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Abstract. The paper presents motivations and technical gstsums of a
prototype object-oriented declarative workflow mgement system that is
developed and implemented at the Polish-Japanestéuta of Information
Technology in Warsaw. The main assumption thatediffthis system from
many similar systems is the possibility of dynarcii@anges of running process
instances. The workflow environment consists ofcalted active objects,
which play a double role. Active objects are peesisdata structures that can
be queried and managed according to the syntaxsanwhntics of a query
language. On the other hand, active objects possetige parts that are
executable. We distinguish four such parts: fireliton, executioncode,
endcondition and endcode. An active object waitsefecution until the time
when its firecondition becomes true. After thag thbject's execution code is
executed. The execution of a given active objeteliminated when either all
the actions are completed or its endcondition besotrue. After fulfillment of
the endcondition some terminating actions can leewed through endcode. In
principle, all active objects are executed in galalwhich amounts to a
fundamentally different attitude to the controlviloThe flow is determined
dynamically using only fireconditions and endcoiwtis that depend on a
workflow environment state, a database state, ahimacstate, a state of
resources, etc. There are several big advantagethiofapproach to the
workflow, in particular, parallel execution of mangrocesses and their
synchronization are not constrained and the workfmvironment can be the
subject to ad hoc changes. The prototype has Ingglernented on the basis of
ODRA, an object-oriented distributed database mamagt system. As the
workflow programming language we use SBQL, an objeiginted database
query and programming language developed for ODRA.
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1. Introduction

Current workflow technologies, developed mainly dmmmercial companies and
standardization bodies, see for instance [1, 2] 3present a quite well recognized
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domain, with a lot of commercial successes. The adrthe current approaches to

workflows is the control flow graph, which determgthe order of tasks performed

by a particular process instance. Other issuetetel® workflows, such as resource
planning and management, workflow participant assignts, database structure and
organization, transaction processing, synchrompatif parallel activities, exception
handling, tracking and monitoring of workflow pra@ses, are frequently treated with
attention, but are seen as secondary with respabetwork control flow. The model
based on the control flow graph is defined morentdty as a Petri net, and such a net
is able to specify — to some extent — synchrororatf the parallel tasks performed
by a particular workflow process instance.

Nevertheless, there are still problems that undeendpplications of workflow
management systems in important business domaiglewBwe list the following
features that are frequently required in compleginss applications, but are absent
or poorly supported by workflow systems:

» Dynamic changes in workflow instances during thiain. A dynamic change can
be performed automatically, as a result of somgasdn in the entire workflow
environment, or as a consequence of the statgafteular process. A change can
also be performed ad hoc and manually by someredtagent, for instance, by the
workflow system administrator.

» Parallel execution of tasks within workflow processThe current systems are
based on particular splits and joins that are ekpli determined by the
programmer, but in many cases such parallelisrmssfficient. For instance, it
may happen that during a run of a process instdreprocess should be split into
many parallel sub-processes, but their numbergeland unknown for the process
definition.

» Parallel execution of sub-processes on indeperttadtvare. Actually, little or no
support for this feature is assumed by the proeessance control flow graph.

» Aborting a process or some of its parts. Abortiag cesult from some situations
that are recognized in the entire workflow enviremta For instance, if from the
environment analysis it is known that some resaur@eg. money) have been
exhausted, then it makes no sense to continue sardlow processes, because
they cannot be completed anyway. Currently, sudiiasons are handled
manually, with a lot of possibilities for non-optfrhuman intervention.

» Resource management. Workflows deal with variousources, in particular,
workflow performers, money, time, computer and a&finfrastructure, specialized
equipment, machines, vehicles, etc. In current eggres to workflows the
resource management is secondary and driven byctimérol flow. This is
unnatural for many business processes, because thest availability or
unavailability of resources is a natural factor ethcan trigger or suspend some
tasks or processes.

» Tracking and monitoring. Tracking and monitoringhcerns the entire workflow
environment and all process instances. This featueans that each individual
process instance can be the subject of trackingezamg all the past operations
that it has executed, concerning the current ojgeratand concerning the
anticipated further operations. Monitoring concerire entire population of
workflow process instances, and involves askindydical queries about the whole
population. Tracking and monitoring require orgamiz the entire workflow



environment and all process instances as a datetwte with a well developed
schema, so querying it via a query language isilpess

» Transaction processing. Usually, in this context thain problem tackled in the
literature concerns long-living transactions thastIweeks or months, and thus
make some data unavailable for other instancesreTlaee, however, other
peculiarities of transaction processing in workflpvocesses. In particular, some
parts of transactions that concern human actionatdme reversed. In such a case,
the transaction should be augmented by a compagsatinsaction. Distributed
transactions concerning workflows may need morehistipated algorithms than
2PC or 3PC. There are also cases when the isolativom of transaction
processing must be violated. For instance, soméflear transactions may need
information which transactions have locked the enilly required resources.

» Integrated object-oriented model and query/programgmanguage. Currently,
workflows are supported by relational databasesa asle. This causes various
forms of impedance or culture mismatch. In pardculan object-oriented
workflow application schema must be converted teelational schema, which
makes programming and program maintenance much coonplex.

After analysis of the current state-of-the-arthie lomain we have concluded that
classical approaches to workflows based on dedimitiof processes in the form of
control flow graphs (Petri nets) have unavoidaldeoeptual limitations that disallow
to achieve the mentioned qualities. Although thera substantial research aiming at
dynamic changes of process instances, see [5, 8, 9, 10, 11, 12], it can be
anticipated that their scope must be limited. Theme at least three problems with
modifications of a currently executed process mstagraph. (1) Parts of the graph
have no identity, they cannot be separated frorargtharts and they are not described
by some metamodel (like a database schema). Thterge of a such a metamodel is
a sine-qua-non condition for user’'s awareness caimge what and how to modify.
(2) A process instance graph elements are tightlsréonnected. In languages with
early binding any actions on a running program cade impossible by definition.
Assuming late binding, if one will try to alter tisede (e.g. to remove some element)
the problem is how to “sew up” other elements t@ate a consistent whole. (3) If
many possible actors are allowed to alter a prorestance graph, then elements of
the graph should follow the discipline of ACID teattions. It can also be necessary
for a single actor, because changing a processnicstelement may require changing
other elements in the environment (in particulatiatabase). To avoid inconsistency,
in case of impossibility of doing some action, thensaction should be aborted and
all the actions that belong to it should be robedk.

The above issues were the reason that we stamegtsearch on a new workflow
management system that will be able to overcoméadiimns of the current systems
concerning dynamic changes of running workflow anses. The obvious
assumptions of our design is that an element obeflew instance should have a
double nature. On the one hand, it should be pexdeds a data structure (an object)
that can be addressed by a database query andapnogng language. The structure
is to be stored in a database and should be thecswl§ database transactions. On the
other hand, the element should contain an exeaufabt, i.e. the code of a workflow



sub-process. A consequence of this assumptioratsotlr system should follow late
rather than early binding.

In this way we have come to the conceptadiive object. An active object is a
database object that contains some static parsb(aes) and some active parts
(codes). We distinguish four such pafisecondition, executioncode, endcondition
and endcode. An active object waits for execution until them& when its
firecondition becomes true. After that, the objeatxecutioncode is executed. The
execution is terminated when either all the actimmescompleted (including actions of
active sub-objects) or its endcondition becomes.trafter fulfilment of the
endcondition some terminating actions can be erédiirough endcode. This may be
required to terminating some actions, e.g. closiognections, aborting transactions,
setting a new object state, etc. Active objectomplto their classes, follow the
principle of encapsulation and are typecheckedralang to the strong typing system.

In our intention, active objects accomplish anothmportant property that is
poorly designed in classical approaches: masslelisal of executed tasks. In life,
work tasks performed by people can be done in lgaralith no conceptual
limitations. Some tasks, however, must wait for ptating other tasks and this model
can be expressed as a PERT graph. In workflow psesethe parallelism is achieved
by splits and joins (AND, XOR) that are explicitietermined by the programmer.
Splits and joins are a very primitive form of symmhizing parallel processes
insufficient for many business situations, for amste, when the number of parallel
subprocesses is unknown during preparation of eggsodefinition.

Hence we have assumed that in principle all aadivgects act in parallel. As in
PERT graphs, if object A has to wait for objecttBen the firecondition of A tests
the state of B, which should be set to “completetien B is terminated. In this way
one can determine the sequence of processes,ibutdds not constraints one from
using parallelism whenever possible.

Another feature that is poorly covered by tradigibmapproaches to workflows
concerns the resource management. If under the fegsource” we understand
workflow participants, professionals, documentmeti money, offices, equipment,
wehicles, etc. then the whole workflow domain can described as the resource
management. In current approaches, the resourcagearent is on the secondary
plan, subordinated to the workflow control flow.tBust availability or unavailability
of resources, planning of them, anticipating ofithesse and presence should cause
triggering of some tasks. It makes little senstitmer a task “checking the document
by the lawyer” if a competent lawyer is unavailalliee state of resources is recorded
in a database. Lack of access to it by workflowcpeses causes the situation that
some processes cannot be continued due to theofaoksources. For instance, if
completing the entire process requires tasks ABatwl be executed in parallel, but B
cannot be continued for lack of resources, therh@dukl be immediately terminated
too. This is a difficult situation for the traditial workflow systems, requiring ad hoc
human intervention.

In our idea, resources, as any database propert&s, be used to form
fireconditions and endconditions. In this way thesaurce management can be
properly shifted on the first plan, to avoid theyed® mentioned problems.

We are aware of some disadvantage of our concepformance. Decreasing
performance can be caused by late binding and ekessity of cyclic checking of



fireconditions and endconditions. On the other hatite performance can be
improved by new possibilities of parallel procegson many servers. Performance is
a favorite argument of conservative radicals adtrogahe current state in a domain.
Our answer is based on analogy. When the relatiomadiel in databases was
proposed, the major argument of the opposition passible performance problems.
It appears that due to query optimization this argnt was compromised. We believe
that performance problems of our idea can also\mrcome by new optimization
methods and new computer architectures.

The description of the idea of declarative objet¢med workflow is thoroughly
described in the monograph [13]. The prototypempléemented under the ODRA
system [14]. As a workflow programming language wge SBQL [15, 16, 17], an
object-oriented query and programming language l[dpee for ODRA.

The rest of the paper is organized as follows.elctisn 2 we describe the concept
of an active object. Section 3 describes the impleted prototype. Section 4 presents
a comprehensive example of a declarative workf®ection 5 concludes.

2. Active Objects

In the following we will use the terractive object as a generalization @kocess
instance andtask instance. Because of the relativity of objects assumedB\ %nd
SBQL, components of active objects are active dbjéco. Due to this, there is
usually no need to distinguish between procesargss and task instances — all are
represented as active objects. To represent pa@rebstask instances, active objects
are specialized, and belong to a special class dhaAwtiveObjectClass, which
contains basic typing information, basic methodd ather necessary invariants. As
ActiveObjectClass does not contain object nameéswagiants, each active object can
have its own business name, and may belong tavitsatass.

An active object is a nested object with the follagvmain properties:

Unique internal objeddentifier.

External (business)ame that can be used in source programs.

Certain number of publiand privateattributes.

One distinguished attribute (sub-object) contairangSBQL procedural workflow

executioncode (compiled to a bytecode) of a process or a taskeRecode may

contain an empty instruction only.

5. One distinguished attribute (sub-object) contairangSBQL code (compiled to a
bytecode) with direcondition (a condition for starting the run of the givenieet
object).

6. One distinguished attribute (sub-object) contairangSBQL code (compiled to a
bytecode) with amndcondition (a condition for terminating the run of the given
active object). An endcondition may be absenthls tase the action of an active
object is terminated when its executioncode is iteated and/or when all its
active subobjects are terminated.

7. One distinguished attribute (sub-object) contairamgSBQL code (compiled to a
bytecode) with arendcode (a code executed to consistently terminate theofun
the given active object). An endcode can be absent.

rwONE



8. Any number of namegointer links (binary relationship instances) to other active
or passive objects.

9. Any number ofinheritance links connecting the given object to its classes
(multiple inheritance is supported).

10.Any number ofhested active objects. The construction of a nested active object is
identical to that of a regular active object (thmgeat relativism is supported). The
number of nesting levels for active objects is mited.

Lirks to
external objects

Link (=)
to class(es)

Links from
external objects

!q Public

subobjects

Workflow execution code

!Q Private

subobjects

e

End code

%

Fig.1. Active object

Fig.1 illustrates the construction of an activeaaibj In case of an active object that
consists of active sub-objects, the endconditioterd@nes whether the process or
task is completed. An endcondition can accompliskirads of joins (AND, XOR) of
parallel processes, and much more. For examplitlifin an active objectnvoice
there are many (unknown number of) active sub-dbjBestingAnltem, then we can
impose the endcondition dhvoice (the end of the invoice checking process) in the
form of a query involving an universal quantifier:

forall TestingAnltem as x (x.Sate = “completed’or x.Sate = “cancelled”) |

Of course, we can also impose more complex comditi&or instance, let the cost
of an invoice item will be stored withifiestingAnltem as aCost attribute, and assume
that the entire invoice is checked if more than 9&%s total cost is checked. In this
case, the endcondition will have the form:

sum((TestingAnltem wher e State = “completed”)Cost) / Invoice. Total Cost > 0.95

Because active objects are regular objects in tBLSterms, they can be
manipulated without limitations. For instance, eetiobjects can be altered and



deleted. Their state can be changed, includingctite of active parts. New active

sub-objects can be inserted into an active objddis feature makes it possible to
split the process (represented by the active dbjetd any number of subprocesses
(inserted active subobjects). Proper constructibithe object’s endcondition (e.g.

with the use of quantifiers) makes it possible ¢oathy join of them, as illustrated in

the above examples.

Active objects are specified by their classes aotloW the semi-strong
typechecking mechanism [18]. Too strong typing eystmay decrease the flexibility
of possible dynamic changes of workflow instand¢¢swever, we cannot switch off
the typechecking of SBQL for two reasons: discawgrityping errors during
compilation of queries/programs and (even more igmb) in SBQL typechecking is
a prerequisite for query optimization.

The definition of a workflow process determineditsyclass can be instantiated by
creating an active object of this class. The objeeation follows the standard routine
of SBQL. The only difference concerns active paglisiing instantiation their codes
are created as strings and then compiled to byescod

3. Design and Implementation of the Prototype

The implemented prototype makes it possible:

 creating and modifying workflow definitions;
* instantiating them (creating workflow instances);
» running a workflow monitor which processes workflowstances.

The prototype has been implemented as a web afipficasing a couple of
technologies and software frameworks, Fig.2. Thé ypart utilizes the Groovy,
Grails and JavaScript. The rest (the ODRA DBMS, @BRA wrapper and the
process monitor) is written in Java with some otlearies.
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Fig.2. Overall architecture of the prototype

The main part of the system resides on the Tormaatet container hosting most

of the application logic. The most important pauts the following:

The module for generating GUI. It is based on tleecGrails framework
technology called GSP (Groovy Server Pages). Ringilar to well-known JSP
(Java Server Pages);

The application logic which manages the workflowd®loon the functional level.
It provides an interface to administrative tasksainworkflow system for all
applications. It is suitable not only for our custbuilt GUI interface, but also for
any Java-based application.

The ODRA wrapper simplifies all tasks related te tADRA DBMS. ODRA is
responsible for storing workflow related informatigdefinitions, instances) and
executing SBQL codes within active objects.

The process monitor accomplishes time sharing anastige parts. It periodically
switches the control flow among all currently execuparts of active objects and
their subobjects.

The cache memory speeds up the access to comntdizlgduDB objects.

The client component is executed in the standamdptiant web browser and

consists of the following features:

Regular web forms which are used for creating apdating instances and
definitions.

An AJAX part written in JavaScript using the jQudityrary. Such an approach
makes it possible to use powerful widgets like migbins/instances trees (Fig.3) or
SBQL code editor with syntax highlighting (Fig.#nother advantage was lack of



reloading a web page (post/get) in some casesaute. refreshing of instances’
status in the tree. As a result overall user egper was greatly enhanced.

~1~SBQLsWorkflow

% prototype implementation

. \\Vorkflow Instances
[ news |

show Edit | Refresn | [¥] auto refresh (205) © Help

~ () Request (globalld: 22, status: ACTIVE)
+ (@ Suspension (globalld: 37, status: WAITING)

Information for customer (globalld: 38, status: INACTIVE)

Suspend (globalld: 39, status: INACTIVE)

-~ Activate (globalld: 40, status: INACTIVE)
m + ) verification (globalld: 27, status: ACTIVE)

- @ Check client account (globalld: 29, status: WAITING)

- () Check debts registry (globalld: 28, status: ACTIVE)
+ @ Rejection (globalld: 41, status: WAITING)

2 Information for customer (globalld: 42, status: INACTIVE)
+ @ Ratification (globalld: 30, status: WAITING)

Information for customer (globalld: 33, status: INACTIVE)
o Signing Funtral:t (glnball_d: 34, status: INACTIVE)
Information to debts registry (globalld: 36, status: INACTIVE)

Preparing contract (globalld: 32, status: INACTIVE)
Final check (globalld: 31, status: INACTIVE)
Money transfer (globalld: 35, status: INACTIVE)
~ @ Analysis (globalld: 23, status: FINISHED)
- @ Initial formal check (globalld: 24, status: FINISHED)

@ Check client rating (globalld: 25, status: FINISHED)

@ Calculate general limit (globalld: 26, status: FINISHED)

Fig.3. A workflow instances tree

KO W0pt I e @
((BpplicationForm where createdFor.Customer.SSN=parent.parent.ProcessInstance.getAttribute ('custon=r5Si')) as a)
. (if (a.creditBmount >0 and a.salary > 0 and a.exp nt > 0 and a.creditYears > 0) then
sethttribute ('correct';'true')
=1z
setAttribute ('correct':'falas'))::
((Customer where SSN=parent.parent.ProcessInstance.getAttribute('custoner3si')) as c)
.(if (c.name<>'' and c.surname<>'' and c.address<>'' and c.phone<>'' and c.email<»'') then
sethttribute('c ")
=1z
sethAttribute ( 't false'))is
(if Customer.email ~~ ) the

setAttribute |

else

sethttribute ('corrsct';'fals

< ] r

Position Ln 16,Ch 1 ‘ Total Ln 18, Ch 636 |

Fig.4. SBQL editor with a syntax highlighting

The last two remaining architecture’s items frora fig.2 are: the ODRA system
and a mail server. The last one is utilized fordseg progress messages to parties
involved in a workflow.

The schema of a database used to store workfloa dapresented in the Fig.5.
The process objects represent structures creatéfuelby/orkflow programmer before
it is actually ran. Once a process is initiated, ddta, including the data of sub-
processes, is copied to the corresponding Prostaske objects. The Parent-
Children bidirectional pointer, combined with otf@BQL query operators, gives a
great flexibility in expressing conditions and cedEor instance:

» Find all my children (the code is written with reddo one particular Process).



e Find my parent.

» Find a process with a given status.
» Find a process with a given name.

Process

+globalld
+name
+fireCondition
+execCode
+endCondition
+endCode
-timeout

*

+getAttribute(warto$¢ name)
+setAttribute(wartos¢ name, warto$é value)

0.1

uaied+

+childrer

+attributes

Attribute

+value
+name

Processinstance

+globalld
+name
+fireCondition
+execCode
+endCondition
+endCode
+timeout
+status
+processld
+instanceld
+timeOfLastCheck

*

+getAttribute(warto$¢ name)
+setAttribute(wartos¢ name, wartosc¢ value)

0.1

jualed+

+children

+attributes

Fig.5. ODRA database schema

These constructs can be easily combined for marglax search, for instance:
+ Find a child that has a certain name and status.
» Check if all my children have the status ‘Finished’
» Find my “brother” (using parent.children).
» Find all my “nephews” (using parent.children.chédy.

To allow processes to store “ad-hoc” some additiolada we have provided the
Attribute class with a set of methods in the Precaad Processinstance classes
addressing atributes. Attributes can be easily usedontrol the flow (when the
conditions are based on them) and allow commumwisatetween the Processes (as
one Process can query other Process attributeshamgje their values).

The ProcessMonitor is a Java based applicatiort, dha be run as a separate
thread on a separate machine. Its duty is to peatid check (basing on timeouts)
each Processinstance. Then, according to the vedtiésved from condition codes,
the ProcessMonitor executes the inner code of theess and pushes it forward
through the workflow. The logic of the Monitor isgtribed in the UML activity

diagram in Fig.6.
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Get all instances

[exists]

Check timeout

[NOT READY] [READY]

Check status

Get next process K

[INACTIVE,| TERMINATED] [ACTIVE]

[FINISHED]

Check fire condition

Check end condition

[false]

[true]

[false]

[true]
Set status FINISHED

Set status ACTIVE

Execute end code

Execute code

Set children to
WAITING

/Visil each child

Fig.6. UML activity diagram representing the Workflow Mawri

4. Sample Declarative Workflow Definition

As illustration of our approach we have createdme workflow, which utilizes
basic concepts of our idea. The workflow applicatsupports processing of a credit
request within a bank. It is a complex structuraciive objects representing various
tasks. The structure of this object is in Fig.7.a&pfrom objects representing
processes, there are resource objects that aréaldeaithrough names such as
Customer, ApplicationForm, Account andContract. A rough scenario for thRequest
process is described below.

1. A customer submits an application for a credit wihig entered into the database
in the form of arApplicationForm object.

2. After checking that all of necessary resources available theAnalysis sub-
process is activated.

3. The data is checked formally by the analyst forfal and business correctness

(Initial formal check).
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4. If the data is incorrect, the customer is infornaéaut that and further processing
of the application is suspende8ugpension) until reaction of the customer is
received. If there is no reaction the applicatierrgjected, and the customer is
informed about that by an appropriate e-mail mesgagjection).

5. If the data is correct the client rating is calteth(Calculate Client Rating).

6. After successful calculating of the client ratiag;check is performed if the amount
of the credit does not exceed the general bank ({Dai culate general limit).

7. A positive result of theAnalysis sub-process activates théerification sub-
process.

8. Verification consists of two stages:

a. Checking if the customer is not present in the gowveent registry of persons
having debts;

b. Checking if the customer has an account withinkthek; if not, creating such
an account.

9. If this sub-process is successfully completed, $hé-processRatification is
triggered.

10.The sub-procedRatification is split into sub-processes:

a. Checking if the customer’s current income is sigfit for the requested credit

(Final check).

Preparing contract for the customBréparing contract);

Sending information to the customénfrmation to customer);

Signing the contract with the custom&ighing contract);

Transfer of the money to the customer’s accoltungy transfer);

Checking and sending information to the governnregistry of customers

that apply for credits (to avoid many applicatiosfsthe same customer to

different banks submitted at the same time).

11.1f these tasks are completed (successfully forahgtomer or not), the process
instance is terminated and possibly archived indttabase.

12.1f at any stage the application is rejected ther@yppate information is sent to the
customer.

~0ooo

Let’'s consider theRatification sub-process in more detail. It consists of six-sub
processes:Final check, Preparing contract, Information for customer, Sgning
contract, Money transfer and Information to debts registry. In order to start the
Ratification process the following condition have to be met:

exists(parent.ProcessInstance where getAttribute('s tate’)=") and
exists(parent.children.Processinstance where name="' Verification' and
status=ProcessStatus.FINISHED)

Firecondition ofRatification

This condition means that the application has ne¢nbrejected yet and the
Verification sub-process is finished. After satisfying the fa@ndition, Ratification
process changes its statuditive and all of its children changes statusMaiting. A
Ratification process is ended in two ways:

1. All of its children are completed with tHimished status
2. The application is rejected in tiénal check sub-process, so the status of Feal
check is finished and the attribute of thiRequest process has the valugected.

12



(exists(parent.ProcessiInstance where getAttribute(’ state')="rejected’)
and exists (children.ProcessInstance where name="Fi nal check' and
status=ProcessStatus.FINISHED)) or not exists(child ren.ProcessInstance
where status <> ProcessStatus.FINISHED)

Endcondition oRatification

Request

Analysis ‘ ‘ Verification ‘

Initial formal check Check debts registry
Check client rating Check client account

Calculate general limit

Ratification Suspension N
Final check Information for customer
Preparing contract Suspending

Information for customer Activating

Signing contract

Money transfer Rejection

Info to debts registry Information for customer
J

Fig.7. Structure of th&eguest process

When the Ratification is active, the fire conditiohthe child with the namEinal
check is satisfied:

exists(parent.ProcessInstance where status = Proces sStatus.ACTIVE) |

Firecondition ofFinal Check

so the process activates and the following coésdsuted:

((ApplicationForm where createdFor.Customer.SSN =
parent.parent.Processinstance.getAttribute('custome rSSN')) as a).(if
(a.salaryAmount - a.expensesAmount) > (a.creditAmou nt/ (a.creditYears
*12)) then

(parent.parent.Processinstance.setAttribute('state' ;'accepted’)) else
(parent.parent.Processinstance.setAttribute('state’ ;'rejected’)))

Execution code ofinal Check

The purpose of this code is to check if the custocam afford such a credit and
according to that sets the proper value to thébater “state” of the Request object.
The endcode of thBinal check is absent, hence the process ends immediately afte
completing the execution code.

The next process in order Bseparing contract. It fires as soon akinal check is
finished and thestate attribute of aRequest process has the “accepted” value. The
corresponding fire condition is as follows:
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exists(parent.children.Processinstance where name="' Final check' and
status=ProcessStatus.FINISHED) and exists(parent.pa rent.Processinstance
where getAttribute('state’)="accepted’)

Firecondition ofPreparing Contract

The purpose of this process is to create a ewtract object assigned to an
application form filled by the customer. Below wegent the execution code.

create Contract(now() as startDate, ref (Applicatio nForm where
createdFor.Customer.SSN =

parent.parent.Processinstance.getAttribute('custome rSSN')) as
attachment)

Execution code oPreparing Contract

It creates a nevZContract object with start date equal to the current daig &ith
an attachment being a reference to the applicatiom of the customer. If the
contract has been successfully created the precelss as can be seen below:

exists(Contract where
attachment.ApplicationForm.createdFor.Customer.SSN =
parent.parent.ProcessiInstance.getAttribute('custome rSSN")

Endcondition ofPreparing Contract

Finishing of Preparing contract process activatelsformation for customer, with
the following fire condition:

exists(parent.children.ProcessInstance where name = 'Preparing
contract' and status = ProcessStatus.FINISHED)

Firecondition ofinformation for customer

The main task of this process is to send an e-toailhe customer with the
information that the contract is ready to sign Ogpending on the result of this
operation the attributenailSent is set with a proper value. If sending does not
succeed, the status of the process is chang®daiting, so the next process monitor
check will trigger its run again.

setAttribute('mailSent'’;(Customer where

SSN=parent.parent.ProcessInstance.getAttribute('cus tomerSSN")).(sendMai
I(email;'Dear '+name+' '+surname+', We would like t o inform that your
contract is prepared and waiting to sign up in our office.")));;

if (getAttribute('mailSent’)='0") then (status :=
ProcessStatus. WAITING)

Execution code olnformation for customer

When the e-mail is sent with no errors, the procesds. After informing the
customer on the contract, the processing waitstHersignature. The next process
Sgning contract provides information if a contract has been alyesigned or not. It
is started after finishingPreparing contract and is active till acontractSigned
attribute is false. The fire and end conditions lcexk as presented below:

exists(parent.children.Processinstance where name="' Information for
customer' and status=ProcessStatus.FINISHED)

Firecondition ofSigning contract
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[ getAttribute(‘contractSigned')="true' |

Endcondition ofSigning contract

When the contract is signed, the bank transfersntbeey into the customer
account. TheMoney transfer process is responsible for this action. It is\atiéd
when theSigning contract process is finished.

exists(parent.children.Processinstance where name="' Signing contract'
and status=ProcessStatus.FINISHED)

Firecondition ofMoney transfer

The execution code for this process updates ameunt attribute from the
customer’sAccount object with the value of thereditAmount attribute from the
specific ApplicationForm object. The process ends immediately after conmgjehis
action (no endcondition).

((Customer where SSN =

parent.parent.Processinstance.getAttribute(‘custome rSSN')) as
¢).((Account where owner.Customer.SSN=c.SSN).amount := (ApplicationForm
where createdFor.Customer.SSN=c.SSN).creditAmount)

Execution code ofloney transfer

The last action in the ratification procedure isdiag an info about a customer to a
debts registry. We skip its obvious definition. éficompleting all the sub-processes
the Ratification process is finished.

The manager of workflow processes can do any clatgeprocess instances,
including currently running instances by simpleatiatse updates. For instance, for
any reason he/she can delete active obf#herk client rating from active object
Analysis for the given customeRequest. It is possible that in such a case the
endcondition of thé\nalysis object should be changed too.

5. Conclusion

We have presented the idea of an object-orientedladdive workflow
management system that is especially prepared h@wac an important goal: the
possibility of changing process instances duringirthrun. We have discussed
consequences of such a requirement and have atigateslich a revolutionary feature
cannot be achieved on the ground of traditionalr@g@ghes to workflows based on
specification of control flow graphs. Our idea all to achieve next important
features, such as mass parallelism of processedlefible resource management.
The idea is supported by the working prototype tblabws its feasibility. The
prototype is implemented on the basis of ODRA, dned-oriented distributed
DBMS, and SBQL, a query and programming languagggded and implemented
for ODRA. In the paper we present a comprehensixample showing how a
declarative workflow can be defined and how it bardynamically changed.

The prototype is still under development, but we applying for next grants that
will allow us to turn it into a commercial (openusoe) product.
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