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Abstract: The Business Process Model and Notation (BPMN) is a well-established industry standard in the area of
Business Process Management (BPM). However, still with the current version 2.0 of BPMN, problems and
contradictions with the underlying semantics of the meta-model can be identified. This paper shows an al-
ternative approach for modeling the BPMN meta-model, using behavior-based decomposition. The focus in
this paper is on control flow. We use Abstract State Machines (ASM) to describe the decomposition of the
merging and splitting behavior of the different BPMN flow node types, such as parallel, exclusive, inclusive
and complex, as defined in the BPMN 2.0 standard, resulting in behavior patterns. Furthermore an example
for the composition of different gateway types is given using these behavior patterns.

1 INTRODUCTION in the area of BPM, among others, because of its in-
tuitive graphical notation and mapping to Business
The Business Process Model and Notation (BPMN) Process Execution Language (BPEL) (Organization
is a well-established industry standard in the area for the Advancement of Structured Information Stan-
of Business Process Management (BPM). Although dards (OASIS), 2007).
BPMN is claiming a formal and clear underlying In this paper we will first describe thenabling
semantics some problems and contradictions havetoken setoncept in section 3, which is essential for
been discovered. Those problems were addressed bwctivation of flow nodes across instances in one step.
the scientific society using different formal methods, We continue with introducing the behavioral decom-
such as Petri Nets (Dijkman et al., 2007) or Abstract position in section 4 and show three main behaviors:
State Machine (ASM) method (Borger and Thalheim, the gate behavior in section 4.1, the merge behavior
2008a; Borger and Sorensen, 2011). Much effort in section 4.2 and the split behavior in section 4.3.
has been put into providing a formal layer, enhanc- We will discuss all possible merge and split behavior
ing the existing informal meta-model for the BPMN types, i.e., parallel, exclusive, inclusive and complex.
standard. We base our work on the ASM approachesFinally, these behaviors are used to define the gate-
stated above. The ASM method (Borger and Stark, way transition rules in section 5. Furthermore, we
2003) evolved from Evolving Algebras (Gurevich, give an example of how such a behavior-based ground
1995). We use ASMs to formalize the BPMN meta- model (the blue print of the designed system (Borger
model. Our refinements follow the process execution and Stark, 2003)) can be easily extended by another
conformance (Object Management Group (OMG), elementin section 6. Section 7 concludes our results.
2011, chap. 2.2) and formalize the particular part, we
call behaviors.

The need for a formal technique to model work-
flows has already been considered in approache
before. E.g., formalizing existing workflow mod-
els by mapping them to well established formalism, The Business Process Model and Notation (BPMN),
i.e., Petri Nets (van der Aalst, 1998) further evolved in current version 2.0, (Object Management Group
into Yet Another Workflow Language (YAWL) trying  (OMG), 2011) is well established for describing
to satisfy the needs of universal organizational the- business processes. With September 2013 BPMN
ory and standard BPM concepts (van der Aalst and has become an ISO/EC-Standard (reference number
ter Hofstede, 2003). About the same time BPMN 19510:2013). Still the standard has some ambigu-
emerged and became a popular, widely-used standardties and inconsistencies. While participating in a
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project with the focus to formally describe the BPMN s “
standard, we dealt with those inconsistency problems — —»
and improved the meta-model structure to improve

reusability. Those problems appear in both, the ver- ——p —>
tical refinements on one hand and the horizontal ex-

tensions to BPMN on the other. When formalizing —| 4 L »
the BPMN meta-model, duplicates appeared to be the § J

reason for many of the inconsistencies in the existing Figure 1: A BPMN activity composed using a container
standard. Thus, we try to extract the common behav- with two simple gatewayand onesimple activity

ior patterns, resulting in a revised, more compact, and

graspable meta-model. BPMN standard using sudimple flow element#\n

This work is based on process diagram as de- e_xample qf_aBPMN aqtivityas a con_tainer_ using a
scribed in the BPMN 2.0 specification. This particular Simple activityand twosimple gateways depicted in
notation is chosen since it is popular between processfigure 1). Here we define &imple Activitlimited to
designers and modelers and is the most commonly€Xactly oneincoming and one outgoing sequence flow
used graphical representation for business processe¥/ith no merging nor splitting behavior. The possibil-
(Kubovy et al., 2012). We believe that the usability of 1ty 0f multiple incoming or outgoing sequence flows,
our outputs will be supported by the fact that the po- @S described in the BPMN 2.0 standard, is enabled
tential reader does not have to work him/her-self into With the two gateways in figure 1. The firstisimple
a completely new process modeling notation. exclusive merge gatewggilowing only to merge the

We start with the BPMN. modeling practices flow using XOR-Join and the secondsanple par-
WhiEE ESIER SIS hA N ER WS gai?in of ré- allel split gatewayallowing only to split the flow to

9 9 y P 9 parallel paths. In the BPMN 2.0 standard both, the ac-

striction of sequence flows on one flow node side .. . : . :
) : i tivity and the exclusive gateway, define the exclusive
(Freund etal., 2010). This may improve réadability of .behavior and this leads to duplication in the standard

S'”_‘p'e diagrams, Increase clearness "?‘”d reduce amb'énd may also lead to duplication in the implementa-
guity of even complex diagrams, but increases com-

lexity of the di ) lsi h t of tion of a workflow engine. Similarly for parallel split
plexity ot Ine diagrams In generai Since th€ amount o, o p ayigr of activity and parallel gateway. We identify
flow nodes in a process diagram dramatically bursts.

Bv simolifving th ¢ del hi such behaviors, which can be extracted and defined

y s_lmp |fy|ng| e me a-rtno g’ We ac |eveb?n un; separately. We compose the complex flow elements
ambiguous, clear, correct and more graspabie me a'using such behaviors. An advantage of this approach
model, which is important for conformance and de-

. will be demonstrated by example in section 6 by ex-
ployment. But the complexity g.row.th of S.UCh process tending the BPMN 2.0 meta-model withsale exclu-
models may be harder to maintain during develop- _;

S sive gateway
ment and lower sustainability of processes based on
such a meta-model.

One possible solution is to introduce containers
(for the use in graphical notations) or macros (for the 3 ENABLING TOKEN SET
use in formal descriptions). We can demonstrate this,
e.g, by restricting all flow nodes except gateways to A token set is a set of tokens of the same instance,
only one incoming and one outgoing sequence flow. from distinct incoming sequence flows of one flow
Handling the splitting and merging behavior will then node. This set may potentially fire the given flow
remain only in one place, the gateway. Still, during node. However, this has to be decided by a fire con-
the modeling of a process diagram we will not want dition we will discuss later in this paper. We use
to place a gateway in front or after every flow node enabl i ngTokenSet s shown in figure 2 to return sets
merging or splitting more sequence flows. Thus, con- of such token sets. In every token set all tokens have
tainers may be introduced to model extended model- to belong to one instance. No two tokens residing in
ing elements. Such containers will then hold multiple the same sequence flow can be present in the same to-
elements from the meta-model and establish a com-ken set. For example, there will be a flow node with
plex element keeping the model clean from problems, three incoming sequence flovh, SF, and Sk on
e.g., duplicate definitions, but enables the advantageswhich tokens from two different instancdg,andlg,
of simple or basic (read small and graspable) model- will reside. The token distribution is the following:
ing elements. This way we may concentrate on the sequence flovsF contains two tokens of instantg
essential purpose of the different flow node types and and one token of instandg, sequence flovF, con-
compose the complex flow elements, defined in the tains one token of each instance and sequence flow
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SK contains two tokens of instan¢g. The follow-
ing four sets of tokens will be returned: Set 1 will
contain two tokens of instandg from sequence flow
SH andSFk. Set 2 will contain one token of instance
I from sequence flovsFR. Set 3 will contain three
tokens of instancés from all the three incoming se-
guence flows. And last set 4 will contain one token of
instancelg from the sequence flo8F. Each of the
token sets may or may not fire the given flow node,
depending on thiker geBehavi or defined later in this
paper. The order of the token sets in #mbl i ng-
TokenSet s and the order of tokens in one set isirrel-
evant.

derived enablingTokenSets(node) =
return res in

local selected, all, set in
res = {}
set = {}

all (I t | t is.in TOKENS holds
sequenceFlowOf(t) isin incoming (

node)])

while all !'= {} do

selected := undef

if set={} then choose selected
is_in all

else choose selected isn all
with

forall token is.in set holds
sequenceFlowOf(token) !=
sequenceFlowOf(selected)
and instanceOf (token) =
instanceOf (selected)

if selected != undef

add selected to set

remove selected from all

if selected = undef or all ={}
add set to res

set = {}

Figure 2: Derived function for retrieval of enabling token
sets for possible flow node activation.

4 BEHAVIORAL
DECOMPOSITION

Behavior-based Decomposition of BPMN 2.0 Control Flow

DX

Figure 3: Parallel gateway decomposition using behavioral
building blocks.

>~ x »Opb+ ¢

Figure 4: Activity decomposition using behavioral builgin
blocks.

element instead of multiple container elements form-
ing all possible combinations. E.g., the activity exam-
ple infigure 1 would resultin more than one container
if we would also consider activities with no incoming
or outgoing sequence flows or any combinations of
the above. An example of a parallel gateway behav-
ior decomposition is shown in figure 3. Using such
behavioral building blocks will result in figure 4 to
model the discussed BPMN activity. This time we
do use much simpler building elements to compose
the resulting flow node than using containers in fig-
ure 1. The reuse of such building block elements in-
creases and the resulting meta-model definition will
decrease in size and complexity (a behavior is defined
only once). This is the core decomposition idea we
will use in this paper to formally model the BPMN el-
ements. This introduction should sketch the abilities
and advantages of behavioral decomposition. This
also comprises with the requirements capture of a sys-
tem (Borger and Stark, 2003), which is BPMN in our
case, as we describe the behavior of each modeled ele-
ment and split it into small parts based on similarities,
observation and best practices (Freund et al., 2010).
For depicting behaviors, we use a square or rect-
angle (half as wide as high) both with sharp corners.
This was chosen not to collide with any BPMN sym-
bols. Inside the squares resides a BPMN symbol iden-
tifying the simple behavior. We use the designation
“simple” for flow elements which deal with only the
core of their purpose. An activity behavior, for exam-
ple, does not deal with multiple incoming or outgo-
ing sequence flows, just with performing an activity -

For decomposing we use a S||ght|y different approach dealing with the aCt|V|ty |ife-cyC|e. S|m|lar|y, the Sim'
than containers discussed in section 2, still targeting Ple gateway behavior just deals with decision making,
the same issues. We define behavior patterns, similar€-g-, how the flow is merged or split. The quantity of
to (Borger and Sorensen, 2011), and then reuse sucincoming and outgoing sequence flows is realized by
patterns as building blocks to define the BPMN ele- the input or output behavior as shown in Figure 3 and
ments. This has, among others, the advantage that thé* as join and split behavior. In the next sections we

intermediate step of definirggmple flow nodes not

will show, how this can be implemented.

necessary. Furthermore, we can dynamically switch

those building blocks using for example polymorphic

or other suitable techniques. This allows to define one
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derived canPassThrough(node, sequenceFlow, behavior) =
return res in

let otherSequenceFlows := outgoing (node) sequenceFlow in
if gateCondition (sequenceFlow) = "DEFAULT” then
res := forall outSequenceFlow i$n otherSequenceFlows holds

gateCondition (outSequenceFlow) = FALSE

else if behavior = "EXCLUSIVE"” then

res := gateCondition (sequenceFlow) = TRUE
and forall outSequenceFlow i$n otherSequenceFlows holds (
gateCondition (outSequenceFlow) != "DEFAULT"
and gateCondition (outSequenceFlow) = FALSE)
else if behavior = "INCLUSIVE"” then
res := gateCondition (sequenceFlow) = TRUE

Figure 5: Derived function determining if a token residimgagiven sequence flow can pass through the given flow node.

4.1 GateBehavior B @ +
A gate is a mechanism, which somehow controls the

flow. As in the real world, a gate has a guard watch-
ing the gate and letting in only those who fulfill cer-
tain conditions modeled by thgat eCondi tion in
figure 5. X O *
A simple gate can be seen as a condition, which
has to hold in order to let a token pass through. This
mechanism will be further used in controlled flow,
which is realized in the BPMN 2.0 specification us- Figure 6: The different used behaviors.
ing conditional sequence flows, gateways, but also
other flow nodes, which implicitly allow control of —node with a distribution possibly able to fire the given
the sequence flow. Since all flow elements share thisflow node. There are no tokens in one set, which share
behavior, it is extracted as a building block to allow the same incoming sequence flow and instance of a
reuse further in this paper. To notate this behavior a process or sub-process. A set of such sets will be used
small diamond shape is used, shared for both the con-further in this paper to handle all possible, even multi-
ditional sequence flows and gateways (Object Man- ple, fires across the process or sub-process instances.

(a) merge (b) split (c) parallel

(d) exclusive (e) inclusive (f) complex

agement Group (OMG), 2011). Every time a flow node fires, dli ri ngTokens of the
flow node will be consumed. Sudh ringTokens
4.2 Merge Behavior are a union of all tokens in adinabl i ngTokenSet s,

which can actually fire the given flow node. Thd e

flows such a flow node needs some kind of merging ©f @ flow node. This rule returns all relevant instances

behavior. For this the symbols shown in figure 6a ©Of & (sub-)process containing the given flow node, in
(van der Aalst, 1998) in conjunction with the differ- Which the flow node fired. The size of the set of these
ent types - parallel shown in figure 6¢, exclusive in firi ngl nstances |der_1t|f|es the number of flrt_es an(_j
figure 6d, inclusive in figure 6e and complex in figure €ach item in this set is a process instance, in which
6f. For the different merging behavior types, we use the given flow node fired. Any tokens, which con-
the same symbols as in BPMN 2.0 inside the squaretr'bmed to any of the fires rgturned by th.e abstract
symbolizing a behavior. der |_ved firingTokens func_tlo_n, has to be in one of
A merge behavior in general identifies possible the instances returned by theri ngl nst ance func-
enabl i ngTokenSet s of a flow node, each able to fire  tion and has to be consumed.
the given flow node. The given flow node can fire
once or even multiple times in some cases. A token Parallel Merge Behavior: firing a flow node if
set in this sense is a combination of tokens residing there is a token on every incoming sequence flow of
on distinct incoming sequence flows of the given flow that flow node (Object Management Group (OMG),
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rule MergeBehavior(node) =

return res in
forall token in firingTokens(node
) do

ConsumeToken (token)
res firinglnstances (node)

Figure 7: Rule defining the behavior for merging multiple
sequence flows.

2011, Tab. 13.1). The possibility of multiple in-
stances has to be taken into account. This is real-
ized by the mentionednabl i ngTokenSet s, where
each token set only contains tokens from the same in-
stance and different incoming sequence flows. The
rul e Parall el MergeBehavi or hasto check if each
set contains a token for all incoming sequence flows.
It (see figure 8) returns tokens from incoming se-
guence flows if and only if all of the incoming se-
guence flows have a token realized uséngbl i ng-
TokenSet s. Therefore a token will be returned from
firingTokens if and only if such a token is in a token
set containing a token for each incoming sequence
flow. The quantity off i ri ngl nst ances represents
the minimum quantity of tokens in one of the incom-
ing sequence flows for a certain instance. Using the
enabl i ngTokenSet s it is possible to separate multi-
ple tokens from the same instance.

rule ParallelMergeBehavior (node) =
MergeBehavior (node) where
firingTokens(node) =
return res in
res ([ t | t is-in
tokenSet isin
enablingTokenSets(node) holds
forall sf is_in incoming (node)
exists tokenInSameSet isn
tokenlin(sf)
and tokenInSameSet
tokenSet 1)

tokenSet,

L$n

firinglnstances (node) =

return res in
choose sf isin incoming(node) in
res := ([ i | i is-in INSTANCES
holds
exists t isiin firingTokens(
node)

and sequenceFlowOf(t) = sf
and instanceOf(t) =i ])

Figure 8: Rule defining the behavior for parallel merging of
multiple sequence flows.

Exclusive Merge Behavior: firing a flow node if
there is at least one token on at least one incoming
sequence flow of that flow node (Object Management
Group (OMG), 2011, Tab. 13.2). Taking multiple in-

rule ExclusiveMergeBehavior(node) =
MergeBehavior (node) where
firingTokens(node) =

return res in

res :={ t | t is.in TOKENS holds
exists sf isin incoming (node)
t is_in tokenslin(sf) }

firinglnstances (node) =

return res in
res :={ i | i is-in INSTANCES
holds
exists t isiin firingTokens(node
)
instanceOf (t) = i}

Figure 9: Rule defining the behavior for exclusive merging
of multiple sequence flows.

rule InclusiveMergeBehavior(node) =
MergeBehavior (node) where
firingTokens(node) =
return res in
res ([ t | t is.in
tokenSet isin
enablingTokenSets(node) holds
UpstreamToken (node ,incoming (nod
) ,tokenSet ,instanceOf (t))}3

D

firinglnstances (node) =
res ([ i | i is-in INSTANCES
holds
exists tokenSet isin ([ ts | ts
is_in enablingTokenSets(node

tokenSet ,

¢

holds
exists t isin firingTokens(
node)
and t is.in ts ])

exists token isin tokenSet

and instanceOf(token) =i ])
Figure 10: Rule defining the behavior for inclusive merging
of multiple sequence flows.

stances into account, this behavior will fire the given
flow node for every token residing in any directly
incoming sequence flow in any instance. Thee

Excl usi veMer geBehavi or shown in figure 9 refines
therul e MergeBehavi or. This behavior fires the
given flow node for any token that is present on any of
the incoming sequence flows. No matter if only one
or more tokens from the same instance are present on
the directly incoming sequence flows, all will be re-
turned. It may also fire multiple times in the same
instance. Therefore the returned set of instances from
firinglnstances may contain duplicate instances.
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rule ComplexMergeBehavior (node) =
MergeBehavior (node) where
let firingTokensForNode :={}, firinglnstancesForNode := in
forall tokenSet isin enablingTokenSets(node) do
choose tok isin tokenSet do

/1l Waitig for start state:

if waitingForStart(node, instanceOf(tok)) then

if activationCondition(node, instaceOf(tok)) then
ignoreDuringReset(node, instanceOf (tok)) £ sf | sf is_in incoming (node)

holds

exists t isin tokenSet and sequenceFlowOf(t) = sf
waitingForStart(node, instaceOf(tok)) := FALSE

forall t in tokenSet add t to firingTokensForNode

add instanceOf(tok) to firinglnstancesForNode

else // Waitig for reset state:
let relevant := (incoming (node)\ ignoreDuringReset(node, instanceOf (tok)
in
if UpstreamToken (node, relevant, tokenSet, instance®@k()t) = {} then
ignoreDuringReset(node) = undef
waitingForStart(node, instanceOf(tok)) := TRUE
forall t in tokenSet add t to firingTokensForNode
add instanceOf(tok) to firinglnstancesForNode

~

derived firingTokens(node) = firingTokensForNode
derived firinglnstances (node) = firinglnstancesForNode

Figure 11: Rule defining the behavior for complex merging aftiple sequence flows.

Inclusive Merge Behavior: firing the flow node  Conpl exMer geBehavi or shown in figure 11 takes,
if there is at least one token on at least one in- comparedto other merge behaviors, the mentioned in-
coming sequence flow and there are Upstream ternal state into account. The internal state is updated
Tokens (Volzer, 2010) related to that flow node (Ob- by this rule only. It may be read for the purpose of out-
ject Management Group (OMG), 2011, Tab. 13.3). going sequence flow conditions but not changed any-
Therul e Inclusi veMer geBehavi or shown in fig- more. Firing a flow node using thnpl exMer ge-
ure 10 refines theul e MergeBehavi or and fires Behavi or in thewai tingFor Start state is straight
the given flow node if at least one token is present forward: only theactivati onConditi on needs to
on any of the directly incoming sequence flows and be fulfilled. In the “waiting for reset” state, the fir-
there is no token in the process, which “may arrive” ing condition is much the same as in thel usi ve-
(Volzer, 2010). This is defined using the mentioned Mer geBehavi or shown in figure 10. The slight dif-
Upst r eaniToken rule. If no such upstream token ex- ference is that the set of relevant sequence flows ob-
ists, this behavior will fire. It will return the contribut-  served for a token, which “may arrive”, does not in-
ing tokens from alknabl i ngTokenSet s, which fired clude the sequence flows, which contributed to the ac-
the flow node. All possible instances of those tokens tivation in the first phase (Object Management Group
will be return by the i ri ngl nst ances function. (OMG), 2011). The set dfi ri ngTokens only holds
those, which contribute to fire one of thieri ng-
Complex Merge Behavior: defines two activation | nstances. All other tokens residing on any of the
behaviors: first, when the flow node is i t i ng- directly incoming sequence flows of the flow node
ForStart state, and second, if it is not in that Will notbe included in that set.
state. In the first case the flow node gets fired if ~ Here we can already see (in case of the “waiting
the activationCondi tion holds and in the sec- for reset” state) a reuse of previously defined parts,
ond one it is fired if allUpstream Tokens from which decreases the specification volume and enables
the first phase arrive (Object Management Group consistency in contrast to the original specification.
(OMG), 2011, Tab. 13.5), i.e., same lax| usi ve-

Mer geBehavi or withoutsequenceFl owsTol gnor e- 4.3 Split Behavior
DuringReset, which are those that fired the flow
node in thewaitingForStart state. Therule Flow nodes may also have one or more outgoing se-
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rule SplitBehavior(node,

forall sequenceFlow isin
allowedOutgoing(node)

ProduceToken (sequenceFlow ,

)

Figure 12: Rule defining the behavior for splitting multiple
sequence flows.

instance) =

instange

rule ExclusiveSplitBehavior (node,
instance) =
SplitBehavior (node
allowedOutgoing(node) ([ sf]
sf is_in outgoing (node) with
canPassThrough (node, sf ,”"EXCLUSIVE
D

Figure 14: Rule defining the behavior for exclusive splgtin

instance) where

guence flows. Such a flow node then needs some kindof multiple sequence flows.

of split behavior. For a splitting behavior the sym-
bols shown in figure 6b (van der Aalst, 1998) in con-
junction with the different types - parallel shown in
figure 6¢, exclusive in figure 6d, inclusive in figure 6e
and complexin figure 6f. Theul e Spl it Behavi or,
shown in figure 12, defines the abstract behavior
for splitting the flow into multiple sequence flows
of a flow node. This rule produces a token on all
al | onedQut goi ng sequence flows for the given flow
node. According to BPMN 2.0 specification, we dis-
tinguish three different split behaviors: parallel, ex-
clusive, and inclusive split behavior.

Parallel Split Behavior: defining all existing di-
rectly outgoing sequence flows asallowed-

Qut goi ng sequence flows and producing a token on
each of them. Theul e Paral |l el SplitBehavi or
(see figure 13) refines theul e SplitBehavi or.
This is used as a default splitting behavior in BPMN
2.0 for any flow node except exclusive, inclusive,
complex and event-based gateways.

rule ParallelSplitBehavior (node,
instance) =
SplitBehavior(node, instance) where
allowedOutgoing(node)=outgoing (nod

D

Figure 13: Rule defining the behavior for parallel splitting
of multiple sequence flows.

Exclusive Split Behavior: determining if a token
canPassThrough a flow node using a specific out-
going sequence flow and theeXCLUSIVE be-
havior, producing a token on exactly one directly
out goi ng sequence flow, where tlyat eCondi ti on
allows such a passage. Theil e Exclusive-
Spli t Behavi or shown in figure 14 refines thaul e

Spli t Behavi or, which is used in exclusive gate-
ways.

Inclusive Split Behavior: determining if a token
canPassThrough a flow node using a specific out-
going sequence flow and théNCLUSIVE behav-
ior, producing a token on any subsetoot goi ng se-
guence flows, where thgat eCondi t i on allows such
a passage. Theule InclusiveSplitBehavior

rule InclusiveSplitBehavior(node,
instance) =
SplitBehavior(node, instance) where
allowedOutgoing(node) ([ sf| sf
is_in_outgoing (node) with
canPassThrough (node, sf,”INCLUSIVE

)

Figure 15: Rule defining the behavior for inclusive splitin
of multiple sequence flows.

shown in figure 15 refines theil e Spl i t Behavi or,
which is used in inclusive and complex gateway.

5 GATEWAY TRANSITIONS

Now the required building blocks for gateways are
available (we discuss here only non-event-based gate-
ways). TheGat ewayTransi tion can be built along
with all the specific gateway type transition rules.
The Dat aBasedGat ewayTransi ti on shown in fig-

ure 16 defines a transition for non-event-based gate-
ways by refining the\or kf | owTr ansi tion (Borger

and Thalheim, 2008b; Borger and Thalheim, 2008a).
It gathers relevargnabl i ngTokenSet s. If the con-
crete Mer geBehavi or allows to fire the given flow-
based gateway, it will produce tokens onall owed-

Qut goi ng sequence flows realized by the concrete
Spl i t Behavi or.

ThePar al | el Gat ewayTr ansi ti on shown in fig-
ure 17, theExcl usi veGat ewayTransition in fig-
ure 18, and the ncl usi veCGat ewayTransition in
figure 19 are then simply composing the existing be-
havior patterns. This will be that simple for other
possible flow node transition rules as well, e.g.,
for activities or events. Other flow nodes will of
course refine a different rule than tidat aBased-

Gat ewayTransi ti on used for non-event-based gate-
ways where their specific behavior and additional
constrains may be defined.

More difficult is the case ofonpl exGat eway-
Transition shown in figure 20. There is a
specific Conpl exMer geBehavi or but no specific
Spli t Behavi or. This is because the complex gate-
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rule DataBasedGatewayTransition (node)
let firinglnstances := MergeBehavio
(node) in

rule WorkflowTransition (node) where
derived controlCondition (node) =
return res in
res := firinglnstances !={}

derived eventCondition =
return res in
res = true

rule ControlOperation (node) =
forall instance isin
firinglnstances
SplitBehavior (node, instance);
rule EventOperation (node) =
skip

Figure 16: Rule DataBasedGatewayTransition.

rule ParallelGatewayTransition (node)

DataBasedGatewayTransition (node)
where

rule MergeBehavior (node) =
ParalleIMergeBehavior (node)

rule SplitBehavior(node) =
ParallelSplitBehavior (node)

Figure 17: Rule ParallelGatewayTransition.

rule ExclusiveGatewayTransition (nodej)

DataBasedGatewayTransition (node)
where

rule MergeBehavior(node) =
ExclusiveMergeBehavior(node)

rule SplitBehavior(node) =
ExclusiveSplitBehavior (node)

Figure 18: Rule ExclusiveGatewayTransition.

rule InclusiveGatewayTransition(node
DataBasedGatewayTransition (node)
where
rule MergeBehavior (node) =
InclusiveMergeBehavior(node)
rule SplitBehavior(node) =
InclusiveSplitBehavior (node)

Figure 19: Rule InclusiveGatewayTransition.

rule ComplexGatewayTransition (node)
DataBasedGatewayTransition (node)
where
rule MergeBehavior(node) =
ComplexMergeBehavior (node)
rule SplitBehavior(node) =
InclusiveSplitBehavior (node)

Figure 20: Rule ComplexGatewayTransition.

definition. In the next section we will demonstrate
on an example, how this ground model can be ex-
tended. This demonstrates an appropriate decomposi-
tion of the meta-model, presented in this paper, which
enables an easy and correct horizontal extension.

6 EXAMPLE FOR EXTENDING
THE GROUND MODEL

We will demonstrate how simple it is to extend the
ground model, sketched in the previous sections of a
different behaviors and flow node types. Let's look
closer at the exclusive gateway. What should hap-
pen, if there are more than one tokens distributed
on any of the incoming sequence flows. We defined
here that each of these tokens will fire the given gate-
way, resulting in possible multiple fires in one in-
stance and step. This behavior is based on the BPMN
2.0 specification (Object Management Group (OMG),
2011), e.g., the exclusive merging behavior for exclu-
sive gateways and activities. But this might be also
seen as a possible ambiguity. In some cases we might
want to use the exclusive gateway in situations, where
more than one token is present on any distinct incom-
ing sequence flow is not permitted. There is no way
to do that with the currently existing flow nodes and
behaviors defined above. Therefore, we decided to
extend the ground model.

For this purpose, we define a speciali2dd ge-
Behavi or for the newsole exclusive gatewaySuch
a gateway is allowed to have only one incoming se-
quence flow containing a token. Thus, more than one
incoming sequence flow containing a token is con-
sidered as a violation of theul e Sol eExcl usi ve-
Mer geBehavi or shown in figure 21 and will raise
anAl ternativePat hVi ol ation error. On the other
hand multiple tokens in the same incoming sequence
flow will not raise such an error. This is considered as
correct behavior and will fire the given flow node for

way split behavior is the same as for inclusive gate- each token residing in such a sequence flow.

way (Object Management Group (OMG), 2011). We do not discuss here if more tokens on the
The above described behaviors enclose the formalsame incoming sequence flow is a correct interpre-

description of the meta-model for basic control flow tation of an exclusive gateway or not. We allow this
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