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Abstract. Enriching business process models with semantic tags taken
from an ontology has become a crucial necessity in service provisioning,
integration and composition. In this paper we propose to represent se-
mantically labelled business processes as part of a knowledge base that
formalises: business process structure, business domains, and a set of cri-
teria describing correct semantic labelling. Our approach allows (1) to
impose domain dependent constraints during the phase of process de-
sign, and (2) to automatically verify, via logical reasoning, if business
processes fulfill a set of given constraints, and to formulate queries that
involve both knowledge about the domain and the process structure. Fea-
sibility and usefulness of our approach will be shown by means of two
use cases. The first one on domain specific constraints, and the second
one on mining and evolution of crosscutting concerns.

1 Introduction

Semantic Business Process Management (SBPM) [I6/12] has the main objec-
tive of improving the level of automation in the specification, implementation,
execution, and monitoring of business processes by extending business process
management tools with the most significant results from the area of semantic
web. Focussing on process modeling, i.e. the activity of specification of business
processes at an abstract level (descriptive and non executable), it has been ar-
gued that annotating process descriptions with a set of tags taken from a set of
domain ontologies would provide an additional support to the business analysis
in this phase. (see e.g. [20]).

However, semantic annotations will positively affect the creation of high qual-
ity process models only if they are correct. Though the notion of correct semantic
annotation deserves a precise definition, we can intuitively say that a necessary
condition for a correct annotation is that it respects types. E.g. activities in
a business process should be labeled with some concepts denoting indeed an
activity; similarly, conditional tests should be labeled with boolean conditions,
and so on. Thus, for instance, an activity labeled “purchase order” or a gate-
way condition labeled “send a request” are intuitively not correct annotations.
Additional requirements for a correct labeling could be imposed because of the
specific application domain. For instance, in a domain in which simple actions
only come from a fixed set, tasks should be only tagged with actions taken from
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this set. Providing a way to specify the criteria for correct annotation is a critical
and important issue in the development of business processes. It is even more
important because, as shown in the examples above, while certain criteria for
correct annotation can be valid for all (or a wide range of) business domains,
others need to be specified for the specific business domain at hand.

Assuming that the process is correctly annotated, semantic tags can be help-
ful in several BPM activities. Semantic tags convey the necessary information to
perform an early analysis of the process in order to find critical patterns, and can
be used to guide the user to recognize problems at design time and features which
can be useful in further refinements of the process specification. In addition the
search for instances of these critical patterns can be automatised using queries.
Another use is related to the presence and evolution of the so-called crosscutting
concerns [23] of a business process. Crosscutting concerns are process features
that cannot be modularized into a single unit (e.g., an activity or a subprocess),
because they are intrinsically scattered across the process and tangled with the
other concerns. For example, in a business process for an online shop there are
usually several places in which the user makes choices based on her/his pref-
erences. All related activities form a crosscutting concern, the user preferences
concern. Knowledge about its presence is important to understand how such
a feature is currently managed and how it can be evolved in the future (e.g.,
storing preferences and making suggestions to the user in a proactive way). Se-
mantic annotations provide the basic information necessary for documentation
and consistent management of crosscutting concerns in business processes.

In this paper we propose an approach for (1) the specification of constraints
for correct annotations of business processes, (2) the automatic verification of the
correctness of annotated processes, and (3) the provision of reasoning services
on labelled processes via query answering. Our approach is based on two pil-
lars: first, on the implementation of a Knowledge Base, called Business Process
Knowledge Base, that contains: an ontology formalizing one of the most widely
used language for describing business processes, i.e. BPMN [7], a (set of) do-
main ontology(es) that provide the tagging language and semantics, and a set of
merging axioms that specify labeling restrictions and annotation criteria; second,
on a tool that automatically translates a BPMN process labelled with seman-
tic tags into a set of assertions of the knowledge base. Detection of correctness
of semantic tagging, suggestion of possible correct tagging, and semantic query
based analysis of a process in order to find criticalities and manage crosscutting
concerns are implemented via logical reasoning.

2 The Approach

Business Process Modeling Notation (BPMN) [21] is a (graphical) language for
the specification of Business Process Diagrams (BPD). Roughly speaking, a BPD
is an annotated graph whose nodes represents activities, control flows, data, and
auxiliary information about the process. In our semantic variant of BPMN we
allow for tagging objects of a BPD with concept descriptions taken from a (set
of) domain ontology(es), i.e. shared formalizations of a specific domain.
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Fig. 1. Business Processes Knowledge Base

However, not every BPD object can be labelled with any concept. Meaning-
ful semantic annotations should respect some restrictions. For instance, if the
domain ontology is RosettaNe7 then a BPMN object of type activity can be
correctly tagged by rosetta:P1P2 (Partner Interface Process, i.e. a protocol of
outgoing and incoming messages representing request and response dialogue), or
some of its subclasses, but it would be a mistake to label it with rosetta: TotalPrice
(i.e. Total Price for the entire business document, including freight, tax and spe-
cial handling if applicable).

Criteria for correct/incorrect annotation are statements that bridge the se-
mantics of BPMN and the semantics of the domain ontology. From the formal
point of view, these criteria can be represented by inclusion axioms between the
concepts of an ontology formalizing BPD and the domain ontology.

In order to express this kind of constraints and to support automated rea-
soning on them, we propose to encode all the information about semantically
annotated processes into a logical knowledge base, called Business Processes
Knowledge Base (BPKB) and schematized in Figure[ll A BPKB is composed of
the following four modules:

BPMN ontology formalises the structure of a BPD. This ontology is a for-
malization of the BPMN standard [21] and consists of a set of axioms that
describe the BPMN elements and the way in which they can be combined
for the construction of BPDs.

Domain Ontology is a (set of) ontology(es) that describes a specific business
domain. It can be an already existing business domain ontology (e.g. Roset-
taNet or similar standard business ontologies) or an ontology developed on
purpose.

Merging axioms state the correspondence between the domain ontology and
the BPMN ontology. They formalise the criteria for correct/incorrect seman-
tic annotations.

BPD instances contain the description of a set of BPDs in terms of instances of
the BPMN /domain ontology. Every element of the process is represented as an

! yww.w3.0rg/2002/us/sawsdl/spec/ontology/rosetta.owl

2 The notation <ontology>:<concept-name> stands for the concept <concept name> of
the ontology <ontology>.
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individual of a class. The structure of the process (i.e. the connection between
different elements) is represented by means of relations between instances.

A BPKB can be implemented in any knowledge representation language with
minimum expressive power and a complete decision procedure. Using logical
reasoning over BPKB we can implement the following services:

Query answering on the BPD instances: a number of queries that involve
either the domain ontology, the BPMN ontology or both, can be formulated.
An example of query would be to “provide all the actions that are associated
with credit card data”. We can see that to formulate this query we need
knowledge coming from the BPMN ontology (the concept “action” and the
relation “associated with”) and knowledge coming from the domain ontology
(“credit card data”).

Verification of semantic labeling: verifying whether the semantic labelling
satisfies the constraints specified using the merging axioms.

Suggestions for correct labelling of the process: merging axioms can be
used to suggest (sets of ) labels on-the-fly during process annotation. Note that
the usage of merging axioms ensures that the suggested labels are correct.

3 The Business Process Knowledge Base

We implemented BPKB using the standard semantic web language OWL (Web
Ontology Language) based on Description Logics (DL). Description Logics
(see []) are a family of knowledge representation formalisms which can be used to
represent the terminological and assertional knowledge of an application domain
in a structured and formally well-understood way. The terminological knowledge,
contained in the so-called T-box, represents the background knowledge and the
knowledge about the terminology (classes and properties) relevant for the de-
scribed domain. The assertional part, the so-called A-box, contains knowledge
about the individuals which populate the given domain in the form of member-
ship statements. Roughly speaking, in our framework the terminological part
- which is the stable description of a given domain - is provided by the upper
level modules of Figure[Il Instead, the changeable part, which corresponds to a
specific process description shown in the bottom part of Figure[ll is provided in
the form of assertional knowledge.

3.1 An Ontology for BPMN

The BPMN specification [2I] aims at the definition of: the building blocks of
BPDs, their graphical representation, their attributes and properties, and how
they can be combined to build a BPD.

Examples of BPMN elements are: Ewvent, Activity Gateway and Sequence
Flow. Properties of basic elements concern both the usage of the BPMN elements
to compose the business process diagrams, and the behavior of the elements dur-
ing the execution of a process. An example of property of the first kind is the
one used to specify a Start Fvent:
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“A Start Event MUST NOT be a target for Sequence Flow; it MUST (1)
NOT have incoming Sequence Flow.”[An exception follows.]

A different example of property, which specifies the behavioral nature of a graph-
ical element, is the following one. This property contributes towards the speci-
fication of the exclusive nature of the Sequence Flows which originate from an
Exclusive Data-Based Gateway, that is, a Gateway which is used to indicate the
place where a Sequence Flow can take two or more alternative paths:

“if there are multiple outgoing Sequence Flow then only one Gate (or the 2)
DefaultGate) SHALL be selected during performance of the Process.”

BPMNOF (namely our BPMN ontology) provides a formalization of the struc-
tural part of BPDs, i.e. which are the basic elements of a BPD and how they are
(can be) connected. BPMNO is not intended to model the dynamic behaviour of
BPDs (that is, how the flow proceeds within a process). Ontology languages are
not particularly suited to specify behavioral semantics. This part can be better
modelled using formal languages for Workflow or Business Process Specification
based on Petri Nets, as proposed in [18§].

BPMNO is based on the latest stable BPMN specifications from OMG [21].
The ontology is structured according to the description of the complete set of
BPMN Element Attributes and Types contained in Annex B of [2T]. The ontol-
ogy currently consists of 95 Classes and 439 Class Axioms, 108 Object Properties
and 18 Object Property Axioms, and 70 Data Properties; it has the expressive-
ness of ACCHOZIN (D) and a textual description of its Description Logic version
is contained in [14].

In BPMNO, besides organizing the BPMN objects in an is-a taxonomy, we
encoded the attributes and properties which describe how to use these elements
to compose business process diagrams. As a consequence of our effort towards
the modelling of properties, BPMNO contains, in its current state, more than
400 class axioms which describe a wide set of properties of the BPMN elements.
Due to expressiveness limitation imposed by Description Logics and by the fact
that we want to remain in a decidable version of OWL, there is a limited (and
documented) number of properties listed in [21] which are not represented in
BPMNO. These properties concern: (i) attributes’ default values, and (ii) all the
properties that, once translated into first order logic, require more than two
variables. A typical example of this kind of properties is “two objects cannot
have the same object identifier” or that “all outgoing sequence flows connected
to an inclusive gateway must have the same conditional expression attached”.

3.2 Representing Criteria for Correct Semantic Annotations

Let us indicate with BDO a specific domain ontology contained in BPKB. Though
belonging to different ontologies, concepts from BPMNO and BDO are not totally

3 Available for download at http://dkm.fbk.eu/index.php/BPMN Ontology



Reasoning on Semantically Annotated Processes 137

unrelated. Consider for instance the ontologies shown in Figure2l A BPMN activ-
ity, for example, could correspond to BDO actions, but not to BDO objects. Such
kind of relationships can be generic or domain specific constraints that a business
designer decides to impose. For instance, one would like to impose that BPMN sub-
processes can not be annotated by to add product and to remove product, as these
two actions in BDO are considered to be atomic. Conversely, one would like to im-
pose that certain complex BDO actions (e.g. to manage) should correspond to sub-
processes in a BPD because they must be specified in more details.

To allow the business designer to specify this kind of positive and negative
constraints between pairs of concepts, each belonging to one of the two ontolo-

gies, we introduce two relations: “annotatable only by” (ﬁ) and “not annotat-

able by” (ﬁ) from BPMNO concepts to BDO concepts. Moreover, to allow the

binding of a specific BDO concept only to a certain BPMNO element, instead of
defining the nAB relationship between each BPMNO element and a specific BDO
concept, we introduce the symmetrical relations: “annotates only” (L) and

“cannot annotate” (n—A>) These four relationships represent constraints on the
valid labelling of BPD objects. This informal description is then translated into
a more formal set of DL axioms, denoted with Merging Axioms(BPMNO, BDO),
that formalise these constraints within the logical formalism. In the following
table we report the intuitive meaning, and the formalization as DL axioms, of
the four annotation restrictions introduced above. We use x to denote a concept
of BPMNO and y to denote a concept of BDO.

Restriction Intuitive meaning DL axiom?
AB a BPMN element of type x can be annotated only
— Y . . . zLly
with a concept equivalent or more specific than y
nAB a BPMN element of type x cannot be annotated
Ty : . : r Ly
with a concept equivalent or more specific than y
AL, AW concept equivalent or more specific than y can C o
y be used to denote BPMN elements of type x ¥y=
y DAL, A concept equivalent or more specific than y can S

not be used to denote BPMN elements of type x

Figure @ shows examples of constraints. BPMNO:data object A8, BDO:object
states that a BPMN data object is indeed an object of the domain ontology.

BPMNO:action 25 BDO:activity states that an activity can be any kind of action
(either an action itself or a subclass of action). However, if an activity is a sub-
process, then it cannot be labelled by to add product and to remove product, as

stated by BPMNO:sub process "% BDO:to add product and BPMNO:sub process

"B BDO:to remove product. Finally the concept to manage can be used only for

. A
annotating subprocesses, as stated by BDO:to manage — BPMNO:sub process.
4 Though the meaning of z A8, y and y A coincide, we provide both primitives

as, depending on the case to be modelled, one may result more intuitive than the
other.
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Fig. 2. Relationships between BPMNO and BDO

In the general case, some bindings specified by the user via the four prim-
itives may generate inconsistencies in the integrated ontology. This situation
can be automatically detected by verifying the consistency of BPMNO U BDO U
Merging Axioms(BPMNO, BDO) via a DL reasoner. In these cases, suggestions
can be given automatically for recovering from inconsistency.

3.3 Representing a Semantically Annotated BPD in an OWL
A-Box

Given a semantically annotated BDO [, in this section we describe how it is
possible to formalize it as an A-box Ag in the language of BPMNO U BDO. We
explain it with the help of the sample process of Figure[3l This figure represents
the sub-process that manages the addition/removal of items in a shopping cart
of the on-line shopping process represented in full in [I3] and not included here
for lack of space. Semantic annotations are preceded by the “@Q” symbol. The
main part of the A-box associated with this sub-process is shown in Figure @l

The elements of the A-box Ag obtained from the annotated BPD 3, the so-
called BPD objects in Figure[d, are all the graphical objects of 3. The assertions
on these elements can be divided into three groups: BPM-type assertions, BPM-
structural assertions and BPM-semantic assertions.
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Fig. 3. A sub-process of the on-line purchase process

BPM-type assertions: for every graphical element g of type T occurring in
B, Ap contains the assertions T'(g), i.e., ¢ is an instance of concept T8. For
instance the assertion sequence flow(ss) in Figure [ states that the BPM
object s4 is of type sequence flow.

BPM-structural assertions For every connecting object ¢ of § that goes from
a to b, Ag will contain two structural assertions of the form SourceRef(c, a)
and TargetRef(c,b). For instance the assertion has sequence flow source ref
(s1,91) in Figure [ states that the sequence flow s; originates from
gateway ¢i.

BPM-semantic assertions For every graphical element g of the diagram which
is annotated with a label C' (where C' is a complex concept expression of the
domain ontology), Ag contains the assertion C(g). For instance the assertion
to update cart(t1) in Figure [ states that task ¢; is an instance of concept
to update cart and is obtained from the semantic annotation to update cart
of the BPD in Figure Bl

Given an OWL representation Ag we can reduce the problem of checking
the correctness of the semantic annotation of the BPD [ to a satisfiability
problem in DL. In particular we can reformulate the fact that Ag represents a
business process labelled correctly as the fact that BPMNO U BDO U
Merging Axioms(BPMNO, BDO) U Ag is a consistent knowledge base.

The semantic annotation of the process in Figure[3is consistent with the merg-
ing axioms Merging Axioms(BPMNO,BDO) shown in the previous section. As-
sume, instead, to introduce a faulty annotation by replacing @to manage cart in
Figure [ with @Qto remove product. In this case the assertion to manage cart(p)
in Figure[lis replaced by the assertion to remove product(p;). This new assertion
generates an inconsistent A-box. Indeed, BPMNO contains the axiom:

embedded loop sub process C sub process

which allows to infer sub process(p;) from the assertion embedded loop sub process
(p1). Furthermore Merging Axioms(BPMNO,BDO) contains the annotation
restriction.

5 For the sake of readability, we omit the BPMNO prefix in non ambiguous expressions.
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BPD objects

p1 corresponds to the entire subprocess

S$1,...,84 correspond to the four sequence flow

g1 and g2 correspond to the left and the right gateways

t1 and t2 correspond to the top and bottom atomic task
BPM-type assertions

embedded loop sub process(p1) /* p1 is an iterative subprocess */
data based exclusive gateway(g1) /* g1 is a data base zor gateway */
data based exclusive gateway(g2)

sequence flow(s1) /* s1 s a sequence flow object */
sequence flow(s2)

sequence flow(ss)

sequence flow(s4)

task(t1) /* s1 s an atomic task object */
task(t2)

BPM-structural assertions

has embedded sub process sub graphical elements(p1, g1)

. /* p1 contains g1, g2, $1...84, t1 and t2 */
has embedded sub process sub graphical elements(p1, t2)

has sequence flow source ref(sy, g1)

has sequence flow target ref(sy,t1)

has sequence flow source ref(ss, g1)

has sequence flow target ref(sz, t2)

has sequence flow source ref(ss, t1)

has sequence flow target ref(ss, g2)

has sequence flow source ref(sq, t2)

has sequence flow target ref(s4, g2)

BPM-semantic assertions

to manage cart(p1) /* pi is an activity of managing of carts */
to update cart(¢1)

to remove product(tz)

Fig. 4. The encoding of the OnlineShop process in an OWL A-box

BPMNO:sub process = =BDO:to remove product

corresponding to BPMNO:sub process "B BDO:to remove product, which im-
plies =BDO:to remove product(p;). This last assertion is in contradiction with
the assertion BDO:to remove product(p;) generated by the incorrect labelling.

3.4 Automatically Encoding a BPD into an A-box

We developed a tool for the automated transformation of a BPD into an OWL
A-box. Given BPMNO, BDO, Merging Axioms(BPMNO,BDO) and a BPD 3 an-
notated with concepts taken from the domain ontology, the tool creates the A-
box Ag and populates the ontology with instances of BPMN elements belonging
to the specific process.

The input BPMN process is currently described in a .bpmn file, one of the
files generated by both the Eclipse SOA Tools Platform and the Intalio Process
Modeler tools. The .bpmn file is an XML file that contains just the structural
description of the process, leaving out all the graphical details. The ontology pop-
ulation is realized by parsing the file and, taking advantage of a mapping file,
instantiating the corresponding classes and properties in the BPKB T-Box. The
mapping file associates XML tags/attributes used in the .bpmn file with BPMN
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ontology concepts and properties. It is dependent on the particular process rep-
resentation adopted by the tools generating the .bpmn file, hence it must be
redefined or adjusted whenever a tool different from Eclipse SOA Tools Plat-
form and Intalio Process Modeler are used for process creation and editing.

The BPMN process descriptions currently generated by the Eclipse tool or
the Intalio tool do not exhaustively cover the features provided by the BPMN
specification and, therefore, the full ontology potential. The mapping file is lim-
ited to the subset of the specification actually implemented by the considered
tools. Sometimes the mapping is based on assumptions implicitly made by the
tools (e.g. whenever a subprocess is created using the two considered tools, the
concept to be instantiated is “embedded-subprocess”, not “subprocess”, since
only embedded subprocesses can be created using the two tools).

Our transformation tool uses the org.w3c.dom XML parsing library to man-
age the .bpmn input file, Protégé libraries to populate the resulting OWL A-box,
and Pellet for reasoning.

4 Use Cases

Some examples of the usefulness of semantic annotations associated with a Busi-
ness Process Knowledge Base are shown in the following scenarios.

Restricting to subclasses of semantically annotated BPD. A first usage of the
encoding of BPMN into an ontology is the possibility to impose additional re-
strictions on a BPD, or on how a BPD can be semantically labelled. These re-
strictions can be verified automatically via reasoning in the BPKM. We propose
two main forms of constraints: (1) constraints on the BPD structure, indepen-
dent from the labelling; and, (2) constraints on the structure that depend on the
business domain.

In the first case, a new constraint on the BPD structure can be imposed by
extending BPMNO with a new set of axioms that encode this restriction. For
instance, suppose that a business designer, in order to facilitate the decisions
that participants in the process have to make, wants to allow only binary ex-
clusive decisions, hence rejecting both multiple and inclusive ones. This kind
of constraint can be formalized by extending BPMNO with the following DL
axioms:

BPMNO:inclusive_gateway C L /* no inclusive gateways */
BPMNO:gateway C (< 2)BPMNO:has_gateway_gate /* gateway has at most 2 outgoing gates */

In the second case (i.e. restrictions that involve the business domain), the
new constraints deal with business domain specific rules. For instance, in an on-
line shop process, the business expert may be interested, for security reasons, in
guaranteeing that processing payment data is preceded by a customer checkout
request. Such a constraint can be formalized in DL as follows:

BDO:to provide payment data C 3BPMNO:connect™ .BDO:to ask for checkout
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where BPMNO:connect is the transitive closure of the connections provided by
the connecting elements[ In other words, the transitive BPMNO:connect rela-
tionship ensures that there exists at least a path in the model connecting two
flow objects.

Searching for Crosscutting Concerns. Another possible application of seman-
tic reasoning over process ontologies is related to the documentation, manage-
ment, and evolution of the so-called crosscutting concerns (CC) in business
processes [25]. In a business process, a crosscutting concern is any relevant fea-
ture that cannot be modularized in a single unit (i.e. activity, subprocess, etc.)
of the process description. CCs are intrinsically scattered across the process and
tangled with other concerns. For example, multiple process elements usually deal
with user choices and there is no unique place where all such choices are made.
Hence, comprehension and modification of user choices management requires a
complex, time consuming understanding of the overall process and its parts.
Ontologies can help us simplify this task.

Let us consider again the On-line Shop process from which we extracted the
sub-process depicted in Figure[Bl A critical design decision is how to manage the
customer’s preferences, for example in order to store and make them available
in next accesses. As observed above, this is a quite typical example of cross-
cutting concern in a business process, since the customer usually expresses her
preferences at different points in the workflow. We can mine for such points
by formulating a query matching the “customer choice” concern. Figure Bl (top
left) represents such a query in SPARQL [22]. The query matches all the places
where the “customer choice” concern is dealt with in the BP, collecting the five
tasks that represent a customer’s choice (related to products, group products,
quantity and shipping method).

In a second scenario, the business designer could explicitly look for the commu-
nication between the two pools in the On-line Shop process, so as to know all the
on-line shop activities that follow an event generated by a customer activity (e.g.
in order to apply a new event handler). Since the process as a whole is based on
the messages exchanged between the two participants, this concern is scattered
across the entire process (i.e. it is a CC). The query matching the “customer-
shop communication” concern is formulated as the SPARQL query shown at the
bottom of Figure Bl This query asks for all the on-line shop activities triggered
by (i.e. immediately following) a customer event. Similarly to the “annotatable
only by” constraints considered above, we can think to provide aid for an easier
query formulation (e.g. by means of a visual query language [25]) and result
representation (e.g. by highlighting the query results across the process), so as
to avoid exposing SPARQL directly to the final user. Once a query capturing
a CC of interest has been carefully formulated, it can be recorded as a form of
process documentation. Whenever understanding such a CC will be important
for some process design or evolution task, re-execution of the stored query will

% The relation BPMNO:connect can be formalized by the following axioms: BPMNO:has
sequence flow source ref” = BPMNO:connect, BPMNO:has sequence flow target refC
BPMNO:connect, and Trans(connect).
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Choose a

PREFIX p: <http://integratedOntology#> 1. product
SELECT ?t group Choosea

WHERE { payment
?t rdf:type p:activity. Choose a method
?t rdf:type p:to_select. 2. product
?pc rdf:type p:pool. 5 Choose a

?pc p:has process name ‘Customer’

?pc p:has process graphical elements ?t.} Shlp method
- - - 3. Select

quantity

»

PREFIX p: <http://integratedOntology#>
SELECT ?as

?e rdf:type p:event.
?sf rdf:type p:sequence flow. |:> 2. Search for a
s Check product
" |quantity availability
?pc rdf:type p:pool. information

WHERE { ?as rdf:type practivity. Provide

?sf p:has_sequence_ flow_source ref ?e. prOdUCt

?sf p:has_sequence flow_target ref ?as.

3. |Provide policy

?pc p:has process name ‘Customer’.

?pc p:has_process graphical_ elements ?ct. 7. Remove

?mf rdf:type p:message flow. Provide product from cart
?mf p:has_message_flow_source_ref ?ct. 4. detailed

?ps rdf:type p:pool. 1. summarized Checkout
?ps p:has_process name ‘On-line Shop’. product info 5.

?ps p:has_process graphical elements ?as. ]
?ct rdf:type ?task.

?mf p:has message flow_target ref ?e.}

product
information

Fig. 5. Queries (on the left) and results (on the right)

immediately provide all involved process elements, even though they are possibly
scattered and tangled with other process features.

5 Related Work

The idea of adding formal semantics to business processes is not new and a
few approaches are already available for BPMN [26)TO/27/T8J5ITTI24IT9]. We can
roughly divide the existing proposals into two groups: (1) those adding semantics
to specify the dynamic behavior exhibited by a business process [26127/18], and
(2) those adding semantics to specify the meaning of the entities of a BPD in
order to improve the automation of business process management [S[TTI24JT9].
We clearly belong to the second group.

Thomas and Fellmann [24] consider the problem of augmenting EPC process
models with semantic annotations. They propose a framework which joins process
model and ontology by means of properties (such as the “semantic type” of a
process element). This differs substantially from our proposal, which establishes
a set of subsumption (aka subclass or is-a) relations between the classes of the two
ontologies being integrated (BPMN meta-model and domain ontology), instead of
associating annotation properties to the process instances. This difference has a
direct impact on the kind of constraints that can be automatically enforced (e.g.
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BPMN elements annotatable by domain concepts). In particular, our approach
supports automatic checking of the correctness of the semantic annotation. De
Nicola et al. [I9] propose an abstract language (BPAL) that bridges the gap
between high-level process description (e.g. in BPMN) and executable specifi-
cation (e.g. in BPEL). The formal semantics offered by BPAL refers to notions
such as activity, decision, etc., while the problem of integrating process model
and domain ontology is not their focus. In the SUPER project [I1], the SUPER
ontology is used for the creation of semantic annotations of both BPMN and
EPC process models in order to support automated composition, mediation and
execution. In [26], semantic annotations are introduced for validation purposes,
i.e. to verify constraints about the process execution semantics. Our work rep-
resents an extension of the existing literature in that we provide an ontology
integration scheme, based on hierarchical ontology merge, that supports auto-
mated verification of semantic constraints defining the correctness of semantic
process annotations. Moreover, our proposal is compatible with top-level ontolo-
gies and allows rich and expressive queries, such as those necessary to identify,
document and manage crosscutting concerns in business processes.

Other related works are in the area of crosscutting concerns in business
processes, which has been mainly investigated with reference to executable process
description languages. AO4BPEL [3] is a dynamic aspect oriented extension of
BPEL [9], designed to be as close as possible to the aspect-oriented programming
language AspectJ. Similar approaches, mainly differing from AO4BPEL for the
choice of the advice language (Java), have been proposed by Courbis and Finkel-
stein [8] and by Verheecke, Cibran and Jonckers [2], who defined WSML (Web
Service Management Layer), based on a dynamic aspect oriented extension of
JAsCo [1]). Padus [6] by Braem et al. is another aspect-oriented BPEL extension,
without dynamic weaving and with some improvements that increase portability.

All these works mainly focus on the developers’ perspective, without consid-
ering the business designers’ one. Only a few attempts are available which try
to address the problem of crosscutting concerns in business processes at an ab-
straction level similar to the business designers’ one [I7JT5]. Though applied to
a formal modeling language like Petri Nets, the approach proposed by Hornung
et al. [I7] supports the designer in the process modeling phase by suggesting a
list of correct and fitting process fragments for completing the business process.
It is based on business rules describing constraints on the specific business do-
main, similar to aspects, but expressed in a specific “if-then” syntax and defined
before process modeling. Another similar, rule-based approach was proposed to
support automated verification of compliance to constraints [15].

6 Conclusions

We have proposed a method to add semantic annotations to a business process,
based on a set of merging axioms that connect BPMN ontology and domain on-
tology. Semantic annotations allow formal, automated reasoning on the elements
and properties of a business process. Structural and domain specific constraints
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can be expressed as axioms and can be verified as ontology consistency viola-
tions. Queries on the instances (i.e. actual process elements) can be defined to
match relevant process features, such as crosscutting concerns.

In our future work, we will simplify the task of ontology merging for the final
user by means of tools and algorithms that handle the typical inconsistencies gen-
erated in this step. We will also investigate user friendly notations for constraint
and query specification. Another direction deals with moving from specification
to executable process description languages, such as BPEL, for which the dis-
covered CCs may be mapped to AO4BPEL aspects. Finally, we will validate the
approach further, on larger case studies.
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