Master Thesis

Compatibility Analysis of
Interorganizational Workflow

Supervisor Professor Toru Ishida

Department of Social Informatics
Graduate School of Informatics
Kyoto University

Yasumasa MITA

February 9, 2006



Compatibility Analysis of Interorganizational Workflow
Yasumasa MITA

Abstract
In collaborative tasks among different organizations, each organization achieves
assigned tasks by following a fixed set of processes. During the execution of
processes, some interaction among organizations may arise to achieve common
goals. In such cases, a pre-defined global interorganizational workflow, which
can be shared by all organizations, is needed. However, each organization may
conceal sensitive information about their local workflow, limiting the organiza-
tions to agree only on interaction protocol or only on role of each organization.
As a result, details of workflow are not shared among organizations when carry-
ing out collaborative tasks, leading to disagreements and friction in participating
organizations. This paper seeks to detect incompatibilities of processes by com-
paring each organization’s interorganizational workflow prior to the execution
of collaborative tasks. The research issues are following[]
(1)Modeling of interorganizational workflow

In previous research, various models of interorganizational workflow such as
those using Petri Nets and XML have been discussed. However, these models
deal with analysis or expression of only one interorganizational workflow, and
cannot be applied to the comparison of multiple interorganizational workflows.
A new method of modeling interorganizational workflow, which compares nu-
merous organizations’ workflows to analyze compatibility, must be considered.
(2) Compatibility analysis considering autonomy of the organizations

To check incompatibilities among different modeling views, following re-
quirements must be considered. (a)Autonomy of each organization: The orga-
nizations can conceal some part of their local workflow to protect their privacy.
(b)Cooperation among different organizations: Cooperation is needed to achieve
agreements on the interorganizational workflow modeling. With these require-
ments in mind, a method of checking incompatibilities must be considered.
(3)Comparison between concrete workflow and abstract workflow

Interorganizational workflow is composed of multiple local workflows of par-

ticipating organizations. Therefore, in order to compare multiple local modeling
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views of interorganizational workflow, each local workflow is compared. While
each organization can describe complete details of its own local workflow, it can
only describe abstract workflow of other organizations due to limited knowl-
edge. Since it is difficult to compare incomplete abstract workflows, there needs
to be a way to compare multiple workflows of differing levels of detail.
To solve the above issues this paper proposes the following method of an-
alyzing workflow compatibility.
(1)Local modeling view of interorganizational workflow
The local modeling view for compatibility analysis consists of following el-
ements. (a)Concrete Workflow this represents the detailed workflow within
the local organization and consists of some tasks and ordering constraints.
(b)Abstract Workflow this represents the workflow of interacting organiza-
tions, and consists of abstract tasks and ordering constraints. (c)Interaction
Protocoll this consists of messages which are exchanged between organizations
and their orderings.
(2)Sharing of the abstract workflow and interaction protocol
In compatibility analysis, the abstract workflow and interaction protocol are
shared among all the organizations. In this way, compatibility analysis can be
performed without exposing the local workflow to other organizations.
(3)Block-structure transformation of concrete workflow
We devised a mechanism to directly compare the abstract workflow and
concrete workflow. In this mechanism, the concrete workflow is transformed
into block-structured workflow, which has abstract tasks and simple structure.
By creating hierarchies of workflows to compare abstract workflow and block-
structured workflow, the problem of abstract-concrete workflow comparison is
solved.
Using the above method, we proposed an algorithm that can check the
incompatibility of following elements.
e interaction protocol among individual organizations
e tasks defined in local workflow executed locally by individual organization
e ordering constraints of tasks in local workflows executed locally by individ-

ual organization
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Chapter 1 Introduction

With the global expansion of Internet and distributed computing environments,
computer mediated collaborative tasks have been rapidly increasing among dif-
ferent organizations i.e. offshore development, e-commerce, outsourcing and so
on. In these works, each organization executes assigned tasks and cooperates
with other organizations with resources within them to achieve common goals.
The definite process to execute collaborative tasks is called interorganizational
workflow.

To execute these works smoothly and efficiently, it is important to share
the global view of interorganizational workflow among all the organizations. In
other words, all the organizations have to achieve the agreements about the
interorganizational workflow. However, it is difficult to construct the detail
interorganizational workflow that is shared by all the organizational because of
following reasons.

Protection of privacy of the local workflow [
The organizations cannot disclose sensitive information about their local
workflow to other organizations. A part of the local workflow need to be
concealed.

Difference of workflow modeling views [
Participants from different organizations have different cultural backgrounds
and knowledge, which might have great impacts on the behaviors of con-
ducting cooperative works. Therefore, different organizations may consider
different interorganizational workflow. For example, Indian software com-
panies have found they need to approach communication with U.S. and
Japanese clients in very different ways. U.S. client companies normally
work with extensive written agreements and explicit documentation, rein-
forced with frequent and informal telephone and email contact. In contrast,
Japanese clients tend to prefer verbal communication, more tacit and con-
tinuously negotiated agreements, and less frequent but more formal use of
electronic media[4].

Because of such reasons, it is difficult to achieve complete agreements about



the interorganizational workflow among all the organizations, and the organiza-
tions execute their tasks with their own interorganizational workflow. However,
many problems occur due to the disagreements on the task orderings or pro-
cess modeling views. Such problems are serious in such collaborative tasks that
participants have very different culture background from each other i.e. inter-
cultural collaboration. To solve these problems, the process modeling views of
each organization must be compared, and checked the incompatibilities of them.

Previous research efforts mainly focus on the process execution rather than
process modeling in the interorganizational workflow. In those researches, there
is normally a pre-defined global view that can be shared by all the organiza-
tions and the problem that how all the organizations could reach a common
global view is always ignored. The research issue of supporting multiple model-
ing views of different organizations under different knowledge backgrounds has
seldom been covered.

In this work, we choose the loosely coupled interorganizational workflow
process as the interoperability type. In the loosely coupled interorganizational
workflow, each organization takes care of a special part of the process. Based
on the loosely coupled interoperability, to model interorganizational workflow
considering the different modeling views of different organizations, we propose
a new method of analyze compatibility of interorganizational workflow. An
approach for compatibility analysis is following.

e Modeling of the process modeling view of interorganizational workflow
Because of such constraints that the organizations cannot disclose the part
of their own local workflow to other organizations, they do not have com-
plete knowledge about the workflow which is executed by other organiza-
tions. However, the organizations have partly knowledge about the work-
flow which is executed by other organizations, and they describe their own
process using these knowledge. In other words, each organization has own
view of the workflow within other organizations. To express these partial
knowledge, the process view of each organization van be expressed, which
we call local modeling view. The local modeling view consists of the con-

crete workflow within each organization, the abstract workflow which is
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Figure 1.1: Concept of this research

executed by other organizations and the interaction protocol.
e Detection of incompatibility by comparison of multiple local modeling view
To detect incompatibility, different local modeling views are compared.
In detection of incompatibility, constraints that each organization can-
not expose its own local workflow to other organizations must be con-
sidered. Therefore, the abstract workflow and interaction protocols are
shared among all the organizations. To detect incompatibilities, the ab-
stract workflow and concrete workflow are compared, and different inter-
action protocols are compared.
The above approach is shown in Figurel.10 The research issue is to detect
incompatibilities of multiple local modeling views of different organizations.
This paper is organized as follows: Chapter 2 describes about interorgani-
zational workflow. In Chapter 300 definition of the local modeling view is pre-
sented. In Chapter 400 detailed compatibility analysis mechanism is presented.
Implementation System and a case study of China-Japan offshore software de-
velopment is given in Chapter 5. In Chapter 60 discussion about compatibility

analysis method is presented, followed by the summary in Chapter 7.



Chapter 2 Interorganizational Workflow

In these days, workflow management system is introduced for the purpose of
automation and increase in efficiency of business process in many organiza-
tions. Workflow is the automation and management of the process, documents
and information which are exchanged among participants in order to execute
collaborative tasks efficiently. Recently, there are a lot of computer mediated
collaborative tasks among distributed organizations, so introduction of work-
flow for the purpose of support interorganizational collaboration are increase.
Such mutual cooperation of a workflow is called interorganizational workflow.
There are many types of interorganizational workflow models. In this chap-
ter, the interorganizational workflow model which we consider is presented. Fur-
thermore, problems about the method of modeling interorganizational workflow

process and our approach are described.

2.1 Types of interorganizational workflow

As indicated in the introduction, this paper focuses on interorganizational work-
flows. From a technical point of view these issues are also of concern to the
WIMC. The WEfMC provides various types of workflow interoperability. These
types address the technical issue. However, these interoperability standards do
not address the content of the coordination structure.

W.M.P. van der Aalst categorizes several types of workflow interoperability
in the interorganizational workflow process. Each type of interoperability is as
following.

e Capacity sharing
The first form of interoperability is capacity sharing. In this type of inter-
operability, the control of whole workflow is centralized, i.e., the routing of
the workflow is under the control of one workflow manager. However, the
execution of tasks is distributed, i.e., resources of several business partners
execute tasks. Each organization does not have information about whole
interorganizational workflow, and the workflow manager assigns tasks to

the organizations.



e Chained execution
The second form of interoperability is chained execution. In this form of
interoperability, the whole workflow process can be split into a number of
disjunct subprocesses. Each subprocess is executed by different organiza-
tions in a sequential order. This form of interoperability requires that an
organization transfers or initiates the flow for a case after completing all
the tasks. In contrast to capacity sharing, the control of the workflow is
distributed over the organizations.

e Subcontracting
The third form of interoperability is subcontracting. In this form of inter-
operability, there is one organization which subcontracts subprocesses to
other organizations. In the workflow process which is executed by top-level
organization, the subprocesses appear to be atomic. For the other hand, in
the workflow process which is executed by other organizations, the subpro-
cesses can be very complex. In this form of interoperability, the control of
the workflow is hierarchical, i.e., although there is a top-level organization,
the control is distributed in a tree-like fashion.

e Case transfer
The fourth form of interoperability is case transfer. In this form of in-
teroperability, the global interorganizational workflow is shared by all the
organization. However, at any time, each case resides at exactly one or-
ganization. Process instances can be transferred from one organization to
another.

e Loosely Coupled
The last form of interoperability is loosely coupled. In this form of inter-
operability, the whole process is made up of several pieces which may be
active in parallel over different organizations. The definition of each of the
subprocesses is local, and the organizations do not know the local process.
Therefore, the global interorganizational workflow cannot be shared by all
the organizations. Ounly the protocol(interaction event) which is used to
communicate is public for other organizations.

The research goal is to analyze different local modeling views of interor-



Figure 2.1: Loosely coupled[4]

ganizational workflow. Which forms of interoperability are useful in this re-
search? Capacity sharing is the only form of interoperability which assumes
that there is one centralized workflow manager, so the control of the work-
flow is not distributed. Therefore, it is not suitable for this research because
the workflow manager has the global interorganizational workflow and each or-
ganization does not need the knowledge about the workflow process. In the
form of Case transfer, all the organization share the global interorganizational
workflow. Therefore, there is no incompatibility among the organizations and
this form of interoperability does not considered by this research. In the other
three forms of interoperability, each organization can construct its own local
subprocess. However, subcontracting can only be applied in an environment
with clearly hierarchical structured organizations. In the form of chained exe-
cution, organization structure is straightforward and there is little interaction.
Therefore, these types of interoperability cannot be considered by this research.
This paper focus on the remaining architecture, loosely coupled, because there
are more interesting from a research point of view.

The remainder of this paper focuses on loosely coupled workflow processes.

Figure2.1 illustrates this form of interoperability.

2.2 Loosely Coupled Interorganizational Workflow
In the traditional loosely coupled interorganizational workflow process model-

ing, there are several pieces which may be active in parallel over different or-



ganizations, and exchange messages and information among organizations. In
this form of interoperability, multiple organizations can exchange information
closely and frequently, and altitude cooperation can be realized.

The characteristics of loosely coupled interorganizational workflow are as
following.

e The whole workflow process is made up of several workflows which is exe-
cuted by each organization.

e Fach organization has no knowledge about the workflow process within
other organizations.

e Multiple local workflow can be connected with interaction among organi-
zations.

Loosely coupled interorganizational workflow consists of the local workflow
which is executed by each organization and the interaction events among the
organizations. Each organization has knowledge only about the own local work-
flow and the interaction events and has no knowledge about the workflow of
other organizations. In the execution of collaborative tasks, each organization
executes its own local workflow and exchange interaction events between other

organizations.

2.3 Design of Interorganizational Workflow Process
To design of interorganizational workflow, two requirements which are conflict
each other must be considered: Autonomy and cooperation of the organizations.
These requirements are as following.
e Autonomy of each organization
Although each organization cooperates with each other, each organization
does not be interfered by other organizations about its own local workflow.
In other words, each organization has the authority to design the local
workflow independently. This character of organizations is called “auton-
omy”. Because of this character, the local workflow of each organization is
controlled and managed by each organization independently and locally.
e Cooperation among different organizations

Although each organization has autonomy, the interaction protocols must

7



be defined properly in designing of the interorganizational workflow pro-
cess. From this point of view, different organizations should cooperate with
each other rather than design independently. Because the local workflow
which each organization executes locally is mutually independent, each
organization can design its local workflow independently. However, the
knowledge about the interaction protocols should be shared among all the
organizations. Therefore, the cooperation among different organizations is
indispensable.

Because of two above opposite requirements, the organizations have designed
gradually the interaction protocols and the local workflows. The gradual design
of the interorganizational workflow is performed by the following procedures.
First, detailed local workflow which each organization performs is not clarified,
but designs only the interaction protocols. Second, each organization designs
the local workflow based on the interaction protocols which all the organiza-
tions share. This means the hierarchization of design the interorganizational
workflow.

In this procedure, when each organization designs the local workflow, the
knowledge shared among the organizations is only the interaction protocols,
and the knowledge about the local workflow which other organizations execute
is not shared. In other words, in design of the interorganizational workflow, the
organizations do not disclose their local workflow to other organizations. This
is because the contents which conflict with the privacy of each organization
are included in the local workflow, and each organization has to conceal such
contents. Therefore, the organizations execute the collaborative tasks without
the complete knowledge about the workflow which other organizations execute,
and the interorganizational workflow is not shared among all the organizations.
Because different organizations have different modeling views of the interorgani-
zational workflow, each organization executes the collaborative tasks according
to its modeling view.

However, when a collaborative task is executed according to different in-
terorganizational workflows, many problems occur due to the disagreements on

the task orderings or process modeling views. Here, we explain this problem



using two following examples.

Casel: offshore software development

In offshore software development between Japanese company and Chinese com-
pany, there are some conflicts caused by the different customs and understand-
ings over software development, which leads to the difference of local modeling
views of the whole workflow process. For example, following conflicts always
happen in the offshore software development between the Japanese company
and the Chinese company.

e In the Japanese company, software specification is modified in parallel with
development. However, in the Chinese company, specification is fully de-
signed before development. Therefore, Chinese company often gets flus-
tered by the Japanese way of development.

e In the Japanese company, software quality management is more severe than
that in the Chinese company. Therefore, in the Chinese company, software
test is conducted less frequently than in the Japanese company. Japanese
company is often dissatisfied with the result of software test from Chinese
company.

Generally, each organization does not consider such different views in ad-
vance before starting the software development. As a result, conflicts always
occur during the whole cooperative work of software development between them.
Case2: electronic commerce
In electronic commerce, the workflow process includes the ordering, billing and
shipping of products, involving the customer, the supplier, and the shipper and
so on. There are some conflicts caused by the different understandings over pur-
chase order, which leads to the difference of local modeling views of the whole
workflow process. For example, following conflicts often happen in the purchase
order between the consumer and supplier or also the consumer and consumer.

e Suppose a following case, a consumer considers that the payment should
be executed after he receives the products and a supplier considers that
the products should be sent after the payment is completed. In such case,
deadlock arise in this collaborative task caused by the difference of ordering

constraints between “payment” and “delivery”.



e Suppose another case, a consumer considers that the payment should be
executed after delivery of products and invoice, but a supplier considers
that only delivery of the products should be executed before payment.
In such case, “invoicing” is included in one workflow process and is not

included in the other workflow process.

2.4 Related Works

There are a lot of previous research about interorganizational workflows. W.M.P.
van der Aalst[19][18][14] provides a method of analysis of interorganizational
workflows. These researches formalized interorganizational workflows using
Petri-Nets[13], and proposed the model of interorganizational workflow which
consists of multiple workflow nets connected by interaction between the orga-
nizations. Aalst proposed the character of interorganizational workflows which
must be required: soundness. On the other hand, this research does not aim at
the analysis of the single interorganizational workflow, but the comparison and
analysis of multiple different interorganizational workflows.

The analysis of the loosely coupled interorganizational workflow has been
suggested by W.M.P. van der Aalst[15][16]. In those researches, there is nor-
mally a pre-defined global view that can be shared by all the organizations. In
contrast, our research does not consider a pre-defined global view and tries to
analyze compatibility among different process views for the purpose of achieving
the agreements about the global interorganizational workflow.

Several formal interorganizational workflow process modeling techniques are
suggested by [12][5]. In these researches, the interorganizational workflow is de-
fined by XML. XML can design the interorganizational workflow in detail rather
than Petri-Nets. These researches aim only at modeling of interorganizational
workflows, and the analysis of interorganizational workflows is ignored.

The efficient process execution and management of interorganizational work-
flows was proposed by several researches such as [3][8][9]. However, in those
researches, there is a pre-defined global interorganizational workflow shared by
all the organizations, and the analysis of multiple process modeling views was

ignored.
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Several researches suggested the cooperation among the organizations and
the method of sharing interorganizational workflows. In those researches such as
[7][10], the local workflow which each organization executes is transformed into
the abstract workflow, and these abstract workflows are shared by the organiza-
tions. Such process abstraction is performed by replacing multiple tasks by the
single virtual task. Therefore, the organizations can share the knowledge about
abstract tasks but concrete tasks. This means that this process abstraction
approach cannot reveal incompatibilities of concrete tasks and their orderings.
In contrast, our research provides the approach to detect incompatibilities of
tasks and their orderings in the interorganizational workflow.

Effective design of collaborative processes in virtual enterprises is important[11].
In this research[11], the interaction protocols and public tasks are shared by all
the organizations. The organizations design the own local workflows based on
shared knowledge, and integrate those local workflows into the interorganiza-
tional workflow. However, the compatibility analysis of the interorganizational
workflow is ignored.

In the area of planning in multiagent system, how to make the whole mul-
tiagent plan is important. In partial global planning[2], Durfee proposed the
approach that the agents exchange the abstract plan with each other. Each
agent has own view of the local plan and the abstract plan which is the abstrac-
tion of the local plan, and sends the abstract plan to other agents. Krogt[21]
proposed the planning method used Graphplan[1], which the agents cooperate
to construct the whole plan. In these multi agent planning research, agents
share the knowledge about actions and operator within plans. However, in the
design of interorganizational workflows, organizations do not share the complete
knowledge about tasks and their orderings. Therefore, the problem of design

the whole workflow is more difficult than in the area of agent planning.
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Chapter 3 Modeling

In this paper, we do not create single global process view of the interorgani-
zational workflow. Instead, each organization has its own local modeling view.
To analysis compatibility of interorganizational workflow, these local modeling
views are compared. In this chapter, the definition of the local modeling view

is presented.

3.1 The Local Modeling View
This paper suggests the method of compatibility analysis of the loosely coupled
interorganizational workflow. In this form of interoperability, each organization
mainly has the following three parts of knowledge as following.
1. Local concrete workflow
This part contains the full information of the local workflow.
2. Sharable knowledge base
Each organization has a local sharable abstract knowledge base which con-
tains belief information of the concrete workflow. In the local knowledge
base, some private parts of workflow are concealed. The local knowledge
base of an organization is open to other organizations in order to make
them have some knowledge about the shared organization.
3. Abstract workflow of other organizations
The local organization has its own view of the workflow of other organiza-
tions due to its special cultural background. Therefore, the abstract work-
flow of other organizations is built based on the shared abstract knowledge
bases form other organizations and the modeling view of the local organi-
zation.
Following are a series of formalism definitions of the interorganizational

workflow in support of multiple local modeling views.

Definition1(Local Modeling View)

12



A local modeling view of loosely coupled interorganizational workflow is as

following.
LC—-WF =(I,WFLWFA ,WFA,,---, WFA,, EVENT)

1. I is a set of the organizations;

2. WFL is the local concrete workflow (in Definition2), which we call ”con-
crete workflow”;

3. Foreach k €1,2,---, nOWF A is an abstract workflow of the organization
that has interaction with the local organization (in Definition3). Because
of the lack of knowledge about the workflow which other organizations exe-
cute, each organization cannot describe this workflow in detail. Therefore,
we call these workflow ” Abstract workflow”. These workflows contain some
abstract tasks.

4. EVENT is the Event Sequence Chart between the organizations which
express the interaction protocols (in Definition4).

Figure3.1 shows the local modeling view of organization B of an interorga-
nizational workflow example. Unlike traditional loosely coupled interorganiza-
tional workflow process definition, the local organization B only has abstract
information (as abstract workflow) of organization A and C' with B’s own view
rather than concrete information provided by A and C.

In the local modeling view of the interorganizational workflow, the concrete
workflow represents the workflow within the local organization and the abstract
workflow is built with view of the local organization, which represents the work-

flows in organizations that have interaction with it.

3.2 Concrete Workflow, Abstract Workflow
Activity-based workflow models generally use tasks and dependencies to de-
scribe a process. Dependencies prescribe the ordering relationships between
tasks within a process. According to WEMC, the following six ordering struc-
tures may appear in business processes.

e Sequence : A task has a single subsequent task.

e AND-split : A task splits into multiple parallel tasks that are all executed.

13
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Figure 3.1: An example of the local modeling view

e OR-split : A task splits into multiple mutually exclusive alternative tasks,

only one of which is followed.
e AND-join : Multiple parallel executing tasks join into a single activity.

e OR-join : Multiple mutually exclusive alternative tasks join into a single

task.
Loop : One or more tasks are repeatedly executed until the exit condition

is satisfied.

To simplify the problem, the loop routing of tasks are not considered.

The definition of a concrete workflow is as following.

Definition2(Concrete Workflow)

A concrete workflow is a following tuple.

WFL = (i, TS, Intraflow, Inter flow, Connection)

14



¢ is the information of the organization that the workflow belongs to;

T'S is the set of tasks in the workflow. Each task has the following elements:
description, precondition, effect and subprocessID. A precondition is the
condition which must be satisfied to execute the task. An effect is the effect
which may be made by execution the task. A subprocessID represents the

subprocess which the task belongs to. A task can be expressed as following.
T = (description, precondition, ef fect, SID)

Intraflow is the set of dependencies within the same organization. Each
intra dependency includes a pair of tasks and the dependency relationship

between two tasks, which has the form of following.
IntraDependency = (Tfrom, Tio, IntraRelationship) Tirom, Tio € TS
IntraRelationship € {AND-split, AND-join, OR-split, OR-join, Sequential }

Inter flow is the set of dependencies between the tasks and interaction
events across organizations. Fach inter dependency includes a task, an
event and the dependency relationship between the task and the event,

which has the form as following.
Inter Dependency = (T, e, Inter Relationship)

T € TS InterRelationship € {fromr, tor}

Connection is the set of causal connections in the workflow. Each causal
connection has the form of T; — T; which means that T; gets the condition
P for T} where T;,T; € T'S.

In the design of the concrete workflow, each organization can set subpro-

cesses which consists of some tasks. FEach subprocess has the same parameter

of a task: description, precondition and effect. Each organization sets these

parameters to a subprocess. The definition of the subprocess is as following.

Definition3(Subprocess)

A subprocess SP within the concrete workflow W F'L is a following tuplel]

SP = (id, PTS, p,e)
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1. ¢d is a unique identifier of subprocess.

2. PTS is the set of tasks which is contained in a subprocess. Each task
must satisfy following condition: PTS = {ti,ts,---,t,} C TS. And if
there is a task t € PT'S and intra relationship (¢,¢;, IntraRelationship) €
Intraflow (t; € {T'S— PTS})0there must not be the other task ¢; in the
subprocess SP such as (t;,t;, IntraRelationship).

3. p is the precondition of the subprocess.

4. e is the effect of the subprocess.

In contrast to traditional interorganizational workflow, the workflow which
other organizations execute is abstract. The organizations have full information
about the workflow which they execute, therefore they can design the concrete
workflow completely. In other words, the tasks in the concrete workflow are
primitive and concrete tasks. However, the workflow which other organizations
execute cannot be expressed completely, because each organization has only
partial knowledge about it.

The definition of the abstract workflow is as following.

Definition4(Abstract Workflow)

An abstract workflow is a following tuple.
WFA=(i,VTS,VIntraflow,VInterflow,VConnection)

1. ¢ is the information of the organization that the workflow belongs to.

2. VTS is the set of abstract tasks. An abstract task has three parameters:
description, precondition, effect.

3. Vintraflow is the set of dependencies within the same workflow. Each
dependency has a pair of abstract tasks, and the dependency relationship
between the two abstract tasks. Each dependency has the same parameters
within those of the concrete workflow.

4. Vlinter flow is the set of dependencies between the abstract tasks and
interaction events.

5. VConnection is the set of causal connections in the workflow. The connec-

tion occurs between the abstract tasks.
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In contrast to the concrete workflow, the tasks in the abstract workflow are
the abstract tasks. Each abstract task can be regarded as the abstraction of a set
of concrete tasks in the concrete workflow. The example of primitive tasks and
abstract tasks is shown as Figure3.2. FEach task set expresses the development
process. In case this process is executed in the local organization, the process
can be expressed in detail by the concrete tasks such as “requirement analysis”,
“specification design”, “coding” and “testing”. On the other hand, in case this
process is executed by other organizations, this process may be expressed by
the abstract tasks such as “design” and “implementation”.. Obviously, these

processes are the same process, but consist of different kind of tasks.

@stem developmea

requirement
analysis

design

specification
design

coding

y y

implementation system test

Concrete workflow

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Abstract workflow |

Figure 3.2: the abstract tasks and the concrete tasks

3.3 Interaction Protocol
In previous research[20][17], the interaction events in the loosely coupled interor-

ganizational workflow are specified by using Message Sequence Charts (MSC).
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Message Sequence Charts are a widespread graphical language for the visual-
ization of communications between systems/processes[22]. The representation
of message sequence charts is intuitive and focuses on the messages between
communication entities.

In this work, we define the interaction protocols among the organizations
by using the similar method as message sequence charts. The definition of the

interaction protocols is as following.

Definition5(Event Sequence Chart)

An event sequence chart is defined as a following tuple.
EVENT = (I, E, from,to,{< i})

1. [ is a finite set of organizations;

2. F is a finite set of events;

3. to and from are functions from E to I. For exampled to(e) = i (i € I)
means that the organization I receives the event E. Similarly, from(e) =
i (¢ € I) means that the organization I sends the event F

4. For each i € I : <; is a partial order on
{?e | e€ Eand to(e) =i} U{le | e € E and from(e) =i}
where 7e represents sending event and !e represents receiving event.

The example of event sequence charts is shown as Figure3.3. This event
sequence chart has following events.
e send 1st specification document
e send report
e send review
e send 2nd specification document
e send final report
Each event has the pair of organizations: sender and receiver. For example,
“send 1st specification” event is received by the Chinese company, and sent by

the Japanese company. The orderings of events can be partial. In this event
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Figure 3.3: Event sequence chatrs

sequence chart, “send review” event ant “send 2nd specification document” can
be executed in any order. In traditional loosely coupled interorganizational
workflow, there is one message sequence chart for the global workflow process.

In our research, each local modeling view has an event sequence chart.
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Chapter 4 Compatibility Analysis

In this chapter, the method of compatibility analysis with comparison of multi-
ple local modeling views is presented. In our research, multiple local modeling
views are compared for the purpose of detecting incompatibilities. First, what
kind of the incompatibility we try to detect is shown. Next, the method of

compatibility analysis is presented.

4.1 Incompatibility of Multiple Local Modeling Views
In Chapter 3, we define local modeling view and a series of related elements.
In the interorganizational workflow, each organization has its own local model-
ing view, including elements of local concrete workflow, interaction events and
abstract workflows of other organizations that interact with it. Information of
the concrete workflow is completely included in the local modeling view. How-
ever, the part of the abstract workflow is defined in an incomplete way based
on limited sharable knowledge by other organizations. Therefore, there might
be conflicts between the abstract workflow and the related concrete workflow.
Further more, when defining interaction events, there might also be conflicts
between different local modeling views. In this research, we focus on the static
workflow modeling, and detect following incompatibility on interaction events.
Incompatibilityl : Disagreements on the interaction events
Event sequence charts which is included in different local modeling views
are consistent with each other. In other words, each event sequence chart
has the same set of events and event orderings. When one organization tries
to send an event to the other organization, the same event must be received
the other organization in the local modeling view of the other organization
has. Otherwise, the interaction among organizations cannot be executed
properly. In such a case, multiple local modeling views are regarded as
incompatible.
The abstract workflow and the concrete workflow are included in the local
modeling view. Therefore, there are the abstract workflow and the concrete

workflow which one organization executes after all the organizations design the
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local modeling views. Then we try to detect incompatibilities between the
abstract workflow and the related concrete workflow.

As Chapter 3 described, the abstract workflow is abstract rather than the
concrete workflow, and the abstract tasks can be regarded as the set of the con-
crete tasks. Therefore, the abstract workflow can be regarded as the abstraction
of the concrete workflow.

Liu[7] proposed the method of generating abstraction of a workflow pro-
cess called process-view. Process-view is an abstraction of the concrete work-
flow, which consists of virtual tasks. In the abstraction procedure, some tasks
are replaced by single virtual task. Liu suggested following conditions which
process-view must satisfy.

e A virtual task’s member may be a concrete task or a previously defined
virtual task.

e The implied ordering relations between two virtual tasks’ respective mem-
bers must conform to the ordering relation in the concrete workflow process

Similarly, in our research, these conditions can be applied to compatibility
analysis of the local modeling views. In this paper, we try to detect following
incompatibilities by comparing of the abstract workflow and the related concrete
workflow.

Incompatibility2 : Membership incompatibility
The abstract tasks must be an abstraction of the set of the concrete tasks
in the concrete workflow. Therefore, each abstract task has the set of the
concrete tasks which has the same precondition and effect in the concrete
workflow. This incompatibility means that the abstract task cannot be
found as any set of the concrete tasks.

Incompatibility3 : Ordering preservation incompatibility
The task order of the abstract tasks must be preserved in the task order
of the related set of the concrete tasks. If the abstract task can be derived
from the set of concrete tasks and the other abstract task can be derived
from the set of the other concrete tasks, the task order of the abstract tasks

preserved in the sets of the concrete tasks.
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If the above incompatibilities cannot be detected in compatibility analysis,
then multiple local modeling views are considered compatible. The definition
of compatibility is as following. To simplify a problem, we consider the collab-

orative tasks by two organizations.

Definition6(Compatibility)
Let LC-WF 4 and LC-WFp

LC —WF = (Is,WFLy,WFApg,--- WFAy, EVENT 4)

LC —WFp = (Ig,WFLg,WFAy,---,WFAy, EVENTg)

be the local modeling views of two organizations A and B, they are called
compatible, iff:
1. Let EVENT 4 and EVENT g be the event sequence charts.

EVENT 4y = (14, Ey4, fromy,tos, {< A}p)
EVENTg = (Ig, Eg, fromg,tog,{< B},)
Es=Ep and {SB}A == {SA}B

2. foreach vt; € VTS, there exists t;1, t;2,- -, ;5 € T'S in the related concrete

workflow, such that vt; can be derived from {t;1,t;2, -+, tin},

3. for each vt;, vt; € VT'S with the dependency (vt;, vt;, IntraRelationship),
there does not exist an order (¢;,t;, IntraRelationship) in the related con-
crete workflow where ¢; € {t;1,t, -+, t;n} that vt; can be derived and

tj c {tjla tjg, e ',t]’M} that Utj can be derived.

4.2 Algorithms of Compatibility Analysis
As shown in Chapter 2, the constraint that each organization need to conceal

the part of its local workflow must be considered. Each organization cannot
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Figure 4.1: An approach of compatibility analysis of the local modeling views

disclose its concrete workflow to other organizations. In order to detect in-
compatibilities, we propose the approach that the organizations exchange their
abstract workflow and event sequence charts in the local modeling view among
the organizations. In this approach, each organization receives the abstract
workflows and event sequence charts from other organizations. Then, each or-
ganization compare these elements with its local modeling view in order to
detect incompatibilities.
Our approach is shown as Figure4.100 The compatibility analysis process is
as following.
1. Each organization designs the local modeling view which includes the con-
crete workflow, the abstract workflow and event sequence chart.
2. The organizations exchange the abstract workflow and the event sequence
chart among them.
3. Event comparison is performed.
4. Abstract-concrete workflow comparison is performed.
The compatibility analysis process based on the local modeling view can
mainly be divided into two comparison procedures: event comparison and
abstract-concrete workflow comparison. The comparison of the local model-

ing view is shown as Figure4.2.
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4.2.1 Event Comparison

The interaction protocols(EVENT) should first be analyzed and compared,
which includes two parts, the contents of the events and the order of the events
between two organizations. In Chapter 3, we have defined the event sequence

chart of the local modeling view as
EVENT = (I, E, from,to,{< i})

Suppose there are two organizations, namely A and B. Each local modeling
view has an event sequence chart. The algorithm of event comparison is shown
in Algorithm1.

4.2.2 Block-structure Transformation of Workflow
If the event comparison results in compatible, the abstract workflow and its
related concrete workflow should be further compared. However, it is difficult

to compare the incomplete abstract workflow and the complicatedly structured

START

A 4

‘ EVENT comparison

Concrete Workflow
Block-structured

I

‘ Abstract-concrete

workflow comparison

Yes
Incompatible ask Order Same ?
Yes

END

Figure 4.2: Compatibility analysis flowchart
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concrete workflow, because:

e The structure of the local concrete workflow is always very complicated;

e Some abstract parts in the abstract workflow cannot be directly mapped
into the concrete workflow. For example, an abstract task might be derived
from a set of concrete tasks in the concrete workflow.

Therefore, we need establish a mechanism to compare the abstract workflow
and concrete workflow. Lin[6] proposed the method of transformation work-
flow process into block-structured graph. Similarly to Lin’s method, we trans-
form the concrete workflow process into the block-structured workflow process
and then make the comparison of abstract workflow and the related concrete
workflow. In this part, we concentrate on the block-structure transformation
algorithms.

In this block-structure transformation algorithm, multiple tasks in the con-

crete workflow are replaced by single virtual task called block. A block is a unit

Algorithm 1 EVENT comparison
Evithas Ewitns <= ¢
for all ¢; € E4 do
if to(e;) == B or from(e;) == B then
Ewitnp < Ewins U {e}
end if
for all e; € Ep do
if to(e;) == A or from(e;) == A then
Evitha <= Eyina U {e;}
end if

end for

if Eyinp == Ewina and {<p}, == {<a}p then
return Compatible

else
return Incompatible

end if

end for
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of representation that can minimally specify the behavioral pattern of process
flow. The behavior patterns in process models are classified into sequential,
parallel, non-conditional selective and conditional selective.

The definition of a block is as following.

Definition7(Block) A block is a tuple
Block = (T'S, D, p,e, O, Type)

TS is the set of tasks in the block;

D is the description of the block;

p is the precondition of the block as a whole;
e is the effect of the block as a whole;

O is the ordering constraints of tasks in the block;

A AN

Type is the type of the block and Type € {Sequential, Parallel, Non —
conditional selective, Conditional selective}.
Figure4.3 shows the four block types discussed in this paper. The previous
research work of Wil van der Aalst et al. has resulted in the identification of 20
workflow patterns that describe the behavior of business processes|[17][16].

In this research, we focus on the static workflow modeling; therefore we do
not concentrate on the complicated workflow patterns involved in the dynamic
workflow execution period. Four types of routing constructs are following.

e Sequential
Tasks are executed sequentially if the execution of one task is followed by
the next task. In Figure4.3(a), task B is executed after task A has been
completed and before task C' is started.
e Parallel
In Figure4.3(b)0 task B and task C' are executed in parallel. This means
that B and C' are executed at the same time or in any order. To model
parallel routing, two building blocks are identified: (1)the AND-split and
(2)the AND-join. The AND-split in Figure4.3(b) enables B and C' to be
executed after A has been completed. The AND-join synchronizes the two
parallel flows, i.e., task D may start after B and C' have been completed.
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Figure 4.3: Task routing constructs

e Non-conditional selective
In Figure4.3(c)O either task B or task C' is executed. To model a choice
between two or more alternatives we use two building blocks: (1)the OR-
split and (2)the OR-join. If task A is executed, a choice is made between
B and C'. Task D may start after B or C' is completed.

e Conditional selective
In Figure4.3(d)0 a condition p is set to the flow between two tasks. If task
A is completed, then the condition is evaluated. And the task connected
to the flow with the conditions judged to be true is executed. Similarly to
Non-conditional selective, we use two building blocks: OR-split and OR-
join. In Figure4.3(d)0 condition p; and p, are evaluated after task A has

been completed. In a similar way, condition p'1 and p’2 are evaluated before
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Figure 4.4: Concrete Workflow with Semantic Subprocess

task D starts.

A block is generated by replacing the task set belonging to a common task
routing construct. Therefore, blocks can be generated by analyzing the process
structure. A block has little semantic meaning, however, a subprocess has. A
subprocess is a collection of some task nodes defined by the organization and
can represent an abstract task. A precondition and effect of subprocess are set
by the organizations similarly to the tasks. [J

Figure4.4 is an example of concrete workflow process definition network with
semantic subprocesses. Our goal in this section is to find out all the blocks and
subprocesses in this network and turn the network into the block-structured
workflow process definition. In Figure4.4[ there are two subprocesses in the

concrete workflow.

Figure 4.5: Block-structured Workflow Process
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We reach such a goal by the following steps.
We find out a sequential block QB1{T3,T5, Ty}, a parallel block PBy{T13,T14}
and a non-conditional selective block SB1{Tg,T7,Ts}. Then, we replace
{T;,T5, Ty} with @By, {113, T14} with PBy and {Ts,T7,Ts} with SBy. Af-
ter the replacements, the graph network becomes smaller.
We find out a parallel block PBy{@QB1, @By} and then replace {QB;, Q B>}
with PB,.
We find out a subprocessS Py {1y, P By, 111} and a subprocess SPo{T2, PB1, T15, 116}
Then, we replace {1z, PBy,T1;1} with SP; and {Ts, PBy, 115,116} with
SP;.
We find out a sequential block@QB3{T1, SP;, SP,, Ty} and replace {1}, SP,, SPy, T17}
with Q)Bs.
We find out that the whole concrete workflow graph network becomes into
a single sequential block node @) Bj;.

The process of above replacements can be expressed by the block-structured

workflow process tree as shown in Figure4.5. The process tree has two merits:

simple structure and semantic meaning.

4.2.3 Algorithm of Block-structure Transforming of Workflow

Figure4.6 shows the whole flowchart of the algorithm of transforming the process

definition network to the block-structured workflow process tree. There are

mainly four algorithms:

task node value computation
sequential block detection
branch block detection

the subprocess detection

The algorithm of computing the value of task nodes is shown in Algorithm2.

Each task node has a value to show its position in the whole definition network.

The start task node has the value 1, which means it is the most outer node
in the network. If there is a split (AND-SPLIT or OR-SPLIT) node, then the
value of the successor node would be larger than the split node. If there is a
join (AND-JOIN or OR-JOIN), then the value of the successor node would be

less than the join node. As a result, the most inner node has the largest value.
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All the task nodes that belong to a same block have the same values. Therefore
we use this point to detect the blocks in the definition network.

After computing values of task nodes, sequential block detection would be
executed, which is shown in Algorithm3. Since the nodes that have the largest
value are the most inner nodes, the detection starts from such nodes. The
detection process is executed by checking the in-degree and out-degree of the
nodes. Once a sequential block is detected, the related nodes would be replaced
by the sequential block and the whole definition network would become smaller.

The whole detection process starts from the most inner part of the process
definition network, if there is no sequential block, there must be some parallel
blocks or selective blocks in the most inner part. The task nodes that belong

to a same parallel block or selective block have the same predecessor split node
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Figure 4.6: Block structure transformation flowchart
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Algorithm 2 Compute the value of task nodes
INPUT: task node definition network G = (V, E)

OUTPUT: the max value of all the task nodes v,z
color|[s] <= GREY; value[s] <= 1;
Umaz <= 15 Q <= ¢;
for allu € V — {s} do
valuelu| <= 0; color|u] <= WHITE;

end for
ENQUEUE(Q, 5);
while ) # ¢ do
u <= DEQUEUE(Q);
for all v € succ[u] do
if color[v] = WHITE then
switch(TypeO f Edge)
case SEQ: value[v] < value|u]
case SPLIT: value[v] <= value[u] + 1
case JOIN: value[v] < valuelu] — 1
end switch
if value[v] > Ve, then
Vmaz <= value[v]
end if
ENQUEUE(Q, v); color[v] <= GREY
end if
end for

end while

and successor join node. Once a parallel block or selective block is detected, the
related nodes would be replaced by the block and the whole definition network
would become smaller. Further, some new sequential blocks might appear.
Therefore, after the creation of the parallel block or selective block node, the
whole process would come back to the sequential block detection. The parallel

and selective block detection is shown in Algorithm 4.
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Algorithm 3 Detect the sequential blocks
INPUT: G = (V, E)

OUTPUT: v,,,, and sequential block seq_block
flag < 1; seq-block < ¢; Q < ¢; ENQUEUE(Q), s)
while flag =1 do

if () = ¢ then

return null

end if

u <= DEQUEUE(Q);

if (value[u] = Vpaz) A (out[u] = 1) A (in[succlu]] = 1) then
flag = 0; seq_block < seq_block U {u};
while (out[u] = 1) A (in[succlu]] = 1) do

seq_block < seq_block U {succ[u]}; u <= succ|ul;

end while
update relatednodes with sequentialblock;
value[seq_block] < value[ul;

else
ENQUEUE(Q, succlu))

end if

end while

The algorithm of subprocess detection is shown in Algorithm5, which is
executed after each block is detected. Within a block, if all the task nodes have
a same subprocess ID, then the subprocess ID is assigned to the whole block.
If a part of task nodes are detected to own a same subprocess 1D, then the part
of nodes are detected as a subprocess.

4.2.4 Comparison of Abstract Workflow and Block-structured Work-
flow

In the abstract-concrete workflow comparison procedure, the concrete workflow

has been turned into the block structure and has the form of block tree. Then

the problem of abstract-concrete workflow comparison is simplified into how to

map abstract tasks in the abstract workflow into the block-structured concrete
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Algorithm 4 Detect parallel and selective blocks
INPUT: G = (V, E)

OUTPUT: v,,,, and parallel or selective block bra_block
flag < 1; bra_block <= ¢; Q) < ¢;
ENQUEUE(Q, s)
while flag =1 do
u <= DEQUEUE(Q);
if (value[u] = Vype,) then
flag = 0;
for all v € succ[predfu]] do
bra_block < bra_block U {v};

end for
update relatednodes with parallelorselectiveblock; value[bra_block] <
value[u] — 1; update vy,qz;
else
ENQUEUE(Q, succlu))
end if

end while

workflow. The comparison includes the following two aspects.
1. Search and map the abstract tasks of abstract workflow process in the
block-structured concrete workflow process tree;
2. Compare the task order of abstract workflow and the related task order of
the concrete workflow process tree.

In the comparison of the abstract workflow and the related block-structured
concrete workflow process tree, the preconditions and effects of tasks are com-
pared. All the abstract tasks should be found in the block-structured concrete
workflow process tree. The pair of tasks which have the same preconditions
and effects are regarded as the same tasks. If there is the abstract task which
cannot be mapped in the block-structured workflow process tree, this results in

the incompatibility in the two workflows.
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Algorithm 5 Detect subprocesses
INPUT: Detected block in Algorithm3 or 4

OUTPUT: Subprocess subprocess and subprocess ID of the whole block
block _subid
block_subid < ¢; detected_subid <= ¢;
for all u € block do
if subidu] ¢ block_subid then
block_subid < block_subid U subid|u]
end if

end for
for all subid € block_subid do
flag < 0;
for all u € block do
if subid ¢ subid[u] then
flag <= 1; subprocess < block — {u};
end if
end for
if flag =1 then
detected_subid <= detected_subid U {subid};
end if
end for

block_subid <= block_subid — detected_subid

The algorithm of mapping tasks between the abstract workflow and block-
structured workflow process tree is shown as Algorithm6. To search tasks,
preconditions and effects of tasks are compared. When an abstract task vt can
be mapped in a node bt in the block-structure workflow process, the result of
mapping is kept as map[vt] = bt. This procedure is applied to all the abstract
tasks.

After such task mapping procedure, the task orderings in the abstract work-
flow and block-structured workflow are compared. The algorithm of comparison

of the task orderings between the abstract workflow and the block-structured
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Algorithm 6 Search and map abstract tasks in block-structured workflow
INPUT: abstract workflow and block-structured workflow of the concrete

workflow
OUTPUT: mapping result of all the abstract tasks
(*VTS is the set of the abstract task™®)
(*BT'S is the set of nodes in the block-structured workflow process such as
tasks, blocks and subprocesses*)
for all vt € VT'S do
maplvt] < ¢
end for
for all vt € VT'S do
for all bt € BT'S do
if precond(vt) == precond(bt) A ef fect(vt) == ef fect(bt) then
map|vt] <= bt; break;
end if
end for

end for

workflow is shown as Algorithm7. If there is an order constraint between a pair
of abstract tasks vt;, vt;, this order constraint must be satisfied between a pair
of nodes bt;, bt;, which vt; can be mapped in bt; and vt; can be mapped in bt;.
If there is no order constraint between abstract tasks, then there must be no
order constraint between related nodes in block-structured workflow process.
The whole algorithm of compatibility analysis to support multiple local mod-
eling views is shown as Algorithm8. First, the interaction events are compared.
In comparison of interaction events, interaction events and event orderings are
compared. If there is no incompatibility among interaction events, then the con-
crete workflow and abstract workflow are compared. In abstract-concrete work-
flow comparison, the concrete workflow is transformed into the block-structure
workflow process tree. Next, the abstract tasks are searched and mapped in the
block-structure workflow process. If all the abstract tasks can be mapped in

the block-structure workflow, then the task orderings in the abstract workflow
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Algorithm 7 Task order comparison of the abstract workflow and block-

structured workflow
INPUT: abstract workflow and block-structured workflow of the concrete

workflow
OUTPUT compatible or incompatible
for all (vt;,vt;) € VI'S do
if (vt; € succlvt;]) A (maplvt;] € succmaplvt;]]) then
continue;
else if (vt; € pred[vt;]) A (map[vt;] € predimap[vt;]]) then
continue;
else if (vt; & succlvtj] U predfvt;]) AN (maplvt] € succimaplvt;]] U
pred|maplvt;]]) then
continue;
else
return Incompatible
end if

end for

and block-structure workflow are compared.
After all the procedures are applied to multiple local modeling views, if no
incompatibility cannot be detected, multiple local modeling views are consid-

ered compatible.
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Algorithm 8 Compatibility analysis
INPUT: local modeling views, LC-IOWF 4 and LC-IOWFg

OUTPUT: compatible or incompatible

(* Event_Comparison is the procedure shown as Algorithm 1 *)
if Event_Comparison(EVENT 4, EVENT g) == incompatible then

return Incompatible
end if
(* Block-Structure_Transformation is the procedure shown as Algorithm
2,3,4,5 *)
(* Task_Mapping is the procedure shown as Algorithm 6 *)
Task_Mapping(WFA 4, Block-structure_Transformation(WFLpg))
Task_Mapping(WFA g, Block-structure_Transformation(WFL,))
for all vt, € VT'S,, vt, € VIS do

if maplvt,] == ¢ V map[vty] == ¢ then

return Incompatible

end if
end for
(* Task-Order-Comparison is the procedure shown as Algorithm 7 *)
if Task-Order-Comparison(WFA 4, Block-Structure_Transformation(WFLg)) ==
incompatible then

return Incompatible
end if
if Task-Order-Comparison(WFA g, BlockStructure_Transformation(WFL,)) ==
incompatible then

return Incompatible
end if

return Compatible
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Chapter 5 Implementation

To realize our method of compatibility analysis, we implemented the system. In
this chapter, the implementation system is presented. Furthermore, to explain
our method, an example of offshore software development between Japanese

company and Chinese company is shown.

5.1 Implementation System
5.1.1 System Module
The system architecture is shown as Figure5.1. In this system, user can design
the abstract workflow and the concrete workflow and analyze compatibility be-
tween the own concrete workflow and the abstract workflow which other users
design. The workflow process can be designed visually, and saved as XML doc-
ument. The abstract workflow is shared among organizations, and the concrete
workflow is transformed into block-structured workflow process tree which is
compared with the abstract workflow in order to detect incompatibilities. In-
compatibilities are visualized and informed of users.
Implemented system modules are following.
1. Workflow process design module
This is the function to design the workflow process visually. In the design
of workflow process, users allocate some tasks expressed as rectangle and
connect them with edges. Moreover, task parameters such as precondition
and effect can be set to the tasks. Dependency parameters such as routing
constructs and condition can be set to the control flow, too. And some
subprocesses can be constructed by choosing the set of the tasks.
2. Concrete workflow transformation module
In this function, the concrete workflow which is designed using above func-
tion can be transformed into block-structured workflow process tree. The
virtual tasks such as blocks and subprocesses have the precondition and
effect, which is set by the user. The block-structured workflow process tree
is visualized as process tree.

3. Compatibility analysis module
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In this function, the abstract workflow is compared with the block-structured
workflow process tree, and detected incompatibilities. The tasks of the ab-
stract workflow are mapped in the block-structured workflow process, and
the task order of the abstract workflow is compared with that of the block-
structured workflow process. The result of these procedures is visualized,
and users can get the information about incompatibilities.
5.1.2 System Interface
System interface consists of following three parts.
1. Workflow process design area
In this area, one can design the workflow process visually such as the con-
crete workflow and the abstract workflow.
2. Abstract workflow display area
The abstract workflow which other organizations design is loaded in this
area.

3. Block-structured workflow display area

Process design
module

XML Translator

DB in other
organizations

Workflow DB

Block-structured ! WFA |
transformation module gt

Compatibility analysis |

module concrete workflow
| abstract workflow

Visualization modulep=——#,/ | W[~

Figure 5.1: System Architecture
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Figure 5.2: The design of workflow process

The block-structured workflow process of the concrete workflow is displayed
in this area.
Each interface of the function indicated in 5.1.1 is as following.
e Design of workflow process
The concrete workflow and the abstract workflow can be designed shown
as Figure5.2. The parameters of precondition and effect can be set for
workflow process. Parameter setting window is shown as the right side of
Figure5.2. In this window, one can set the description, precondition and
effect for the tasks. Similarly, the edges between the tasks can be set the
parameters such as task routing construct and condition.
e Block-structure Transformation of concrete workflow
After the design of the concrete workflow, the block-structure workflow
process tree is generated shown as Figure5.30 Block-structure workflow
process is expressed as tree. Subprocesses and blocks in the block-structure
workflow process are marked by the specific colors in order to distinguish
between these elements and concrete tasks. The parameters of precondition

and effect can be set for subprocesses and blocks.
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Figure 5.3: Block-structure Transformation of concrete workflow

e Compatibility analysis

The abstract workflow and the block-structure workflow process are com-
pared shown as Figureb.4. The abstract workflow is shown in the left side,
and the block-structure workflow process is shown in the right side. The
abstract tasks are searched and mapped in the block-structure workflow
process with “All Mapping” and “Select Mapping” buttons. The result of
mapping is visualized by transforming related nodes into circle shape.

Moreover, all the results of compatibility analysis is informed by message
window shown as Figure5.5. In this example, following two incompatibil-
ities are informed: (1)The abstract task named “Implementation” cannot
be found in the block-structure workflow process; (2)The task order be-
tween a pair of tasks named “specification_check” and “operation_check”
is inconsistent with that of related tasks within block-structure workflow

process.
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Figure 5.5: Incompatibilities informed by message window

5.2 Case Study

To explain our method, we use an example of offshore software development
between Japanese company and Chinese company. In the offshore software
development, Japanese company designs a specification of software and places
an order with Chinese company. Chinese company develops software based on
a specification which is designed by Japanese company[]

In the offshore software development work, there are some conflicts caused
by the different customs and understandings over software development, which
leads to the difference of local modeling views of the whole workflow process.
5.2.1 Local Modeling Views of two organizations
Here we solve the problems using the compatibility analysis method proposed
in this paper. First, both company build their own local modeling views of the
whole interorganizational workflow based on their different knowledge back-

grounds(task role, roadmap, interaction and so on). While building the local

42



interface
analysis

AND-split AND-join

function
design

requirement - i make test test "
AND-split AND-join, specificationH design implementation unit test
interface
design
send specification

send report send review,

Japan

revise
specification

send final report

prototype ‘ ‘ operating ‘ ‘specificalion . . specification
implementation‘ ‘ check ‘ ‘ checki implementation check2

Japanese Local Modeling View

prototype make preparation .
Japan specification for test unit test analysis

send specification send report

function
analysis

China

send final report

send report

function
implementation

AND-split AND-joi

interface
implementation2|

Figure 5.6: An example of China-Japan offshore software development workflow
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interface

implementation1

Chinese Local Modeling View

modeling view, each company refers to the sharable knowledge about its own
role.

For example, each company builds different local modeling view shown as
Figure5.6. The local modeling view of the Japanese company is shown in the
upper part, and that of the Chinese company is shown in the nether part. Each
local modeling view consists of local concrete workflow, abstract workflow of
the other company and interaction events between them.

There are several incompatibilities between the two local modeling views.
For example, in the Japanese local modeling view, abstract workflow includes
tasks of “check specification”, but the Chinese local modeling view does not
include such tasks.

5.2.2 Compatibility Analysis

Now we compare these local modeling views shown as Figure5.6, and detect
the incompatibilities between them. First, the interaction events between two
companies are compared. The Japanese local modeling view includes following

four interaction events: (1)send specification document; (2)send report; (3)send
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review; (4)send result. If Chinese local modeling view also includes such interac-
tion events and the order of events are same, there would be no incompatibility
between the interaction parts of two organizations.

In this example, Chinese local modeling view includes above four interaction
events and their order is also the same. Therefore, the interaction parts included
in the two local modeling views are compatible.

Second, local concrete workflow and abstract workflow of the other company
would be compared. To compare these workflows, we first transform the con-
crete workflow process into the block-structured workflow process. The block-

structured workflow process which is transformed from the concrete workflow in

. Subprocess

RLTToN

base function function

implementation

prototype
implementation AND-split
planning

implementation \
ANDoi system

check1 planning

AND-split n/' integration

interface
implementation2

interface

|
|
|
operation ) implementation
|
. : I
implementation1 I

Concrete workflow

prototype

. . implementation
implementation  }occccop(  Fo--oooo

operation check

coding’ coding2

prototype implementation system
implementation planning planning integration
interface base function interface function
implementation1 implementation implementation2 implementation

Block-structured workflow process tree
Figure 5.7: The concrete workflow and block-structured workflow process in the

Chinese local modeling view
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the Chinese local modeling view is shown in Figure5.7. The concrete workflow

in the Chinese local modeling view is shown in the upper part, which includes

two subprocesses.

These subprocesses are also included in the block-structured workflow pro-

Table 5.1: The parameter of the block-structured workflow process

Task

Precondition

Effect

prototype implemen-

tation

specification document

prototype interface[] mod-
uleAd moduleB

prototype implemen-

tation planning

specification document

prototype implementation

plan

codingl

prototype implementation

plan

prototype interfacel] mod-
uleAd moduleB

interface implemen-

tationl

prototype implementation

plan

prototype interface

base function imple-

mentation

prototype implementation

plan

moduleAD moduleB

operation check

prototype interfacel] mod-

uleAd moduleB

operation check result

implementation review interface, moduleA] mod-
uleB, moduleC
implementation plan-| review implementation plan

ning

interface implemen-

tation2

implementation plan

interface

function implemen-

tation

implementation plan

moduleA] moduleB, mod-
uleC

coding?2

implementation plan

moduleA] moduleB, mod-

uleC, interface

system integration

moduleA] moduleB, mod-

uleC, interface

system
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cess tree. Moreover, there are three blocks which are generated by replacing the

set of tasks. We set parameters of precondition and effect for these subprocesses

and blocks.

Then, the abstract workflow in the Japanese local modeling view and the

block-structured workflow process which is transformed from the concrete work-

flow in the Chinese local modeling view would be compared. To compare these

two workflows, we search and map the abstract tasks of abstract workflow pro-

cess in the block-structured workflow process.

When searching the abstract

tasks, the precondition and effect of tasks are compared.

An example of the precondition and effect of the block-structured workflow

process is shown as Tableb.1 and those of the abstract workflow is shown as

Table5.2.

Table 5.2: The parameters of the abstract workflow

Task

Precondition

Effect

prototype implemen-

tation

specification document

prototype interfacel] mod-

uleAd moduleB

operation check

prototype interfacel] mod-

uleAd moduleB

operation check result

specification checkl

prototype interfacel] mod-

uleAd moduleB

specification check resultl

implementation

review

interface, moduleA] mod-

uleB, moduleC

specification check2

interface, moduleA] mod-

uleB, moduleC

specification check result2

The result of searching and mapping the abstract tasks is shown as following.

The abstract workflow includes five abstract tasks and two abstract tasks cannot

be mapped in the block-structured workflow process: “specification checkl” and

“specification check2”.From this result, the Chinese company is informed by the

system that there are incompatibilities between the Japanese local modeling
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view and the Chinese local modeling view: in the Chinese company, the tasks
of “check specification1” and “check specification2” are not considered, however
in the view of Japanese company, these tasks are expected to be executed by
the Chinese company.

After such compatibility analysis, incompatibilities are checked out before
the execution of the incompatible workflow. Therefore, the organizations can
execute the whole interorganizational workflow with less potential conflicts that

might be caused by the incompatibilities of the local modeling views.
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Chapter 6 Discussion

In this research, we provide a new method of modeling the local modeling view
of loosely coupled interorganizational workflow and compatibility analysis of
multiple local modeling views. In this chapter, these methods are discussed.
Modeling of the local modeling view

The definition of the local modeling view of loosely coupled interorganizational
workflow is presented in order to support multiple local modeling views. The
local modeling view consists of three elements: the local concrete workflow, the
abstract workflow and interaction events. We focus on the incompatibility of
tasks and dependencies between them, and define the workflow with tasks and
order constraints. The parameters of precondition and effect can be set for
tasks.

The comparison of tasks in multiple local modeling views can be realized by
this modeling. In previous researches, the dynamic behavior of workflow pro-
cess has been focused on. In contrast to this, we focus on the static structure
of workflow process, and the incompatibilities of static structure of workflow
process can be detected by our method. However, the workflow process whish
includes complicated structure such as loop task routing construct and com-
pensation routing cannot be modeled by our modeling method.

Algorithm of compatibility analysis

Our method of compatibility analysis can be mainly divided into three pro-
cedures: event comparison, block-structure transformation and the abstract-
concrete workflow comparison. In the event comparison procedure, interaction
events are compared. Therefore, there must be some rules or ontology of describ-
ing interaction events shared by all the organizations. In the abstract-concrete
workflow comparison procedure, precondition and effect of tasks are compared.
Therefore, some rules or ontology of task description are also needed.

In previous researches, detection of the incompatibilities of interaction pro-
tocols has been realized, but those of tasks and task orderings in multiple work-
flow processes. Our method of compatibility analysis realizes the comparison

of tasks and task orderings.
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In this research, we focus on the loosely coupled interorganizational work-
flow. For example, electronic commerce and software development are executed
based on this form of interoperability. Particularly, our method is useful for such
collaborative tasks that the participants from the organizations have different
culture and customs such as intercultural collaboration. Moreover, compatibil-
ity analysis of multiple local modeling views benefits ad-hoc collaborative tasks
such as CtoC which consumers may not describe the workflow process.

In the future we hope to extend the compatibility analysis approach in sev-
eral directions. When incompatibilities are checked out, the problem of how to
establish the negotiation mechanism among organizations is also expected to
be solved. In addition, it is important to evaluate the efficiency of the proposed
modeling method. Furthermore, the incompatibilities in dynamic behavior of

the interorganizational workflow are also expected to be checked out.
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Chapter 7 Summary

In this paper, we propose a new method of modeling loosely coupled interorgani-
zational workflow that supports the organizations to have their own local views
of modeling the workflow process. First, a series of formalism definitions are
given related to the new method of interorganizational workflow modeling. Each
organization has three knowledge before collaborative tasks execution: complete
knowledge about the local workflow, incomplete knowledge about the workflow
of other organizations and sharable knowledge such as task role, roadmap and
so on. The local modeling view of interorganizational workflow consists of the
local concrete workflow, the abstract workflow of other organizations and inter-
action events. Each organization designs the local modeling view which consists
of following elements.
e The concrete workflow
This is the detailed workflow within the local organization. All the tasks
and control flows are described completely, and subprocesses which includes
some tasks can be set by the organization.
e The abstract workflow
This is the workflow of interacting organizations. The abstract workflow
consists of some abstract tasks which are regarded as an abstraction of set
of the concrete tasks.
e Event sequence chart
This is the interaction protocols between two organizations. Event sequence
chart consists of interaction events and their orderings.

Then, by comparing different local modeling views from the organizations,
the incompatibilities are checked out. In this paper, the incompatibilities of
following elements can be detected.

e interaction protocol among individual organizations
e tasks defined in local workflow executed locally by individual organization
e ordering constraints of tasks in local workflows executed locally by individ-

ual organization
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In compatibility analysis, the constraint that each organization cannot dis-
close the local concrete workflow completely to other organizations must be
considered. Then, the abstract workflow and the interaction events are shared
by the organizations, and the concrete workflow is concealed. Sharable elements
are compared with the related elements in the local modeling view.

To compare the abstract workflow and the concrete workflow, the block-
structured workflow process is presented. Through transforming the concrete
local workflow process into block-structured form, the comparison of concrete
workflow and abstract workflow can be conducted. Block-structured transfor-
mation of the concrete workflow is realized by replacing the set of concrete tasks
which belong to the same task routing construct or the same subprocess. In the
result of block-structured transformation, virtual tasks such as block and sub-
process are generated, and can be mapped to the abstract tasks in the abstract
workflow.

The whole procedure of compatibility analysis among the local modeling
views of the interorganizational workflow is as following.

1. Design the local modeling view

2. Exchange the abstract workflow and interaction events

3. Comparison of interaction events

4. Block-structured transformation of the concrete workflow

5. Comparison of the abstract workflow and the block-structured workflow
process tree of the related concrete workflow

Then, the loosely coupled interorganizational workflow can be executed

based on the compatible multiple local modeling views from the organization.
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