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Abstract. Over the past several years, the artifact-centric approach to workflow
has emerged as a new paradigm of business process modelling. It provides a ro-
bust structure of workflow and supports the flexibility of workflow enactment
and evolution especially in a collaborative environment. To facilitate and foster
business collaborations, the customisation, privacy protection, and authority
control of business processes are essential. Given the diverse requirements of
different roles involved in business processes, providing various views with
adequate process information is critical to effective business process manage-
ment. Several approaches have been proposed to construct views for traditional
process-centric business processes; however, no approach has been developed
for artifact-centric processes. The declarative manner of process modelling in
artifact-centric approaches makes view construction challenging. In this paper,
we propose a novel process view framework for artifact-centric business proc-
esses. The framework consists of artifact-centric process models, view models,
and a mechanism to derive views from underlying process models. Consistency
rules are also defined to preserve the consistency between a constructed view
and its base process model.

1 Introduction

The artifact-centric business process model has emerged as a new promising approach
for modeling business processes, as it provides a highly flexible solution to capture
operational specifications of business processes. It particularly focuses on describing
the data of business processes, known as “artifacts”, by characterizing business-
relevant data objects, their lifecycles, and related services. The artifact-centric process
modelling approach fosters the automation of the business operations and supports the
flexibility of the workflow enactment and evolution [1, 7, 10, 11]. Further, it also ef-
fectively enables collaboration of the business processes as the lifecycle of an artifact
may span multiple business units when it evolves through the process. Each time the
artifact moves from one state to another state, its relevant information/data is updated.
Services that update on the artifact can be performed by various roles of participants,
which may belong to a single organization or different organizations. Given the diver-
sity of the participants involved in business processes, providing various views with
adequate information of artifacts and business processes to participants according to
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their roles is considered as a critical requirement to enable the effective business
process modelling and management [5].

For example, top-level executives may need high level information about all im-
portant artifacts, while operational level employees may need to know the detailed
information of some artifacts and their progresses. Based on these requirements, there
is a need of a flexible and customizable process model to support appropriate artifact-
centric process abstractions that encapsulate sensitive information for different roles
of participants.

The process view approaches have been proposed in several works [2, 3, 5, 6] to
provide various levels of visibility to process information which enable organizations
to maintain appropriate levels of privacy and security. These works are based on the
traditional process-centric business processes. To the best of our knowledge, the prob-
lem of constructing views for the artifact-centric processes has not yet been well
studied. We observed that the approaches to process view construction of those two
paradigms of business process modelling are different. (1) The approach to view con-
struction of the process-centric processes is task-based abstraction, while for the arti-
fact-centric processes is object-based. The former is more explicit while the latter is
more implicit. (2) The process logic of process-centric processes is described in a
procedural manner using control flows, while the logic of artifact-centric processes is
captured and maintained in a declarative manner using business rules and services
to define the interaction of artifacts, tasks and their flow. As such, this brings in a
new challenge on how views can be defined and derived for different roles for such
declaratively defined specifications of business processes.

To address the above requirements, we propose a novel artifact-centric process
view framework which consists of an artifact-centric business process model, a proc-
ess view model with the construction approach, and a comprehensive set of view con-
sistency rules to preserve the structural and behavioural consistency between process
views. Our proposed framework enhances the artifact-centric business process model
as it can provide various roles of participants with different views of a process to meet
their requirements and to support different levels of authority when accessing artifacts
of collaborative business processes.

The remainder of this paper is organized as follows. Section 2 introduces process
view framework with our motivating example. Section 3 introduces the artifact-
centric process model, definitions, and syntaxes for both business processes and
views. Section 4 provides a process view construction framework based on role-based
view configurations and consistency constraints. Section 5 reviews the related works.
Finally, the conclusion and future work are given in Section 6.

2 Motivating Example

In the artifact-centric approach, business processes are structured around business
artifacts. An artifact holds its data and its current state. The move of one state to an-
other state of an artifact is triggered by a pre-defined business rule of the processes,
i.e., a business rule describes how state changes. This rule also induces a service in-
vocation which will modify data of related artifacts. The detail of artifact-centric
process model is described in Section 3.
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In this section, we introduce an example of business processes to illustrate and mo-
tivate the process views that can be constructed based on the underlying business
process with role-based view requirements. Our example of business processes is
adapted from a general buyer-seller business and its supply chain process. It consists
of two business processes: product ordering and shipping. The ordering process starts
when a customer places an order to the retailer for a particular product and ends when
the customer pays the invoice. The shipping process starts when the retailer creates a
shipment and ends when the item arrives to the customer. Now, we start with intro-
ducing artifacts used in the processes. Figure 1 shows the cross-boundary view of five
main artifacts that involve in our collaborative business processes. The shaded boun-
dary of each artifact indicates that the state/data of artifact is changed or updated
by some participants in the collaboration. The boundary of an artifact may cover mul-
tiple departments in the organization or even span to other organizations. Here, we do
not detail how data/state of each artifact can be changed; however, some artifacts are
described when we run through Section 3.

Customer Retailer Supplier Shipper
ales Dept.

[Custo mer Artifact

Dept-
[Product Artifact ]
[ [T

[Shlpmenl Artifact ]

[Order Artifact ]

[InvolceArtha;Ct ; ‘ - ] J ‘ \—

Fig. 1. Business artifacts in collaborative business processes

Now, we can see that an artifact which spans multiple departments or organizations
is an interest of some participants that belong to those organizational units, e.g., the
Order artifact involved in the Sale and Accounting departments is of course interest-
ing to sale clerks, sale managers, accounting clerks, and accounting managers, etc.
Each role of stakeholders who are interested in the artifact may have different re-
quirements or restrictions of how much details of the artifact they want to see or are
able to see depending on the authority of the role together with the privacy and securi-
ty concerns for the artifact in the processes. When process modelers discover artifacts
and model processes, they may not need to concern with these requirements of the
stakeholders. The artifact then is defined at the most detailed level that is adequate
enough to be used for the operation of processes. Later, they define/customize differ-
ent views of the artifact for different roles depending on user’s requirements, e.g.,
customization, privacy protection, and authority control. The view requirement for
users of a particular role specifies a structure of artifact’s states and their visibility.

Figure 2 shows different views of the Order artifact in our business processes.
Figure 2 (a) presents the original (or operational) view of the Order artifact. Figure 2 (b)
illustrates the views of the Order artifact for the Sale and Accounting roles, respectively,
according to the view requirements specified in Figure 2 (c). In this example, the re-
quirement for the Sale role specifies that: (1) the delivering and billed states are nested
under the in_processing state and delivering nests the in_shipping and shipped; (2) the
init, open_for_item, in_shipping, and shipped states are hidden. We use a white rectan-
gle to represent a visible state while a gray shaded rectangle represents a hidden state.
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Fig. 2. Operational view vs. Role-based view

It is understandable that the view requirements can be specified at the artifact level
in the artifact-centric approach, i.e., each artifact in business processes will have its
corresponding requirement for each role. However, when constructing process views,
we do not only consider individual artifacts, but we need to take into account business
rules as well. For example, if a business rule makes a change of two states of different
artifacts, then hiding a state of one artifact will have an impact on the another artifact.
In order to maintain the integrity of business rules for constructed process views, a
well-defined set of rules for the view construction is required. Technically, this brings
in the challenge to develop a mechanism to generate a process view that correctly
preserves the consistency between itself and its underlying business processes.

3 Artifact-Centric Process Model for Business Processes and
Views

The concept of modelling artifact-centric processes has been established under the
framework proposed in [10] and its formal model can be found in [11]. We extend
their artifact-centric business process model to process views. The artifact-centric
process (ACP) model consists of three core constructs: artifacts, services, and busi-
ness rules. An artifact is a business entity or an object involved in business
process(es). Each artifact contains a set of attributes and states. For each artifact, the
evolution of states from the initial to the final states describes its lifecycle. A service
is a task that requires input data from artifact(s) or users, and produces an output by
performing an update on artifact(s). We use a business rule to associate service(s)
with artifact(s) in a Condition-Action style. Each rule describes which service is in-
voked and which state of artifact is changed under what pre-condition and post-
condition. We describe the behavior of each artifact in the ACP model by adopting
the state machine, and formally define a view of artifact and a view of ACP which is
derived from the ACP model.
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3.1 Syntax of Artifact-Centric Process Model

In this section, components and syntaxes of artifact-centric process model for busi-
ness processes are introduced and defined.

Definition 1: (Artifact class). An artifact class abstracts a group of artifacts with
their data attribute and states. An artifact class C is a tuple (A, S) where,

- A={ay, ay, ..., ay}, a;€ A(1<i<x) is an attribute of a scalar-typed value (string
and real number) or an undefined value
- S={s1, 55..., 5, }U{s™}, 5,€S(1<i<y) is a state and s denotes initial state.

Definition 2: (Artifact schema). An artifact schema Z contains a set of artifact
classes, i.e., Z = {Cy, Cy, ...,, C, }where C;e Z (1<i<n) is an artifact class.

From our business scenario, we define a primary set of original artifact classes
used for the product ordering and shipping processes.

— Order = ({orderID, customerID, grandTotal}, {open_for_item,
ready_for_shipping, in_shipping, shipped, billed, closed})

— Shipment = ({shipID, customerID, shipDate, shipCost}, {open_for_shipitem,
ready_to_dispatch, in_shipping, completed})

— Orderltem = ({orderID, productID, shipID, qty, price}, {newly_added, on_hold,
ready_to_ship, added_to_shipment, in_shipping, shipped})

— Invoice = ({invoicelD, orderelD, invoiceDate, amountPaid}, {unpaid, paid})
We also define some basic predicates over schema Z:

— defined(C, a) if the value of attribute ae C.A in artifact of class C is defined

— instate(C, s) if the current (active) state of artifact of class C is s. Initially,
instate(C, init) implies Vxe C.A, —defined(C, x). If instate(C, s) then every state
in ancestor(s) is also active.

Definition 3: (Business Rule). A business rule regulates which service can be in-
voked under what pre-condition. The conditional effect is also defined to restrict the
post-condition after performing such service. Business rule r can be defined as tuple
(4, B, v) where,

— Aand B are a pre-condition and post-condition, respectively. Both are defined
by a quantifier-free first-order logic formula. For the simplification, it allows
only AND logical connective (A) and variables. The formula contains two types
of proposition over schema Z: (1) state proposition (the instate predicate) and
(2) attribute proposition (the defined and scalar comparison operators),
e.g., defined(Order, orderID) A instate(Order, in_shipping) A Order.
grandTotal > 10.

— veVis a service to be performed. A service may involve with several artifacts of
classes Cy, Cy,..., C,, where C;e Z(1<i<y).

In order to maintain the existence of valid state changes of an artifact in business rule r, we

require that there exists a couple of instate predicates of that artifact in both pre-condition

and post-condition of 7, i.e., we have states s,, syeC.S such that instate(C, s,) exists in

r.A and instate(C, s,) exists in r.f. The state change refers to eithera transition from one

state to another state, or to itself. Due to page limitation, we only list some business rules
in Table 1 which are used for the ordering process in our business scenario.
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Table 1. Example of business rules

rl : Customer c requests to make an Order o

Pre-condition instate(o, init) A —defined(o.orderID) A —defined(o.customeriD) A
defined(c.customerlD)
Service createOrder(c, 0)

Post-condition  |instate(o, open_for_item) A defined(o.orderID) A defined(o.customerID)
A defined(c.customerID) A o.customerID = c.customerID
r2: Add Orderltem oi of Product p with a quantity gty to Order o

Pre-condition instate(o, open_for_item) A instate(oi, init) A defined(p.productID) A
defined(oi.productID) A —defined(oi.orderID) A defined(oi.qty) A —
defined(oi.price)

Service addltem(o, p, 0i)

Post-condition instate(o, open_for_item) A instate(oi, newly_added) A

defined(oi.orderID) A defined(oi.price)

r3: Complete Order o

Pre-condition instate(o, open_for_item) A o.grandTotal >0

Service completeOrder(0)

Post-condition instate(o, ready_for_shipping)

r4: Ship Shipment s which contains Orderltem oi of Order o

Pre-condition instate(o, ready_for_shipping) A instate(oi, added_to_shipment) A
instate(s, ready_to_dispatch) A defined(oi.shipID) A defined(s.shipID) A
0i.shipID = s.shipID

Service startShipping(s, o, oi)

Post-condition  |instate(s, in_shipping) A instate(oi, in_shipping) A instate(o,
in_shipping)

r5: Clear Invoice v for Order o

Pre-condition instate(o, billed) A instate(v, unpaid) A defined(v.orderID) A o.orderID
= v.orderID A o.grandTotal = v.amountPaid

Service paylnvoice(v, 0)

Post-condition instate(o, closed) A instate(v, paid)

As we can see that pre- and post- conditions of each business rule contain two
groups of conditioning: attribute (attribute’s value evaluation) and state. We also
classify state conditioning into two types by determining the existence of instate pre-
dicate in the pre- and post- conditions of a business rule. The first type is classified by
the case that a change of state occurs for only one artifact, e.g., rules r/ and r3. The
second type refers to changes of states of multiple artifacts, i.e., more than one pair of
instate predicates appears in pre- and post-conditions of a single business rule for dif-
ferent artifacts. This type indicates that a single business rule is used to induce multi-
ple state changes such that each change occurs once on each artifact, e.g. rule 7y
changes for the Order artifact from the billed state to the closed state, and simultane-
ously changes from the unpaid state to the paid state for the Invoice artifact.

Definition 4: (Artifact-Centric Process Model or ACP model). Let [] denote an
artifact-centric process model, and it is tuple (Z, V, R) where Z is an artifact schema, V
and R are sets of services and business rules over Z, respectively.
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In this paper, we assume that the ACP model is correct and valid, so we do not
consider the verification of the model. Actually, the verification can be adopted from
the work presented in [11]. Our focus is on the model of views and their construction.

3.2 View Definitions

As discussed earlier, process views for artifact-centric business processes are defined
and constructed according to view requirements for particular roles of the organiza-
tions. The view requirement of a particular view specifies a hierarchal structure of
states of an artifact and their visibility. As such, we introduce composite states to
define and represent a view of an artifact.

Definition 5: (Role). A role defines the capability of a group of users. Different roles
may have different views/accesses to artifacts. The role can be used to differentiate an
external organization from a home organization, inter-organizational units, or differ-
ent groups within an organizational unit. We denote role domain L = {l;, I, ..., L},
where [;e L(1<i<x) is a role of users who involve in the business processes.

Definition 6: (Artifact view). Given artifact class C, we denote C' for a view of C
for role le L, and it is tuple (A%, S, pc) where Al'=C.A, S! is a set of states that are
defined as nodes in a hierarchal tree structure (state tree), and pc € S L x St is a finite
set of parent-child relations.

We define predicate child(sy, s,) to mean that state s, is a child of state s,, and
function children: S — 25 to define for each state its set of child states. In addition,
we define function descendant as the reflexive transitive closure of children. We can
say that state s, is an ancestor of state s, in the state tree if sy€ descendant(s,).
Correspondingly, let ancestor: S — 25 be the function that defines for each state its
set of ancestors, i.e., ancestor(s,) returns a set of all ancestors of s,.

As we are required to ensure the hierarchal structure of the state tree, we add the
root state to a set of states for each artifact class. The root state is ancestor of every
state in S. For simplicity, we do not show the root state in a class.

Note that for artifact view C', we write Sy: {51, Sz, .., Sx} where s, and
s;€ C.S(1<i<x) to denote composite state s, together with its nested states {sy, S;, ..,
Sy}, e.g., a set of states of the Order artifact for the Sale role in Figure 2 (c) can
be defined as {created: {init, open_for_item}, ready_for_shipping, in_processing:
{delivering: {in_shipping, shipped}, billed}, closed}.

Definition 7: (ACP view). Given role /e L and ACP model [] = (Z, V, R), we denote
[T' for the ACP view of [T for role /, and it is tuple (Z!, V!, RY), where Z!, V!, and
R! is a set of views of artifact classes for role [, the services, and business rules over
Z!, respectively, such that for every view C'e Z! of artifact class C then Ce Z.

An ACP view is an abstract process model derived from its corresponding business
ACP model which represents the original (base) process, namely operational view, or
an existing view. We also use the term operational view of an artifact for the most
detailed view of the artifact. In order to generate ACP views, we propose the so called
state condensation technique that constructs a view of an artifact by abstraction of
states of the artifact, and it is described in Section 4. One artifact may have different
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views depending on different view requirements specified by different roles. In short,
an ACP view for a particular role will have for each artifact its view for that role.
Without loss of generality, we assume the uniqueness of artifact’s state in a
schema, i.e., a state belongs to only one artifact class. Given ACP model [] = (Z, V,
R), we can simply use the abbreviated notation [I.s, instead of using [1.Z.C.s, as

well as the state set [1.S is denoted for ULZl [1.Z.C;.S. Tt also has the implication that

when referring a state in [1], it will match with only one corresponding artifact class in
[1.Z. This abbreviated uses of notation are also applied for ACP views.

3.3 Artifact Lifecycle Model

Each artifact has its own life-cycle showing how its states are changed through the busi-
ness processes. We adopt the state machine to capture a lifecycle of each individual arti-
fact, namely Artifact lifecycle model (ALM). Each artifact has its corresponding ALM.
Given an ACP model, a lifecycle model of an artifact can be generated by deriving from
corresponding business rules that are used to induce state transitions of the artifact.

Definition 8: (Artifact Lifecycle Model). An Artifact Lifecycle Model defines the
state transition of an artifact class. Given ACP model [] = (Z, V, R) and artifact class
C; = (A, Sp) where C;eZ, an artifact lifecycle model for C;, denoted as LM, can be
defined as tuple (C;, T), where

— Tc C;.S X R x (;.S is a 3-ary transition relation where R is a set of business rules.
A transition ¢ = (s;, 73, S;)€ T means that the state of the artifact will change from
source state sy to target state s, where s, s;€ C;.S, if the pre-condition A of busi-
ness rule 7; holds.

— T is reflexive transitive closure of 7. We write s;T"s; if there exists sequence of
transitions from s; to s;, i.e., state s; can be reached from state s; by some busi-
ness rules in R.

Figure 3 depicts the artifact lifecycle diagram for each artifact class of our business
scenario. A label on a transition (arrow) denotes a business rule that corresponds to a
transition, and it is one-to-one correspondence. We can see that rule 7, induces three
transitions of Order, Shipment, and Orderltem artifact lifecycles.
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Fig. 3. Artifact Lifecycle Diagrams
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Note that ALM is also used for describing the lifecycle of an artifact view in ACP
views. We define an artifact lifecycle model for view Cl-l of artifact class C;, denoted
as LM 1, and it is tuple (Cil, 7).

Definition 9: (Ordering relation). Given artifact lifecycle model LM¢, = (C;, T) for
artifact class (or view) C;, state s,€ C;.S is before state s, € C;.S if there is a sequence
from state s, to state s, i.e., 5,T"s,. We denote s, < s,, for their ordering relation.
If 5,T"sy and s,T"s,, i.e., Sy <s, and s, < s, then every state in sequences
from s, to s, and s, to s, is in a loop. If (s, <sy) A (s, < Sx), then state s,
and s, are independent and we denote it as s, Il s, for their ordering relation.

4 View Construction Framework for Artifact-Centric Business
Processes

In this section, we propose a framework for constructing process views for artifact-
centric business processes. The framework consists of operational business process
model and its constructed views. We formally introduce definitions, syntaxes, rules,
and related functions that will be used in the framework, and present a condensation
technique to construct views based on its underlying process models with role-based
view configurations. The details of this technique are described along with related
cases regarding our motivating example. In addition, process view consistency rules
are also defined for preserving the consistency between a constructed process view
and its underlying process.

The condensation process is divided into two steps: (1) State composition and (2)
State hiding. The state composition step is straightforward by nesting specified states
in a composite state. The state hiding hides a specified set of states. The process of
hiding states is more complex than composing states as business rules that has any
reference to the hidden states will be affected. We also define view consistency rules
to preserve the structural and behavioral consistencies between constructed view and
its underlying view when applying those two steps.

The relation between a constructed view and its underlying view is defined by a
view transformation function which provides the mapping between them. Here, we

assume the existence of ACP view set >, = {II, l_[ll, le, e Nk }, where [T is the
operational view of ACP model and [1% is an ACP View for role l;e L(1<i<x), and
2. forms a hierarchal structure having [T as its root, such that for any two ACP views
in Y, the state ordering of them must be consistent.

Consistency Rule 1: (State ordering relation preservation). Let 1" and [12be
ACP view for role l; and role l,, respectively. For any two states that belong to two

views of the same artifact class C; in both 1" and le, the ordering relation be-
tween them must be consistent, i.e.,

If sy, sy€ 1.5 A I1%2.8 such that s, < s, in [1", then s, < s, in 12, orif s,,
syel1".S N T12.S such that s, Il's, in [1", then s, Il's, in [12.



A Process View Framework for Artifact-Centric Business Processes 35

This consistency rule ensures that the transitions corresponding to business rules of
two ACP views are consistent.

Definition 10: (View transformation). Given ACP view set Y, for ACP model [] =
(Z, V, R), the view transformation vt = sh 0 sc: 2, x SRTx SR™— Y is a composite
function where state composition function sc and state hiding function sk are com-
posed, i.e., the result ACP view after applying state composition function is then ap-
plied with the state hiding function. Function v¢(I1, sr;*, sr;”) returns a role-based
view, i.e., l_[l, of ACP model]] that constructed based on state composition require-
ment sr;tand state hiding requirement sr;~ for role I.

We use the term view configuration for the combined set of state composition and
state hiding requirements. To limit the scope of the paper, we also assume that the
view configuration that is used to transformed from ACP view [[' to ACP view [T’
contains non-conflict set of state composition and hiding requirements, i.e., the view
shall be constructed by satisfying every requirement and preserving every view con-
sistency rule.

m ( created ) [Readyﬁ'orﬁshlppmg](In_processing)

[Readyﬁ'orfshlppmg][ Inishlppmg][shlpped] @ :deliveringi
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(a) the operational view of the Order artifact (b) the Sale view of the Order artifact

Fig. 4. Two views of the Order artifact

Figure 4 illustrates an example of two different views of the Order artifact regard-
ing our motivating example. Figure 4 (b) shows an abstraction of the Order artifact
for the Sale role that is transformed from its operational view in Figure 4 (a) based on
two specified view configuration requirements: (1) composition requirement for nest-
ing the in_shipping and shipped states under the deliverying composite state and then
nesting the in_shipping and billed states under the in_processing composite state, (2)
hiding requirement for hiding the in_shipping and shipped states under the delivering
state. Here, we also name an intermediate ACP view for a view of an artifact that is
generated by state composition function (sc), and will be further used as an input of
state hiding function (sh).

In order to preserve the structural and behavioral consistencies of the operational
ACP, the condensation process may incur a rearrangement of state transition of an arti-
fact. The rearrangement of a transition is achieved by a modification of corresponding
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business rule that induces such transition. The detail of modification is described in
Section 4.3.

4.1 State Composition

State composition refers to the process of nesting states at same level under the new
defined composite state. The composition of states will amend the structure of the
state tree by inserting the new composite state into the hierarchy. Generally, defining
a new composite state and inserting it into the tree hierarchy can be done iteratively in
bottom-up manner.

Definition 11: (State composition). Given ACP view set 2, for ACP model [] = (Z,
V, R), the state composition sc: 2, x SRt — Y is a bijective function that maps one
ACP view onto another ACP view in which the state trees of views of artifact classes
are restructured and corresponding business rules are rewritten according to the state
composition requirement set SR*={sr,*}, and a single state composition require-
ment st,* = {@®¢,, @c,, ..., D¢, }, where @¢,(1<i<x) = {(Sj1 , k1) (Sj2 » Sk2)» ---
(Sjx »Skx)} is a set of atomic composition requirements for artifact C;e [1.Z(1<i<x).
The atomic requirement (s; , Sx)€ @, (1S/<y, 1<k<z) defines the state composition s;
for all states in S (1S, | > 1) of artifact class C; . Composite state s; is inserted
into the state tree as a parent of all nested states in S, in the constructed ACP view.

An atomic composition requirement (s; , S)) is said to be valid if every state to be
composed in Sy, belonging to the same artifact class, is at the same height of the state
tree and owns the same parent. For example, we assume that ACP model [] contains
the original Order artifact in Figure 4 (a) and let a single composition requirement
srt be { @orger }» Where @prger = {(delivering, {in_shipping, shipped}),
(in_processing, {delivering, billed}), (created, {init, open_for_item})}. Then, we will
have an intermediate ACP view [1°*'®’ for role Sale after applying the state composi-
tion function sc to [] with requirement sr ™.

4.2 State Hiding

The process of hiding states is an important step of the condensation process. Unlike
the state composition which mainly focuses on the state tree structure of artifact, hid-
ing states deals with behavior of the artifact. The hidden state must be invisible in (or
removed from) the tree structure and the business rule that such state is referenced.

Definition 12: (State hiding). Given ACP view set X, for ACP model [] = (Z, V, R),
the state hiding sh: 2> x SR~ — X is a bijective function that maps one ACP view
onto another ACP view in which the state tree and transitions of views of artifact
classes are restructured and corresponding business rules are modified according to
the state hiding requirement set SR™= {sn,,” }, and a single state hiding requirement
st~ = {O¢,» Oc,» -+ Oc, }» Where O¢,(1<i<x) (.S is a set of states to be hid-
den for artifact C;e[].Z(1<i<x).

The set of states @, to be hidden is said to be valid if every state in O, has its
own parent and the parent is not the root of the state tree. This restriction is used to
ensure that every state to be hidden is under some composite state, which is not the
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root, in the tree. For example in Figure 4, after the state composition step, states init,
open_for_item, in_shipping, and shipped of the Order artifact can be hidden in the
Sale’s view. This implies that if we want to hide such states, we must first compose
them and then we can hide them, e.g., the delivering composite state is created for the
purpose of allowing the in_shipping and the shipped states to be hidden. If any com-
posite state is to be hidden, all of its descendant states must be also hidden to ensure
that a constructed view preserves the hierarchical structure.

Consistency Rule 2: (Hierarchy preservation). Let 1" be ACP view for role L
and [T be ACP view for role l, that is constructed based on [1". For any state
s, that belongs to the same artifact class C; in both 1" and le, the set of ancestors
S, of s,in [T is a subset of the set of ancestors S, of s, in 12, and the states in
S; butnotin S, do not exist in l_[ll, ie.,

If s, € M*'.s ~ 1% .5 then ancestor( Hll_sx) C ancestor( le.Sx) and
tor([1%2. s\ ancestor(IT™. s,.)) s, .s.

We take ACP view for role Sale from Figure 4 (b) as an example, and choose the
billed state to be validated for the hierarchy consistency between the original state tree
and the state tree after state composition for role Sale. The set of ancestors of the
billed state for the view in Figure 4 (b) is {in_processing, root}, while for the view in
Figure 4 (a) is {root}. As {root} C {in_processing, root}, and the in_processing state
does not appear in the original state tree, we say that the billed state preserves the hi-
erarchy consistency between the Sale’s view and its underlying original view. If every
state that exists in both ACP views preserves the hierarchy consistency, then the state
tree of a constructed view is consistent with its base view. This rule is also used to
ensure that if any composite state is created, e.g., states created, delivering, and
in_processing, then it must be correctly structured in the state tree.

4.3 Modification of Business Rules

We classify the modification of business rules into two categories regarding two types
of conditionings which can be defined in business rules: (1) state conditioning modifi-
cation and (2) attribute conditioning modification. The state conditioning modifica-
tion is the process of hiding specified states and rearranging all effected transitions by
considering instate predicates in pre- and post-conditions of the business rule that is
related to the hidden state. The attribute conditioning modification updates every
attribute condition of the business rule that is affected by hidden states. A business
rule may be removed if it is no longer used in the constructed view.

Definition 13: (Modified business rule). Let Y = sc(l_[l", s le+) be an interme-
diate ACP view for role [,, constructed based on ACP view 1" with state composi-
tion requirement srly+, and sh(]_[ly’, sr,”) be the function that returns ACP view Hly
= (7%, vl s R'Y) for role ly that is constructed based on l_[ly' with state hiding re-

. - o . l
quirement s1y,~, we have a modified business rule set, denoted as erl' oq » Such that
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each rule re R"yl oq 18 the modified version of its original business rule in RY accord-
ing to the effect of state hiding requirement ST,

The modification of business rules must preserve the behavioral consistency
between the constructed process view and its underlying base view. We define and
describe related consistency rules to be used within the modification processes.

4.3.1 State Conditioning Modification

It is the fact that hiding any state of an artifact will break up the transition relation
between such hidden state and other state, i.e., some paths or ordering relations in a
lifecycle of the artifact are broken. To preserve such relations for maintaining the
consistent behavior of the artifact lifecycles between ACP views, we consider the
rearrangement of transitions that are affected by a hidden state, i.e., modifying state
conditions of business rules that correspond to those transitions.

In order to explain the modification processes, we combine state tree with the life-
cycle diagram of an artifact. Figure 5 (a) illustrates an example of combined diagram
of the Order artifact. The dotted arrow indicates the hidden state transition and its
corresponding hidden business rule, while the normal arrow indicates a rearranged
transition with its modified business rule.
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Fig. 5. (a) combined diagram for the Order artifact (b) compensating conditions

The modification process starts with finding entry and exit transitions of every hid-
den state and their parent composite state. If any transition is connected from/to a hid-
den state that is nested under the composite state to/from a non-hidden state, then that
transition is rearranged to replace the hidden state with the composite state. If the
transition is used to connect between nested hidden states, then that transition is hid-
den. We define two auxiliary functions for finding the entry and exit transitions of
the composite state. Function entry(s.) returns a set of entry transitions T,, of
composite state s., such that every transition in T,, has the source state which is
not a descendant of s, and the target state which is a descendant of s.. Function
it(s;) returns a set of exit transitions T,,of composite state s, such that every transi-
tion in T, has the source state which is a descendant of s, and the target state which
is not a descendant of s.. For example in Figure 5 (a), entry(delivering) returns
{{ready_for_shipping, r,, in_shipping}} and exit(delivering) returns {{shipped, 1,
billed}}.
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Once we obtain entry and exit transitions from the entry and exit functions, respec-
tively, then we rearrange them to the composite state by modifying business rules that
corresponds to them, e.g., 7, is modified to 7,_,, and 7, is modified to r,_,,. The
state propositions in their pre- and post- conditions are changed accordingly, e.g., for
rule 74_,,, the in_shipping state is substituted by the delivering state for instate predi-
cate in the post-condition of 7y, and for rule r,_,,, the shipped state is substituted by
the delivering state for instate predicate in the pre-condition of r,. However, transi-
tions for business rules rjand 7, are hidden as they do not exist in the result set of
either entry or exit function. We can say that those hidden states and hidden transi-
tions are encapsulated in the created composite state. Note that hiding a business rule
may have a propagate modification effect to other artifact if such rule is used to in-
duce any transition of the other artifact, e.g., 7, also induces the transition from its
init state to newly_added state of the Orderltem artifact, so such transition must be
hidden as well as those two states.

Due to the limitation of our scope discussed earlier, we consider only non-conflict
set of state composition and hiding requirements, i.e., the view configuration must be
self-completed, e.g., those two init and newly_added states must be predefined in the
requirement in order to be hidden. Here, we also define another two consistency rules
that the modification process must conform to.

Consistency Rule 3: (Atomicity of composite state preservation). Let 1= =
sc(Hll, sr12+) be an intermediate ACP view for role [, constructed based on ACP
view [I"* with state composition requirement sr, ™, and let Mz = sh(1-', s1,”)

be an ACP view for role [, that is constructed based on [1%2" with state hiding re-
quirement s7y,~. For any composite state that belongs to the view of artifact class C;

in [1%’ _and every of its descendant that is hidden in l_[lz, the entry transitions and
exit transitions to/from the composite state must be consistent if such composite state

exists in both [ and [T, i.e.,
Given artifact lifecycle models LMCizz, = (Cilz’, T) for a view of artifact class C;
in [T%', and LM 1p= (C;2, T) for a view of artifact class C; in [1%, if s,e[1?".S N
[1%2.8 such that | children(IT%'. s,) 1 >1 A | children(IT?.s,) | = 0, then
(1) ds,e 12’5 ~ 1%, ds, e descendant(HlZ'.sx), dr,e 12" R, e 12 R,
(Sm» Tp» Sp)E LMCizz,.T, (Sm» Tys ]'[lz_sx)e LMCizZ.T, Spé le,S, and

(2) 3spe descendant ([1%'.s,), 3s,e[12".S N T12.8, Ir,e 1= R, Jr,e 1R,
(Sms Tp» Sp)E LMCizz,.T, (le.sx, Tys Sp)€ LMCizz.T, Smé [12.8, and

(3) Vs, (spe descendant ([1%'.s,) — s, e[12.s,)

Condition (1) preserves the consistency of every entry transition that is changed from
other non-hidden state to any nested hidden states under the composite state. Corres-
pondingly, Condition (2) preserves exit transitions. Condition (3) ensures that every
nested hidden state is removed and it also implies that every transition between those
states is hidden. This ensures that the atomicity of the composite state is preserved in
the constructed ACP view as well as the integrity of business rules of the ACP view is
maintained.
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Consistency Rule 4: (Business rule — transitions of multiple artifacts preserva-
tion). Let 1" be ACP view for role l; and [1"2 be ACP view for role l, that is con-
structed based on [T If a business rule induces transitions of multiple artifacts and
any of these transitions in one artifact is hidden in [1% then such rule and its induced
transitions in the other artifacts must be hidden in [1, i.c.,

Given artifact lifecycle models LM ch = (Cill, T) for a view of one artifact class
C; in 1", and LMcizzz (C;2, T) for a view of artifact class C; in 1, if 3re[1" R,
3s,, s,€[1".S, (s, 1v 5,)eLMU ., T, sy, 5,2[17.S then VC,e[1".Z N[17.Z, Vs,
spe 1.8, (sj, 1, Sp)elMM, T — s, s [12.5 A rel12.R

Revisiting the lifecycles of the Order and Orderltem artifacts in Figure 3, if we
hide the open_for_item state of the Order artifact, then business rule 1, is hidden,

and consequently, the init state, the newly_added state, and their transition of the Or-
derltem artifact must also be hidden.

4.3.2 Attribute Conditioning Modification

Before we explain the detail of the attribute conditioning modification, we would like
to explain the reason why this kind of modification is needed. As already discussed,
when any state is hidden and entry/exit transition is rearranged to its composite state,
the source state of the rearranged transition is changed from the concrete state to the
composite state. In order to compromise the loss of the details about specific states
when composing and hiding states, we attempt to maintain the condition of each busi-
ness rule that corresponds to the rearranged transition as most specific as possible. As
such, we propose to strengthen the attribute condition of the business rule.

Revisiting Figure 5, when the init and open_for_item states are hidden, business
rule 73 and 74 are modified to 13_,, and 71y1_,,, respectively. Both r;_,, and
T11—ex WIill have the more abstract state condition in their pre-conditions, i.e., in-
state(created) instead of instate(open_for_item) in 13 and instate(init) in 174. So, we
will need to strengthen their attribute condition in both r3_,, and 774_,,. Informally,
strengthening an attribute condition of business rule for a particular transition is done
by extracting other attribute condition in a post-condition of business rule that is used
to move artifact into the source state of that transition.

Referring to the artifact lifecycle, we can see that when the artifact is in a particular
state, it holds a post-condition of one of the transitions that bring it into that state, e.g.,
in Figure 5, if the Order artifact is in the open_for_item state, there will be an impli-
cation that either post-condition of the business rules r; or r, holds as they induce
the transition into the open_for_item state.

Here, we define compensating condition for a group of attribute propositions of
such post-condition that holds for each state.

Definition 14: (Compensating condition). Given ACP [] = (Z, V, R) and artifact
lifecycle model LM¢; = (C;, T) for artifact ;e Z, a compensating condition on state
sje C;.S, denoted as 8Sj, is the logical disjunction of every attribute proposition of C;

in post-condition f of every business rule re R that triggers a transition from any state
in C;.S to state s;.
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Figure 5 (b) lists the set of compensating conditions for every state of the Order ar-
tifact. These conditions are extracted from the business rules defined in Table 1, e.g.,
for the open_for_item state, we have compensating condition Oppen_for item = 1.8V
1y, B = ((defined(o.orderID) A defined(o.customerID) A equal(o.customerID,
c.customerID)) v false). As the post-condition of business rule 7, contains no attrib-
ute propositions of the Order artifact, so Boolean false is substituted for r,.5. As
discussed, at least one of the attribute post-condition of business rule r;or business
rule r,must hold when the artifact is in the open_for_item state.

In order to strengthen the pre-condition of such rule, we add the compensating
condition to its pre-condition. Now, we define a modified condition on transition
trye T, denoted as 8?}?, with state s; as its source state, such that 8?]‘ holds compensat-

ing condition 8sj and pre-condition A of corresponding business rule 7, for ty, i..,
6?’]‘ holds (r;,.4 A 8sj). Thus, we can see that the pre-condition of modified business

rule for transition t; is stronger than its original rule.
Revisiting the example in Figure 5, the pre-condition of a modified business rule

for each rearranged transition of the Order artifact is:
(created, 13 ¢x, Teady_for_shipping)

acreated holds ( T3 A A aopen_for_item ),
(delivering, 17 ¢x, billed) (created, T11 ey, closed)

Ogetivering holds (7.4 A Ospipped)s Ocreatea holds (ry;.4

. (ready_for_shipping, 714 en, delivering)
A ainit)’ while a‘ready_for_shim:)ing

of 1, as the source state of its transition is not changed. By adding compensating
conditions, at least two transitions in the Order artifact for business rules 77;_,, and
T3_ey are different even they both have the same source state.

Note that if a business rule induces multiple state transitions of different artifacts,
then every compensating condition on each transition in each artifact is added to the
pre-condition of the modified business rule. This modification process conforms to
consistency Rule 5.

holds the original pre-condition

Consistency Rule 5: (Attribute condition preservation). Let [12' = sc(IT%, s, ™)
be an intermediate ACP view for role [, constructed based on ACP view 1" with
state composition requirement srlz+, and let [T? = sh(l_[lz', sy, ) be an ACP view
for role I, that is constructed based on [1%" with state hiding requirement 7y, . For

any rearranged entry or exit transition of a composite state in [1%, the attribute condi-
tion of the pre-condition of a business rule for such transition must hold a modified
condition on that transition: (1) an attribute condition of the pre-condition of its origi-

nal business rule in [1%2" and (2) a compensating condition on the source state of that
transition. However, the post-conditions of them must be identical, i.e.,

(1) 3s;ell? .5 N [1?.8, 35;€ [1?.S, Is,, cancestor(s;), Ir, e [17 R,
dr,e 12 R, (Si» Ty, Sj)E LM'Z’Ci.T, (Si» Tqs Sm)E LM’ZCi.T, Sj ¢ nz.s -
(attr(ry.A) = attr(ry. ) A (attr(ty.f) = attr(r,. ), or

(2) 3s;e 1.5 A [12.5, dsje [1-'.s, 3s,, e ancestor(s;), Ir,e 1%' R, r,e [12.R,
(Sjs Tps SOELM™' ¢, T, (S, Ty, S)ELM2¢, T, 5;2T12.S — (ammr(ry.A) =
attr(t,. A A asj)) A (attr(ry.p) = attr(r,.f3), where attr(r.y) is the function that
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returns the attribute propositions in a conditional statement ye {4, £} of busi-
ness rule r, and A, fis the pre-condition and post-condition of r, respectively.

Condition (1) is used to preserve the consistency of an entry transition in which a set
of attribute conditions in the pre-conditions of them must be identical, as well as for
the post-condition. Condition (2) is for an exit transition where a set of attribute con-
ditions in the post-conditions of them must be identical, but stronger condition is al-
lowed for the pre-conditions by adding the compensating condition on the source state
of the transition.

5 Related Work and Discussion

The concept of business artifacts was firstly introduced in [7] with the modelling con-
cept of artifact lifecycles. Gerede and Su [9] presented a formal model for artifact-
centric business process specifications. Artifact classes are represented by adding object
oriented classes with states, and guarded finite state automata is used to capture the
logic of entities that carry out the work in a business model. Similarly, [11] focuses on
the evolution of the business process logic by using services to model activities and a set
of business rules to declaratively capture and represent a business model. Their work is
in accordance with the four-dimensional framework laid in [10] for the specification of
processes where business artifacts, artifact lifecycles, services, and associations between
services and artifacts are constructed for describing business processes. The artifact-
centric process model presented in our work is adapted based on their work with an
additional specification to capture nesting states for constructing views of an artifact.

In the area of business process views, Zhao, Liu, Sadiq, and Kowalkiewicz [3]
proposed the process view approach based on the perspective of role-based perception
control. A set of rules on consistency and validity between the constructed process
views and their underlying process view is defined. Many other closely-related works
[2, 3, 5, 6] also presented approaches for defining and constructing process views, i.e.,
abstracted process, based on the consistency rules and constraints to support secu-
rity/privacy requirements and to facilitate intra/inter organizational collaboration of
business processes. Compared with our work, their work aims at process view con-
struction for traditional activity-centric business processes while we propose the view
framework for artifact-centric business processes.

Kiister, Ryndina, and Gall [12] proposed a technique for generating a compliant
business process model from a set of given reference object life cycles. Compared
with our work, they transform the object-oriented process into the activity-centric
process, while our work generates artifact-centric process views. Hull, Narendra, and
Nigam [1] proposed a new approach to interoperation of organizations hubs based on
business artifacts. It provides a centralized, computerized rendezvous point, where
stakeholders can access data of common interest and check the current status of an
aggregate process. They proposed three types of access restriction for stakeholders,
namely window, view, and CRUD. Window provides a mechanism to restrict which
artifacts a stakeholder can see. View provides a mechanism to restrict what parts of an
artifact a stakeholder can see. CRUD is used to restrict the ways that stakeholders can
read and modify artifacts. As far as process views are concerned, they did preliminary
work on individual artifacts and did not consider business rules. No technique on
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view construction of business processes is proposed in their work. In contrast, we take
business rules of business processes into account and propose a view condensation
technique. We also define a comprehensive set of consistency rules to preserve the
structural and behavioural correctness between constructed view and its base model.

6 Conclusion and Future Work

This paper presents a novel view framework for artifact-centric business processes. It
consists of a process view model, a set of consistency rules, and the construction ap-
proach for building process views. The formal model of artifact-centric business
processes and views, namely ACP, is defined and used to describe artifacts, services,
business rules that control the processes, as well as views. We develop a mechanism of
process view construction to derive views from underlying process models according to
view requirements. Consistency rules are also defined to preserve the consistency be-
tween constructed view and its underlying process. Our future work will apply the
framework for tracking and monitoring artifact instances in the context of process views.

References

1. Hull, R., Narendra, N.C., Nigam, A.: Facilitating Workflow Inter-operation Using Arti-
fact-Centric Hubs. In: Baresi, L., Chi, C.-H., Suzuki, J. (eds.) ICSOC-ServiceWave 2009.
LNCS, vol. 5900, pp. 1-18. Springer, Heidelberg (2009)

2. Eshuis, R., Grefen, P.: Constructing customized process views. Data & Knowledge Engi-
neering 64, 419—-438 (2008)

3. Zhao, X, Liu, C., Sadiq, W., Kowalkiewicz, M.: Process View Derivation and Composi-
tion in a Dynamic Collaboration Environment. In: CoopIS 2008, pp. 82-99 (2008)

4. Liu, C,, Li, Q., Zhao, X.: Challenges and opportunities in collaborative business process
management. Information System Frontiers (May 21, 2008)

5. Liu, D., Shen, M.: Workflow modeling for virtual processes: an order-preserving
process-view approach. Information Systems (28), 505-532 (April 2003)

6. Chebbi, I, Dustdar, S., Tata, S.: The view-based approach to dynamic inter-organizational
workflow cooperation. Data & Knowledge Engineering 56, 139-173 (2006)

7. Nigam, A., Caswell, N.S.: Business artifacts: An approach to operational specification.
IBM Systems Journal 42(3), 428—445 (2003)

8. Liu, R., Bhattacharya, K., Wu, F.Y.: Modeling business contexture and behavior using
business artifacts. In: Krogstie, J., Opdahl, A.L., Sindre, G. (eds.) CAiSE 2007 and WES
2007. LNCS, vol. 4495, pp. 324-339. Springer, Heidelberg (2007)

9. Gerede, C.E., Su, J.: Specification and Verification of Artifact Behaviours in Business
Process Models. In: Kramer, B.J., Lin, K.-J., Narasimhan, P. (eds.) ICSOC 2007. LNCS,
vol. 4749, pp. 181-192. Springer, Heidelberg (2007)

10.  Hull, R.: Artifact-Centric Business Process Models: Brief Survey of Research Results
and Challenges. In: Meersman, R., Tari, Z. (eds.) OTM 2008, Part II. LNCS, vol. 5332,
pp- 1152-1163. Springer, Heidelberg (2008)

11. Bhattacharya, K., Gerede, C., Hull, R.: Towards Formal Analysis of Artifact-Centric
Business Process Models. In: Alonso, G., Dadam, P., Rosemann, M. (eds.) BPM 2007.
LNCS, vol. 4714, pp. 288-304. Springer, Heidelberg (2007)

12.  Kiister, J., Ryndina, K., Gall, H.: Generation of Business Process Models for Object Life
Cycle Compliance. In: Alonso, G., Dadam, P., Rosemann, M. (eds.) BPM 2007. LNCS,
vol. 4714, pp. 165-181. Springer, Heidelberg (2007)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


