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ABSTRACT
Model transformations are frequently applied in business
process modeling to bridge between languages on a different
level of abstraction and formality. In this paper, we define a
transformation between yEPCs which is an extension to the
popular Event-driven Process Chain (EPC) and YAWL, a
formal workflow language that is able to capture all of the 20
workflow patterns reported in [1]. We illustrate the trans-
formation challenges and present a suitable transformation
algorithm. The benefit of the transformation is threefold.
First, it clarifies the semantics of yEPCs via a mapping to
YAWL. Second, the deployment of yEPC business process
models as workflows is simplified. Thirdly, yEPC models
can be analyzed with YAWL verification tools.

Categories and Subject Descriptors
H.4.1 [Information Systems Applications]: Office Au-
tomation—Workflow management ; I.6.5 [Simulation and

Modeling]: Model Development—Modeling methodologies

Keywords
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1. INTRODUCTION
YAWL [2] is a workflow language especially designed to

support the 20 workflow patterns proposed by Van der Aalst,
ter Hofstede, Kiepuszewski and Barros [1] in an intuitive
manner. While YAWL is gaining increasing attention as
a formal language for process execution, a large amount
of business process models are defined using Event-driven
Process Chains (EPCs) [3]. In order to benefit from the
expressive power of YAWL, EPCs have been recently ex-
tended towards yEPCs [4, 5]. These extensions introduce
three new concepts to EPCs: the empty connector, multiple
instantiation parameters, and a cancellation concept.

There have been several publications on EPC semantics,
especially on the OR join (see e.g. [6, 7, 8]). In order to
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(a) clarify the semantics of the new yEPC concepts, (b)
to facilitate the deployment of business processes as work-
flows, and (c) to allow for formal verification of EPC models,
this paper presents a model transformation from yEPCs to
YAWL. Such a mapping is challenging in the following four
ways. Firstly, although yEPCs and YAWL share most of
their concepts, there is a fundamental difference in the way
joins and splits are treated in each language. While yEPCs
inherit the connector types from EPCs which define them
as first class objects independent of functions, YAWL in-
cludes joins and splits in task objects. Accordingly, there is
no direct equivalent for EPC connector chains, i.e. multiple
consecutive connectors, in YAWL. Secondly, YAWL requires
processes to have only one start and one end condition. In
EPCs multiple start and multiple end events are allowed.
Thirdly, there is an ongoing debate on state representation
in EPCs. Some authors identify states with events (e.g. [3]),
some with arcs (e.g. [7]). Finally, there is a fundamental
difference between the XOR join in YAWL and EPCs: the
EPC XOR join has non-local semantics [4, 6, 7].

In this paper, we propose a transformation to YAWL
that is able to deal with these challenges. Furthermore, we
have implemented the transformation algorithm in a pro-
gram that generates YAWL process definitions in XML from
yEPCs given as EPML files [9]. Beyond scientific interest
and clarification of semantics, the transformation allows for
an automatic YAWL-based analysis of EPC process models
using the WofYAWL tool [10]. This opens repositories like
the SAP Reference Model [11] to formal control flow analy-
sis. Furthermore, the deployment of EPC business process
models as workflows is simplified by this transformation. Be-
fore this background, the rest of the paper is organized as
follows. Section 2 illustrates the challenges of the transfor-
mation from yEPCs to YAWL by discussing three example
processes. Section 3 introduces a transformation algorithm
to generate YAWL processes from yEPCs. After present-
ing related research (Section 4), we draw a conclusion and
present future research issues.

2. YEPC AND DIFFERENCES TO YAWL
Event-driven Process Chains (EPCs) are a business pro-

cess modeling language representing the temporal and logi-
cal dependencies of activities of a process [3]. The original
definition of EPC offers function type elements to capture
activities of a process, event type elements describing pre-
and post-conditions of functions, and three kinds of con-

nector types including AND, OR, and XOR. Control flow
arcs are used to link these elements. Connectors have ei-



ther multiple incoming and one outgoing arc (join connec-
tors) or one incoming and multiple outgoing arcs (split con-
nectors). There are basically two important syntax rules:
functions and events have to alternate, either directly or in-
directly when they are linked via one or more connectors.
Beyond that, there may be connectors after functions and
before events (function-event-connectors) and after events
and before functions (event-function-connectors). In order
to avoid ambiguity event-function-connectors are forbidden
with XOR and OR splits, because the pre-conditions of al-
ternative branches are not clear. In contrast, these pre-
conditions can be given in the events of an function-event-
splits after XOR and OR. In EPCs the XOR and the OR
join have non-local semantics (see [6, 7]). For the XOR join
which is meant to propagate control of alternative incoming
branches, this implies that it blocks if one incoming branch
is finished and another still active which leads eventually
to a dead-lock. Furthermore, process interfaces and hierar-

chical functions (see e.g. [6, 11]) define links to other EPC
models. A hierarchical function can be regarded as a syn-
chronous call to that sub-process. After the sub-process has
completed, navigation continues with the next function sub-
sequent to the hierarchical function. The process interface
represents rather an asynchronous spawning off of a sub-
process. There is no later synchronization.
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Figure 1: yEPC notation

Figure 1 gives an overview of EPCs and yEPC exten-
sions. Workflow pattern analysis [1] revealed weaknesses
of EPC concerning state-based patterns, multiple instantia-
tion, and cancellation. yEPC introduces extensions to allow
for a straight-forward modeling of all 20 workflow patterns.
In particular, the YAWL concepts for multiple instantiation
and cancellation are adopted. Furthermore, the empty con-
nector as a split represents a deferred choice and as a join a
simple join that propagates each incoming token.
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Figure 2: YAWL notation

Figure 2 gives an overview of YAWL and its notation.
A YAWL process model includes one input and one output

condition to denote start and end of a process. Activities
of a process are represented via tasks. Tasks can contain
join and split rules of type AND, OR, and XOR. The XOR
join has local semantics propagating all incoming tokens,
the other rules have equal semantics as the respective EPC
connectors. Tasks are separated by conditions which are
the YAWL analogue to places in Petri nets. If two tasks are

connected by an arc, the arc represents an implicit condition.
Furthermore, a task can be decomposed to a sub-process.
The cancellation and the multiple instantiation concept as
explained before for yEPCs is adopted from YAWL.

START A START B

Function 2Function 1

Event 1

Event 2 Event 3

Function 3 Function 4 Function 5 Function 6

END BEND A

Figure 3: yEPC example

Although yEPCs and YAWL are very similar, there are
four differences which we illustrate by the help of Figure
3. The first difference is related to connectors. As connec-
tors are independent elements in a yEPC, it is allowed to
build so-called connector chains, i.e. paths of two or more
consecutive connectors. In Figure 3 there are three con-
nector chains: an XOR join followed by an empty split
between the start events and functions 1 and 2, and two
starting with an XOR join followed by an AND split and
an AND join between functions 3 to 6 and the respective
end events. In YAWL splits and joins are only allowed as
part of tasks. Accordingly, there is nothing like a connector
chain in YAWL. The second difference stems from multi-

ple start and end events. An EPC can include alternative
start events. Multiple end events represent implicit termina-
tion: the triggering of an end event does not terminate the
process as long as there is another path still active [4]. In
YAWL there is only one start condition and one end condi-
tion. The third difference is related to state representation.
EPC events represent an eventuated state that can trigger
a set of activities [3]. Though this definition might suggest
a direct mapping of events to YAWL conditions (the YAWL
equivalent to places in Petri nets), there is a problem of al-
ternative event-function and function-event connectors. In
Figure 3 there is an event-function AND split after func-
tion 1 and event 1. On the other hand, the AND split after
function 2 is given as a function-event split. This second al-
ternative could be mapped element-wise to YAWL, the first
one not. Accordingly, EPC events are related to states, but
they do not directly match conditions in YAWL. Section 3
shows how to circumvent this state-representation problem
of EPCs in a mapping to YAWL. Finally, the XOR join

of EPCs has non-local semantics while the YAWL XOR join
has local semantics (cf. [4]). This means that the EPC XOR
join blocks if there is more than one incoming branch active.
In Figure 3 the XOR join after function 4 and 5 cannot dead-
lock, because both functions are exclusive due to the empty
split upstream. Basically, in a mapping to YAWL the EPC
XOR join could be mapped to an OR join with non-local
semantics or an XOR join with local semantics. The latter
is the better choice, because it allows a mapping back from
YAWL to EPC without loss of semantics.



3. FROM YEPC TO YAWL
This section starts with a formal definition of yEPC and

YAWL syntax. Then, we discuss how the different trans-
formation problems can be solved. Then, we combine the
solutions of the sub-problems in a transformation algorithm.

3.1 Definitions

Notation 1 (Predecessor and Successor Nodes).
Let N be a set of nodes and A ⊆ N × N a binary relation
over N defining the arcs. For each node n ∈ N , we define
the set of predecessor nodes •n = {x ∈ N |(x, n) ∈ A}, and
the set of successor nodes n• = {x ∈ N |(n, x) ∈ A}.

Definition 1 (Flat yEPC). A flat yEPC M = (E,
F, P, C, l, A, canc, mult) consists of four pairwise disjoint sets
E, F, P, C, a mapping l : C → {and, or, xor, empty}, a bi-
nary relation A ⊆ (E ∪ F ∪ P ∪ C) × (E ∪ F ∪ P ∪ C), a
mapping canc : (F ∪ P ) → P(E ∪ F ∪ P ), and a mapping
mult : (F ∪P ) → N×N

inf×N
inf×{dynamic, static} so that

– |•e| ≤ 1 and |e•| ≤ 1 for each e ∈ E. An element of E
is called event.

– |•f | = 1 and |f•| = 1 for each f ∈ F . An element of
F is called function.

– |•p| = 1 and |p•| = 0 for each p ∈ P . An element of P
is called process interface.

– Either |•c| = 1 and |c•| > 1 or |•c| > 1 and |c•| = 1
for each c ∈ C. An element of C is called connector.

– The mapping l specifies the type of a connector c ∈ C
as and, or, xor, or empty.

– A defines the control flow as a coherent, directed graph.
An element of A is called arc.

– The mapping canc defines for an element n ∈ F ∪ P
the set of events, functions, and process interfaces that
are to be cancelled after n has completed.

– The mapping mult defines how often a function or a
process interface can be instantiated by giving the min-
imum, maximum, threshold for completion, and if in-
stances are created statically or dynamically.

Notation 2 (Post-Event Successor Nodes). Let
M = {E, F, P, C, l, A} be a flat yEPC. For each node n ∈
N = E∪F ∪P ∪C, we define the set of post-event successor

nodes n◦ = {x ∈ N |(n, x) ∈ A ∧ x ∈ F ∪ P ∪ C} ∪ {x ∈
N |(n, e), (e, x) ∈ A∧e ∈ E}. The set of pre-event predecessor

nodes ◦n is defined analogously. We will need this notation
for the transformation algorithm. The set n◦ refers to the
successors if they are not events, or the successors of the
succeeding events.

Definition 2 (YAWL-Net). A YAWL-net1 N is de-
fined as a tuple (Cond, i, o, T, F low, split, join, rem, nofi)
so that

– Cond is a set of conditions.
– i ∈ C is the input condition.
– o ∈ C is the output condition.
– T is a set of tasks.
– Flow ⊆ (Cond \ {o}×T )∪ (T ×Cond \ {i})∪ (T ×T )

is the flow relation.

1In the original YAWL paper a YAWL-net is called “ex-
tended workflow net (EWF-net)” [2]. For clarify reasons,
we coined the term YAWL-net.

– split : T → {AND, XOR, OR} specifies the split be-
havior of each task.

– join : T → {AND, XOR, OR} specifies the join be-
havior of each task.

– rem : T → P(T ∪Cond \ {i, o}) specifies the tokens to
be removed from the tasks and conditions given in the
mapping.

– nofi : T → (F∪P ) → N×N
inf×N

inf×{dynamic, static}
specifies the multiplicity of each task by giving the
minimum, maximum, threshold for continuation, and
dynamic/static creation of instances.

Both YAWL and yEPCs can be decomposed to a set of
sub-processes. For EPCs, decomposition has been formal-
ized as an EPC Schema [6], for YAWL as a YAWL Workflow
Specification [2]. Basically, a yEPC hierarchical function or
process interface can be mapped to a YAWL composite task.
The respective sub-processes can be transformed according
to the same rules as the process. Furthermore, multiple in-
stantiation parameters and cancellation areas are also trans-
formed in a straight-forward manner. For space limitations,
we do not detail these aspect in this paper and focus on
transformation of flat yEPC process graphs.

3.2 Transformating Start and End Events
yEPC start and end events are easy to transform if there

is only one start and only one end. In this case the yEPC
start event maps to a YAWL input condition and the end
event to a YAWL output condition. If there are multiple
start events, they have to be bundled: the one YAWL input
condition is followed by an empty task with an OR-split rule.
Each yEPC start event is then mapped to a YAWL condition
that is linked as a successor with the YAWL OR-split (see
Figure 4). Analogously, each of multiple yEPC end events
is mapped to a YAWL condition which are all connected
with an OR-join of an empty task that leads to the one
YAWL output condition. Note that some EPCs of the SAP
Reference Model have several start events. Applying this
transformation rule makes these models difficult to analyze,
because 2|n| states have to be considered with n being the
amount of EPC start events. In this case, graph reduction
rules could be applied in order to get compacter models.
Yet, this issue is beyond the scope of this paper.

e1 e2

e1 e2

Figure 4: Transformation of multiple start events

3.3 Transformating Connector Chains
As joins and splits are first class elements of yEPCs while

in YAWL they are part of tasks. As a consequence, there
may be the need to introduce empty tasks only to map a
connector. This is in particular the case with connector
chains. Figure 5 illustrates how a connector chain is trans-
formed. If the post-event successor of a join connector is
not a function, an additional empty task is required to in-
clude the join rule. If the pre-event predecessor of a split
connector is not a function, an additional empty task has



to include the split rule. If a join connector is followed by
a split, they are combined into one empty task. Otherwise,
split and joins are combined with the pre-event predecessor
function or the post-event successor function, respectively.

Figure 5: Transformation of connector chains

3.4 Generating State Representation
In Section 2, we have illustrated that events cannot be

identified with states. For the transformation we traverse
the yEPC process graph and take advantage of the fact that
YAWL does not enforce an alternation of tasks and condi-
tions. Basically, we ignore events that are not start or end
events (see Figure 6). For this purpose, the pre-event prede-
cessor set ◦n and the post-event successor set n◦ has been
defined. Therefore, most states of the generated YAWL pro-
cess model are associated with implicit conditions.

Function 1

Event 1

Function 3 Function 4

Function 1

Function 3 Function 4

Figure 6: Omission of yEPC Events

3.5 Transforming XOR Joins
In Section 2, we have already argued that it is a good

idea to map yEPC XOR-joins to YAWL XOR-Joins, be-
cause it permits a back-transformation without loss of in-
formation. This choice is also supported by the semantics
of both XOR-joins. Although the yEPC XOR-join has non-
local semantics leading to a deadlock if there are multiple
incoming branches active and the YAWL XOR-join prop-
agates each incoming token, the intended behavior is the
same, i.e. to continue after one of alternative branches has
completed. Furthermore, in case of a deadlock in the yEPC
the corresponding YAWL-net is most likely to show incor-
rect behavior in terms of not being sound (for soundness of
YAWL models see [2]).

3.6 Transformation Algorithm
The transformation algorithm is based on a traversion of

the yEPC process graph. The symbol curr references the
current node. Depending on the type of curr and its prede-
cessor nodes, respective elements of the YAWL target model
are generated. The algorithm is arranged in two loops. The
first outer loop continues until there are no more yEPC ele-
ments in the to-be-processed set Proc. As there is only one
path taken, those successors of a split that are not consid-
ered immediately are added to Proc. Similarly, those start
events not directly considered are also added to this list.

The second inner loop proceeds if curr is not element of
the processed-join set J . Depending on the predecessors of
curr, a YAWL element is generated or curr is added to the
predecessor list Pre. If curr is not followed by an end event,
curr is set to one element of curr◦ and the other elements
are added to Proc.

1. Initialize: Proc :={e ∈ E| |•e| = 0}, J = ∅.
2. YAWL input and output: add i ∈ Cond and o ∈ Cond.
3. Multiple start and end events: if |{e ∈ E| |•e| = 0}| >

1: add OR split task t ∈ T , if |{e ∈ E| |e•| = 0}| > 1:
add OR join task t ∈ T .

4. Outer loop: while |Proc| 6= ∅

(a) Initialize: curr := n1 with n1 ∈ Proc, Proc :=
Proc \ n1, P re := ∅.

(b) Inner loop: while curr /∈ J

i. Start event: If curr ∈ E ∧ |•curr| = 0: add
c ∈ Cond, ∀n ∈ Pre: add to yawl, Pre = ∅.

ii. End event: If curr ∈ E ∧ |curr•| = 0: add
c ∈ Cond and ∀n ∈ Pre: add to yawl, Pre =
∅.

iii. Empty connector: If curr ∈ C∧(curr, empty)
∈ l: ∀n ∈ Pre|type(n) 6= empty: add to yawl,
Pre := Pre\n|type(n) 6= empty,append curr
to Pre.

iv. Joins: If curr ∈ C empty ∧ | • c| > 1: ∀n ∈
Pre: add to yawl, Pre := curr

v. Functions: If curr ∈ F :
Only join: If |Pre| = 1 ∧ n ∈ Pre ∧ n /∈
empty : | • n| > 1: Pre := Pre ∪ curr
Else ∀n ∈ Pre: add to yawl, Pre := curr

vi. Splits: If curr ∈ C empty ∧ |curr • | > 1 :
If ∃n ∈ Pre : n /∈ empty∧(n ∈ F ∨|•n| > 1):
add curr to Pre
Else ∀n ∈ Pre: add to yawl, add empty task
with split, Pre := ∅

vii. If curr• ∈ E ∧ |curr • •| 6= 0 : curr := curr◦
Else curr := next|next ∈ curr•, ∀n ∈ curr •
∧n 6= next: add ninProc

5. ∀n ∈ Pre: add to yawl

The algorithm is complete in that sense that every node
is processed only once: The termination condition of the
inner loop hinders joins an their successor nodes to be pro-
cessed more than once. The completeness is granted because
yEPCs are coherent: every node will ultimately processed
when navigating beginning from the start events. As every
node is processed exactly once, the algorithm will terminate.
As a proof-of-concept, we have implemented the algorithm
using the object-oriented scripting language XOTcl [12].

4. RELATED WORK
There are several papers that define transformations be-

tween EPCs and other workflow and business process mod-
eling languages. In this context, the transformation from
EPCs to Petri nets plays an important rule as a means to
give EPCs a formal semantics. The first work in this di-
rection is reported in [13]; yet, the proposed transformation
semantics to colored Petri nets are applicable only for OR-
join and -split connectors that are used pairwise which is in
fact a constraint on the structure of the EPC. Langner et al.
propose a mapping to boolean nets [14] which is very similar



to dead path elimination in workflow systems (see e.g. [15]).
Yet, this transformation only works for acyclic EPCs. The
approach presented in this paper complements this stream
of work with a transformation from yEPC to YAWL for-
mally defined in [2]. Another area related to this paper
is work on transformations between heterogeneous business
process modeling languages and model-driven development
of executable process definitions. In [16] a transformation
from a UML subset to the Business Process Execution Lan-
guage for Web Services (BPEL) is presented. This trans-
formation concept is suited to define entire executable pro-
cesses including data flow and service interaction, while our
transformation is only applicable to transform control flow.
Choreography models are also used to generate local work-
flow models via transformation. In [17] a transformation
from BPSS local choreography models to BPEL is presented,
while [18] takes global WS-CDL choreography models as in-
put to generate BPEL. In [19] transformation algorithms
between BPEL and the Business Process Modeling Lan-
guage are proposed to clarify the conceptual relationships
between both languages. For transformation strategies be-
tween BPEL and graph-based process modeling languages
such as yEPCs or YAWL see [20].

5. CONCLUSION AND FUTURE WORK
In this paper, we presented a novel transformation al-

gorithm from yEPCs to YAWL. The contribution of this
transformation is threefold. First, it clarifies the semantics
of yEPCs via a mapping to YAWL. Second, the deployment
of yEPC business process models as workflows is simplified.
Thirdly, yEPC models can be analyzed with YAWL verifica-
tion tools. As a proof-of-concept we have implemented the
algorithm. In future research, we aim to use this transfor-
mation to convert EPC business process models and analyze
them with verification tools for YAWL such as WofYAWL
[10]. This will provide insight into the correctness of large
enterprise models such as the SAP Reference Model [11].
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