-bracketed paths to these edges or there are two distinct places that have 
no preceding transition that have such paths to these edges, and

(6) for all transitions t and tÕ with a path α⋅β⋅γ from t to tÕ with α and γ single edges in F#R and 
β a well-bracketed path, it holds that

(a) if there exists a path αÕ that is a single edge in F*R starting from t then there is a path 
αÕ⋅βÕ⋅γÕ from t to tÕ with βÕ a well-bracketed path and γÕ a single edge in F*R and

(b) if there exists a path γÕ that is a single edge in F*R arriving in t then there is a path 
αÕ⋅βÕ⋅γÕ from t to tÕ with βÕ a well-bracketed path and αÕ a single edge in F*R.

Conjecture: For each DFL run there is at least one DFL run graph, and vice versa.
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Thank you.


