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Abstract. Data- and artifact-centric business processes are gaining
momentum due to their ability of explicitly capturing the interplay
between the process control-flow and the manipulated data. In this paper,
we rely on the framework of Data-Centric Dynamic Systems (DCDSs),
which has been recently introduced for the formal specification and ver-
ification of data-centric processes, showing how it can be lifted towards
run-time execution support. In particular, we focus on the problem of
database update as induced by the action execution, introducing a set
of patterns that allow for an incremental management of the update. At
the same time, we discuss the natural correspondence between DCDSs
and state-of-the-art rule engines, e.g., JBoss Drools, which paves the
way towards a reference implementation for data- and artifact-centric
processes, where the model used for analysis and verification is fully
aligned with the one adopted for the execution.

1 Introduction

Most of the current approaches to Business Process Management (BPM) adopt
a procedural and imperative point-of-view, based on an explicit specification of
the tasks to be performed and the execution relationships between them that
define the overall flow of control. The modeling perspective is activity-centric and
the main driver for run-time process progression is given by activity completions
that enable subsequent tasks according to the control-flow. Languages such as
BPMN and YAWL follow this imperative activity-centric paradigm and mainly
focus on the control-flow perspective. Approaches aiming at producing executable
process specifications should not only be limited to the control-flow perspective,
but should also consider the data perspective, describing data elements consumed,
produced and exchanged during process executions, and the resource perspective,
describing the operational and organizational context for process execution in
terms of resources (i.e., people, systems and services able to execute tasks) and
their capabilities (i.e., any qualification, skill, equipment, property etc. relevant
for task assignment and execution), along with the policies and rules used to
assign tasks to resources for execution. Declarative constraint-based approaches,
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such as Declare [9], for modeling, enacting and monitoring processes are an initial
attempt to increase flexible modeling capabilities, through the specification of a
(minimal) set of control-flow constraints to be satisfied (or not violated), defined
as relationships among tasks that implicitly define possible execution alternatives
by prohibiting undesired execution behaviors. Resulting models have no rigid
control-flow structure, but they still focus on tasks/activities and provide limited
support for data-oriented modeling and execution.

The root cause of many of the limitations of activity-centric approaches
(based either on imperative procedural models or on declarative constraint-
based specifications) is often identified in the lack of integration of processes
and data [6]. In such models, the information perspective includes a set of data
objects and the data flow between activities, along with the definition of which
activities may read/write data elements as I/O parameters, but the informa-
tion and data flows are hidden in the model [7]. To support the enactment of
these models, activity-centric process-aware information systems basically dis-
tinguish between (i) application data, managed out of the scope of the process
by application services invoked during activity executions; (ii) process-relevant
data, represented as process variables that are read and updated by the activities
and are used by the system to evaluate transitions and path choices (as rout-
ing conditions) within process instances; (iii) process control data, that define
the current state of a process and its execution history. According to [4], this
separation between process data/variables and external data sources leads to an
“impedance mismatch” problem between the process layer and the data layer in
a typical process-oriented information system. In addition, a recent work [8] has
considered the role of data in twelve process modeling languages. The evaluation
shows that the general level of data support is low: while in most of the cases
the representation of data objects is supported, complex data relationships and
their role in process modeling and execution are not considered.

To overcome the limitation of activity-centric approaches, data-centric,
object-aware and case management approaches have recently emerged. The PHIL-
harmonicFlows framework and prototype enables object-aware process manage-
ment on the basis of a tight integration of processes, functions, data and users [6].
Process modeling and execution relies on two levels of granularity that cover
object behavior (or life-cycle) and object interactions. The framework enables
the definition of object types and object relations in a data model, while object
behavior is expressed in terms of a process whose execution is driven by object
attribute changes.

In data-centric methodologies, as the business artifacts framework [5], the
data perspective is predominant and captures domain-relevant object types,
their attributes, their possible states and life-cycles, and their interrelations,
which together form a complex data structure or information model. This data
model enables the identification and definition of the activities that rely on the
object-related information and act on it, producing changes on attribute values,
relations and object states. The general artifact-centric model does not restrict
the way to specify artifact life-cycles, and constraints can be defined in terms
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of: (i) abstract procedural process specifications, e.g., expressed as state machines
or transition systems, as in SIENA [3]; (ii) logical/declarative formalisms (e.g.,
temporal or dynamic logics) or as a set of rules defined over the states of the
artifacts, as in the Guard-Stage-Milestone (GSM) model [5] supported by the
Barcelona GSM environment [13].

Such recent research efforts that focus on data-centric process management
are often framed within the wider discussion that opposes BPM with adaptive
case management (ACM) [12], a paradigm for supporting unstructured, unpre-
dictable and unrepeatable business cases. released a first standard version of
the Case Management Modeling Notation (CMMN)1; rather than an extension
of BPMN, indeed CMMN relies on GSM constructs (guards, stages, milestones
and sentries), with the additional possibility to unlink milestones from specific
stages, define repetition strategies for stages and tasks, and enable late model-
ing/planning by introducing discretionary elements to be selected at run-time.

Several works have provided a theoretical foundation to the artifact-centric
paradigm, with specific focus on the possibilities to perform verification tasks on
the models. We refer the reader to [2] for a comprehensive discussion of the rel-
evant literature. in [1], referred to as Relational Data-Centric Dynamic Systems
(DCDSs), that considers both the case in which actions behave deterministically
and the case in which they behave nondeterministically, so being still more realis-
tic in modeling external inputs (either from human actors or services). Syntactic
restrictions guaranteeing decidability of verification are shown for both cases. In
[11] it is shown how to reduce a GSM schema to a DCDS schema. Thus DCDSs
are capable of capturing concrete artifact-centric models (being GSM at the
core of the CMMN standard) and it gives a procedure to analyze GSM schemas:
verification of GSM schemas is, in general, undecidable, but once traduced in a
DCDS it is possible to exploit the results in [1] for decidability of verification.
A syntactic condition that is checkable directly on a GSM schema is presented
and that, being subsumed by the conditions for DCDSs, guarantee decidability
of verification.

From a practitioners’ point of view, an important missing piece is the avail-
ability of process management systems enacting artifact-centric process models.
In particular, a kind of reference/core implementation would be beneficial for
rapid prototyping purposes, as well as for further research aiming at assess-
ing their practical use, with the need of evaluating the related paradigms and
methods in concrete settings. realization of such a reference implementation for
DCDSs. Such an ambitious aim poses several challenges, which will be discussed
in this paper as well, and has interesting outcomes, i.e., the seamless use of the
specification model also as effective run-time of the process instances themselves.
It is particularly interesting that the same model used for analysis and for veri-
fication is then used for the enactment, and this property is not guaranteed by
other formalisms/approaches. Notably, the reduction from GSM to DCDSs [11]
produces a DCDS model that resembles an execution engine based on forward
rules, and requires to realize some “tricks” and supportive relationships that are
1 http://www.omg.org/spec/CMMN/1.0/Beta1/
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very similar to those ones that would serve precisely to manage the execution.
We will discuss how to base a reference implementation on state-of-the-art rule
engines, e.g., JBoss Drools.

2 Background and Basic Concepts

2.1 Data Centric Dynamic Systems

Data Centric Dynamic Systems (DCDSs) [1] are systems that fully capture the
interplay between the data and the process component, providing an explicit
account on how the actions belonging to the process manipulate the data. More
specifically, a DCDS S is a pair 〈D,P〉 formed by two interacting layers: a data
layer D and a process layer P over D. Intuitively, the data layer keeps all the
data of interest, while the process layer reads and evolves such data.

The data layer is constituted by a relational schema R equipped with (denial)
constraints, and by an initial database instance I0 that conforms to the schema
and satisfies the constraints. Constraints must be satisfied at each time point,
and consequently it is forbidden to apply an action that would lead the data
layer to a state that violates the constraints.

The process layer defines the progression mechanism for the DCDS. The
main idea is that the current instance of the data layer can be arbitrarily queried,
and consequently updated through action executions, possibly involving external
service calls to get new values from the environment. More specifically, P is a
triple 〈F ,A, �〉, where: A is a set of actions, which are the atomic update steps on
the data layer; F are external services that can be called during the execution
of actions; and � is a set of condition-action rules that provide a declarative
modeling of the process, and that are in particular used to determine which
actions are executable at a given time.

Actions. Actions are used to evolve the current state of the data layer into a
new state. To do so, they query the current state of the data layer, and use
the answer, possibly together with further data obtained by invoking external
service calls, to instantiate the data layer in the new state. Formally, an action
α ∈ A is an expression α(p1, . . . , pn) : {e1, . . . , em}, where: (i) α(p1, . . . , pn) is its
signature, constituted by a name α and a sequence p1, . . . , pn of parameters, to be
substituted with actual values when the action is invoked, and (ii) {e1, . . . , em},
denoted by effect(α), is a set of specifications of effects, which are assumed to
take place simultaneously. Each ei has the form q+i ∧ Q−

i � Ei, where:

– q+i ∧ Q−
i is a query over R whose terms are variables, action parameters, and

constants from adom(I0)2, where q+i is a union of conjunctive queries, and
Q−

i is an arbitrary first-order formula whose free variables are among those
of q+i . Intuitively, q+i is applied to extract the tuples used to instantiate the
effect, and Q−

i filters away some of such tuples.

2 adom(I0) is the set of constants/values mentioned in the initial database instance I0.
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– Ei is the effect, i.e., a set of facts over R, which includes as terms: terms in
adom(I0), free variables of q+i and Q−

i (including action parameters), and in
addition Skolem terms formed by applying a function f ∈ F to one of the pre-
vious kinds of terms. Each such Skolem term f represent a call to an external
service identified by f , and are typically meant to model the incorporation of
values provided by an external user/environment when executing the action.

Process. The process is used to determine which actions can be executed at a
given time, and with which parameters. To do so, it relies on condition-action
rules, which constitute a flexible, declarative way of specifying the process, and
can be used to accommodate more “concrete” process specification languages.
condition-action rules of the form Q �→ α, where α is an action in A and Q is a
first-order query over R whose free variables are exactly the parameters of α, and
whose other terms can be either quantified variables or constants in adom(I0).

Example 1. In this work, we rely on the example presented in [1], where
an audit system that manages the process of reimbursing travel
expenses in a university is modeled as a DCDS. In particular, we report
selected parts of the request subsystem that manages the submission of reim-
bursement requests by an employee. A reimbursement request is associated
with the name of the employee (represented in the data layer as a relation
Travel = 〈eName〉) and comprises information related to the corresponding
flight and hotel costs (Hotel = 〈hName, date, price, currency, priceInUSD〉 and
Flight = 〈date, fNum, price, currency, priceInUSD〉 relations). In addition, the data
layer keeps the state of the request subsystem (Status = 〈status〉 relation, hold-
ing the fact Status(‘readyForRequest’) in the initial state), which take three
different values: ‘readyForRequest ’, ‘readyToVerify ’, and ‘readyToUpdate’, and a
list of approved hotels (ApprHotel = 〈hName〉 relation).

The process layer includes a set of service calls, each modeling an input of an
external value by the employee (e.g., inEName() for the name of the employee,
inHName() for the hotel name, inHDate() for the hotel arrival date, etc.). In
particular, the decide() service call models the decision of the human monitor,
returning ‘accepted′ if the request is accepted, and ‘readyToUpdate’if the request
needs to be updated by the employee. The set of actions includes InitiateRequest,
VerifyRequest, UpdateRequest, and AcceptRequest. When a request is initiated
(action InitiateRequest), the system status is set to ‘readyToVerify ’and the
employee provides travel details (her name and hotel and flight details), as mod-
eled by the subset of action effects

true � Travel(inEName())
true � Hotel(inHName(), inHDate(), inHPrice(), inHCurrency(), inHPInUSD())

Action VerifyRequest models the preliminary check by the monitor. Travel event,
hotel, and flight information are copied unchanged to the next state. If the hotel
is on the approved list, then the request is automatically accepted and the system
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status is set accordingly. Otherwise, the request is handled by a human monitor
(cf. decide()). Action VerifyRequest includes as effects

Hotel(x1, . . . , x5) ∧ ApprHotel(x1) � Status(‘accepted′)
Hotel(x1, . . . , x5) ∧ ¬ApprHotel(x1) � Status(decide())
Travel(n) � Travel(n),Hotel(x1, . . . , x5) � Hotel(x1, . . . , x5)
Flight(x1, . . . , x5) � Flight(x1, . . . , x5),ApprHotel(x) � ApprHotel(x)

In case of rejection,the action UpdateRequest is triggered and the employee needs
to modify the information regarding hotel and flight, moving the status to
‘readyToVerify ’. Finally, action AcceptRequest returns the system in the state
‘readyForRequest ’. The overall process is defined by condition-action rules that
guard the actions by the current system’s state and include (among the others):
Status(‘readyToV erify′) �→ VerifyRequest, Status(‘accepted′) �→ AcceptRequest.

2.2 Process and Action Execution

To understand the potential of DCDS models as key enablers towards a model-
driven process execution and management approach, we define an abstract execu-
tion semantics for condition-action rules and actions that determines the actual
behavior of an abstract execution engine for DCDSs. Basically, given an instance
I of the data layer and a process specification �, the engine undertakes a set of
steps that lead to instantiate the data layer in a new state. The approach is in
accordance with the formal execution semantics defined in[1].
Rules Evaluation and Executable Actions. For each CA rule Q �→ α the
corresponding query Q is executed over the data layer. Whenever a tuple �d of
values is returned by issuing Q over the current database instance, then the
condition-action rule states that α is executable by fixing its parameters accord-
ing to �d. Basically, the eligibility of a rule corresponds to the executability of
the corresponding action, under one or more bindings for its parameters. In gen-
eral, at a given time multiple actions are executable, and the same action can
be parametrized in several ways. Notice that this approach provides a notion
of concurrency tailored to the one of interleaving, as typically done in formal
verification.
Action Execution. Among the executable actions, a strategy has to be imple-
mented to select which action to pick. As pointed out in [10], many possible
strategies can be implemented on top of a process-aware information system
to allocate actions to resources. These strategies are orthogonal to the execu-
tion semantics, and can be therefore seamlessly realized on top of the abstract
execution engine described here.

When an action α with parameters σ is chosen, the engine is responsible for
the application of the action. In particular, the execution of α instantiated with
σ corresponds to evaluating and applying the corresponding effects, according
to the following steps:

1. The effects of α are partially instantiated using the parameter assignment σ.
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2. The left-hand side of each effect is evaluated by posing the corresponding
query over the current relational instance, obtaining back a result set that
consists of all possible assignments θ1, . . . , θn that satisfy the query.

3. The right-hand side Ei is considered, so as to obtain, for each θi, the set of
facts instantiated with σ and θi, denoted as Eiσθi.

4. Eiσθi may contain service calls. In this case, the engine handles the inter-
action with such services, so as to obtain the result values for each call3.
Notice that how these values are obtained is orthogonal to the abstract exe-
cution semantics, and could be managed by the execution engine in several
different ways, such as interaction with external web services, or with human
stakeholders via forms.

5. The new instance of the data layer is obtained by putting together the results
obtained from the application of effects and the incorporation of service call
results.

3 Basic Effect Patterns for a Reference Implementation

The DCDS semantics described above intuitively defines the execution of an
action as a two-step process consisting in: (i) the generation of all the facts
implied by an action’s effects, and (ii) the construction of the successor data-layer
instance, containing exactly such facts. It is not hard to see that a direct, näıve
implementation of this semantics yields, in general, a waste of computational
resources. For instance, for an action with effect specifications e1 : R(�x) � R(�x)
and e2 : q+(�x) � R(�x), the construction of the successor instance requires to
evaluate both R(�x) and q+(�x) against the current instance I, and then define
the successor instance I ′ as the union of the obtained facts. However, since
the action only adds new facts – those generated by e2, there is no need to
generate the facts that persist from I – those generated by e1. That is, according
to the the common sense law of inertia, the transition can be efficiently realized
in an incremental fashion.

What we do next, is to propose a modeling approach for DCDS that facilitates
this incremental approach, by offering specific constructs for actions that only
add, update or delete facts from the current instance. For more complex cases
we still assume a direct implementation, and leave the analysis of these cases for
future investigation.

From a practical perspective, supporting the specification and the execution
of actions in terms of create, delete and update operations brings several advan-
tages: 1. The way of specifying DCDS fits the usual attitude of designers and
their familiarity with manipulating data through CRUD4 operations. 2. CRUD
operations enable automated techniques for a model- and data-driven genera-
tion of user forms for supporting the execution of actions that involve human
3 We assume here two-way blocking service calls.
4 Notice that the read operation is in fact already supported through queries over the

data layer.
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performers. 3. Action executions can be efficiently realized through incremental
changes over the current instance.

We start by discussing the specification patterns that capture the effects
corresponding to create, delete and update. Specifically, we isolate three syn-
tactic patterns that can be used to define the usual create, delete and update
operations, and for each of them, we provide an actual syntactic construct. We
also introduce a further construct update+, meant to capture a more general
form of update where the new values to assign to existing facts can be obtained
by answering generic queries over the current instance. This construct, though,
needs an additional semantical requirement, in order to guarantee an incremen-
tal implementation of action effects. The intended goal of these constructs is
to allow DCDS designers to produce action specifications whose effects can be
incrementally applied on the current instance. All constructs are detailed below.

In order to be able to define generic DCDS effects, we also introduce the set
construct, defined as:

set �t for R if q+ ∧ Q−,

where �t is a tuple of terms that can be either action parameters, terms from
adom(I0), Skolem terms (as discussed in previous section), or free variables from
q+ ∧Q−. This construct corresponds to the effect specification q+ ∧Q− � R(�t).

Next, we detail the constructs introduced above. To guarantee the possibility
of applying incremental changes, we require that the effect specification of every
action α is such that for every relation R, either: (i) only insert’s are present
that add facts to R; or (ii) only one delete is present that deletes facts from R;
or (iii) only one update is present that updates facts in R; or iv) only sets are
present that set R. In addition, all relations Ri for which no effects are defined
are preserved unchanged, i.e., we add the effect Ri(�x) � Ri(�x). Notice that the
unrestricted use of set’s guarantees the full expressive power of DCDS, although
it may negatively affect the efficiency of execution.

Adding Tuples to a Relation. A create (or Add) operation that instantiates
new facts to add to a relation R corresponds to the definition of the following
effect specifications:

Add :
{
q+ ∧ Q− � R(�t), R(�x) � R(�x)

}

The effect specification q+ ∧ Q− � R(�t) corresponds to the generation of a set
of facts to be used to instantiate the relation R in the new state, and no specific
restrictions are imposed with respect to the general effect specification form.
Specifically, the terms �t can include constants in adom(I0), action parameters
(recall that effect specifications occur within action’s), free variables of q+ and
function calls that represent external service invocations. The effect specification
R(�x) � R(�x) ensures the persistence of existing facts in the relation. The new
instance of R can thus be incrementally built from R by adding the set of facts
R(�t) obtained according to the general effect execution procedure. The Add
specification pattern is specified by the following construct:

insert �t into R if q+ ∧ Q−,
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where �t and q+ ∧Q− are as defined before. Notice that multiple Add operations
for the same relation R are allowed as effect specifications in an action α. The
corresponding effect specifications are of the form:

q+1 ∧ Q−
1 � R(�t1), . . . , q

+
n ∧ Q−

n � R(�tn), R(�x) � R(�x)

where each effect specification of the form q+i ∧ Q−
i � R(�ti) corresponds to the

generation of a set of facts to be added to the relation R , and the effect speci-
fication R(�x) � R(�x) ensures the persistence of existing facts in the relation.

Deleting/Retaining Tuples From a Relation. Intuitively, deleting from a
relation R a set of tuples that match a condition, requires to copy to the next
instance (i.e., retain) all the existing tuples in the relation that do not match
the deletion condition. To achieve this, we can exploit the explicit distinction
made in DCDS effects between q+ and Q−, by defining an effect such that: (i)
q+ selects all the tuples in the relation; (ii) Q− filters away the tuples to be
deleted; (iii) the resulting tuples are used to instantiate the new set of facts for
the relation.

A delete operation that removes a set of tuples from a relation R can be
represented as a DCDS effect of the form

Retain : R(�x) ∧ Q− � R(�x)

The effect retains all the tuples in R that satisfy Q−, or, equivalently, deletes
all those that do not satisfy Q−. The new instance of R can thus be incremen-
tally built from R by deleting all the tuples that satisfy R(�x) ∧ ¬(Q−). Notice
that the specification restricts the terms �x to be only variables, i.e., constants in
adom(I0), action parameters and, for the right-hand side of the effect specifica-
tion, function calls are not allowed, although constants and action parameters
can still be used as terms in Q−, according to the general effect specification
form. The delete construct is defined as:

delete from R where Q−,

where Q− has to fulfill the requirements discussed above. Notice that this cor-
responds to the effect specification: R(�x) ∧ ¬Q− � R(�x), which is in the same
form as the Retain pattern above. As already mentioned, only one Delete
operation for R can be defined in the set of effect specifications, for an action α.
Notice, however, that multiple retain/delete conditions over the tuples of R can
alway be properly combined in the Q− part of a single Delete operation.

Updating Tuples in a Relation. An update operation corresponds to the
following effect specifications:

Update :
{
R(�x) ∧ Q− � R(�t), R(�x) ∧ ¬(Q−) � R(�x)

The effect specification R(�x)∧Q− � R(�t) selects from R all the tuples that match
the update condition Q−, and for each of them a tuple �t for R is instantiated.
As in the general case, constants in adom(I0), action parameters, free variables
of q+ (i.e., R(�x)) and function calls are allowed in the right-hand side of the
effect specification. The effect specification R(�x) ∧ ¬(Q−) � R(�x) selects from
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R(�x) all the tuples that do not match the update condition Q−, and copies them
unchanged to the next state, so as to ensure their persistence. The new instance
of R can thus be incrementally built from R by updating each tuple that matches
the update condition. The update construct we provide is defined as:

update R set �t where Q−,

where �t and Q− are as discussed above. Analogously to the Delete operation,
we constrain the specification so that only one Update operation for R can
occur in effect(α) for action α. Multiple update conditions over the tuples of
R can still be combined in the Q− part of a single Update.

Updating Tuples in a Relation – Update+. In the Update operation
defined above, the updated tuples are generated using constants in adom(I0),
action parameters, function calls and free variables of the q+ part (i.e., R(�x)).
We provide here an extended version of the operation, called Update+, that
under specific conditions allows updating tuples in a relation R also with val-
ues obtained by querying the current instance of the data layer. The Update+

operator is defined by the following effect specifications:

Update+ : {q+ ∧ Q− � R(�t), R(�x) ∧ Q̃− � R(�x), where

q+(�x, �y) = R(�x) ∧ q(�z, �y), with �z ⊆ �x, and Q̃− = ¬∃�y (q(�z, �y) ∨ Q−(�x, �y)).

Intuitively, the answer of Q(�x, �y) = q+(�x, �y) ∧ Q−(�x, �y) produces a result set
where each tuple consists of two sub-tuples: one, the projection over �x, is the
R-tuple to update, and one, the projection over �y, contains the values needed to
instantiate the updated fact R(�t). Notice that �t can include free variables of q+

(i.e., variables from �x and �y), as well as constants in adom(I0), action parameters
and function calls. The effect specification R(�x)∧ ˜Q− � R(�x) ensures persistence
of the tuples in R not subject to updates. Indeed, it is easy to check that its
answer contains all the R-tuples not occurring as sub-tuples in the answer of
Q(�x, �y).

In this case, the new instance of R can be incrementally built from R by
updating a subset of its tuples only if the answer given by evaluating Q(�x, �y) =
q+(�x, �y) ∧ Q−(�x, �y) over the current instance of the data layer is such that �x
functionally determines �y, i.e., for each pair of tuples in the answer having the
same values for �x, the corresponding values for �y are the same. Intuitively, this
condition ensures that for each tuple in R (i.e., a tuple with values for �x) to be
updated, there is a single tuple with values for �y to be used in the update. We
can thus provide an update+ operator defined as

update+ R set �t where q+(�x, �y) ∧ Q−(�x, �y)

where �t and q+(�x, �y)∧Q−(�x, �y) are as above. Also in this case, we constrain the
specification so that only one Update operation for R can be defined in the set
of effect specifications effect(α) for an action α.
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In the general case no syntactic restrictions can be imposed on Q(�x, �y) to
ensure the existence of the functional dependency from �x to �y, which can only
be checked at query execution time. If the required functional dependency is
violated, the new instance of R cannot be incrementally built from R by updating
a subset of its tuples. However it can still be constructed by resorting to the
general semantics. In this case, though, the intended semantics of the update is
not preserved in general, as the resulting instance of R may contain additional
tuples, namely those generated by “updating” an R-tuple with different sets of
values.

4 Towards a Rule-Eengine Based Implementation

The executable nature of DCDS models, coupled with the efficient implemen-
tation induced by the operators defined above, makes them well suited for the
realization of a support system for rapid prototyping of data-centric processes.
In particular, state-of-the-art rule engines, such as the open-source Java-based
Drools Expert rule engine5 at the heart of the following discussion, represent
a viable technological solution for supporting the declarative specification of a
DCDS and for providing the run-time environment that supports the DCDS
operational semantics of CA rules and actions.

Data Modeling. The relational schema at the heart of the data layer can be
directly mapped to an object-oriented representation of the application domain.
In particular, each relation schema is represented as a class having as name
the name of the relation and as instance variables the attributes defined in the
relation schema, so that each object instance of such a class is considered as a
fact and corresponds to a tuple of a relation. representing Java beans), or the
Drools type declaration language can be exploited for defining fact types and
their attributes.

Example 2. In the travel reimbursement example, the Hotel relation can be rep-
resented by the following fact type declaration:

declare Hotel

hName:String date:Date price:double

currency:String priceInUSD:double

end

Actions Modeling and Implementation. DCDS action specifications serve
as a basis for driving their implementation, and declarative specifications of
action effects can be mapped into a concrete procedural implementation of the
action. As the Drools framework provides support for the definition of named
queries over the data model, the query part of each effect specification is directly
represented by a corresponding Drools query. Queries are used to retrieve fact
5 http://www.jboss.org/drools/

http://www.jboss.org/drools/
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sets based on patterns6, and a query has an optional set of parameters that we
exploit for binding query parameters that refer to action parameters.

Basically, executing an effect requires to execute the corresponding query
and the use the query result set according to the specific operation associated
with the effect. For insert, delete and update/update+ operations, objects
representing facts are respectively inserted, deleted and updated in the engine’s
working memory, by exploiting the insert(), retract() and update() methods
provided by the engine. For a set operation, existing facts are first retracted,
and generated facts are then inserted in the working memory.

Example 3. The effect Hotel(x1, . . . , x5) ∧ ApprHotel(x1) � Status(‘accepted′)
defined in the example, corresponds to a set operation of the form

set ‘accepted′
for Status(status) where Hotel(x1, . . . , x5) ∧ ApprHotel(x1)

whose query is mapped to the Drools query

query "Hotel Approved"

Hotel($x1:hName,$x2:date,$x3:price,$x4:currency,$x5:priceInUSD)

ApprHotel(hName == $x1)

end

true Hotel(inHName(), inHDate(), inHPrice(), inHCurrency(), inHPInUSD())

Fig. 1. Form-based user involvement in action executions.

For effects defined as insert, set and update/update+ operations, the instan-
tiation/update of new/existing facts may require to obtain new data from the
external environment. In general, each functional term can be mapped to a
method call, that may consist in a user-defined piece of code, may correspond
to a remote method invocation or Web service call, or it may implement the
specific logic for generating an input dialog so as to get user’s input. updating
a fact can be grouped in a single user form, automatically built from the type
or class definition (Fig. 1). Attributes whose values are given by the user are
shown as input fields, while attributes whose value is already defined (e.g., by a
constant/action parameters) are shown as non-editable fields.
Process Modeling. The modeling of a DCDS process as a set of CA rules is
directly represented as a set of rules defined in the Drools Rule Language (DRL).
6 Conditions defined in a query or in CA rules are referred to as patterns, and the

process of matching patterns against the data is called pattern matching.
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For each condition-action rule of the form Q �→ α, a corresponding named rule
is created, as rule "ruleName" when Q then execute(α) end.

Example 4. In the travel reimbursement example, the condition-action rule rep-
resented as Status(‘readyToVerify′) �→ VerifyRequest is mapped to the following
rule

rule "Verify Request"

when Status(status == StatusEnum.READY_TO_VERIFY)

then Executor.perform(new VerifyRequest());

end

Process Execution. The insertion of new data (as well as the update or deletion
of existing data), either when the data layer is first instantiated or as a result of
action executions, acts as a trigger for the rules evaluation process. and adopts
a forward chaining data-driven approach in the process of matching new or
existing facts in working memory against the rules, to infer conclusions which
result in actions. Rules whose condition part is fully matched become eligible
for execution, and the evaluation process can result in multiple eligible rules,
i.e executable actions. and according to a conflict resolution strategy determines
a single rule activation to be executed. According to our rule definitions, the
firing of a rule activation results in the creation and execution of an action
instance with a binding for its parameters. The execution of an action results in
the insertion, deletion and update of facts in working memory, and the engine
starts a new match-resolve-act cycle, where previously activated rules may be
de-activated (as their condition is no longer matched by the actual facts) and
removed from the agenda, and new instances may be activated, resulting in a
new set of executable actions.

5 Conclusions

The DCDS framework induces a data-centric process management approach,
where models (i) rely on a complete integration between processes and data,
and (ii) are both verifiable and executable. As a first step towards a reference
implementation for DCDSs, we proposed a modeling approach for DCDSs that,
on the basis of specific constructs for specifying actions’ effects, enables an effi-
cient implementation of action executions, through incremental changes over the
current instance of the data model. While rule engines can be exploited for rapid
prototyping of DCDSs, several aspects still need to be considered. In particu-
lar, the resource perspective must be incorporated into the picture. Data-centric
models are able to support an integrated modeling of human resources and data,
by combining classical role-based organizational meta-models with a fine-grained
modeling of users and their domain-specific roles in relation to data elements.
At a process specification level, in line with the well-known resource patterns,
this allows declaratively defining possible bindings between actions and human
performers on the basis of both user- and data-aware conditions that guard
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the executability of actions, going beyond simple role-based assignment poli-
cies. Similarly, run-time user involvement in the selection of executable actions
has to be considered, investigating both the link with classical worklist-based
approaches and the possibility of supporting knowledge workers with decision-
support features.
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