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ABSTRACT

Business process management provides a means dlircing interactions between workers and orgditza in a
structured way. However, the dynamic nature ofrttoglern business environment requires these pracessesubject to an
increasingly wide range of variations. Therefotexible approaches are needed to deal with thesatiems in order to
maintain viable business. In this paper, we propgeo-tier data-centric framework to achieve pescéexibility. Our
approach is based on Business Entity, a new praveskeling paradigm widely recognized in recent ye&ve design a
process design business entity (PD entity) to mhelbusiness process definitions as a part of ftgrimation, and process
execution business entities (PE entities) provite ¢ontext for defining the behavior of activitiesthe processes. The
business processes, as the PD entity data, camdified on-the-fly and evolve naturally as the Ridity progresses through
its lifecycle. We illustrate this framework with @xample from the travel service industry. It shdhet this framework is
able to improve process flexibility, empower busmesers with capability of making timely procekanges, and reduces
the burden of managing process evolution.

Keywords

Business process management, case managemengflezaility, business entity, data-centric, twer framework.

INTRODUCTION

Business Process Management (BPM) is a managemaatice which encompasses all activities of idésgifon, definition,
analysis, design, execution, monitoring and measeng, and continuous improvement of business psodeorder to retain
their competitive advantage in today's dynamic retplace, it is increasingly necessary for enteeptis alter processes
rapidly in response to the volatility of global mess environment (Cantara 2008). Therefore, coiepareed to manage
processes that change frequently — often weeklgven daily. Moreover, in some situations they needleviate from
processes and even violate predefined constramts case-by-case basis (de Man 2009b). Unfortynatebst BPM
technologies are not compatible with frequent ad-bbanges. In those existing BPM systems (BPMS)cgsses are
modeled at design time by system analysts withge®enodeling skills. At run time, business useecate these activities
rigidly following the pre-designed models (Basu d&umar 2002; van der Aalst and Jablonski 2000). kvinesiness users
encounter unanticipated situations they must wookirad the system and communicate necessary chamges analysts. As
a result, business users perceive traditional BRM®&flexible and unresponsive to business requrem

In recent years, process flexibility research hém@ed more and more attention in BPM area (Sehbarg Mans Russell
Mulyar and van der Aalst 2008). The existing apphes (Pesic Schonenberg Sidorova and P. 2007; &esican der Aalst
2006; Reichert and Dadam 1998; Schonenberg et0fl8;2van der Aalst et al. 2000; van der Aalst amdid 2006)
accommodate process variation by introducing datiler constraints in process schemas or allowingrobbed dynamic
alteration of schemas. Complex issues arise frasettthanges, such as verification of correctnegsaamkflow instance
migration (Casati Ceri Pernici and Pozzi 1998)gémeral, these techniques handle only a limitedeaf process changes
through careful a priori design, and do not sattbfy business need for ad hoc change. Case manaigéeeMan 2009b;
Swenson 2010) has been proposed as a way to mhunsigess processes that require constant chanigese processes are
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performed by “knowledge workers”, or domain expevibo are entrusted with the authorization to @ad carry out the
prosecution of the case. At any time during theegaosecution, the worker is enabled to changeptae in any way,

including adding activities, deleting activities, @hanging their sequence. However, So far, a ataiwed control language
for case management does not yet exist.

To address the challenges of managing highly Jel&iisiness processes, in this paper we propos®-tidr data-centric
approach based on business entities (Bhattachayaeéll Kumaran Nigam and Wu 2007; Kumaran BishopdChhoolia
Jain Jaluka Ludwig Moyer and Nigam 2007; Kumaran &nd Wu 2008; Liu Bhattacharya and Wu 2007; Liu PRainaik
and Kumaran 2009; Nigam and Caswell 2003). Busimggiy is a recently introduced data-centric psscenodeling
paradigm, which has been successfully employed vargety of customer engagements (Bhattacharyd. €2087). Each
business entity has an information model and &yifie model. The information context is updatedhas business entity
progresses along its lifecycle. All these charasties make it an appropriate paradigm for flexiptecess management (de
Man 2009a). In this work, we extend the model ofibess entity by incorporating process schemasiiatonformation
model. Thus, the process model of a running ingtaxan be dynamically adjusted as the informatianerd of a business
entity evolves throughout its lifecycle.

Our approach can be regarded as a hybrid paradiginblends the models of both traditional BPM anddern case
management. First, processes can be pre-designtte aemplate level, and then be executed with@awiation. But,
flexibility can be granted at process instance llei#ence authorized users can change the procéssnscfor specific
instances at runtime. Compared to ad-hoc case raar@ag, business entities in our approach are weélhed, and provide a
unified information model and lifecycle structureastable context for dynamic process executibis imakes it possible to
perform performance monitoring and knowledge cadsatibn on heterogeneous instances. Thereforeappiroach can not
only handle runtime changes in case managemenaiasnbut also stratify flexibility to differeneVels towards efficient
management practice.

The rest of the paper is organized as follows.i®e& describes several sample scenarios fromrdifféndustries to reveal
a common process pattern that fits with our apgrolt Section 3, we review the business entityttemrocess paradigm,
and present its formal model. Section 4 introdumastwo-tier framework, and discusses how to aahierocess flexibility
in terms of change management. The implementatioouo approach is discussed in Section 5. Secti@morGpares our
approach with related work. Section 7 concludes paiper with a plan of our future work.

MOTIVATING SCENARIOS

Our research is motivated by several interestingmgtes from different industries. We identify a ¢oon pattern and
analyze its modeling requirements.

« Travel Agency. An agency specializing in international travefieo$ a range of custom services to clients, indgdiisa
services, flight reservation, hotel reservatiomyrs$o etc. The agency offers very flexible end-td-&ip arrangements. A
typical scenario starts when a customer signs egeatent with the agency. For an international thp,first priority is
to obtain a valid visa, for which the agency caovjite levels of services ranging from light conatitin to full service.
Once a visa is granted, the trip arrangement coesirwith flight reservation, hotel booking, etc.requested by the
customer. The customer may change or cancel tessevations at any time. After the trip begins,dhstomer may ask
for more services, such as a local tour, tour guidket booking etc. Trip arrangement is not ad®ble process. It is
defined during execution. However, process fragsét handling specific requests, for instancghflireservation and
visa applications etc, can be predefined and mdd#éteaddition, the process flow is driven by tregadin the trip plan,
and in some cases, there is no explicit sequeneetofities. For instance, when a flight is reserveeveral activities,
e.g. hotel reservation and booking local tours, lmarexecuted in any order. Similarly, changingiligeservations may
lead to a series of changes to other reservatitdihde each trip process instance represents amest® unique travel
experience, specific process fragments (e.g. flighstervation, flight cancellation) are repeatedniany process
instances. Also a process instance may serve esaldte for starting new instances of trips to $hene destination.
Therefore, it would be useful if process instanoasld be searched so that agents can learn frotormaes experiences
and make good recommendations to customers.

e IT Service Delivery. Service delivery centers (SDCs) provide a rangdTokervices to outsourcing customers,
including server provisioning, server decommissignidisaster recovery etc. Server provisioningudek installing
operating system, installing security patches, atier IT service tasks. To improve service qualitgl efficiency, IT
service tasks have standard information requiresnant procedures. When a customer requests ITcesnan SDC
selects appropriate service process templatesadiogstthem to the customer’s needs. During exeautihe customer
may request various changes, for example, addingseevices or dropping services that are alreagyadgress.
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» Clinical ProcessesSimilarly, in medicine, a physician sets up atneent plan for a patient based on an initial doesgg
following clinical guidelines. The treatment plagfithes a process for caregivers to follow. Howewsr the patient’s
condition changes, the physician needs to altepldae on-the-fly.

These examples reveal a common pattern in pro@ssgrdand execution. First, for the purpose of eman efficiency, the
work is divided into granular units (e.g. variounavel services, IT service tasks, or lab tests)clwlare standardized and
relatively stable. Second, process templates I{i.eservice process templates or clinical guideljna® used to accelerate
process design, but tailored to customer needsd,Tthie actual process is defined while it is exeduHence, flexibility is
the most notable feature. These processes reduistall types of flexibility classified under thaxonomy described in
(Schonenberg et al. 2008). They may be underspdcifue to the lack of clarity of customer needdlexbility by
under specification, and some predictable changes can be considered)guocess desigril éxibility by design), but most of
them are unpredictable, occur during run-time, amahdate process modification on-the-fiyeXibility by change or
flexibility by deviation). Finally, though each process instance representsque customer experience, process instanees ar
useful resources for designing new processes anglaées, as well as auditing. Thus, process inss&aneed to be properly
managed for search and analysis.

To support this pattern, we propose a two-tieraa&ntric approach to process modeling and exetWie treat a business
process as context data, which can naturally chasgle process executes. There is no boundaryebetdesign time and
run time. Also, process instances can managecdeisdime way as data in a database. We begin witltraduction to the
concept of business entities.

BUSINESS ENTITY — A DATA-CENTRIC PROCESS MODELING P ARADIGM

The concept obusiness entities (a.k.a. business artifacts in (Nigam et al. 20083 been proposed to model business
processes and information in a unified way. Edoliness entity type is characterized by an information model and a
lifecycle model. A business process can be captased collection of interacting business entitye/pDuring execution,
business entity instances (for short,business entities or BES) are created and progress through their lifecy@eBE is self-
contained in the sense that (1) each state alerjgutney is defined by its current information tan, and (2) progress from
one state to the next requires the specificatiothefactivities that need to be performed to acdsimghe transition. The
advantages of business entity-centric modeling h@&en described (Bhattacharya et al. 2007; Nigaah @003).

Definition 1 (Business Entity Type) A business entity typeis a tuplee = <name,, ds,, id,, >, Wwherename, is the name of
e, ds is the data schema ef ide is an attribute serving as an identifier of ins&s ofe, andl, is the lifecycle ofe. ¢ is
typically represented as a finite state machine,<S TR>, whereSis a set of state3R is a set of state transitions. For any
UTR, t = <Spurces Starget, aCt>, Wheresyyrces Sarget L) Sandact is the activity that causes the state transition

We illustrate the business entity concept with titaeel agency example. The agency’s business dersfisa collection of
travel-related services, each of which can be nemtlak a BE. For example, Flight Reservation cambeeled as the BE
shown in Figure 1. When a reservation request Bnitted, a Flight Reservation BE is created. Thenag executes
activities to change the entity state and recolelvemt information. For instance, after an ageserees a flight, the ticket
information is recorded and the BE instance is #Resd”, as shown in Figure 1 (c). The agency maghedule or cancel
the flight reservation. Each state change or datmge can be viewed as an event. The businesg eatitpublish these
events for processes or other BEs to use. For deamvhen a flight is rescheduled to another daig, ¢élvent can trigger the
change of a hotel reservation.

Customer Initial ID: 1
nita CurrentState: Reserved
Ticket ID Ticket
Flight - L Reserve Flight Ticket ID: abc1234
Reservation Booking Date Airline - m Airline: Delta
. i eschedule
Cancellation Flight No Fight Reserved For SFO
Reason Departure Booking Date: 3/20/2011
: Arrival Board Fli mCanceI Flight Event
ga?ce"atlon From oar '9 State lransili_on
ate T Completed Cancelled Name: Flight Reserved
o Transition: /nitial-to-Reserved
(a) Information Model (b) Lifecycle Model (c) A Business Entity Example

Figure 1: Flight Reservation Business Entity

As shown in Figure 1 (b), activities move a BE @gdts lifecycle. To provide travel services to amers, the agency
executes a number of activities that are standeddand form an activity catalog. Each input to gor output from) an
activity is either a BE in a specific state or atistdata source. For example “Customer”, a stidia source, is an input to
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the activity in Figure 2(a). In Figure 2(b), a Viggplication business entity in “Granted” staterexquired before an
international flight can be made. The output ofthctivity is a Flight Reservation in “Reservedatst Activities can be
initiated by human role players or triggered byrggeln Figure 2(c), “Reserve Hotel” is triggeregdstate transition event
“Flight Reserved” or “Flight Rescheduled” from dd¥it Reservation BE. After this activity is exeatit@lthough the inputs
are still available, it cannot be enabled agairsmianother “Flight Rescheduled” event arrives.

Definition 2 (Activity) : An activity a is a tuplea = <name,, |5, O, Vo>, Wherename, is the name o8, |, is the set of
information inputs that are needed in order toqrenfa, O, is the set of information outputs produced by clatipg a, and
V, is the set of triggering events to enahld,, O, = {&(s)} I D, wheree(s) is a business entigyin states, andD is a set of
static data elements. Often a triggering eventstate transition evenw{(e, tr)}, wheree is a business entity andis a state

transition.
—— — = v <
w - - ——— isa ~
Ari)‘:ilzglli;n ”””””” Visa Appllcatlon Reserve F||ght ,,,,,,,, R Flighzt _
- - Application Granted eservation
Submitted Reserved
Agreemen Visa Granted
(a) Submit Visa Application Agreemem
—
- —
Flight - ( Reserve —_—
,‘ ””””” Hotel - Cancel Hotel-------— Hotel
L Reserved (Cancelled
[ (Y Flight reserved/ (Reserved) ‘ Flight rescheduled/ )

rescheduled event cancelled event

(c) Reserve Hotel (d) Cancel Hotel

Figure 2: Activity Examples

These BEs capture established practices of prayidecific services in the industry. Thereforeytlage quite stable,
particularly with respect to their information alifitcycle models. Rarely, the activities that Idadstate transitions may
vary. However, as described before, most changem® dmom trip processes which are tailored for sipecustomer needs.
Next we describe our framework for handling thigetyof change.

A TWO-TIER PROCESS MANAGEMENT FRAMEWORK

Extended Entity Model

To enable run time changes at either the procdss sz or instance level, we extend business entiyeting to incorporate
process models as a part of business entity inflbmmaAs the business entity progresses througlifésycle, the process
model can evolve naturally as the information mddelipdated. The architecture of our solution frenoidk is shown in
Figure 3. This framework contains two tiers of Imgsis entities. The first tier is an overarching &led process design
business entity (or PD entity). We design the information modeltloé PD entity to store processes, which can bmetkf
during execution or frequently changed. As the Rilitye progresses through its lifecycle, the busingsocesses are
launched and executed.

O st O—=>O>O—>»0O—>0 Process Design

() Activity Business Entity
1 Information launch (PD Entity)
model =2

Business
Processes
invoke AN !
Z Y d»(}b»@»@ Process Execution
OPOPOPOFO O»O»THPOPO

...... Business Entities
% E % (PE Entities)

Figure 3: Two-Tier Framework

Definition 3 (Business Process)A business procegsis a tuplep = <name,, A;>, wherename, is the name op, A, is the set
of activities inp.

Definition 4 (Process Design Business Entity or PBntity): A process design business entity has one or tgsaess
processes defined in its information model andotfoeesses are executed in a state of its lifecycle.
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A process is composed of activities with inputs aotputs specified in terms of a collection of B&she second tier. These
BEs, representing the real work of a business pmce.g, Visa Application or Flight Reservationtlire travel agency
example, are referred to pocess execution business entities (or PE entities). The process creates new PE entities, changes
their states, and orchestrates their interactidhe.execution order of the process can be infdrmed the inputs and outputs

of activities. Hence, when defining a process Rilaentity, domain experts or business users fonudefinition of activities
instead of the execution order. Graphical reprediemts of the process can be automatically gergriatdelp validate the
execution order.

To illustrate this framework, we model Trip Arramgent as a PD entity shown in Figure 4. Unlike autagBE, this PD
entity contains a Trip Process definition and refiees to PE entities. A Trip Arrangement instarcereated when a
customer signs an Agreement with the agency. Tlasedon the customer’s needs, a Trip Processignéésand added to
the business entity. This process contains catatigities that the agency will execute to pregaecustomer’s trip, such as
visa application and flight reservation. The refiees to the PE Entities that define activity inpantsl outputs are stored in
the PD entity. For example, Figure 5(a) shows @ Piocess created at design time. It contains iaeivfor reserving
flights, hotels, and two local tours (see Figure e table on the right lists PE entities that #ue inputs or outputs of
activities in this process. Since this processrizadeen launched, no Instance ID has been recgeted

Customer ID

PE Entity ID
State

-Approved By Other Data

Travel
Arrangement

Trip
Cancelled
(b) Trip Arrangement Lifecycle

Figure 4: Trip Arrangement Business Entity (ProcesdDesign Business Entity)

< PE Entities
e = —— For simplicity, we
i 9 Name: Flight Reservation omit the inputs and
| N -3 Instance ID outputs of activities in

N | ID: PE2 this figure
R , Book Local
:E;}:‘{e 01?°uro1ca . Name: Hotel Reservation
|lnstancelD Hotel Book Local
i ‘ D: PE3 Reserve oo
I Bo_?k Lozcal ! Name: Tour Reservation Flight Book Local
3 _—— . our : |Instance® (" Local Tour 1
S Flight - ID: PE4 Completed
Reserved Name: Tour Reservation
. R . Instance ID . )
(a) Process Created During Trip Design —————  (b) Process Changed During Execution

Figure 5: A Trip Process

After a trip process has been designed, processigar can begin. The instance ID of input and aufEs are recorded in
the Travel Arrangement PD Entity. During executinaw activities can be added, and existing actisitan be skipped or
removed. For example, during execution, the agealizes that many customers cancel Tour 2 aftéengakour 1. She
decides to delay booking this tour till after thestomer has completed Tour 1, and still shows @stein Tour 2. The
changed Trip Process is shown in Figure 5(b). Atgti¥Book Local Tour 2” has a triggering event “Lalc Tour 1
Completed”.

Figure 3 illustrates the relationship between qapraach and traditional activity-centric processdeling and modern case
management. As it shows, the business process noodedsponds to the Business Process layer aldme.tWio main
distinctions of our approach are: it is data-cenuts. activity-centric and instance-based vs. sehbesed. Based on BE-
centric modeling, in our approach data providestexdnfor defining activities and processes. In\afticentric process
modeling, activities are the focal point around ebhinformation is organized. Detailed comparisom ¢ found in
(Kumaran et al. 2008; Liu et al. 2007; Liu et a002). Second, an activity-centric model mandates hork is done and

Proceedings of the Eighteenth Americas Conference on Information Systems, Seattle, Washington, August 9-12, 2012. 5



Liuetal. A Two-tier Data-centric Framework for Flexible Business Process Management

many process instances are spawned from it. Irffraorework, each process instance corresponds @ anfity instance,
which also contains the process schema. Thus, iheedistinction between a process schema aistance.

Case management (de Man 2009b; Swenson 2010)nerajecan be considered as a variant of Figur@t8ne PE entities
in the second tier. A process is specially taildieda case (i.e. a PD entity) and becomes a ffdhteocase. Activities in the
process are defined in the context of the caseeffpldther than the more granular and structuredesd provided by PE
entities. In our framework, PE entities presctibe behavior of activities. This constraint is able for a process pattern
where activities are commonly standardized.

Therefore, we view our approach as a fusion ofiticathl workflow technologies and data-centric miig and a specific
case management technique. In the spectrum of B&Mnoblogies with respect to flexibility and struetdness, our
approach can be positioned in the middle betwesitibnal workflow approaches and case management.

Change Management

Our framework achieves great flexibility at procésstance level designed for business users or moexgperts. A process
can be modified during either design or executioret Also, because each activity is data-driverhweitplicit inputs and
outputs, users can focus on activities without eomdor the sequence of activities. A graphicalwiman be generated or a
verification tool can be used to ensure valid eXecuorder. The user interface for defining and g a process can be
relatively simple. Essentially, its basic functi@nto let users choose PE entities and designitesivNote that changes to
PE entities are not covered in this paper. A reaBlenassumption is that PE entities are abstractiérrustomary behavior
of a business domain and are rarely changed. Famgbe, the Flight Reservation in Figure 1 captuies common
information and key states that concern a travehagSimilarly, in the IT service industry, an IEr8ice Task (e.g. install
operating system) has standard lifecycle (e.ggassl, executed, reviewed etc.) as well as datacti state. Changes to
these models are infrequent.

In our framework, since a process is stored asgidhe information of a PD entity, we can modifyust as any other data.
In general, we can modify, remove, or skip actdgtthat have not been executed, or add new aesiviti

» Modifying: Changing the triggering events, static data isfowttputs, or read-only BE inputs of an activitheTchange
causes no alternation to the state transition &gsadcwith this activity. If the change will be smd for future process
instances, this modified activity should be addethe activity catalog.

* Add: Selecting an activity from the activity catalagdaadding it to the process.
* Remove: Deleting an activity from the process.

o Sip: If an activity becomes unnecessary in a prociss, skipped during execution. The attribute vali@kipped
(Y/N)” (see Figure 4 (a)) is set to “True”. Howeyéhis activity is still kept in the process in eathis process will be
used as a template and other instances originfxtingthis template need this activity.

Modifying a process in our framework is rather sien@ ypically, two data items in the PD entity angolved in a change:
PE Entity, a list of references to PE entities, ahdivity, which stores activity definition and executioricinmation (see
Figure 4(a)).

Next, we use an example to illustrate how to changeip Process. A customer plans to travel to Nenk and is interested
in three local tours. An agent helps the custonedragvalid visa and makes reservations for flightgels, and the local
tours. Each of these services is captured as anftlg. @he PD entity, Trip Arrangement (see Figd(a)), has references to
these PE entities. The agency designs a trip psosbich involves six PE entities (PE1-6) as showithie white part of
Table 1. At design time, these PE entities areinitiilized and therefore the “Instance ID” colurhas no value. The
activities of the trip process (A1-6) are showrthe white portion of Table 2. Each activity is aefil with PE entities as
inputs and outputs and triggering events (we otaticsdata inputs and outputs for simplicity). FExample, after the visa
application (PE1) is granted, flights (PE2) areereed. It is very straightforward for business ager define activities in a
table. These activities are saved in the PD emtityrmation and can be translated into a graphiegresentation, for
example, shown in Figure 6(a). Note that “ResereteH (A3) and “Book Local Tour” (A4-6) can be exged in any order
because these activities require the same PD €Rtight Reservation) as a read-only input. Nex, describe two changes.

Change #1: During the execution of the trip process, themadids that no reservation is needed for LocalT®. The tour

can be given whenever requested. Hence, this gcisvskipped, i.e. “Skipped (Y/N)” is set to “YhiTable 2. Later, due to a
change in the customer’s itinerary (an event), rdeerved flights must be rescheduled to other d&essequently, the
reserved hotel has to be cancelled, and a new testetvation is needed. Also, the customer canmadterthe first local tour
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and hence the tour reservation needs to be cadcé&lbemake this change, a series of activities {Ay-are added to the trip
process (see Table 2) and will be executed. Silyjldrese added activities can be converted irgoaphical representation
as shown in Figure 6(b). Since a new hotel resienvas needed, a new PE entity (PE7) will be creditg Activity A9. As
shown in Table 1, reference to this new PE engitgdded to the PD entity. At this point, activiti&s-5 have been executed
and PE entities (PE1-5) have been created. ThanostlDs of these entities are recorded in the ®ByeThe grey portion
of Table 1 shows the data has been added betws&ndene and Change #1.

Change #2: After completing the first local tour, the custernis not happy with the tour and decides to takel&guided
tour with a rental car. To accommodate this chatlye,agent reserves a rental car (All) (see blexk af Table 2). The
graphical view of this portion is shown in Figurg)$ A new PE entity, Car Rental, is added to Tdble

ID Name Instance ID

PE1 Visa Application V1
PE2 Flight Reservation F1
PE3 Hotel Reservation H1
PE4 Tour Reservation T1
PE5 Tour Reservation T2
PE6 Tour Reservation

PE7 Hotel Reservation H2
PES8 Car Rental R1

Table 1: PE Entity information added in different phases: (a) white area — design time,
(b) grey area — immediately after Change #1, and dlack area — immediately after Change #2

Inputs Outputs " g
Activity - Triggering Skippe
Activity
ID IIDDE State | Events IIDDE state | (YN)  [Note:
- vi: Customer Request 1
Submit - .
Al Application PEL | Initial vy PEL| Submitte V,: PE1 Granted, i.e.
A2 Reserve Flight| PE1 Granteda, PE2|Reserved Vs(PE1, submitted-to-
A3 Reserve Hotel| PE2 Reseryed PE3|Reserved granted),
A4 283:(1 Loca PE2 | Reserveds; PE4|Reserved vs: PE2 Reserved, i.e.
Vs(PE2, Initial-to-
A5 283:(2 Loca PE2 | Reserveds; PE5|Reserved Reserved),
V4. Customer Request 2
Book Local
A6 Tour 3 PE2 | Reserveds; PE6|ReservedY ve: PE2 Rescheduled, i.
A7 Ef;r‘]’the‘j”'e PE2 |Reserve(vs PE2|Reserved, vs(PE2, Reserved:-to-
Reserved),
A8 Cancel Hotel [PE3 |Reserve(vs PE3|Cancelled
Ve: Customer Request 3
A9 Reserve Hotel |PE2 |Reserveqvs PE7|Reserved
A10 Cancel Tour 1 |PE4 |Reserve(vs PE4|Cancelled
All RO R PE7 Reserve(vs PE8|Reserved

Car

Table 2: Activities added in different phases: (ajvhite area — design time, (b) grey area — immedidieafter Change #1,
and (c) black area — immediately after Change #2

Note that all of these changes are made to a paestgnce without affecting other instances. Hawgit is also possible to
apply these changes to a process schema. Fistpritgess instance can be saved as a templatesfding new instances.
Second, the changes can even be applied to othamgiinstances. For example, if Local Tour 3 islomger available,
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technically, an SQL statement can remove the “Bbokal Tour 3” activity that has not been executesht all running
process instances. With traditional workflow tedogies, modifying a process model at run time imesl complications
with existing instances. Some instances can beatedr while others cannot. As a result, differesitsions of the process

model are needed. This burden of managing procedstion is exacerbated if a process is full ofhmd changes.

A8. Cancel |[A9.Reserve
Al $ub_mit J_{Q.Rgservej_’ Hotel Local Tour 1 Hotel Hotel A11. Reserve
Application Flight A5. Book ) A6. Book Flight A10. Cancel Rental Car
(b) Change #2
(a) Process Created at Design Time (b) Change #1 (Run time) (Run time)

Figure 6: A Trip Process with Changes

Correctness Verification

In our framework, a process is said to be valigbi¢h activity in this process can be enabled. Racévity to be enabled, its
inputs must be available and its triggering evemiist occur. Since its inputs are specified in teofBE entities, enabling it
requires that each input PE entity has reachedpkeified state. The reachability of this state ba decided based on the
entity lifecycle. For triggering events, we focus state transition events because their availglutin be forecast. However,
the arrival of other types of events, for exampbeternal events or data change events, is unfabkeeThe sketch of our
verification algorithm is shown in Figure 7. Thigarithm takes a process definition and the assedi®E entity types as
inputs, calculates the relationships between aiygiaactivities in the process (i.e., connectextlasive, or parallel), tests
the arrival of triggering events, and lists incathe defined activities and triggering events agpats. Now we apply it to

the process defined in Table 2.

Not at i ons

e(s): Business entity e in state S.

v, (e, tr ): A state transition event associated with state t ransition tr of e

r(x, Yy): Relationship between activities xand y.(@)ifr( X, Y)=( x->y), there is a path from xto vy,
i(r|1|)p|fa|[.gllel x,y)=( x\'y), xand 'y are exclusive, and (iii) if r( X,y)=@, x and vy can be executed

Al gorithm1: Process Verification (Sketch)
Inputs: a business process definition and associat ed PE entity models
Outputs: ACT_ incorrectly defined activities,

err

V__ : Incorrect triggering events of activities

er *

R Relationships of activities

(2). Determine the relationships of the activities in a process
(1.2). For any pair of activities x and vy inthe process, let r(x, y)=4@.
(1.2). For any pair of activities act , and act ,, and for any entity e such that e(s,)isan
output of act , and e(s,)is an input of act ,,

a) If s, can be reached from s, let r' (act,, act,)=( act, >act))

b) If s,and s, areexclusive (i.e. there is no path containing bo th of them), let r (act ,,
act ,))=( act,\ act),).If act , and act , correspond to state transitions tr yand tr,
respectively, and tr ,and tr , have the same source state, let Decision (act ,, act ,)=true,
iie. act,and act, areconnected from a decision node.

If r(act, act, and ' (act, act,)arein conflict, i.e. one is ( act ,\ act ,) but the other is

(act ,~act ,), add”  act ,and act, to ACT, . Otherwise, let r(act , act,)=r (act, act))if r(act ,,

act ,)=@.

2). Check the correctness of each triggering events. Fo r each triggering event v, (e, tr)ofany
activity act , let X be the activity corresponds to tr .
(2.1). If x isinthe process, x must be executed before act . Therefore,

a) If r(x, act)=0,set r(x, act)=( x-act). This eventis valid.

b) If r(x, act)=( x-act)but r(act, x)=@, thiseventis valid.

c) If r(x, act)=( x—act),and r(act, x)=( act =>x),then x and act form aloop. If X is
closer to the entrance of the loop than act , this event is valid.

d) Otherwise, (i) act and x are either exclusive or (ii) act is supposed to be executed
before  x but this cannot happen (a deadlock situation). Add v, (e, tr)to V.

(2.2). If X is not in the process, check whether x is indeed executed outside of the process

or X should be brought into the process

Figure 7: Process Verification Algorithm
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Following Step (1), we get the following relatioigh (A1—A2), (A2—A3), (A2—A4), (A2—A5), (A2—AB), (A2—A7),
(A9—A11). In Step (2), since, V4 andvs (Customer Request) are external events, we cdorextast their arrival and are
excluded. Event(PE1, “Submitted-to-Granted”) is associated withivity “Grant Visa”, which is not executed by the
agent. Instead, when this activity is completethessage is sent to the agent to start the staistioa. This event can only
be monitoredvy(PE2, “Initial-to-Reserved”) angy(PE2, “Reserved-to-Reserved”) are caused by aesvih the process.
The first event does not bring any new relationsfipe second event brings new relationships—AB), (A7—A9),
(A7—A10). The process is valid without any error.

With the relationships between activities are ided. It is easy to construct a graphical représigon of the process. The
algorithm is shown in Figure 8. Continue the exampith this algorithm, we get a graphical repreatoh which is very

similar to Figure 6, except that A7 (Reschedulgti) can be executed in parallel with A3-6, whicvé no dependency
with A7. However, A7 is in fact executed after A3Tthis temporal constraint is taken into accourfigure 6, which shows
A7 is connected from A3-6.

Al gorithm 2: Generating G aphical Representation of a Process (Sketch)

Inputs: R - Relationships of activities, resulting from Algorithm 1.

Outputs: G - The process graph of this process

(1). (Connection ) For any pair of activities xand ywith r(x, y)=( x-y),connect xto .

(2). (Decision ) For any pair of activities x and y with Decision (X, Yy) = true, connectthem from a decision node and
reconnect all incoming connectors of x and 'y to this decision node. Collapse two decision nodes into one if
they are directly connected.

(3). (Start and End ) For any activity act corresponding to a state transition tr , (i) if the source of tr is an
initial state, and act is not connected from any other activity, connect it from a “Start” node. (ii) If the
target of tr is a final state, and act is not connected to any other activity, connect it to an “End” node.

(4). (Remove redundant paths ). For a connector between two activities, if there is already path with length more
than 1 between them, remove this connector.

Figure 8: Algorithm for Generating Graphical Representations of Processes

IMPLEMENTATION

Figure 9 describes the implementation of our apgr@and combines two solutions for the two kindéuadiness entities. PE
entities are implemented using Data4dBPM (Nandi igokloser Hull Klicnik Claussen Koppmann and Vergal@)) a
business entity-centric BPM runtime for WebsphemacBss Server (IBM 2008). Each activity in a preciesconverted into
a WSBPEL (OASIS WSBPEL TC 2007) process shippetieobd with data extensions (known as BPEL4Datapéxify
data access operations on certain activities.rim the data access operations manipulate BE datg the BEDL (Business
Entity Definition Language) runtime (Nandi et aQ1D).

Flexible Workflow Runtime Data4BPM Runtime
Wbl EE T AD +| SCA Components / WSDL APIs |
Siena Runtime BEDL Runtime

@O PE Entities
(e.g. Flight

Activities Reservation)
(e.g. Reserve Flight)

\
ey
Persistent Storage

Figure 9: Implementation Architecture

PD Entities require a different approach to accomua® on-the-fly changes to their embedded proce3des feature is
provided by an exploratory research project namiedeS(Cohn Dhoolia Heath Pinel and Vergo 2008). Thee of this
implementation is a container that facilitates dataess, access control, lifecycle management aoidfiow execution (a
lightweight BPEL engine). This runtime can commuatécwith other components through protocols sucWab Services,
and a user interface can be plugged into the fraorlewhe processes are executed using several Bienaflows in charge
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of creating process instances as well as creati@ming and completing activity instances. Forleactivity instance
creation, a microflow communicates with Data4dBPNhgs Web Service to initiate a BPEL snippet.

In Figure 9, we also illustrate the flight resei@atactivity in the case of a trip process. As gerd creates a trip, a new Trip
Arrangement entity is created by the Siena RuntWikeen this entity changes its state to “Executing® Siena microflow
engine reads the Trip Process stored in the eanidycreates an instance of the first activity & #rocess, “Reserve Flight”,
by making a Web Service call to Data4dBPM. Data4BRMantiates a “Reserve Flight” BPEL snippet, whicimsists of at
least two tasks: a human task letting a user ¢ngeflight information, and a BPEL4Data task toatee“Flight Reservation”
(a PE entity) and persist the data using the BEDitime. State transition events may be broadcastet@iena Runtime by
subscription. After the BPEL snippet is completee Siena microflow engine is notified and it rectte task execution
information in the PD entity. Then, the engine ge#ue Trip Process again to find the next activiglls Data4dBPEL to
check the availability of input entities of thistiaity, and determines whether this activity candmabled. If this activity is
enabled, the engine moves on to it.

RELATED WORK

Process flexibility has been an area of great éstemparticularly in the area of business proceasagement (Baez Casati
and Marchese 2009; Casati et al. 1998; Ceri Da&kra and Raffio 2009; Pesic et al. 2007; Pesal.€2006; Reichert et
al. 1998; Schonenberg et al. 2008; van der AalstéBaVerbeek Verkoulen and Voorhoeve 1999; vanAddst et al. 2000;
van der Aalst et al. 2006; Weber Reichert and Riedda 2008). A comprehensive review of literatoreprocess changes
can be found in (van der Aalst et al. 1999; vanAlast et al. 2000). A survey of the contemporgopraaches to process
flexibility is given in (Schonenberg et al. 2008he approach to flexibility in (Ceri et al. 2009)similar to ours in that each
process instance has its own process definitiors Work considers activities in a process to hawmniersal lifecycle,
different from our approach where activities arérs with a collection of PE entities. A univerdiéécycle management is
given in (Baez et al. 2009). In this approach, ithplementation of a state transition is separatedhfits definition to
support light coupling. This idea coincides witre thoncept of PE entities where state transitiomsimplemented by
dynamic processes. Declarative languages, for ebear@onDec (Pesic et al. 2007; Pesic et al. 2006)ecSerFlow (van
der Aalst et al. 2006), are proposed to avoid epeeification in process schemas and thus provideeps flexibility. An
application of declarative languages in clinicalgiices to address process flexibility issuesvemin (Mulyar Pesic van der
Aalst and Peleg 2008). However, it may be challeggd build a declarative model for a complicatesibess scenario.
ADEPT system (Reichert et al. 1998) provides aéehange operations to support dynamic deviatiomfprocess schemas
with correctness properties considered. Howevenagimg process schema evolution is a complicageeisas discussed in
(Casati et al. 1998).

Our work adds a new approach to Case Managememdde2009b; Swenson 2010). Case management hagpbmsrsed
as a way to manage business processes that apenpedfby “knowledge workers.” When a knowledge veorépens a new
case, one of the first activities the worker perferis creating a plan of activities for the caseafy time during the case
prosecution, the worker is enabled to change tha.plypically the information that identifies thase and its attributes
remain unchanged. Just like our approach, case gearent tools may offer the possibility of definisgandard activities
that are common to many case instances to expéditmanual task of creating the activity plan.

The concept of storing processes in the informatbrbusiness entities was first proposed in (Kumaet al. 2007), a
solution framework designed for service deliverynagement. We extend this framework by a two-ti@amiework to
support process flexibility. In this research, isaextended the business entity-centric approBblat(acharya et al. 2007;
Liu et al. 2009; Nigam et al. 2003) by introduciignamic process behavior. Notably, recent busieatity research is also
exploring declarative approaches to support proftesibility (Cohn and Hull 2009).

CONCLUSION

In this paper, we presented a two-tier data-ceffitaimework that achieves process flexibility byending business entity
process modeling paradigm. The main features of ftamework are summarized as follows. First, themfework
differentiates process changes by their frequemay @ovides an elegant solution for frequent ad tleanges. Volatile
business processes are captured in PD entity imfitom models for dynamic change. Second, the fraonewlurs the
boundary between process definitions and instan€ash process instance has its own process defisitas well as
information created during runtime. Changes to dyicebehavior can be applied to either schema dants level. Third,
this work can significantly reduce the burden ofniaging process variations. Definitions of dynamiogesses, as data of
information models, can be managed by databasaitpas. Finally, it is the business entity approcprocess modeling,
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i.e. the unification of information and activity mheling, which makes it possible for business usersnodify process
instances dynamically.

In future work, we plan to extend this frameworkstgqpport the scenario where flexibility at PE entiér is also needed,
and to enrich the framework with features to suppasiness users in designing and modifying prasess
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