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ABSTRACT 2 PRELIMINARIES

The success of workflow projects to a large extent depends on howThis section collects the preliminaries on workflow management,

workflow application development processes are on workflow application development processes and on reference

planned, organized, and conducted. Based on lessons learned frormodeling, needed throughout the remainder of this paper, and it

problems encountered during real-world workflow application de- discusses related work.

velopment projects, this paper presents a reference model for work-

flow application development processes, which guides projectman-2 1 \Workflow Modeling and Workflow Applications

agers and developers through the complex structure of these pro-

cesses, with the aim of developing more adequate, usable, and reliWorkflow management aims at modeling and controlling the ex-

able workflow applications. ecution of complex application processes in a variety of domains,
including the traditional business domain [18, 7, 14] and the natural
sciences [13, 29]. Workflow models are representations of applica-

KEYWORDS tion processes and of the technical and organisational environment
workflow application development processes, reference modeling, Of their execution, to be used by workflow management systems for
design methodology controlling the execution of workflows. We denote by workflow ap-

plication an information system in which work is coordinated by a
workflow management system.
1 INTRODUCTION Typically, numerous persons with different backgrounds and

Workil . h led . fexperiences collaborate in a workflow application. We stress that
orkflow management systems aim at the controlled execution of i, ey 1o develop adequate workflow applications, these persons,

complex application processes in distributed and heterogeneous eng, q;r siilis and expertises also have to be taken into account during
vironments [7, 14, 18]. These systems are already and will continue 4, development of the workflow application. While workflow ap-

to severely influence and shape the structure of information sys-,jication development processes differ from one project to the next,
tems in business and non-business environments [19]. While sof’[-the general procedure can be described as follows [12]:

ware development processes have been investigated for some time ¢ first phase of workflow application development processes
now [2], the specific properties of workflow application develop- o4 \yith gathering information, relevant for the application pro-
ment processes (WADP) received little attention so far. This paper oo Empirical studies based on interview techniques and analysis
gle_s to rr]emed)é th'$ snufatlorll by ?;alyzll(rglg probl_ems engotl)m;ered of available documentation are used. The activities in this phase are
uring the conduction of real-world workflow projects and by for- - contared around the application domain, and technical issues are of-
malising the experiences drawn as a reference model for workflow ;o 1ot considered. The next phase involves business process mod-

application development processes, which can be customised 0%jing in which the information gathered is used to specify business
wards the needs of particular workflow projects. While the general rocess models. The main purpose of business process modeling is

structure of the reference model is based on techniques known fromy, g a general and easy-to-read notation, which enables infor-
softvx{a_\re engineering process mode]s ((_a.g. as desc_rlped in [2.])' themation system experts and domain experts to validate and optimise
specific properties of workflow application and their implications ) \siness process models. The result of this phase is specified in a
to development processes of workflow applications are well taken y, ,iness process model, which is used as a basis for the next phase,
care of. . . . . ) . the workflow modeling phase. Its aim is to enhance the business
The remainder of this paper is organized as follows: Section 2 ., cess model with information needed for the controlled execu-

collects ”}e p(;ellmIEaL_l‘es on v;ogkfl;)lwdmanagementi andldlt d's‘; tion of workflows by a workflow management system, involving
cusses related work. Section 3 briefly discusses real-world work- adding technical information and purging application specific in-

flow projects, and it shows a set of important problems, encoun- ¢ rmation which is irrelevant for workflow management. In this

tered during these projects. Section 4 proposes a reference mod hase, workflow languages are used [30]; finally the workflow ap-

for workflow application development processes. Section 5 dis- pjication is deployed in the target environment, and the operational
cusses how the reference model helps in dealing with issues dis-,

. - ) h hase starts.
cussed in Section 3. Finally, Section 6 shows how the referencep
model can be tailored towards the requirements of particular types

of workflow applications. 2.2 Related Work

Surprisingly, little work has been published on workflow applica-
tion development processes so far. Kwan and Balasubramanian
present a “Workflow-aware Information System Development Method-
ology” [16], which presents a rather high-level description of work-
flow application development processes. While that paper presents
an interesting approach to the subject, there are some deficiencies
which we try to overcome. First, the paper neglects some major
issues, e.g., it regards a workflow management system as given,



and a system selection depending on survey data is not part of theout?”, “What kinds of problems occurred, and how did you manage
development process. In addition, a customisation of the devel-them?” and “In a follow-up project, which parts of your develop-
opment process depending on the needs of the workflow projectment procedure would be subject to change?”.
is also not discussed in that contribution. A general approach for  The information gathered is structured and serves as input for
the development of workflow applications is discussed in [15]; that the next step, the modeling step. Its purpose is to compare the dif-
contribution concentrates on the phases of project planning and jusferent development processes, using a “development process model”
tification, operations review and analysis, market survey and prod- for each case. In order to ensure comparability of results, a com-
uct selection and user training and support. However, it does notmon meta model is used [10, 12], which contains the meta types
present the internal structure and relationships between the phasephase, person/role, document/product, and language. Using this
in detail. The well known workflow reference model developed by meta model and the reference instances of the meta types, the de-
the Workflow Management Coalition [17] defines required com- velopment process models for the cases are generated. The analysis
ponents for the development and usage of workflow applications. step aims at identifying the relationship between the main problems
However, it does not define reference processes for the develop-encountered and the way workflow applications have been devel-
ment of workflow applications. oped. The detected relationships are described textually, to serve
Besides software development processes, work in the area ofas input for the reference development process model. Further de-
reference modeling is also related to our approach. Reference mod4ails of the case study method can be found in [10].
els in general serve as means for the orientation of modellers and
developers by providing a point of reference in the quest for ad- 3.2  Characterisation of Analyzed Workflow Projects
equate solutions [27]. In contrast to individualised solutions, ref-
erence models represent a class of application cases; hence, thefs discussed above, the WADP reference model is based on lessons
intend to serve as patterns for solutions of specific real-world prob- learned from the conduction of a number of industry workflow
lems. Process models for the customisation and implementation ofprojects. The following list sketches key properties of these projects;
standardised software systems like SAP R/3 [21] or process mod-more details can be found in [10].
els for business process re-engineering [11] also fall into this cat-
egory. Users of reference models are interested in the reduction
of project cost achieved especially through faster development as
an empirical study shows [27]. This goal applies to the develop-
ment of a reference model for workflow development processes in
this paper as well; it can be used as a guideline for planning and
conducting workflow application development processes. Exam-
ples of reference process models are the well known models of
software engineering processes (e.g., waterfall model [2], foun-
tain model [8], prototyping approach [3, 22]). While the reference e Project 2: In 1994, a logistics services company initiated a

e Project 1 was carried out by a telecommunications service
provider. The project started in 1994 and focused on the
development and introduction of a workflow application for
a core business process including the integration of several
legacy applications. Due to several problems which were
identified during the development, the project is still (1998)
in the field test phase. The main issues encountered during
this project are reviewed below.

model presented in this paper belongs to this class of reference pro- workflow project aiming on the improvement of customer
cess models, we focus specifically on the issues encountered during service processes. The workflow project was conducted us-
workflow projects. As will be explained in the remainder of this pa- ing traditional software engineering techniques. When the
per, workflow projects exhibit significant differences with respect system was operational, severe performance problems were
to traditional software engineering projects. The specific properties encountered. As a result, the workflow management system
of workflow applications — as will be elaborated in the text — lead was removed from the system architecture, and a new version
to the fact that traditional software engineering process models (as of the application was built without using workflow manage-
described in, e.g., [2]) do not support well the specific requirements ment technology.

of workflow application development processes and, hence, are not

suitable for most workflow projects. e In Project 3, another logistics enterprise planned a work-

flow management application for an order processing busi-
ness process. The project is still in progress, delays were

3 CASE STUDIES caused by integration problems. In particular, the require-

. . . ments of existing legacy applications were not identified in
In order to create an empirical basis for our work, it is necessary to early project phases, which caused considerable development
examine some of the experiences which we made in different com- overhead in later phases.

panies when developing and introducing workflow applications. ) _ )
For that reason, we have chosen six German as well as multi-national e In Project 4, a manufacturing company started a project to

companies working in transportation, telecommunication, insur- deploy a production planning and controlling system in the
ance and production, enterprise. In the following project phase business processes
which were planning, developing, or which are already introducing that are suitable for workflow management technology were
workflow applications. In order to achieve comparable results, the identified. At present, the project is still in the design phase.
investigation of the different workflow projects followed a common

e Project 5 was carried out by an insurance company in 1995 to
evaluate workflow management technology with a prototyp-
ical application. During the development of the prototype,

3.1 Organization of Case Studies various severe problems were identified. Finally, the com-

pany decided not to use a workflow management system for

the development of the application.

method:

The studies are organized in three steps: survey, modeling, and
analysis. The survey step centers around interviews, with typi-
cal questions like “Which were the main objectives/results for/of e Project 6 focused on the introduction of a SAP R/3 appli-
your workflow project?”, “What kinds of activities did you carry cation in an optical engineering enterprise starting in 1995.
1 The case study was conducted within the cooperative project MOVE [9, 20] which Several of the R/3-supported business processes will be per-

is funded by the German ministry of education, science, research and technology formed using a workflow management system in the next
(BMBF). years.




3.3 Problems Encountered Problem 5: The integration of legacy systems was a

. . . critical factor for the success of workflow projects.
The main case study results are outlined now. When examining the pro)

different development process models and the problems encounyp, g case studies of our survey the integration of legacy systems
tered, we are able to identify two classes of relationships: The a5 a critical success factor of the project. Considerable efforts
first class combines those cases, where the problem can directlyyere necessary to integrate the different systems into the workflow
be shown by the existence or by the causal order of developmentypjication. One of the main issues in this context was the devel-
activities (Problems 1 to 3, see below). The second class consist;pment of interfaces between the workflow management system
of cases, in which specific problems occurred during one particu- 4nq the applications. In some cases where the characteristics of the

lar activity (Problems 4 to 6). This distinction is important for the legacy systems were identified late in the project, costly modifica-
treatment of the problems by the reference development processigns were required.

model, as will be discussed below.

Problem 6: Severe performance problems could be

Problem1: The organisational and technical aspects of identified during the field test phase.

the  workflow model have often been

worked out independently. During field test, every company of our survey had considerable

Organizational and technical aspects depend on each other stronglyproblems regarding the performance of the workflow management
because there are technical constraints (like integration of legacyapplication, if the application had to cope with a large number of
systems) which have strong influence on the design of organisa-users and workflow cases. In one case the application was lack-
tional structures. On the other hand, the technical solutions shoulding reliability, too. Although the integration of the legacy systems
always be derived from organisational requirements. For this rea- could be identified as one cause for these weaknesses the work-
son, the organisational and technical aspects should be designeflow management systems to a large extent were responsible for
closely connected in an iterative way. In one of the examined work- the technical problems.

flow projects, this problem required a complete redesign of the or-

ganisational model. 4 REFERENCE MODEL FOR WORKFLOW APPLICA-
Problem 2: In most cases, the selection of a workflow TION DEVELOPMENT PROCESSES
management system was done in a very early project
state.g 4 v ¥ pro) This section presents the reference model for workflow application

development processes. We structure development processes by

The workflow projects examined spent different amounts of time introducing the notion of a phase. A phase defines a time interval
and cost in selecting a system. Interesting enough, system selecduring which particular activities are performed. Typically, phases

tion was among the earliest phases in the majority of the projects. consist of related sub-phases or activities, which are carried out by
Two of the examined projects set up an extensive selection processa group of persons, using a set of input documents and developing
whereas some other projects used an existing working relationshipa set of output documents. In the remainder of this section we pro-
to a specific vendor or other non-technical arguments for their de- vide a high-level description of the WADP reference model, focus-

cision. In most projects, the early selection has been identified asing on its evolutionary character, and we show the internal structure

one of the main problems, since the selected workflow manage-of the phases and the relationships between phases in some detail.
ment system could not support the specific requirements needed in

the project, and adaptations in later project states caused con5|derzLl Overview and Evolutionary Approach

able overhead.

Rather than presenting a formal method for describing development
models, we use a rather informal notation, in which phases are
represented by boxes and informational and/or causal constraints

Only in one case a prototype of the target application was devel- are described by direc_ted edges. Despite of being rather informal,
oped. It turned out that prototyping is a very helpful step in build- the reference model hints workflow project planners and managers
ing workflow applications. On the one hand the organisational re- t0 plan and conduct workflow development projects. The overall
guirements of the business process can be validated by future usersVADP reference model is shown in Figure 1.

On the other hand, technical restrictions can be tested in an early _ The first phase of our reference model is the Survey Phase. In
project stage, which is very important when building workflow ap- this phase, first the goals of the project are defined, the project team
plications (cf. Problem 6). In most projects, prototyping is consid- IS established, and initial information on the application is gathered.

Problem 3: The development process has been done
without prototyping.

ered to be an indispensable activity now. The project managers then decide which business processes will be
selected for the development process. The main result of the Sur-

Problem 4: An automatic transfer of business process vey Phase is a reviewed as-is business process model. The Design
models into workflow models proved to be unsuitable. Phase is next, in which the developed model is analyzed and op-

timised to reflect the overall goals of the business, specified as a
to-be business process model. (We remark that while business pro-
cess re-engineering techniques are outside the scope of this paper,
the reference model can be enhanced such that these techniques
are conducted within the model.) Based on this model, the project
]management decides whether workflow technology is adequate to
support the requirements of the particular business process. If so, a
suitable workflow management system is selected based on the re-
quirements specified in the to-be business process model (System
Selection), and the Implementation Phase starts. The Test Phase is
next, which includes lab test and field test, as refined below. If the
tests are successful, the Operational Phase is reached.

If business process modeling and workflow modeling were carried
out with different tools, an automatic transfer of the business mod-
els into workflow models led to unacceptable results. We believe
that a fully automatic transformation of business process models
into workflow models is not feasible since they focus different as-

pects. As a result, the expenditure on subsequent modifications o
the workflow model turned out as very high. However, the man-

ual transfer of business process into workflow models proved to be
difficult, too. In one case certain relevant aspects of the business
process model could not be translated into the workflow model due
to limitations of the expressive power of the workflow management

system selected.
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Figure 1: Reference Model for WADP.
Figure 2: Survey Phase.

We remark that the sequential processing of the phases as de-
scribed above represents an ideal situation, which most likely will Requirements Engineering Framework. The development process
not be appropriate in most workflow development processes. Toitself can be described as an iterated conduction of activities and
capture typical exceptions in the development process, we intro- phases restricted by the arrows in our diagrams which define al-
duce additional edges, e.g., we allow certain phases or sub-phase®wed development paths.
to be re-performed during the development process. Defining and
controlling the conditions under which development phases canbeg 2 syrvey Phase
iterated is an important property of the WADP reference model. We
denote this property avolutionary, since development steps may The overall goals of the Survey Phase are twofold. First, we gather
iterate, incrementally improving the artifacts (e.g., business processinitial information on the domain to decide which business pro-
models, workflow models) during the workflow application devel- cesses should be supported. The second goal of this phase is to
opment process. By doing so, a high degree of flexibility in de- develop a reviewed as-is business process model of the selected
veloping workflow applications is provided. By defining possible processes which contains both organisational and technical infor-
iteration structures, the model helps in ruling out jumps that are not mation (Fig. 2). Technical issues should also be taken into account
meaningful. We mention that the evolutionary structure is present in this early phase in order to identify possible restrictions due to
within all phases and also between phases. As will be discussed inlimitations of the information systems to be integrated. In particu-
the remainder of this section, we define potential back jumps be- lar, legacy systems may pose specific requirements for tool integra-
tween sub-phases of one phase and sub-phases of different phasetion. The Survey Phase starts with an initial survey of the business

The phases of the reference model consider the three dimen-{process on an abstract level in order to get an overview of the pro-
sions of the Requirements Engineering Framework presented in [24¢ess and the roles and departments involved. Besides, the team
25]. This framework presents the dimensions specification, repre- set-up for the Survey Phase is done based on this information by
sentation, and agreement. The specification dimension should bgdentifying the persons to participate in the detailed survey. For ex-
as complete as possible with respect to the development phase unample, this first activity can be carried out in an initial meeting with
der consideration. For example, the as-is business model must givéhe project management.
a complete survey of the organisational and technical aspects of  The next activities comprise a closer look at both the organisa-
the business process, the new workflow application is intended totional structure of the company and the documents. This informa-
support, as will be discussed shortly. The to-be specification astion is helpful for the process selection step, in which the relevant
a set of related documents becomes increasingly concrete in theapplication processes are selected. In addition, this information is
following phases, especially in the Design Phase. The representauseful for the preparation of the survey team kick-off meeting. In
tion of the documents under development as second dimension otthis meeting, the overall goals of the project, the characteristics of
the framework becomes more and more formal by approaching thethe approach used, the processes to support, and the following ac-
Implementation Phase. The Design, Survey and Implementationtivities are presented to the team members in detail. We stress that
phases in our reference model are characterized by final review ac-a strong participation of the employees involved is a key factor for
tivities intended to secure the agreement of the development tearthe quality of the business model and, eventually, for the success of
to the created solution. Agreement is the third dimension of the the project.



After the modeling method for the business process model is e

selected, the main activity of the Survey Phase, the detailed organ-
isational survey, is carried out. There are several options to obtain
the relevant information in this sub-phase. (Adjacent boxes reflect Survey Phas [perational Pradk

a strong binding; typically the activities are executed concurrently, i ——
the persons collaborate closely and join intermediate results.) Inter-
views with survey team members are a costly but effective method Design Phase | ]
to get detailed knowledge on certain activities within the business
process. We stress that a detailed analysis of the documents is suitr- process | YOO | dling | 5] | ITinire- application | architecture
able in most cases. The detailed survey yields an initial version of U rodling ‘ sructuredet. | defniion | definition
the as-is business process model. If information is missing or am- f ]
biguous then the corresponding parts of the detailed organisational 8P mode!
survey activity have to be repeated. In any case, technical infras- Z?S.a:m . tfn’;%eefzrg. i ] e o e
tructure of the company are analyzed. The business process model
is then extended to this aspects. e e ateon
When a complete version of the as-is business process model ig
created, a review meeting with the entire survey team is carried out. l‘v‘;ﬁﬁ;;"de“
The process model is presented to the team and discussed with the
team in order to eliminate potential inconsistencies in the model. worldiow | orgarizatonal ] | odeng
Either these inconsistencies can be clarified in the meeting or the | apuure | damosding
survey process iterates, and a new version of the process mode|
is developed after another organisational survey activity. The new W model | iWF model
process model is again discussed in a review workshop. If all team WE model T
members agree on the as-is business process model, the Surve modl
Phase is finished. Jto-be W mocel

4.3 Design Phase | System Selectio}

As we have mentioned before, the Design Phase aims at analyz-

ing and optimising the as-is business process model. For that rea- Figure 3: Design Phase.
son, this model serves as an input for this phase. The first set of

activities deal with organisational and technical modeling of the

so called to-be business process model, which represents the opti-  after the workflow modeling step has brought out its product
mised business process which will be supported with the new appli- i e the workflow model), a review activity can be carried out.
cation (Fig. 3). The organisational part can be subdivided into three Changes or new requirements may concern the business process
sub-activities: process modeling, organisational structure modeling model or the workflow model, making it necessary that both busi-
and ) ) L . . ness process modeling and workflow modeling can follow this re-
data modeling. Beside organisational properties, technical featuresjiew. The review activity may show that not enough information
like the infrastructure, applications and the architecture should be 55 gathered in the Survey Phase. In this case, the WADP may
reflected in the to-be business process model. Organizational anqe_perform parts of the survey Phase; in particular, the detailed or-

technical to-be-modeling should be carried out in an iterative way, ganjsational survey activity is entered again to get the missing in-
so that the strong dependencies between technical and organisggmrmation, as shown in Figure 2.

tional aspects can be taken into account. At this point, fundamental
knowledge on the business process is available. Using this knowl-
edge on the process and on the organisational and technical envi

ronment in which the business process is performed, the team de-puring the Design Phase, the to-be business process model is iden-
cides if workflow is an adequate technology to support the process.tified. The main purpose of the System Selection Phase is selecting
This is done in the technology / workflow method selection box. a workflow management system, which is appropriate for the work-
If so, an appropriate workflow method is selected, and the appli- flow application under development (Fig. 4). As was discussed in
cation development process continues as described in the referencgection 3, one of the main reasons for failing workflow projects
model. If the project management decides that workflow is not ad- js due to selecting an inadequate workflow management system.
equate then the information gathered so far can be used as input foamong the potential reasons for this situation is selecting the sys-
traditional software development. _ . temtoo early, since little or no information on the business process
A second set of activities during this phase are combined into may be available by that time. Consequently, it is impossible to
to-be workflow modeling. We have already described the distinc- choose a system according to the specific needs of the workflow
tion between business process models and workflow models in Secapplication. This point is important for the success of workflow
tion 2. The to-be workflow modeling activity is subdivided into  projects, since the workflow management systems commercially
workflow process modeling, organisational modeling and data mod-ayajlable today differ considerably with respect to their functional-
eling. The output of this activity is a workflow model which reflects ity.
the contents of the to-be business process model, enhanced by tech- The selection process starts with defining criteria for selecting
nical features. Since the workflow management system is not yetan appropriate workflow management system based on the business
selected in this phase, a method for building the workflow model process model as specified in the Design Phase. Obviously, there
must be chosen beforehand. An automatic transfer of businessis a myriad of criteria to select a suitable workflow management
models into workflow models is not suitable in most cases [12], sys’[eml some of which are discussed now. Based on studies con-
so appropriate resources should be provided for the to-be workflow qucted in Germany [4, 5] and criteria defined in [15], the following
modeling activity. classification of criteria is relevant in the System Selection Phase:

4.4 System Selection and Implementation Phases



e Integration criteria: Integration criteria specify application iDesign Pha}e
and data integration aspects. In particular, the data structures b WE modil
and types of application systems which can be integrated in '
the workflow application are taken into account. We remark System Selectio
that these are important criteria, since the success of a work-
flow project may rely on the integration of existing, domain-
specific applications, which typically have been developed

independently from workflow applications.

criteria
definition analysis

initial
selection

e Interaction criteria: Is the user interface of the workflow
management system adequate for the users and the tasks to
be supported? In particular, can it be customised to the spe-
cific needs of the application. Does the workflow client ap- systemdenmo,
plication have adequate notification mechanisms, like push- test
(the system actively notifies the client) and pull-communication
(the client retrieves next workflow activities from the sys-
tem). Finally, is the amount of training required for users review
to work with the new system appropriate? Does the system
provide flexibility in executing workflows, e.g., does it sup-
port dynamic change of workflow models while workflows

(additional

(list of WFMS)
requirements)

T l (test data)

(chosen WFMS)

run [31]? ]
Implementation

e Development criteria: These criteria include the expressive- l l
ness of the workflow language underlying the workflow mod- O | carizaions | e i —
eling tool, e.g., is it possible to express control flow, data motling | modeling implementation
flow and alternative execution paths, and other, application-
specific properties? In addition, are there powerful simula- W code, WE code WE code, add.| | WF code
tion and test facilities present. Does it support flexible sup- add. requirements requirements
port for maintenance procedures and security and integrity oot
constraints that are required by the application? porkdow | WEcote WP o o enion

e Run-time criteria: Does the system provide adequate func-
tionality for the end-user as well as modeling and monitor- roode, 1 reiien s
ing functionality for the process designer and for the process
manager. In addition, is the workflow system able to process ‘ —
the load expected for the application, i.e., does the system L7 ol en

scale? Providing distributed workflow control in object ori-
ented environments, which is discussed with the specification

of the OMG Workflow Facility [23], may help to solve scal-

ability (and interoperability) issues. Does the system save Figure 4: System Selection and Implementation.
intermediate workflow states in persistent storage, so that

workflows which are interrupted can be recovered safely?

selected system. As is shown in Figure 4, this activity deals with
specifying process models, data models and organisational models.
The second activity in this phase is concerned with tool integration,
i.e., the integration of external applications as specified in the work-
flow model is performed. Depending on the support provided by
the selected system, this activity may involve considerable amount

Based on the criteria mentioned, using market analysis data, an ini-0f coding and extensive testing. In case of problems, the respective
tial set of appropriate systems can be defined. However, if the sys-activities are re-p_erformed. This process continues until the work-
tems available do not meet the criteria (or the systems cannot beflow implementation and the tool integration meet the requirements
used in the particular setting) then the selection criteria have to beimposed by the to-be workflow model. Finally, a review combines
re-defined. When a system is found that satisfies the criteria, it is the results from the two activities. As specified in the figure, this
tested against the requirements of the application. We stress thaProcess may iterate. This phase results in a workflow application,
this activity may also lead to the re-definition of the criteria. When Which is used in the Test Phase. However, the review may result
the system tests are successful then a review meeting is carried ou the decision to re-perform the Design Phase. In this case, the
in which the final decision on the system to be used is taken. If the Design Phase is re-entered, as shown in Figure 3.

key requirements of the application are available before the Design

Phase is completed, the System Selection Phase can start beforg.5 Test Phase

business modeling is completed. This usually saves considerable . . .
amounts of time, especially if the systems to be tested require time "€ Tést Phase comprises the two sub-phases Lab Simulation and

to get hold of, to install, and to test. Field Test. Overall goal of the Test Phase is to obtain information
The Imple,mentatioﬁ Phase is based on the to-be workflow modePout the technical stability and the organisational suitability of the
as specified in the Design Phase and the workflow managementvorkflow application (Fig. 5).

system selected. Broadly speaking, this phase contains two major_ 1 he firsttaskin the Lab Simulation defines the simulation goals.
activities, one of which deals with the implementation of the work- This task directly depends on the to-be workflow model created in

flow model according to the formalisms and rules provided by the the Design Phase. The second task defines the test scenario. The

e General criteria: Is the system available for the platform that
is already installed in the organization?
These criteria include the reputation and product strategy of
the vendor (will there be support for the produce in five years
from now?) and reference installations.



| |mp|ememanon| the selection of critical processes. This process can iterate, such
that the field tests become increasingly accurate.

We remark that the field test may even show that the to-be busi-
Test Phase ness process or workflow models are not suited. In this case, the

WF application

Lab Simulation respective phases (Design, Implementation) are entered again; it
may show that the workflow management system selected is not
fg;"g;io gemi;‘i’g:;m ) able to handle the current situation, in which case the System Se-
lection Phase is re-performed. Typically, a demo license of a work-
(additional. flow management system is used until the Operational Phase (see
requirements) below) begins, to limit cost if the Field Test results in a change of
remertat perform the selected system. The review activities in this phase may show
et scenario lab simul. severe problems, resulting in stepping back into the Design, Sys-
tem Selection, or Implementation Phase, as shown in Figures 3 and
(simulation data) 4
o e 4.6 Operational Phase
The Operational Phase comprises the sub-phases Installation and
Run-Time as well as a set-up activity, in which the technical envi-
Field Test ronment for the deployment of the workflow application is provided
| selectionof definitionof |~ (Fig. 6). The completion of this activity and the successful comple-
b field test goals [ implementaton] tion of the Field Test allow the start of the Installation Phase.
rocesses mplementation . . . K .
(adtiona. _ The_ I_n_stallatlon sub-phase includes da_ta migration and_ user train-
requirements) ing activities and the system deployment in the target setting. User
training involves educating employees on using the new workflow
development perform application. Data migration deals with relocating data from origi-
backup solution fietdtest nal systems into the new workflow application or in other systems,
(m} sata) as required. Thisis a highly complex and important technical issue.
If the training and the data migration are finished successfully, the
(add. requirements) analysisof | | new workflow application can be deployed in the enterprise.
fadiest The Run-time sub-phase is characterized by performing the daily
business of the organization using the new workflow application.

Workflows are monitored and execution data is gathered, which
is important for the continuous improvement of the workflow ap-
|°pera“°“a' Phaae plication and the respective business processes. In particular, the
performance monitoring produces data for the process controlling
activity, which in turn produces information for a continuous pro-
Figure 5: Test Phase. cess improvement task. The latter task also gets information from
the operational business directly, mostly information of informal
character. We remark that continuous process improvement is a
test scenario defines the business processes and workflows whiclgomplex activity, whose internal structure is not covered in this pa-
shall be tested. This means that the amount of data and the releper. However, the continuous process improvement activity may
vant business tasks are defined and that time restrictions are als@reate suggestions to be used in the Design Phase, as shown in Fig-
specified. Now, test routines have to be developed, and the labure 3.
simulation is conducted and its results are analyzed. If simulation
analysis indicates that further simulation goals are of interest, an-5 cASE STUDIES REVISITED
other iteration of this sub-phase is started. Redefinitions of the test
scenario may also be necessary. Notice that the simulation resultyn Section 3, a set of important problems of workflow projects were
by themselves can indicate that a re-implementation of the to-bedentified. Below we explain how the reference model presented in
workflow model is required. In this case, the implemented work- the pre\/ious section he|ps in Coping with these pr0b|ems.

flow application is not suitable for the given business application. As we pointed out earlier, there are strong dependencies be-
If on the other hand the lab simulation finishes successfully, a Field tween the technical and organisational parts of the to-be models
Test can start, which is discussed next. (Problem 1). For this reason, the reference model suggests that

The Field Test is performed to show that the workflow applica- organisational and technical to-be modeling should be done col-
tion is able to handle real world situations, characterized by prob- |aporatively, and that the activities should exchange information.
lems which (at least partially) cannot be planned or predicted be- |n addition, multiple iterations of the modeling phases may lead
forehand. Therefore, the application is tested against real world to a concise and integrated model which represents both aspects
conditions. After defining the goals of the Field Test, the business properly. System selection was often carried out in early project
processes to be tested are selected. For each such process, a backsgges (Problem 2). In the reference model the system selection
solution must be provided to cope with potential error situations. is based on the to-be business model. Hence, the particularities
Meanwhile, the employees involved in the tested processes havepf the workflow application are known when selecting a workflow
to be trained on the new workflow application. If the training is management system. In general, the functional requirements of the
completed and the backup solution is (tested extensively and) safegpplication are known when the system is being selected, which
the Field Test can be performed. After its completion, the test data may lead to selecting more adequate systems and finally, to better
generated will be analyzed, which may even result in the definition workflow app"cations_ The deve|0pment of prototypes was iden-
of new test goals or which may show new requirements influencing tified as an important factor for the success of a workflow project
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set-up Workflow
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Installation/\ low 2 4
data user >
migration training low high
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review and
system
deployment Figure 7: Workflow Development Dimensions.
Run-time s
the number of activities to be managed by the workflow manage-
daily (operational | performance| ment system. Workflow experience can be characterized as the ex-
business | data) monitoring perience of the involved persons (e.g., project managers, develop-
ers, system administrators, users) with workflow development and
J. workflow applications. We remark that various other factors do
continuous process play arole in probl_em _complexity an_d workflow experience; h_ow-
 process controling ever, the characterisation given suffices for the purpose of this pa-
|mprovemenl per
In Figure 7, four types of workflow development situations can

be distinguished. (1) Highly experienced team and low problem
complexity: The problem can be characterized as standard problem

Figure 6: Operational Phase.

with respect to the experience of the team. Typically, a workflow

application of the same problem complexity is already operational
in the enterprise. (2) Low experience and low problem complex-

(Problem 3). We did not define a separate prototyping phase in ourity: This scenario characterises a typical first workflow project in

model. Instead, prototyping is reflected by the evolutionary charac-

a given enterprise, where the persons participating in the devel-

ter of the overall process. We strongly recommend the developmentoPment of the workflow application have to be educated on the
of prototypes, especially to identify technical restrictions and pos- Workflow paradigm and convinced about its usability. (3) Highly

sible performance bottlenecks, for instance using iterations in the
Design and Implementation Phases.

experienced team and high problem complexity: A fine challenge
for a knowledgeable team. (4) Low experience and high problem

An automatic transfer of business process models into work- complexity: A scenario better avoided. Based on these scenarios,

flow models proved to be unsuitable in most
(Problem 4). Although the workflow model is based on the to-
be business process model in our reference model, we do not rec-
ommend an automatic translation of the corresponding modeling
information. We stressed that the integration of legacy systems is
a critical factor in workflow projects (Problem 5). For this reason,
the Survey Phase contains activities in which the characteristics of
legacy applications are analyzed in order to identify possible re-
strictions concerning the integration aspect. Besides, we suggest
the definition of corresponding test scenarios in the Test Phase.
Many of the workflow management systems available are lacking
performance and reliability if they have to cope with a large num-
ber of users and workflow cases (Problem 6). Our reference model
helps in dealing with this issue by providing elaborated System Se-
lection and Test Phases. We stress that performance and reliability
should always be a key factor when conducting the different lab
simulations in the Test Phase.

6 CUSTOMISING THE REFERENCE MODEL

To demonstrate a sample customisation of the reference
model, we propose a two dimensional framework defined by “work-
flow experience” and “problem complexity” (Figure 7). Problem
complexity can be thought of as determined by mission criticality
of the business process, the expected work-load, measured for ex-
ample in the estimated number of cases, the number of users and

cases the reference model can be customised in the following ways.

1. Because of the experience of the team, the information needed

to select a suitable workflow management system may be
gathered with less expenditure than in other cases. In some
cases, the System Selection Phase of the reference model can
be reduced to a validation activity, which analyses the suit-
ability of the existing workflow management system for the
project under consideration. This validation activity can be-
come part of the Design Phase and should follow the to-be
BP modeling activity.

. The reference model should be used as specified in the ref-

erence model; major simplifications may not be suitable in
most cases.

. This scenario is in some way similar to scenario 1. But the

success of the validation activity is much more unlikely since
the problem complexity is high. Chances are that the already
used workflow management system is not suited to cope with
the requirements defined by the complex application sce-
nario. In any case itis not advisable to cut out the Test Phase
since the business processes under consideration are mission
critical and/or considerable system load is expected.

. This scenario indicates a disadvantageous situation, and the

reference model should be followed in any step. Most ac-
tivities will be of high expenditure. As an advice the team



should first gain some experience in a project classified as
of lower complexity, i.e., to conduct a scenario 2 workflow
project. The involvement of knowledgeable and experienced
personnel is advisable.

7 DISCUSSION

In this paper we investigate workflow application development pro-
cesses. We believe that a thorough study of these processes can

lead to more timely workflow projects and more adequate, usable,

and reliable workflow applications. While the reference model pre-

sented in this paper is designed to avoid a number of issues re-

(8]

9]

(10]

lated to workflow projects, not all potential problems are solved by [11]
it automatically; in workflow projects, there is no substitution for

knowledgeable project managers, skilled developers and efficient
users. However, the reference model presented assists manager:

of workflow projects in planning, organising, and conducting the
complex process of workflow application development. By putting

the focus on workflow application development processes, the un-
derstanding of these processes can be improved, which may finally

lead to better and more usable workflow applications.

While this paper presents a reference model for workflow appli-
cation development processes, it just sketches some ideas of how to
customise the reference model towards the needs of specific work- [14]
flow projects. Our model is a reference model since it proposes
possible ways to develop a workflow application and thus helps
in planning and managing workflow projects. Of course, to take
care of the specific properties of workflow projects, an individual
project plan is required for any project. The reference model pre-

sented in this paper gives hints how the project can (and should)
be structured, i.e., the reference model needs to be customised for
each workflow application development process. We remark that
our reference model is a proposal, and real-world usages of the

model may show its quality. However, since “Models are not right
or wrong, they are more or less useful” [6], we believe that our ref-
erence model is indeed useful in planning and conducting workflow [17]
projects.
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