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Abstract. We address the existing gap between business gwronedels and
lawful states of business objects. This gap hindemsipliance of business
process models with internally and externally inggbgegulations. Existing
modelling methods such as BPMN and ArchiMate laclegplicitly declarative
approach for capturing flow of business objectgjrtistates and laws of state
transitions. Such deficiency can cost organizagiotential legal problems, make
the ability of BPMN and ArchiMate to capture realtWdo phenomena
guestionable and drive modellers to employ addiicstandards. This paper
proposes a formalized solution for closing the datween business process
models and states of business objects by using BWelem Our approach
includes means for explicit definition of states lafsiness objects, automatic
generation of conceivable state space at a procestel design-time, and

automatic generation of lawful state space and damge checking at a process
run-time.
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1 Introduction

Business processes are valuable assets of anyizatian. In organizations business
process modelling has become a main activity fpturéng, analysing, and improving
business processes. Business process modellingrisesipwo aspects — the control-
flow perspective and data-flow perspective [1]. Tokflow perspective defines
possible execution paths of a business proces$e @ata-flow perspective represents
how business objects are manipulated and changes staring a process. Data in
business process models are usually declarednrstef business objects (physical or
virtual) and usually there are prescribed allowkadies of business objects contained in
internal business policies, external legislativeudoents, standards, reference models,
and other regulations. Nowadays there is an inete@gessure on organizations to
guarantee compliance of their business processés wadrious regulatory and
legislative requirements, other externally imposeastraints, and internal business
policies [2]. For an organization engaged in bussnprocess modelling this might
mean that (1) activities in business process mduele to be associated with business
objects representing inputs or outputs, (2) ittoalse possible to represent a state of a
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business object at a given point of time, (3) i ba be possible to associate allowed
state transitions with a business process moddl{4nit has to be possible to detect if
a state of a business object is compliant withvadih state transitions. In this paper we
are not talking about the soundness of the proeessrectness criteria that a process
model has to fulfil, e.g., deadlock or livelock feans.

Compliance can be checked during or after the di@twf the business process,
called compliance by detectipnor compliance can be checked while modelling the
business process, calledmpliance by desigf3]. In this paper we address the issue of
compliance between business process models andillatdte space of business
objects. In our solution we intend to apmlgmpliance by detectiomethod to check
during the execution of the business process téstaf business objects are compliant
with the lawful state space. However, we also idtengenerate a space of conceivable
states for business objects at a design-time ahess process.

We motivate our research with the following: coraplie between business process
models and lawful state space of business objéftsnsures that organization will not
violate laws and there will be no potential legedldems for the organization, and (2)
ensures consistency in collaborative business pseseand customer satisfaction. A
number of studies exist that show the importancadofressing data and states of data
in business process models — e.g., in [4] authmtisdte the importance data-driven
process structures in large engineering processas & assembling of a car or an
airplane, and according to [5] in order to achisgée execution of a process model it
must be ensured that every time a task attempsdess a data object, the data object
is in a certain expected data state (legal stata].since not all possible transitions of
states are meaningful, restrictions on object dtatesitions are also required. In this
paper we intentionally use the term “business dbjeand not “data objects”, since
active structure elements are also capable of deguanstate which can be illegal and
should be also monitored.

Nowadays organizations employ industry modellirandards like BPMN [6] and
ArchiMate [7] to understand and improve businesxesses. Business Process Model
and Notation (BPMN) [6] is the de-facto standardrigpresenting in a very expressive
graphical way the processes occurring in virtuaiery kind of organizations [8].
However, BPMN has its limitations when it comes nmdelling other aspects of
organizations such as organizational structureratas, functional breakdowns, data,
strategy, business rules and technical systems If@brmation about Enterprise
Architecture (EA) is needed to create real-worldibass process models. To provide a
uniform representation for diagrams that descriBe &chiMate modelling language
has been developed [7]. The core of ArchiMate laigguconsists of three main types
of elements: active structure elements, behavidements, and passive structure
elements (objects) [7]. Some tools like ARIS [16HaQPR [11] allow linking BPMN
and ArchiMate models in their modelling environmgentinkage between BPMN
models and ArchiMate models provides possibilitescomplement BPMN models
with enterprise aspects and ArchiMate models witaited process descriptions. In
this paper we particularly address linked BPMN anchiMate models, which we, for
simplicity reasons, cabbusiness process models

The previous research has shown (see [12], [13] [@4d) that BPMN and
ArchiMate lack in ability to describe flow of bugiss objects in business process
models and explicitly declare states of businegeotd imposed by regulations. This
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gap hinders compliance of business process modéls external and internal
regulations.

Wand and Weber [15] built a set of models for thaleation of modelling
techniques based on an upper ontology defined mg8(16]. They extended Bunge’s
ontology and applied it to the modelling of infortioa systems (BWW model) [15].
BWW model consists of constructs present in thé weesld that must be represented
in information systems. BWW model allows straigfardly addressing: (1) states of
things, (2) lawful state space and lawful eventcepaf things, (3) conceivable state
space and conceivable event space of things, &8 Ew that restricts values of the
properties of things to a lawful subset, and (B)fl& transformations that define which
events in things are lawful. To be able to contablether an unlawful event has
occurred in a business process, or a businesstdlgis@assumed an unlawful state, it is
necessary: (1) to provide means explicitly definisigtes of business objects in
business process models (2) to generate lawful camteivable states spaces for
business process models, and (3) to check compliahbusiness process models with
generated lawful state spaces at a run-time.

This paper presents an on-going research which wnmovide a solution and a
prototype of a tool for supporting explicit dectéoa of lawful states and compliance
checking between business process models and latafi@ space of business objects.
For a theoretical foundation purpose we proposes&®BWW model [15], since BWW
model complements BPMN and ArchiMate for what thee lacking — explicit
representation of business objects, their statesstate transition laws.

Research presented in [17] describes how BPMN aruthiate support BWW
model. There are 6 BWW model elements that aresnpported by these modelling
languages, namelyState Law (SL), Conceivable State Space (CSS),uL&thte
Space (LSS), History (H), Conceivable Event Sp@&eS),and Lawful Event Space
(LES) or a tuple {SL, CSS, LSS, H, CES, LES}. These axments are to be taken
into consideration to define a complete, lawfuld aonsistent description of business
processes. Our work focuses on the use of BWW eles{&L, CSS, LSS, H, CES,
LES} in designing compliant with the states of businebgects business process
models. However, we are aware that the subjectamfiptiance is broader than
concerns of business object states.

The main contribution of this paper resides in thatuse BWW model — a system’s
model with a proven research record — to suppleB&NN and ArchiMate models
with explicit declarations of object states, stat@s and conceivable and lawful state
spaces in order to support organizations in achgegompliance with regulations.

The paper is structured as follows. In Section  thlated work is outlined. In
Section 3 a running example that we use througti®mipaper is described. Section 4
contains formalization of BWW elements {SL, CSS,9,91, CES, LES} using a set
theory. In Section 5 existing gaps and the proposeldtion is discussed. Brief
conclusions and future work are presented in Seéio

2 Related Works

The lack of consistent theoretical foundation failding information systems urged
Wand and Weber [15] to build a set of models fog #waluation of modelling
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techniques. Wand and Weber have extended the gytaicesented by Mario Bunge

[16] and developed a formal foundation called BWWdal for modelling information

systems [15]. Elements in BWW model (in the texawh in italics) can be organized

in the following groups (adapted from [17]):

1. Thing- includingProperties, ClasseandKinds of Things Thingis an elementary
unit in BWW. Thingsposses#roperties which definesStatesof a Thing Things
can belong taClassesor Kinds depending on a number of commBroperties A
Thing can act on anothéerhing if its existence affects thelistory of the other
Thing Thingsare coupled if on&hingacts on another.

2. State of Thing- Propertiesof Thingsdefine theirStates State LawrestrictsValues
of Propertiesof Things Conceivable State Spatea set of alStatesa Thing can
assumelLawful State SpaceefinesStateghat comply withState Law. Stable State
is aStatein which Thing or aSystenwill remain unless forced to change BRing
in the System EnvironmentJnstable Stateis State that will be changed into
anotherStateby theTransformationsn the SystemHistory is the chronologically-
orderedStatesof Thing

3. Transformation— transformation betwee8tates of ThingsTransformationis a
mapping from oné&tateto anotherLawful Transformatiordefines whictEventsin
Thingare lawful.

4. Event-is a change iBtateof Thing Conceivable Event Spatea set of alEvents
that can occur tdhing Lawful Event Spacis a set of alEventsthat are lawful to
Thing Eventscan belnternal Eventsand External EventsEventscan beWell-
Defined — Eventin which the subsequer@tate can be predicted — dPoorly-
DefinedEventin which the subsequeSBtatecannot be predicted.

5. System- a set of coupledhings System Compositiois Thingsin the System
System Environmeris Things outside theSysteminteracting with theSystem
System Structuris a set of couplings that exist amdFgings Subsysterns System
whose composition and structure is a subset ofctmeposition and structure of
anotherSystem System Decompositios a set oSubsystemé evel Structurds an
alignment of the subsystems.

The authors of [5] propose a notion of “weak comfance” which checks
conformance of a process model with respect to dj@cts. This notion can be used
to tell whether in every execution of a process eh@dch time a task needs to access a
data object in a particular state, it is ensured the data object is in the expected state
or can reach the expected state and, hence, thegzronodel can achieve its goals. In
[18] authors identify that consistency between hess process models and object life
cycle is required, however, their relation is natllwinderstood. Authors clarify this
relation and propose an approach to establishabained consistency by explicitly
defining object states in business process modelstlzen generating life cycles for
each object type in the process. The authors of ifidficate that object life cycle
modelling is valuable at the business level. Howewe propose to consider states of
objects also at the application and technologyl$eeé¢ enterprise architecture since
objects can be hidden and specified in sub-prosesstures at different levels of an
enterprise. The authors of [19] use object lifeleyas a common means for explicitly
modelling allowed state transitions of an objectimty its existence and propose a
technique for generating a compliant business paaodel from a set of given
reference object life cycles.

33



2" International Workshop on Ontologies and InformatBystems

The notion of a “legal state” is also mentioned20] where authors indicate that
the representation of legal states in a model wh@de procedure is essential because
organizations should be able to derive their oliliges, rights, and duties at each point
during the execution of the trade procedure anggse to annotate the states in Petri
nets. In [2] authors investigate the use of temipdeantic assignments on activities as
a means to declaratively capture the control-flemantics that reside in business
regulations and business policies. In object-oeidnparadigm, state machines are
extensively used for representation of states gaib [21]. In [22] the authors propose
logic based formalism for describing the semanti€sbusiness contracts and the
semantics of compliance checking procedures angectbe gap between business
processes and business contracts. In [3] the adticoses on compliance by design
and extends artifact-centric approach to model d¢iamge rules using Petri nets and
show how compliant business processes can be syrgdeautomatically from the
point of view of the involved business objects.

Since we address the importance of explicitly repnéing business objects and
their states in business process models, our agiprigaalso related to case handling
[23] — a relatively new paradigm that, unlike wdokf management, is strongly based
on data. In our approach we generate a lawful Spéee using a conceivable state
space based on a particular business process &cérzse).

The objective of this paper differs from the rethteork in that it uses BWW model
as a theoretical foundation for generating cond#ésand lawful state spaces from a
business process model and applies it to nowadayaaio modelling methods BPMN
and ArchiMate.

3 Example: Electronic Submission

Throughout this paper we are using a simple elactreubmission example at a
university in which a researcher uploads his paliic to university repository and
can choose an option to publish her work as Opeteg publication (see Figure 1).
Researchers must choose a licence under whichatisénto publish their publication —
a version of the full text of the work which thehtisher permits to archive in the
institutional repository. The possible versionstivd publication’s full texts are: pre-
print, post-print or published version. Uploadedlmation can assume several states
based on the set of its properties, e.g., lawfateswill be when a version of a
publication’s full text is the pre-print and puliiey has permitted archiving this
publication. Lawful event will be allowing showing full text of this publication
publicly. Unlawful event will be when a publishesshnot allowed archiving but a full
text is made available publicly.
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Fig. 1. BPMN 2.0 model of the electronic submission bussngrocess.

4 Formalization of BWW Model

In this section we propose formal definitions of B¥Vmodel elements based on
informal description of BWW model presented in [12]

Definition 1: Thing. A Thing is the elementary unit in the BWW ontolalgicodel.
The real world is made up of Things. Things posBesperties.
A Thingis a tuple:

T ={P, SL, CSS, LSS, H, LT, CES, LES}, where:

P is a set oPropertiesof a Thing
SL is aState Lawof aThing
CSSis aConceivable State SpaokaThing
LSS is aLawful State Spacef aThing
H is aHistory of aThing
LT is Lawful Transformatiorof aThing
CES is aConceivable Event SpacéaThing
LES is aLawful Event Spacef aThing
Example. In the running example presented in Sectioift8ng is a Publication
submitted by a Researcher.

Definition 2: Property. A Property is modelled via a function that maps Ting
into some value.
Propertyis a tuple:
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P ={a, t}, where

e ais anAttribute of aProperty

e tis aPropertytype, namely, in general, in particular, heregitamergent,
intrinsic.

Property is described agunction that maps &hingfrom a set oPropertiesP; to R;:
(f: Px— PRy).

Example. In the running example presented in Section 3li€ation is assumed to

have the followingProperties(due to limitation of space we present only a sub$e

all possible properties):

» P={Title, In General}.

» P,={Status, In General} — differs from the noti@tate(although names can
be identical). Values of “Status” can be “Registgre‘Confirmed”,
“Cancelled”.

 P:={Open Access Mark, In General} — represents wheth®esearcher has
chosen the option to archive Publication as Operess.

 P,4~={CC Licence, In General} — represent chosen C&hse, possible values:
“CC BY”, “CC BY-SA”, “CC BY-ND".

* Ps={Version of the Full Text, In General} — can havalues “pre-print”
“post-print”, or “publisher's version/PDF".

» Ps={Publisher Policy, In General} — can have valu&réen” (can archive
pre-print and post-print or publisher's version/PDellow” (can archive
pre-print), “White” (archiving not formally supped).

Definition 3: State. The vector of values for all Property functionsadfhing.
Let's assume that there is Publication X, theBtatefor a Publication X at a given
point of time can be defined as
Si= {lD, {P 1, Py,...R, P|+l,...Pn}}, where:
» IDis a name that identifies ti&tate
o {Py, P5...R, P.1,...R} is the vector of values for altropertyfunctions
Example. Statefor a Publication X from the running example:

Sex= {Confirmed, {Title X, Confirmed, Yes, CC BY, Prerint, Yellow}}

Definition 4: Conceivable State Space. The set of all States that the Thing might
ever assume.

CSS = {S, T}, where:
* Sis a set of finite conceivab&ates
e T is aTransformationthat is a mapping function, e.g., frodtateX to State
Y: (f S—S) —it is an association to a particular activity ire tbusiness
process model.
Example. For any uploaded Publication X from our runninguaple:

CSS = {{Registered, Add Publication}, {Open Access, @ise OA Option}, {Not
Open Access, Archive Internally}, {CC Licence Chns€hoose CC Licence}, {Full
Text Version Chosen, Choose Full Text Version}, fRecation Confirmed, Confirm
OA Archiving}, {Publication Cancelled, Cancel OA éiving}}

Definition 5: State Law. A State Law restricts the values of the Propertés
Thing to a subset that is deemed lawful.
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SL = {Piaw}, Where:
P.warePropertiesof aThingthat are lawful and is a subsetRybpertiesof aThing
l:)Iaw EP

Example. In the electronic submission exampl&tate“Full Text Available Publicly”
is lawful only in case wheRropertiesof Publication are, .e.g.:

o P={Title="Title X", In General}

» P,={Status= “Confirmed”, In General}

» P;={Open Access Mark= “Yes”, In General}

 P,~={CC Licence="CC BY”, In General}

» Ps={Version of the Full Text= “Pre-Print”, In Gene}al

e Ps={Publisher Policy = “Yellow”, In General}

Definition 6: Lawful State Space. The set of States of a Thing that comply with
State Laws of the Thing.

LSS = {S, SL} where:
* Sis aset of finite lawfubtates
» SL is aState Law —set of Properties that are lawful for a Thing imsth
particular state
Example. Let's assume that a Researcher has uploadedtiautsr Publication X,
then:

LSS = {{Registered, {Title X, Registered}}, {Open Acess, {Title X, Registered,
Yes}}, {CC Licence Chosen, {Title X, Registered, ¥,eCC BY}}, {Full Text Version
Chosen, {Title X, Registered, Yes, CC BY, Pre-Pritellow}}, {Publication
Confirmed, {Title X, Confirmed, Yes, CC BY, Pre-Rt; Yellow }}

Definition 7: History. The chronologically ordered states that a Thingvases in
time.

H={ss S, .--s Su-.- S}, Where
* sis a starState
* s and g are chronologically nex@tatesn time
* s.is an endstate
Example. History of Statesn the running example for a Publication X:

Hpx = {Registered, Open Access, CC Licence Chosenl, Feit Version Chosen,
Confirmed}

Definition 8: Lawful Transformation. Defines which Events in a Thing are lawful.
Event is a change in a State of a Thing.
LT ={E,, SC, CA}, where:
* FEis a set oEventsthat are lawful in &hing, it can be defined as a subset of
all EventsE E E
» SCis a set o$tability Conditionghat specify théStateshat are lawful under
Lawful Transformation
» CA s a set ofCorrective Actionghat specify how the values of tReoperty
functions must change to provid&tateacceptable under transformation law.
CA={(f:Px—Py)}
Example. In the running example LT for a Publication Xa®tate“Registered”:
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LTp={{E :={Registered»Open Access}, S& ={Registered, Open Access}, CA
={{Title X, Registered}—>{Title X, Registered, Yes}}}, {E={Registered>Not Open
Access}, SG; ={Registered, Not Open Access}, CAg; ={{Title X,

Registered}>{Title X, Registered, No}}}}

Definition 9: Conceivable Event Space. The set of all possible Events that can
occur in the Thing.

CES = {E, T}, where:
» Eis aset of all Events that can occur ifinéng
» T is aTransformationthat is a mapping function, e.g., frodtateX to State
Y: (f: S—S)

Example. In the running example CES for Publication X:
CESyx ={{E{Registered~»Open Access}, ERegistered»Not Open Access},
Ex{Open Access»>CC Licence Chosen}, £CC Licence ChoserFull Text Version
Chosen}, E{Full Text Version Choser-Publication Confirmed}, EFull Text
Version Choser-Publication Cancelled}

Definition 10: Lawful Event Space. The set of all Events in a Thing that are lawful.
LES = {E, LT} where:
» Eis a set of lawfuEvents
» LT is aLawful Transformation
Example. In the running example LES for Publication X:

LESy,={E{Registered=Open Access}, EOpen Access>CC Licence Chosen},
E;{CC Licence ChosermFull Text Version Chosen}, FFull Text Version
Chosen~Publication Confirmed}}.

The applications of above-presented formalizatigitishe shown in Section 5.

5 Existing Gaps and Proposed Solution

This paper continues the research presented inddd][13] where the evaluation of
BPMN and ArchiMate against BWW was presented. Basethe results presented in
previous works, we can conclude that BWW modelrdefia set of elements that are
supported by BPMN and ArchiMate modelling languagewell as a set of elements
that are not supported by these modelling languadésiority of BPMN and
ArchiMate core elements can be mapped to BWW coacistr However, it is necessary
to supplement BPMN and ArchiMate modelling langusagéth the missing elements
in order to be able to maintain a set of lawfulemjstates in business process models.
Because in BPMN and ArchiMate there is no explieppresentation for object's
State Conceivable State Spackawful State Space, State Law, Conceivable Event
Space, Lawful Event Spa@adHistory — resulting BPMN and ArchiMate models may
be irrelevant and modellers may need to incorpadthtional modelling techniques to
overcome these defects. It may be impossible tectidtom BPMN and ArchiMate
models which events and states should be expeotedtdur and which events and
states can occur but are illegal. Another imporéesptect is lacking of elemeHistory,
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which chronologically describes state changes sfrfmss objects. This deficiency can
lead to problems regarding maintaining system'’sdod recovery.

These gaps hinder lawfulness of business proceselmdecause lawful states of
business objects are not explicitly depicted initess process models, models might
contain meaningless states and events, sinced sehceivable states and events are
not depicted, and, as a result, business procestlsmdo not represent real-world
processes and can lead to business process inememlwith regulations. Also, since
BPMN proclaims to be directly executable, omittisiggtes and state transition laws
may hinder correct automated execution.

Using BWW model will potentially support creatingudiness process models
compliant with regulations, since missing BWW elaemseare addressed. Our approach
intends to achieve the following:

— Explicitly defining Propertiesof business objects in business process models
using formal definition described in Section 4 andicating whether business
object is an input or output parameter of an atstivi

— Explicitly defining Statesof business objects in business process modeig usi
formal definition described in Section 4.

— At business process design-time we intend to génexstomaticallyState Law,
Conceivable State Spaemd Conceivable Event Spachrectedgraphs based
on formal definitions presented in Section 4 anglieitly defined Properties
andStatesof business objects.

- We intend to check compliance of business proce#ls lawful states of
business objects at a run-time. At business procesgime based on a
particular process scenario or case, we intencet@mate automaticallyawful
State Space, HistorgndLawful Event Spaceirected graphs.

— We intend to use rules for object life cycle getierapresented in [18] for
automatically generating conceivable and lawfutesepaces. Rules for object
life cycle generation presented in [18] are basegatterns that are matched in
the business process model and used to createtdiigecycle with state
transitions from initial state to possible end estat

The proposed solution for maintaining lawful stadédusiness objects in business
process models requires a repository-based modetiol that accommodates BPMN,
ArchiMate and BWW.

For the running example of electronic submission ofsearch paper to a university
repository Figure 2 depictSonceivable State SpaeedLawful State Spacgraphs for
a Publication X. We would like to indicate that Radition is not the only business
object in this example — also “Notification from titisher” is a business object, CC
licence, etc., but due to limited space we do dot @nalysis of other business objects.
Conceivable State SpaaedLawful State Spacgraphs were created using formalisms
defined in Section 4:
1.LSS was created using formal definition LSS = {3,} S which represents a
sequence ofawful Statesand what ar@ropertiesof Thingfor the lawful states:

LSSy = {{Registered, {Title X, Registered}}, {Open Asse{Title X, Registered, Yes}},
{CC Licence Chosen, {Title X, Registered, Yes, Q@ ,HFull Text Version Chosen,
{Title X, Registered, Yes, CC BY, Pre-Print, Yejjp@Publication Confirmed, Title X,
Confirmed, Yes, CC BY, Pre-Print, Yellow}}.
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2.CSS was created using formal definition CSS = {$,-Twhich represents all
possible sequences of states for Publication:

CS$ = {{Registered, Add Publication}, {Open Access,08sc OA Option}, {Not
Open Access, Archive Internally}, {CC Licence Cinggehoose CC Licence}, {Full
Text Version Chosen, Choose Full Text Version}p{eation Confirmed, Confirm OA
Archiving}, {Publication Cancelled, Cancel OA Arehig}}.

Conceivable State Space for Publications Lawful State Space for Publication X
_ _ _| properties=(Title X,
P=(Tit|e X, Registered}
Registered Regls/tered, No} Registered
7

Access
CC licence
chosen

Full Text
Version Chosen

_| P={Title X, Registered, Yes}
P=(Title X, Registered, Yes,
CCBY}

Full Text
Version Chosen

~ < _| P={Title X, Registered, Yes, CC
BY, Pre-Print, Yellow}

Publication
Cancelled

o ~ =+ P=(Title X, Confirmed, Yes,
Publication Confirmed : Publication Cancelled pyblication Confirmed CC BY, Pre-Print, Yellow}
|:Title X, Cancelled, Yes, CC -

BY, Pre-Print, Yellow

Fig. 2. Conceivable and lawful state spaces for a pubtinath electronic submission
example.

6 Conclusions

Compliance between business process models andtdtgge spaces are especially
required in data-driven processes — in any proogsdel that is based on data and
manipulates with business objects. This paper ptesen on-going research towards
supporting compliance between business process Isnatel lawful state space of
business objects. BWW model is used as the foumdatisince it allows
straightforwardly addressing the lawful and conable state spaces of business
objects. BPMN and ArchiMate modelling languagesndbhave elements that support
explicit declaration of object states, includifgate Law, Conceivable State Space,
Lawful State Space, History, Conceivable Event §paad Lawful Event SpaceThe
main contribution of this paper is a formalized usmin for providing compliance
between business process models and lawful stdtémisiness objects that has a
capacity to support organizations in ensuring céengke between business process
models and regulations.

With regards to tool support further research imgslimplementation of modelling
environment capable of maintaining state spacésisihess objects.
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