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# # 4871416021 : MAJOR COMPUTER SCIENCE

KEY WORD: ACTIVITY DIAGRAM / WORKFLOW MANAGEMENT SYSTEM / XMI
THANAWAT MAHATRIBHOP : DEVELOPMENT OF A WORKFLOW MANAGEMENT
SYSTEM FROM UML ACTIVITY DIAGRAM. THESIS ADVISOR : ASST.PROF. WIWAT
VATANAWOOD, PH.D., 101 pp.

The purpose of this research is to develop a werkflow management system that takes
UML activity diagrams, saved in the XM format, as workflow specifications. The UML
activity diagrams are generally used to model business activities. The system will enact the
workflows to be performed in sequence, with right conditions as stipulated in the activity
diagrams by populating and presenting the users their worklists based on the roles of the
users. The system also displays tasks' stalus and stores documents which are inputs or
outputs of the tasks.

The developed workflow management system is a web application. It is designed to
be able to handle multiple users and multiple workflows concurrently. Additionally, the
system supports task undoing, and allows modification to be made to the specifications of
workflows whose instances are aclive, The syslem also records work details into log files so
that work history can be viewed later on.

The system is thoroughly tested by both using real workflows and test cases. The

results show that the system works correctly as designed.
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®  3935UNITUNINLTNNNITNNNULLLNAREI N D (Manual
Intervention) unseifRinanisaliawanaifiate (Exception)
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® BPML (Business Process Modelling Language) Lilunne
friaualng BPMI (Business Process Management Initiative) laaidtynsainsasiuvan
ANNAATIBINIY BPML  1N19 a5 9an1ua1ednIiadnuizandn BPMN (Business

Process Modelling Notation) [11]
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® CompleteActivities %ﬁmumLmzimé“uzﬁ“ﬁymrﬁﬁﬁﬁnwmuﬂu
WRN130] 111 AcceptEventAction
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SendSignalAction 3171 2.6 uansdayunsainesinum SendSignalAction @ia SendSignal
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Object
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o Tuun Initial udunsninlduansqaiEusuaasuuuninfanssy §

ANBTUEAILN 2.10
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® Control Flow \udtynaninlfiianlnun 2 wuadnseiuinauans
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Twuadldunuing (ldlgua Input Pin, Output Pin, ActivityParameter, Object) #4311

2.14 wa&Ad Control Flow A@an 2 TMum Action 1insnei
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nszuaNIvINWEsaIansnatung il landeniu Asglil 2.16 uassliua Fork #uen

NTZLANITNINNY 1 NFLADANLTIY 2 NTZLANITNINIL
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a1ntiua Join 1 ASgLA 2.17 uamsiuua Join M9an 2 nezuaniainedu 1 nezuanis

NINIU

31l7 2.17 &nynsndmasiyun Join

® nup  Merge udnyniniiuansdneuzniamneunuiang
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nazuannuiuniianazia warnganTuue Join asaiinnsnszinvidananssulunszuan
aana1nivun Merge 418130 68NN AiuANINNsZLdn1Lidn e Ivun Merge Wie
NITUALRLNYNYINATAAN AgLN 2.18 uaaslvium Merge M3ad 2 nszwan1snianuily 1
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717 2.18 dunsnluesiuum Merge

® nup Decision ludnynsaflduaninisaannazuan1smieaumu
ReulansyylFludumananeen (Outgoing Edge) ilaziiNaulaniuasalaineaqenla
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e Tuun InterruptibleActivityRegion ludunsainlduansnguaninig
o .:ll a Y = razll v a d%/ a o o all %l/ nzgl/
waiamnsognanian il dndmanisafszyfifaan Sanwuedgli 2.20 vidinng
Masuuludnesisesdivun InterruptibleActivityRegion AfuduTanTie
ExceptionHandler Mifianszudnamen1sninagnieluliug InterruptivleActivityRegion 1
wazlnuanIauan TeunniuenIsnituAnIy NsieIuiAHunsad lunguiuazgnenian
o % o A a o oA dl [~ dl
A udannsnsennvirananssnda luineluuenidudatan1sreududes
ExceptionHandler 1l A931#1 2.21 wapanasldlnum InterruptibleActivityRegion #riuiidu

“antn ExceptionHandler Aifiasz1i19sn290] Eventl Wazn13nseyin Action2

Partition

91I7 2.21 nsld&nunsal InterruptibleActivityRegion A umidinxtin ExceptionHandler

e Tuun ~AcceptTimeEventAction © iludunsninlduansmenisnin
MatudenenannIun fesaednelugiln 2.22 uananisldlnum AcceptTimeEventAction

= = 0 , = o o
TILBNDINITNTENT Review Employee m:gﬂmﬂ@mm

ReviewEm ployee

Once a year

717 2.22 dunsniuesiuum AcceptTimeEventAction
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e Tuun CentraBuffer udtynsailduansdeingunanivulnug

a o

Object whwANFAUATNIMUA CentralBuffer TiynAaiLun Action larinenss Tnanis

Miiuldudnesiventaniafiudng lddansaneunazdeingiuselinin Object Flow

q

pasinatinglugii 2.23

Part

Part [Finished]

[Finished]

Make Parts
at Factory 1

—

< <centra Buffer==

Part
[Finished]

Make Parts
at Factory 2

Use
Parts

Part
'J[Finished] [Finished]

31l7 2.28 &rynandnesivun CentralBuffer

® Inun DataStore ludtynsnilduansisnafiudngudumaniy

! =< (=3 d‘ o o ZJ/ Y 1 dl v ! %’/ dl

Tum  CentralBuffer wsiazuanfanisiiufiaziindngiueanundseidasienismintu @
anaazfiuliunuinlefls dednatnglugiln 2.24 uaninsldluun DataStore Mifiudaya

20ININI UAzazgnEIeenta MUasATulenan13nsENa Review Employee

< <datastore >

Hire
Em ployee

Personnel
Databasze

Review
Em ployee

Once a year

3117 2.24 drynsnfnasinun DataStore

® Tnum ExpansionRegion ludnynsninlduaninguasanisnszing

NNIMAIEATIAINSIUIUBUNA AIFRaeinalugin 2.25 uaninsldiuun ExpansionRegion

g
#18N19N92911 Book Flight La¥N19N3 Book Hotel aginnalu Tneinnsnszvin Specify Trip



17

Route @A liiianisasananaiiianduuazaesmanslsuss  usddanuoudunmatiuazlign

sryatiataiaululaunInAans sy

Specfy Trip

Route

51ln 2.25 &nynsniwasinum ExpansionRegion

2.1.3 1w andidnle (Xmi) [14]

dndi@ale (XMI - XML Metadata Interchange) Lﬂugmmummgmﬁiﬂu
ma‘mmﬂﬁlﬂuﬁmqlm MY LHUNNNIB9ELEN LA mmg’mﬁgﬂﬁﬁmuﬂimﬂ OMG andLau
leazgninvunet lugduuuaesnieéndidauea (XML — Extensible Markup Language)

pasinatinglugii 2.26

<?xml wersion="1.0" encoding="UTE-8"%>

<mEmi:¥MI zZml:version="2.1"
HZmlneg:wml="http: schema. omyg. org/spec/UML/2. 0"
xmlns:Emli="http: schema.omg.org/spec/HMI/ /2. 1"

<umi:Documentation mmi:Exporter="Visual-Paradigm for UML"
Hmd: Exporterversion="6. 0. 1% >

<uml:Model name="ProcezzsOrderWithEventsZ™ xmi:id="AulwdvyiD.AAARQAF">
<ownedMember zmi:id="actiwity_id" =mi:type="uml:Activity">
<umisExtension-smisExtender="Visual Paradigm for UML">
<diagram/ >

</#mi:Extension>

<node name="Swimlans"
Emi:id=".umwdYiD.AARAQCR"

—rr

¥mi:type="activitySwimlaneZz ">

<horizontalPartiticon =Zmil:lidref="temwdYiD.AARAQCH"™/ >
<horizontalPartition #Zmi:idref="N.mwd¥YiD.AAAAQCE"/ >

317 2.26 Fatrvenansandidle
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Abstract

Currently there exists a numerous number of
workflow management systems, both of commercial
and open-source type. However, those systems
usually apply their own proprietary format and
terminology on workflow modelling which causes
the interchange of workflow specifications to be
very difficult. Standardization efforts in this area,
such as the XPDL language proposed by Workflow
Management Coalition to be the standard workflow
modelling language have essentially failed to gain
universal acceptance. Recently, UML activity
diagrams, which are generally used to model
business activities, have been proposed for defining
workflows. Although several research works have
been done on the suitability of activity diagrams to
workflow modelling, none of such workflow
management systems have really been existed. As a
proof of concept, we have developed a workflow
management system that takes activity diagrams as
workflow  specifications. In - this paper, the
architecture and the functionality of the system are
described.

Key Words: Workflow, Workflow Management
System, UML Activity Diagrams

1. Introduction

Workflow management is a technology for
automating and controlling business processes.
According to Workflow Management : Coalition
(WIMC), an industrial standardization body for
workflow management, a workflow can be defined
as “the computerized facilitation or automation of a
business process, in whole or part” [1].

A workflow management system (WfMS) is an
information system that supports modelling,
execution, management and monitoring of
workflows [15]. An important function of W{MSs
is to enforce certain rules between business
activities [9]. Examples of rules are ordering rules,
which specify the sequence of activities, and
allocation rules, which state to which actor in the
organization a WfMS may allocate an activity. For

instance, in a workflow that handles order
processing, after an Order Form is completely
filled-in and signed by the Order Department, the
Accounting Department can then send out an
invoice. These rules are specified in a workflow
specification. Enforcement of rules in a workflow
specification by a W{MS is called enactment.
Activities in a workflow may be automated
activities, which can be carried out by the system
itself, or manual activities, which the system
merely notifies the actors who are responsible for
working on those activities, anyway the activities
have to be done manually [11].

Workflow specifications in which rules are
defined can completely be constructed in various
ways, or we may say that workflow specifications
can be modelled with different languages. One
crucial problem in the workflow management
technology is that cach WfMS in the market uses
its own proprietary language, which significantly
differs from other languages in terms of concepts,
constructs and semantics. This means that it is
infeasible to reuse a workflow specification
amongst different WfMSs [16]. A standardization
effort in this area has then been initiated by WIMC,
as the XPDL (XML Process Definition Language)
[13] has been proposed to be the standard workflow
modelling language. Unfortunately, the language
has failed to gain acceptance [12]. Mainly this is
because a._workflow specification needs to be
communicated to different groups of people, like
managers, end users and technical staff. Hence, it is
desirable that workflow specifications are written
in a language that is understandable to all these
groups, and preferably be graphical [8]. XPDL is
textual-based and has no associated graphical
elements so it is pretty difficult to be understood by
most people. Moreover, XPDL is somewhat a new
language, so even technical staff has to spend
significant effort in order to get acquainted with its
syntax and semantic.

Recently, another language has been proposed
for modelling workflows, namely UML activity
diagrams. Unified Modeling Language (UML) is a



de-facto industry standard for representing software
system designs. Activity diagrams are graphical
languages containing plenty of notations and are
used to model business activities. A number of
researches have since been conducted on the
expressiveness of UML activity diagrams in
modeling workflow processes [3, 4, 6, 8, 9, 10, 11],
mainly based on the workflow patterns concept [5].
Nonetheless, to the best of our knowledge, so far
there has been no activity-diagram-based workflow
management system that really existed. In this
paper, we present the architecture and functionality
of the ADWL (Activity Diagram as a Workflow
Language) system, which is a W{MS that takes
standard UML 2.0 activity diagrams, without any
special extension, as the workflow specifications
and enact them.

The remainder of this paper proceeds as the
followings. Section 2 provides the basic concepts
and definitions in the workflow technology.
Section 3 discusses how activity diagram notations
are mapped into workflow elements in the ADWL
system. Section 4 briefly describes the ADWL
architecture. Section 5 provides an example of
workflow enactment in the ADWL. Section 6
concludes the paper.

2. Basic workflow concepts

In the previous section, we already explained
some concepts of workflows. This section provides
more terminology of workflow products [7].

A business process consists of a sequence of
activities. An activity is a discrete process step
performed either by a machine or human. An
activity may consist of one or more tasks. A
workflow is the automation of a business process in
whole or in part, during which documents,
information or tasks are passed from one
participant to another according to a set of
procedural rules defined in a workflow
specification (or process definition). A set of tasks
to be performed by a user in a WfMS is called a
worklist. The worklist is prepared by the. WfMS
and displayed to the workflow participant who is to
perform the task according to the workflow
specification. The individual tasks on the worklist
are called work items. What is actually happening
in a WIMS when executing a ‘workflow
specification is ‘represented through a workflow
instance. For example, in the Process Order
workflow, a new Process Order instance has to be
created every time a new order comes in.

3. UML Activity Diagrams as workflow
specifications in ADWL
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UML 2.0 activity diagram notations have a
vast majority of features but most of which make
no sense for workflow definition. Therefore, we
select a list of recommended activity diagram
features for workflow definition in the ADWL
system. In UML 2.0, activity diagram definition is
structured into packages with ever growing
complexity which are Fundamental, Basic,
Intermediate, Complete, Structured,
CompleteStructured, and ExtraStructured [2]. The
ADWL system supports most of the concepts in
every package except for those in the
ExtraStructured package where the Exception
Handling concept is presented, as it is not directly
relevant to workflow modeling. Basically, the
required aspects of workflow specifications are as
follows:

e  Control flows — support for branching,
decisions, parallelization, synchronization
and loops in order to specify ordering
rules

e Data flows

e Different types of tasks such as automated
or manual

e Resource management — the definition of
human task performers

In this section, we detail the uses of UML 2.0
activity diagram notations in the ADWL system for
workflow enactment; they are presented in Figure
1. However, the detail of each notation is not
described here as it goes beyond the scope of this

paper.

Action AcceptEvent

TimeEvent SendSignal

a) Actions
InitialNode ActivityFinal FlowFinal
® ® &

Decision/Merge Fork/Join

LB &2 B |
b) Control Nodes

|

¢) d)
ObjectNode | InterruptibleRegion
Figure 1. Notations in activity diagrams

e) ActivityPartition




We start with Actions which are equivalent to
tasks in the workflow domain. In this work, only
the generic Action notation, AcceptEventAction,
AcceptTimeEventAction, SendSignal Action,
CallBehaviorAction are supported. Note that
CallBehaviorAction is the notation representing the
Activities concept, in which it is composed of
actions and/or other activities. The ADWL system
also recognizes action constraints which are
symbolized in activity diagrams as
localPreconditions and localPostconditions.

Control nodes in UML 2.0 activity diagrams
have been analyzed in previous researches and
found to be truly meaningful for defining
workflows as most workflow patterns such as
parallel split, synchronization, looping can be
articulated [10]. The ADWL system supports all
basic control nodes that are presented in Figure 1 as
well as ActivityPartition that defines the participant
to be working on each task. The
InterruptibleRegion notation can also be used to
define the area where events may occur and cause
the ongoing tasks in the area to be terminated.

4. ADWL architecture

This section describes the overall architecture
and main functionality of the ADWL system using
Figure 2.
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Figure 2. ADWL architecture

The ADWL system is a web application which can
be accessed through web browsers. It enacts a
workflow specification by enforcing the sequence
and conditions of tasks defined in the workflow
specifications, which have to be modelled with
UML 2.0 activity diagrams and saved in the XMI
format. Note that XMI is a textual representation of
UML diagrams, based on XML technology, and
emerging as a standard interchange format of UML
diagrams [14]. Most of UML tools nowadays have
a feature to export the diagrams into XMI files.
Unfortunately, different tools implement the
concept in a different way, which means the
exported XMI files are generally unlike other
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different tools. The ADWL system recognizes files
in the format of XMI 2.1 that are exported from
Visual Paradigm for UML (http://www.visual-
paradigm.com).

The core of the system is formed by the
Execution Controller. Once the system obtains an
XMI file from a user via the Workflow Handler
web interface, the Execution Controller invokes the
Specification Interpreter in order to parse the file to
extract the rules defined in the workflow
specification, then stores the data in the database
through the Repository Manager. The system can
stock up many workflow specifications and can
enact more than one workflow at the same time.
Table 1 presents the list of tables in ADWL’s
database that stores the workflow rules which are
used to enact workflow processes.

After that when a user logs in through the
Workflow Handler web interface, the Execution
Controller retrieves the data from the database and
populates the web screens to the users, as well as
updates the data and saves back into the database.
An example of workflow enactment in the ADWL
system will be described in section 5.

Table 1. Tables in ADWL’s database

Table Definition

Workflow Holds the definition of each
workflow process

Task Holds the details for each task in
all the workflows known by the
system

Flow Holds the details for each task
flow such as the source and target
task.

Instance Holds the details for each
workflow instance in each
workflow

Worklist Holds the details for each
workflow participant’s worklist

Object Holds the details for each object;
either the input or output of each
task

Workflow Holds: the details for each
Participant | workflow participant

User Holds the details for each user of

the system

5. Workflow enactment in the ADWL

system

Applying the concept of manual activities, the
role of the ADWL system is to notify the users of
their worklists according to the rules defined in the
workflow specifications. The system clearly
displays the status of each task either New, In



Progress, or Done as well as allows the user to
view the history and the input and output of each
task (if any).

User configuration is required before
enactment. Specifically, the mappings between
users of the system and workflow participants
specified in workflow specifications have to be
defined. This step is needed such that the system
knows who are to carry out what tasks and
consequently can update the worklist of each user
correctly. One user may be assigned to more than
one workflow participant.

It is also realized that business processes
commonly keep changing overtime and thus it is
demanded that a WfMS be capable of supporting
the changes while the workflow is being carried out
[17]. The ADWL system supports the Edit
Workflow functionality to alter workflow
specifications provided that the modification does
not cause discrepancy to the ongoing instances of
that modified workflows. Moreover, the system
allows the user to undo particular tasks on
condition that the subsequent tasks have yet to
start. More details can be found later in this section
from the example.

Event is another concept in UML activity
diagrams which is used to define actions to execute
when certain events occur. This can be modelled
with the AcceptEvent, the TimeEvent, and the
InterruptibleRegion notations. The ADWL system
allows the user to raise events for each workflow
instance as defined in the specification.

With all the aforementioned functionality, the
ADWL system can be practically used to enact
workflows. Below is an example of an enactment,
using the Process Order workflow illustrated in
Figure 3 as an example.
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Figure 3. Process Order workflow

The workflow has two workflow participants,
which are Order Department and Accounting
Department. The process commences when Order
Department receives an order and then proceeds to
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either the Fill Order task if the order is accepted or
the Close Order task if the order is rejected. At the
Send Invoice task, it produces an Invoice as the
output which in turn will be the input of the Make
Payment task. Once there is an Order Cancel
Request coming in, the ongoing Fill Order or Ship
Order will be terminated in order to perform the
Cancel Order task instead.

Figure 4 shows some current screenshots of the
ADWL system that is still under development.
Figure 4a illustrates the Workflow Handler screen
where the list of workflow processes and their
instances are displayed. A user then may load a
new workflow process into the system by
specifying the path to an XMI file; or unload a
workflow process out of the system. Besides, the
user can edit existing workflows as long as the
modification does not bring about discrepancy. For
example, at the First Order instance of the Process
Order workflow, the Receive Order task has been
completely done and the Fill Order task is being
carried out, the system does not allow to remove
the Receive Order task from the Process Order
specification as discrepancy will arise. If an
alteration has been done successfully, the system
will increment the version of the workflow
specification so that we can distinguish the
instances that have been done according to the
original specification from the instances that work
according to the modified specification. The user
can also view details or edit individual instance of
each workflow as illustrated in Figure 4b where the
details of each instance such as the current status
(either New, In Progress, Done or Cancelled), the
start time and finish time, as well as the input and
output are presented. As for undoing a task, it is
allowed to be done if subsequent tasks have not
started. For instance, in Figure 4c the Receive
Order task has been done and the subsequent task,
Fill Order, has already started (the status is In
Progress); in this case the system allows to undo
only the Fill Order task. This is to avoid conflicts
with thespecification:

Figure 4d shows the worklist of a user mapped
to Order Department that will be displayed once the
user logs-in. The status of each task is New when it
first comes into the worklist (the preceding task is
done) and will be changed to In Progress once the
user presses the Start button, and eventually will be
Done upon pressing Register Completion (the task
will not be shown in the worklist screen at the next
log-in). The user can also view the details like pre-
and post-conditions, and the required input and
output of the tasks. Note that the input and output
are files provided by users, and will be stored in the
ADWL system. Upon a completion registration, in



case that the next node is a Decision node bearing
guard conditions, the system will ask the user to
select which condition is true so that the system
knows what the next task is. This is illustrated in
Figure 4e that appears when the Receive Order task
is done.

As illustrated in Figure 4b, the user can raise
events by pressing the Raise Event button and
select the event to raise as in Figure 4f (in this
example, only one event is defined in the
specification so only one event is available). If the
Order Cancel Request event is raised, all the
ongoing tasks in the Interruptible region will be
updated with the status Cancelled (displayed in the
corresponding user’s worklist) and the ongoing task
will turn to Cancel Order according to the
workflow specification.
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Figure 4. Some screenshots of the ADWL
system

6. Conclusions

In this paper we presented how workflow
specifications modelled with UML 2.0 activity
diagrams are enacted in the ADWL system.
Although the implementation has not completed,
we consider it as a proof of concept that UML
activity diagrams can be used to model workflows
and be enacted. The contributions of this paper are
approaches to handle the notations in UML activity
diagrams in the sense of workflow. A challenging
problem is to be more generic with the input XMI
files that represent activity diagrams. This may be
achieved by allowing users to provide the system
with a document format file together with an XMI
file. Another possible future work is to integrate the
ADWL system with a mail server in the
organization in order that a user will be notified of
a new task added to his/her worklist immediately
and automatically.
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k7 =3
m@g@ LN
I ) <node name="Investigate Problem" xmi:id="UUBvsWiD.AAAAQFx" xmi:type="uml:CallBehaviorAction">
WA Action
</node>
I Activit <ownedMember isReadOnly="false" isReentrant="false" isSingleExecution="false" name="Activityl"
YA Activity postcondition="" precondition="" xmi:id="1iLscWiD.AAAAQEu" xmi:type="uml:Activity">
</ownedMember>

9um

AcceptEventAction

<node name="Eventl" xmi:id="u iGCWiD.AAAAQK]" xmi:type="uml:AcceptEventAction">

</node>

Tun SendSignalAction

<node name="Event2" xmi:id="zQlGcWiD.AAAAQUL" xmi:type="uml:SendSignalAction">

</node>

1911A Input Pin

<argument name="A" ordering="FIFO" type="null id" xmi:id="pPsxcWiD.AAAAQMi" xmi:type="uml:InputPin">

</argument>

T9iun Output Pin

<result name="B" ordering="FIFO" type="null id" xmi:id="HgkxcWiD.AAAAQHH" xmi:type="uml:OutputPin">

</result>

T1un ActivityParameter

<node isControlType="false" name="Parameter2" ordering="FIFO" type="null id" xmi:id="2PnscWiD.AAAAQJY"

xmi:type="uml:ActivityParameterNode">
</node>

Eﬂuﬂ Cﬂject <ownedMember name="C" ordering="FIFO" type="null id" xmi:id="cOPe8WiD.AAAASGx"
xmi:type="uml:CentralBufferNode">
</ownedMember>

EWM@|DHG| <node kind="initial" name="InitialNode" xmi:id="IBKvsWiD.AAAAQDS" xmi:type="uml:Pseudostate">

</node>

T9iun ActivityFinal

<node kind="final" name="ActivityFinalNode" xmi:id="X89dCWiD.AAAAQId"
</node>

xmi:type="uml:Pseudostate">

19um FlowFinal

<node kind="final" name="FlowFinalNode" xmi:id="Qk4t8WiD.AAAARNe" xmi:

</node>

type="uml:Pseudostate">

/8
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¥
UBHR
a

Wita!

T9ua ActivityPartition

<node name="Swimlane" xmi:id="wEesiWiD.AAAAQFV" xmi:type="activitySwimlane2">
<verticalPartition xmi:idref="gkesiWiD.AAAAQF1"/>
<ownedMember name="Rolel" xmi:id="gkesiWiD.AAAAQF1" xmi:type="uml:ActivityPartition">
<contaimedNode xmi:idref="blwS8WiD.AAAAQc8"/>
<containedNode xmi:idref="0P31i8WiD.AAAAQLD"/>
</ownedMember>
</node>

(lunuAni UL mae Rolel a9l 2 iuaagnialu)

I Fork <ownedMember kind="fork" name="ForkNode" xmi:id="xrPfsWiD.AAAAQdm" xmi:type="uml:Pseudostate">
WA For </ownedMember>
?MHG]JOHW <ownedMember kind="join" name="JoinNode2" xmi:id="BCY18WiD.AAAAQT7G" xmi:type="uml:Pseudostate">

</ownedMember>

9/ Decision

<node kind="junction" name="DecisionNode3" xmi:id="zZIDCWiD.AAAAQs1l" xmi:type="uml:Pseudostate">
</node>

<node kind="junction" name="MergeNode" xmi:id="wIZb8WiD.AAAASRH" xmi:type="uml:Pseudostate">
9um Merge </node>
! . 1 1 o | v o ¥ dl ¥
(ﬁf\‘immﬂuum Merge wae Decision VLN@WN’]?NLLEIﬂﬂ’J’]?JLLB‘]ﬂ[”IW\?VLmﬁﬂﬁ]N @’1Lﬂumm@mmumumwmm’]LL@:ﬂn
a0 duduluun Merge azilidumonanaantAniladudan luanizlvun Decision aziiduiianednuiladuimia)
Twum <node name="Region" xmi:id="6zr01YiD.AAAAQGN" xmi:type="InterruptibleActivityRegion">

InterruptibleActivityRegion

</node>

ExceptionHandler

<node exceptionInput="xQXM1YiD: AAAAQi3" shandlerBody="BC8M1lYiD.AAAAQPY" name=""
xmi:id="pz3M1YiD.AAAAQJa" xmi:type="uml:ExceptionHandler"/>
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F1974 A1 PEazidaalszneugalnafienadl / fanteniainssuy

Use Case Name: A8n2u / AaNa11AN311)

Primary Actor: §1i3v193vunl, & 1Heu

¥ 1
Brief Description: i@LAGRATUALNIINNIIANTZULLNARLTMN ST ILWTRN 19 11FeIN"g

Aenaudngszuuvizadenienvieanainzuy

Normal Flow of Events:

1. AANAU

2. uunihil ‘Login.aspx’ UEwnsssuLvisean ki uldTeuazsiaciiu

Y oa A

3. NU?MW??ZUUL@@T’]‘]J;N ‘Log In’

u

2. aananyt

1. LUty ‘Workflow.aspx’ LEWsELILMEa Y 19 1IAaNINY Logout

Alternate/Exceptional Flows:
1-E Tunstifanay daey visasianulignsas ivinnisdenduludlnelagadld

wazsviaculignAes

F1974 A.2 Meazibantlsznauganassnzideng i / duadldiuunuamn

u

Use Case Name: asnziliauifld / Augldiuumnuan

Primary Actor: £1311995 U1

Brief Description: gALAaNATLNEN1INNUIBNTLULINOHLIM s9sULARIn samzidey

a

gl luad luseuy wardupgldiuunuam
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F19°9 A.2 Meazibantlsynavuganaazidaud g / SugFldiuunum (se)

u

Normal Flow of Events:

v a

1. fiwssruunaendudngszuuudodeniln  ‘Create  User  uuwidiiu

u

‘Workflow.aspx’

2. HiUImsszuunsanseaiasnnes i
3. Hiusmsszuu@anily ‘Create User

Y a A dl o 1 o 1
4. fiFwnssruLdenuUNLINNasaue Ul 4
5. HismsszuL@aanty ‘oK

Alternate/Exceptional Flows:
o A 2% o o a = = | o Y a
1-E ﬂ’]“ﬁﬂ@‘ﬂ%ﬂﬂu&ﬂ‘ﬁmulu%uu ﬁ?‘ﬂﬂﬁ“ﬂﬂ?ﬂﬁl@ﬂ’ﬂﬂ@iﬂﬂ?ﬂﬂ’]u HUTUNTIeUL

wilagedlduarnsenseaziaenlinsudon

F1374 A.3 eazidanlsznatiganainazua sl

Use Case Name: WANNTZLEI11 11N

Primary Actor: §131199v Uy

¥ 1 |
Brief Description: ~ #AtAANESLABAIINININLSNITULINBE TN T2 ULFRINIIRNNIZUA

nulnsidgszun Tnanszuasusiesgnaniuan lugtunusnsgudndidale

Normal Flow of Events:

¥ A

dl 3 a ¥ ) % A 1) ) v (=3
1. NU?M’]??SUUW@@ﬂﬂML‘H’]Q?%UULL@QL@@ﬂﬂqN ‘Browse LUNUIIL

u

‘Workflow.aspx'  waziaen e lnddndisulensesnis  @eldurananndndnasnaae

wzesile Visual Paradigm for UML

Y oa

2. HuIwnssruu@entu ‘OK’

k)
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F19°9 A.3 Ieazidaatlsznavgaraiiinszuanulud (se)

Alternate/Exceptional Flows:
Y 42 Y, y = . 4
1B ddenszugauiiingrivdenszusnulussuy  fusmsszuunaulluflame
NITUAIUGAIELATANHD Visual Paradigm for UML UaBNMNgAAANNNIzIAIWInaEN AT
4
il
2-E dnszuasmligniesisszuuavimeuliney gusvsszuundulluilanssua

1 ! 1 v 1
NUFNLLATANIE Visual Paradigm for UML udaBuvingatpaiinnszuasnuludanaianis

A1919 A.4 ?Wﬂ@tﬁﬂﬁﬂ??&ﬂﬂﬂ%@Lﬂ@LLmﬁlﬂ?ZLL@\i’]MLaN

Use Case Name: WA N9 LA 1WAN

Primary Actor: £13919911

Brief Description: g&LAALARUNENTINILTaNsEULERE LB ssvILAaIn s lanszua

a da
NONRHTRGEIIEANT

Normal Flow of Events:

1
Y a al

1. fusmsszuunaenandngrsuusaadennszuasuisiasnisud luaziaanis

u

U3

‘Modify’ UUNUILIL ‘Workflow.aspx’

Y oa A

2. HiusmsszuuiaeniWdidndidulalua wazidenilu ‘oK

u

Alternate/Exceptional Flows:

1 _dnszuasaviuilalignsesmuanlanasnisuilatescuuazifioulimau

Y oa o

grsunsszuunduliudlanszuasusdionipsesiia Visual Paradigm for UML U&BNNga

u

LAR LLmﬂﬂﬁ‘ﬁLL@ﬂ’]uLﬂNﬂﬂﬂNﬁu\‘]

A1919 A.5 ?WH@%L%H@‘U‘J‘%H@‘U%@Lﬂ@ﬂ‘]_lﬂi‘zLL@\‘ﬁu

Use Case Name: aLUNTeLlaNid

Primary Actor: £1311995 U1
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F1979 A.5 IAZIDUALITTNALYALARALINIZUAINU (i7)

Brief Description: g#lAANATLNEN1TNIULBTTULLHANLEMI9ZULABINITALNTZ LAY

o da
winnNet lussuy

Normal Flow of Events:

'
Y oa = £

1. fusmsscuunfenaudngsruuudodannszuanuisianisay  uaziaantls

u

‘Remove’ UUNTLAL ‘Workflow.aspx’

Alternate/Exceptional Flows:

FN979 A.6 INEAZIDHALIITNBLIYALAA AT 9B LARALT L

Use Case Name: &519814 WA i

Primary Actor: £131139v 11

¥ 1
Brief Description: g/ALAALAB1LNENN37119 U898 ULLHANL B 992 ULARIN13451

AUALALT IMHNIBINTZUAIU

Normal Flow of Events:

¥ a

1. fusmsssuunaenandngssuuudoaannaziasunsiasnisaseauaunsudg

u

I uuntidy ‘Workflow.aspx’

a A

‘]_I’a‘mﬁ‘ﬁ‘z‘]_l‘]_lmﬂﬂﬂsd ‘New Instance’

©

2.

©3°

3. fuanmssrvuldzesuaunudlngdnfeanis uazinently ‘oK

Alternate/Exceptional Flows:

|
A o

£ dl a |% o a dld 1 v :j/ Y a
1-E ﬂ’?‘ﬁ‘ﬂﬂu@LLﬁlusﬁﬂﬂﬁJsﬁ”lﬂ‘U‘ﬁ@@uﬂLLmusﬁVIN‘ﬂﬂuLL@Qﬂ‘ﬂﬂﬂﬁ‘zLL@\‘ﬁuuu HUTUNTISUL

FR49 TR UALAUT N uaziRanLy ‘0K
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A9 A7 9N8AZRALITNaLYAAAALIBUALALT

Use Case Name: ALAUALAUT

Primary Actor: §13%199v U1

Brief Description: g/alAalaBU1EN19919UIB9s s UULHB 1SN 99 LUAaIN13a5 1AL

AUALAUTDANANNTZLIU

Normal Flow of Events:

Y o a o

1. fuwnssvuunaandudngsyuuuaaidanauauaudnsasnisauumntiniy

u

‘Instance.aspx’

¥ a

2. gusmsszuniaanilu ‘Remove’

u

Alternate/Exceptional Flows:

FN9N A.8 MEazRaALsznaLyaLAaRAen

Use Case Name: @ﬁﬂﬂ

Primary Actor: £131%199¢11

3 T
Brief Description: g/ALAALATUNENNINNNUIBITZULLHAH1ENITULFBINIIAABNTDY

72U

Normal Flow of Events:

v a

1. fusmsszuunaenaudngssuuudanan ~Log.txt  189NITUAIIUNFBINITG

a

@

ARNUUNTNIL ‘Workflow.aspx’
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F1379 A.8 IEazidaALlsznauyaIAdnAan (sa)

Alternate/Exceptional Flows:

1-A ErfuimeszuudesnisgRentesduauaudliflfivindy nstance.aspx waz
AN ‘Log.ixt’ TesBuaumudTiFaensnFan

2-A SrfiEweszuufaenisdaiiuden HaRnaanT ‘Log.ixt! uazideniuy ‘Save
Target As...’

3-A fduamnsngienuesduaunudléfivin Instance.aspx wazdnifuiens

Tnedfimaniugusnisssuy

F11979 A.9 IEAZIBALIENALIAAATIUANNIENYINNY

Use Case Name: 11UNN19 51911971

Primary Actor: Qﬁl‘ﬁ\‘mu

Brief Description: g/alAALAEUEN137119 W8NS ULLHAL IF 91 UFa9N19TTuNNN19ENINNY

Normal Flow of Events:
1. glfundendudndszuuidaaaneauinsesnisiuiinnisEurinauuuntiu
‘Worklist.aspx’

2. Hldewaeniu Start

Alternate/Exceptional Flows:

F1979°A. 10 neaziBenlsznaugaaaiuinn1991911a5q

Use Case Name: 11u#INn1391911La54

Primary Actor: Eﬁ%ﬂﬁu

Brief Description: gawAaRa8u1EN19919u89ssILLHe Y I H91use9n19Tiunnn19i1eu

LA5A
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F119°9 A.10 :1EazRALsENaUgAAATUNNNNINNNWLETA (F)

Normal Flow of Events:
1. glinundendudngszunudonanaunfeanistiuinnisiienuaiaiegn
Tunnn12ENawlBuAL Avtindy ‘Worklist.aspx’

2. Hldewaaniu Finish

Alternate/Exceptional Flows:
¥ Z// = dl s 1 [ AJ @ A A I 1
1B feuiuienansndsligndnivan eanadludunaizaenying szuuazlyl
ayny i deuiunnnianagasa g lanudnlnanianansliiasy wasingaiaiinuin

v
ATNNULATABNATS

F19 A.11 IeaziaenLlsznateaudssUn1anAMENIs0]

Use Case Name: ﬁ‘zuﬂﬁiﬁmmm’]iﬁ

Primary Actor: ;;Tl,%\ﬂu

3 T
Brief Description: gjalAaiiaBu1un137119ua89szuLINe § 1Hufiainisszynisiia

WAN190d

Normal Flow of Events:
1. glnunfendudngszunudonanfuaunuinaesnisszynaAnunnigal 7
WAL ‘Instance.aspx’

2. Hldsuasnmgnisninaesnis wdadaniy Trigger Event

Alternate/Exceptional Flows:
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F1974 A.12 neazRansznavgainadninan / anailuanianans

Use Case Name: anluan / an9illuananadns

Primary Actor: ;ﬂ%\ﬂu

Brief Description: giaiaailaunenisninanuaasszuuiiedidausiasnisdnivan / annil

WanLLNANT

Normal Flow of Events:
1. 8nlnan

1. duiifensuwdagazunudn Fenswidesnssnivanianaisfiviiiu
‘Worklist.aspx’

2. fldrmudendunmvienvieidesnissnivanianas

3. {lfidentn ‘Browse' uanienienansidiesnisdnivan anndudldidents
‘Upload’
2. plivan

1. Hidewidendudngsrunudadenauiidesnissaiivasmenansiiviinggy
‘Worklist.aspx’

2. fuiendunaviaieyianifesnsanailuasenans

3. fWnupanaaniienansiigeanisanailnaauazifony ‘Save Target As...

4 o o=
IWRAALNULANANT

Alternate/Exceptional Flows:

F1974 A, 13 808azBenLlsznauyanagdanIuuanI AL

Use Case Name: @%ﬁmumm‘ummu

Primary Actor: £131199v 1y

Brief Description: gialAalaBunen1919uaasssULIHe N3 99z ULAiesnsgdaniun

AAINTELULANU
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£33 A.13 :eazRealsznaugalnandanmuAnNIzLay (sia)

Normal Flow of Events:
1. glinunfendudngszunudanan XM 199n3TUaIuNAeINg syuuazilln

InAdndian laffludan1uunaeanssiaanuiiy

Alternate/Exceptional Flows:
1-A thfuiamssruudasnisaafivdamuuaasnszuay Waanaan XM uay

Laﬂmmé ‘Save Target As...|

B39 A.14 318azIBen1sENa AR ANINALINTNNY

Use Case Name: 1NNAUNN3N1911

Primary Actor: ;;Tl,%\ﬂu

3 T
Brief Description: g/alAalaBU18MN137119 4895z U LLHNE § 1H91UF89n19IMINALN1I9IN9N

Normal Flow of Events:
1. FlfnnsendudigasuuuaanensaunsesnIsnInaun1aina iy

‘Instance.aspx’ Wa2AAN ‘Undo’

Alternate/Exceptional Flows:
1 14
1-E dnvauna hlgnivinBuineuisagniunnnianinuaiaduliugs (annuels

flu “New”) szuuazldaynyin g ldemwinndunismieu
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A = > = o
WW?WQWQ.1?qﬂﬂzbﬂﬂﬂﬂ@ﬁﬂﬂﬂquLmﬂuéiﬁ

=
nand

v A v
daAHLRBUE

ununwanssNidyneal

AcceptTimeEventAction

"The system does not support
AcceptTimeEventAction"

LLNumWﬁ@ﬂi?uﬁﬁtyﬂmI CentralBuffer

"The system does not support
CentralBufferNode"

unuNIWnanssuildtynsnd DataStore

"The system does not
DataStoreNode"

support

UNUNNAANITNE Vryﬂmi ExpansionRegion

"The system does not
ExpansionRegion"

support

BELATNAANTIN T NN WEBE)

"The system does not sub-

diagram"

support

a al ¥ a 6
WHUNIWAANTINENTT M@ Lﬁlﬂi‘(l:ﬂvLVlW

"The system does not
Stereotype"

support

adndidlalulfdnnasnunainiasasiie

Visual Paradigm for UML

"Invalid XMI: The exporter is not
Visual Paradigm for UML"

wannianssui il ldes luling

"Invalid workflow: Some Action or
Activity nodes are not in a

ActivityPartition Partition"

LN nAanssy i ue Initial "Invalid workflow: InitialNode not
founa"

wuunwianssu ldl Tvia ActivityFinal P - <L 1 O :
ActivityFinalNode not found"

s Activity Ilvunauatinnel
y £

"Invalid workflow: Activity nodes
must not contain other nodes
inside"

un AcceptEventAction 79

SendSignalAction HauWeTaLa1VING

"Invalid workf low:
AcceptEvent/SendSignalEvent must
not have inputs or outputs"

1114, Action; Activity; SendSignalAction-lu#

¥ d‘ k73
LAY ERNTNLUN

Action nodes
must have an

"Tnvalid workflow:
(apart from Event)
incoming flow"

1um Action, Activity, SendSignalAction,

AcceptEventAction Hunnduiladuidanenidn

"Invalid workflow: Action nodes
cannot have multiple incoming
flows™"

1ium Action, Activity, SendSignalAction,

AcceptEventAction TiHi&uidiananeaan

"Invalid workflow: Action nodes
must have an outgoing flow"




R a [y = o
19NN N1 ?qﬂﬂtLﬂﬂﬁmﬂﬂmﬂﬁquLmﬂuﬁ;ﬂﬁ (na)

T1un Action, Activity, SendSignalAction,
AcceptEventAction HuNnndmiladuidanen

a8n

"Invalid workflow: Action nodes
cannot have multiple outgoing
flows"

Tuum Input Pin, Output Pin, ActivityParameter,

Object Tduansda (1uArdnanlan)

"Invalid workflow: Pin name cannot

be blank"

Tvum Input Pin, Output Pin, ActivityParameter,

Object Hunnduiladudanenidn

"Invalid workflow: InputPin cannot
have multiple incoming flows"

11U Input Pin, Output Pin, ActivityParameter,

) = S B |
Object HNMNNINUUILAULTANUIDBN

"Invalid workflow: OutputPin
cannot have multiple outgoing
flows™"

T1um Object siariuluue Initial TaeIRgs

"Invalid workflow: InitialNode
cannot connect to ObjectNode"

e Initial TH & WTan198n

"Invalid workflow: InitialNode
must have an outgoing flow"

g Initial HunnTEaETaN18an

"Invalid workflow: InitialNode
cannot have multiple outgoing
flows"

1914m FlowFinal, ActivityFinal ldTi&wud@ananidi

"Invalid workflow: FinalNode must
have an incoming flow"

T914m Action, Activity RiduimanandnNmnatia

R I P A o
N NTDLAULTANANDDNNANNTUANU

"Invalid workflow: All flows of
Actoin/Activity must be of the
same type"

T91up Fork Tl Rv3adu1nNa i U maNgi i

"Invalid workflow: Fork node must
have only one incoming flow"

Tuum Fork, Join, Decision, Merge AFuEmanan

BTz N D Y NG ot R TaYatata

"Invalid workflow: All flows of
Decision/Merge/Fork/Join must be
of the same type"

Twun Join lifvidefiinnndviladudanaean | tovalid workflow: Join node must
have only one outgoing flow"
"Invalid workflow: If a Join node

T91m Join Hidudenednidi Object Flow WA

T wzenareeniiilu Object Flow

has an incoming object flow, it
must have an outgoing object flow"

T9um Fork , Join, Decision, Merge AFumanan

A

Wnviseduiiananeeniiiu Object Flow laeh

v
o o

gl isidusunnvieenimazesnulas

]

"Invalid workflow: A Control node
must not connect to an Object node
that has no incoming flow "

=~ = s
ﬂﬁﬁuﬁnmﬂizuﬂﬂﬂuuﬂﬁ?ujﬂﬂuﬂfummummﬂqdﬂu
quqqusl,uﬁua Ll,ﬁlu“ﬁ—ﬁil/\'i A" Lﬁumifagjmmmum

U

"Failed to modify workflow: Some
attributes! of ‘an ongoing/finished
task are modified"

= Adl 1 3
nsudlanszuaanulniadasulnuaneuvtinaes

NuluBuaunuingIRTBuNI90

"Failed to modify workflow:
Incoming edges of an
ongoing/finished task are
modified"
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R a [y = o
19NN N1 ﬁ‘qﬂﬂtLﬂﬂﬁm@\imﬂﬂqf]NLmﬂumT (ma)

=~ A a
ﬂﬁ?uﬁnmﬂﬁzuﬁﬂﬂuuﬂﬂiuJﬂﬂu@uwmmﬂﬂﬂﬂuiu

BuausudndIAniunsat]

"Failed to modify workflow: Inputs
of an ongoing/finished task are
modified"
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has already started”
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