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Chapter 1

Introduction

1.1 Introductory Remarks

You are currently reading one of the two deliverables of TRANSCOOP Workpackage 2: the
Analysis of Selected Applications. This deliverable describes an analysis of several coopera-
tive application scenarios and gives requirements that have been derived for the TRANSCOOP
specification language from this analysis. The other deliverable in this workpackage con-
tains similar information for the transaction model . It won’t surprise you that there is a lot
of overlap between these deliverables. The general chapters, like the introduction and the
descriptions of the application areas and the case studies are the same for both deliverables.
Only the sections containing the results of the application analysis (like the language re-
quirements that have been found) differ. We have chosen this approach to keep each of the
deliverables fully self-contained.

One additional remark has to be made on beforehand. What we have been doing in this
workpackage is in fact requirements engineering: by analysing some application areas, we
have tried to come up with requirements for the TRANSCOOP specification language and
transaction model. Like design as presented in the chapter about Design for Manufactur-
ing, requirements engineering is a continuous process. Therefore, one cannot expect this
document to contain a complete “design” of the specification language by giving a full list
of detailed requirements. In fact, the requirements in this document are still rather abstract
and general. During the process of language design, the requirements will also be refined
and clarified. So, language design and making the requirements more concrete will go
hand in hand. There will be a continuous interaction between the language design and the
requirements. In the end, we will have to validate whether the specification language meets
the requirements that have been formulated. As part of the work around the TRANSCOOP
demonstrator, we will specifically have to show that the specification language is suited for
modelling the applications that have been analysed in this workpackage.

1.1.1 Structure of the Deliverable

The structure of this deliverable is as follows.
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The chapter that you are currently reading contains the introduction to this workpackage and
a very superficial description of the TRANSCOOP project. Also, it represents the most impor-
tant terminology that has been used in our work. Finally, it contains a brief overview of the
application domains that have been studied in this workpackage and their interrelationships.

The second chapter contains a kind of taxonomy that has been used when doing our research.
When coming up with requirements for the TRANSCOOP specification language , we wanted
to have some common understanding on beforehand in which direction to look for the
requirements. Of course, it is difficult to make this chapter very concrete, because that
would mean that we would have answers already on the questions we were going to pose.

Chapters 3-5 describe the application areas that have been studied in order to come up with
requirements. Chapter 3 deals with the analysis of the Cooperative Document Authoring
(CDA) area, which has been performed by GMD. Chapter 4 presents the analysis of the
Design for Manufacturing (DfM) application area, which has been performed by UT. Finally,
VTT has investigated WorkFlow management (WF), which has been reported in Chapter 5.

Chapter 6 is a summarising chapter, which tries to generalise the requirements that have been
found in the three application areas. W describe the similarities and differences between
the three application areas. Also, we present a list of generalised requirements. In order to
obtain all requirements of all application scenario studies, the interested reader should refer
to the concluding sections of the three application chapters (sections 3.5, 4.6 and 5.4).

Chapter 7 concludes this deliverable by superficially repeating the research questions that
have been answered in this workpackage.

1.2 The TRANSCOOP project

Today’s software tools mostly aim at supporting a single user only. For example, consider
CAD-tools, software development environments or text editors. E.g., there are excellent text
editors available, but they do not appropriately support multiple authors to work on the
same document concurrently. This problem divides the cooperative authoring process into
two steps: (1) Authors negotiate without tool support; (2) Authors work on the next update
or version of the document on their own. These steps are iterated until the authoring process
has finished. Merging the steps can improve speed and quality of the authoring process
significantly. Software tools supporting cooperative work in such a way are needed and
will play a crucial role in innovative solutions for CSCW applications. Tools available today
mainly support cooperative tasks on a very superficial level, e.g., by coordinating multiple
users at the level of a window system, e.g., X-Windows, without having any understanding
of the data with which multiple cooperating users are working simultaneously.

A major conceptual problem in this framework is to ensure consistency criteria for the
data concurrently processed by multiple users. Conventional database technology already
provides mechanisms to absolutely guarantee consistency constraints by controlling the
concurrent access of different users to shared data. Unfortunately, existing transaction

Copyright © TRANSCOOP Page 8
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management concepts are not suitable for supporting and controlling cooperation between
users, because they are designed to fully isolate users from each other. But, on the other
hand, without providing system-controlled access to shared data, a tool for cooperative work
will also be of little value because there is no way to automatically avoid inconsistencies,
and ensuring consistency constraints will be up to the users.

Another serious problem is the design of cooperative systems itself, which is a very com-
plex and error-prone task, involving several formalisms and techniques that have up to
now hardly been studied in combination. Formal techniques well-known from the field
of designing non-distributed information systems as well as some promising approaches
accomplished in the field of open, distributed information systems have been accepted by
a large user community within each of these fields. But the design of cooperative systems
includes the description and formal specification of cooperative activities. That is, formal
techniques are needed to capture the notion of cooperation at the design level and to allow
for the specification of cooperative tasks. In addition, such specifications have to be mapped
to a cooperative transaction model in order to enable appropriate database management
support at run time.

Cooperative transactions are thus intrinsically complex operations that are difficult to un-
derstand completely. A theory is needed for distinct notions of correctness, for simula-
tion models, for the generation of tests, for compiler building and report generation, for
correctness-preserving transformations that allow the designer to map specifications onto
implementation platforms in a guided way. The whole process needs to be supported by a
coherent set of tools.

1.3 The role of WP2 in the project

According to the Technical Annex, the goal of WP2 is “to identify the requirements for
a cooperative transaction model and an accompanying specification language in selected
types of cooperative environments and the characteristic differences to existing transaction
models.” We do this by analysing some cooperative application scenarios. We have chosen
to perform this analysis to have a better basis for the language and the transaction model
design. Only applying “common sense” would imply the risk of coming up with something
that cannot be really used or that does not fulfill the requirements from practise.

The application areas that we have studied are Cooperative Document Authoring (CDA),
Design for Manufacturing (DfM) and Workflow (WF). This choice more or less covers the
broad spectrum of application areas in the context of computer-supported cooperative work,
as will be explained in one of the sections below.

We have decided to assign a specific application area to each partner: GMD has investigated
CDA, UT has studied DfM and VTT has looked at WE. This choice was based on the specific
expertise of each partner.

We had a taxonomy in mind which would guide all the research in the three application areas
into one direction. Because of the different researchers studying very different application

Copyright © TRANSCOOP Page 9
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areas in different ways, this has not worked out completely. However, we do present a
common framework that has been used in the analysis process below. Although we have
not been able to stick to this framework very closely, we still think that it has raised some
interesting questions that have been answered in some or all of the application analyses.

This document contains the requirements as we have found them in the three application
areas. However, this is a snapshot. Moreover, the requirements are relatively abstract as
yet. During the process of designing the TRANSCOOP specification language and transaction
model, the designers will have to keep the requirements in mind but also evaluate them.
Just like in an ordinary design process, the language and model requirements may be refined
during the process.

Finally, when working on the TRANSCOOP demonstrator, we also will have to perform some
validation of the specification language and the transaction model. This means that we
will have to look again at the cases that have been studied in WP2 and check whether the
language and the transaction model meet the requirements that had been set by those case
studies. If all goes well, the answer to this question should be positive.

1.4 Important terminology

The purpose of this section is to provide definitions for the most important terminology
used in this report. The terminology will be defined using basic notions which are used in
their ‘conventional’ meaning, i.e., not particulary limited to elements in information systems.
These basic notions together with their meaning being used here, are:

Cooperate to work or act together toward a common end or purpose.
Event something that happens; something that occurs.

Task an (assigned) piece of work to be done (within a certain time).
Agent one that acts.

Actor the performer of an activity.

User one that uses a certain system or tool.

Some of these basic notions will be defined more specifically as part of our terminology.

The application domains studied in this report are all part of the Computer Supported
Cooperative Work (CSCW) application area. This area is characterised by a high degree of
cooperation between users in achieving a common goal or task, where information systems
are used for interactions between users and for sharing information. The applications used in
this area are typically referred to as Groupware. The following application areas within the
CSCW application area are studied in this report: Cooperative Document Authoring (CDA),
Design for Manufacturing (DfM) and WorkFlow management (WF). These application areas

Copyright © TRANSCOOP Page 10
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are described in more detail in Section 1.5. In this section only the domain independent
terminology will be given; domain-specific terminology is given in the introductions to the
application domains.

A CSCW system is an information system that provides an integrated environment to support
the work of a group of people engaged in a common task or goal. Following a common goal
or task is an essential characteristic for defining cooperative work. Co-workers should be
assisted in communicating, in cooperating and in coordinating their activities.

To develop CSCW applications, there is a need for a specification language to specify the
tasks to be performed by the application, and a transaction model to support the execution
of these tasks in an orderly manner. The specification language will be defined in more detail
in Section 1.4.7, after all other terminology has been given.

In the context of the system versus the applications, the system is that part of the comput-
erised environment which is designed once by the system designers. It is generic and thus
supports many applications. Applications are those parts of the computerised environment
which are specified by the application designers to support the execution of specific tasks
which are to be performed by the end-users. The system, used in this sense, is related to the
implementation of transaction model of a CSCW system. The specification language shall
be used by the application designers.

1.4.1 Agents, users and actors

An agent, being someone (or something) that acts, can be classified according to its abilities.
A social agent is conscious of its ability of interaction. A technical agent is program-driven.

A user of a system corresponds (more specifically) to a human being' that makes use of the
system. A user is a social agent. A user definition defines the properties of the users: the
abilities (privileges), the group(s) a user belongs to and roles that a user may play. A user
group is a group that gives certain abilities and rights to the users that belong to it. (User)
roles are categorisations of users. The categorisations may be, e.g. job titles (a secretary or a
sales manager).

An actor may be an individual user, a user role, an organisational unit or an application
program. Here an organisational unit equals a group.

1.4.2 Activities

An activity is a set of events that occur under the responsibility of a single actor. Intuitively
we can say an activity is equal to “the work to be done by the actor”. Activities, in this

'For convenient reading, we will use “he” and “his” whenever needed. This should be read as “he or she”
and “his or her” respectively.
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sense, include activities done within (or with the help of) an information system, but also
those done without (or outside of) an information system. It is possible that a certain activity
can be divided into subactivities. Activities can also be grouped according to the purpose
for which they are performed. The activities of a task are those activities that have to be
performed to complete the task. Database activities are operations that are being performed
either to change data or to move (retrieve) data.

1.4.3 Scenarios

Scenarios are used to control the execution of certain activities according to some predefined
rules (possibly with different parameters). Scenarios have to be restricted to the comput-
erised parts of the activities, and are only useful if the activity can be divided into a number
of distinct subactivities. We note that a scenario can have certain transactional properties,
but that they usually also cover aspects (e.g., authorisation) which are not relevant for trans-
actions. The scenarios are defined by scenario definitions given in a scenario specification
language. A scenario definition is a description of a cooperation pattern, expressed in a
specification language. The scenario definition may be hierarchical, i.e. consist of lower-
level scenario definitions. Otherwise the definition consists of definitions of activity types
together with the definitions of data and control flow (i.e. data and ordering dependencies)
between them. The definitions include also any conditions (temporal and other) set for the
activity or scenario execution. A scenario instance is a uniquely identified instantiation of
a defined scenario which is used to execute a specific, concrete activity according to the
scenario definition.

In WF applications, the activities of a scenario usually have to be executed in a strict order,
whereas in CDA, there are fewer restrictions and the order of execution is mainly determined
by the users.

When an activity of a scenario itself is performed according to a scenario, we talk about
nested (or hierarchical) scenarios. Such an activity is an activity of a scenario on one level,
and (at the same time) could be considered as an instance of a scenario on a lower level.

A global referee is an agent of a scenario instance that has certain rights over the other agents
to force certain decisions. Autonomy of agents is the degree to which the agents can make
decisions on their own.

Scenario management is controlling the execution of the (instances of the) scenarios within an
application. The audit trail of a scenario instance contains the information of the operations
performed by the scenario so far. It is the role of a scenario designer to create the scenario
definitions.

1.4.4 Data

Data in database applications can be divided into volatile and permanent data. Volatile data
are data that are temporarily held in the workspace of an agent. Permanent data are stored in

Copyright © TRANSCOOP Page 12



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

some (shared) persistent storage. Shared data are accessible from (and updatable by) more
than one agent. Shared data can either be replicated or stored in a single source. Replicated
means that the data structures in question are stored in two or more component systems and
the different instances are kept identical to each other when updates occur (with a possible
delay). Single source means the data structures are stored at a central place and queried or
updated by the distributed system parts.

1.4.5 Databases

A database can be defined as a persistent data storage system in which data is stored
according to a database schema and that can be accessed through a well-defined interface. A
database schema is the definition of the structure of a database consisting of: data definitions,
operation definitions and constraint definitions. Database operations are operations that can
be performed on a database, such as: query operations and update operations. Database
constraints are constraints that are put on the data in the database. Database consistency,
tirst of all, means that the results of database queries are correct with respect to the update
methods that have been applied. (This is called update consistency.) This means that data
do not get corrupted. Whenever database constraints are defined, database consistency
would (normally) require that the database state is consistent with respect to the database
constraints.

1.4.6 Transactions

A transaction is a collection of database operations (formed during the execution of the
application) that should be executed as a unit, such that database consistency is preserved
(not necessarily having the traditional properties of a transaction). A transaction can be
distributed, cooperative, nested and/or have some (or all) of the ACID-properties. An
ACID-transaction is a transaction with the following four properties: atomicity, consistency,
isolation and durability. The following definitions of these properties are based on [Gra81].
Atomicity refers to the fact that all operations of a transaction must be treated as a single
unit; hence, either all the effects of the operations are applied to the database state, or none.
(This is also called the all-or-nothing property). A transaction is consistent if it is a correct
transformation of the database state, i.e. the actions taken as a group do not violate any
of the integrity constraints associated with the corresponding database state. This requires
that the transaction program is correct with respect to all semantical requirements of the
universe of discourse. Isolation requires that (although transactions might be executed
concurrently) it appears to each transaction that results of any other transaction are either
applied (completely) to the database before the transaction starts or are only applied to the
database after the results of this transaction have been applied (completely). Durability
requires the results of a committed transaction to be made permanent in the database in
spite of failures.

A distributed transaction is a transaction that is using more than one database. A cooperative
transaction is a transaction that involves some cooperating agents, that coordinates these
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agents in some (application-specific) way and that guarantees some predefined (application-
specific) properties.

Transaction management takes care for the concurrent execution of transactions, such that
the required transactional properties are guaranteed.

1.4.7 Specification language

A specification language is meant to describe the relevant aspects of a system, abstracting
away from aspects that are related to a particular implementation. A good specification
language guards against over-specification (e.g., giving unnecessary restrictions) and under-
specification (e.g., allowing ambiguities). Generally, there will not be a unique mapping
from a specification to an implementation that realises the specification.

The TRANSCOOP specification language is intended for the specification of the cooperative
scenarios that are found in CSCW applications. To be more precise, it is intended to describe
the application-dependent aspects, and should abstract from the purely transactional aspects
supported by the system. It will thus not specify the transaction model that is used by the
system.

This specification language will be based on TM and LOTOS. LOTOS can be used to specify
the ordering of interaction events occurring at the interface” of a CSCW application with its
users. With TM it is possible to specify database schemas. The expressions found in TM can
also be used to specify data that are transferred in an event. Because TM incorporates a full
strictly-typed functional language, with predicative sets, it is powerful enough to specify
any kind of computation.

1.5 Overview of the application domain

This section gives an overview of the investigated application domains which are Coop-
erative Document Authoring, Design for Manufacturing and Workflow—Applications. By
analyzing these different application domains we will to derive requirements that are valid
for a wide spectrum of cooperative applications.

Database management systems (DBMS) technology provides data modelling and transaction
management facilities suited to model buisiness processes. These facilities are normally not
appropriate for cooperative application scenarios. The transaction models of such DBMS
are based on isolation of users thus giving each user the impression to use the system alone.

Most of the proposed extended transaction models and their corresponding specification
facilities are developed for one concrete application scenario. This has lead to several
models for specific application domains that usually provide little flexibility in adapting

2This does not include the form and appearance of the user-interface.
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the transaction semantics to the needs of other application domains. The objective of the
TRANSCOOP approach is to develop a transaction model that overcomes this weakness. The
model should support a wide variety of application domains in an adaptive and flexible
manner.

All investigated application scenarios belong to the category of Computer Supported Co-
operative Work (CSCW). CSCW refers generally to any collaboration between users where
computer systems are used for interactions between users and for sharing information. The
key areas in the CSCW field are communication, collaboration and coordination [EGR91].
These issues are briefly explained in the following.

Computer technology has led to new forms of communication between people like electronic
mail systems or bulletin boards. These typically asynchronous communication facilities sup-
port information exchange between co-workers using the computer systems and networks
as communication medium. New developments in computer technology enable also syn-
chronous communication, such as voice connections and video conferences.

Collaboration is based on the sharing of information between co-workers. This sharing of
information between people is usually realized by using a common file system or a database
management system. Unfortunately, file systems usually provide primitive synchronization
and no failure handling mechanisms. On the other hand, database management systems
usually isolate users from each other — the users can not interact with each other in a
cooperative way.

To reduce communication and collaboration efforts in group activities and for strengthening
their effectiveness, coordination of activities within a group of co-workers is needed. Without
coordination, e.g. a team of co-designers in a DfM environment would often engage in
conflicts and repetitive actions.

The objective of CSCW systems ? is to provide an integrated environment to support the
work of a group engaged in a common task or goal. Co-workers should be assisted in
communicating, in collaborating and in coordinating their activities.

In contrast to transaction models, CSCW systems do not address concurrency and recovery
issues to ensure fault-tolerant processing. The objective of TRANSCOOP is the development
of a transaction model that supports the key requirements of the investigated application
domains and, in contrast to CSCW systems, provides transactional properties.

In the following the investigated application domains are shortly introduced.

The cooperative authoring scenario, as it is investigated in chapter 3, is characterized by
multiple authors working on a common (hyper)document simultaneously. The objective
of the investigated authoring process is the creation of the artifact "hyperdocument’. The
authoring process is considered as a design problem solving process [HF86, THS90, HT93].
The decomposition into smaller subproblems and their solution by interacting activities
gives the ability to solve the overall design problem. A characteristic of design problem

3The term groupware is often used almost synonymously with CSCW systems.
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solving processes is that the aimed product (artifact) can be described only vaguely on
beforehand. The same observation holds for the process of creating a hyperdocument: the
sequence of activities that has to be performed is not predictable. Thus, authoring activities
require high flexibility for choosing the next actions to end up with the aimed document.
Beside the required flexibility, a cooperative authoring environment has to provide facilities
that support the design problem solving process itsself, e.g. the ability to externalize the
mental representation of knowledge structures of the participating authors. In cooperative
document authoring the cooperation and communication properties of CSCW are hardly
needed while coordination is only meaningful to the described extent.

The scope of Design for Manufacturing is the engineering of discrete complex industrial ar-
tifacts [Ide93, UR93]. The engineering process is usually seperated into upstream processes
(product design) and downstream processes (engineering, planning, manufacturing). The
essential part of DfM is the early involvement of specialists from downstream processes
like production engineering and manufacturing in the upstream design process. Thus, the
strengthening of the design process by overlapping design phases requires extensive commu-
nication, cooperation and coordination facilities. In comparison to the cooperative authoring
process the different phases of the overall process are as well-known as the sequence of pro-
cessing. Nevertheless DfM environments require the refinement of already performed tasks.
The given structure of the DfM process helps to coordinate activities in advance and thus,
compared with CDA, reduces the need for communication and cooperation.

Workflows are used to define complicated buisiness processes, e.g., collection of activities
organized to facilitate or accomplish the production of goods or services. A workflow
consists of a collection of tasks that are partially ordered. Tasks are the basic untis of work
that are processed by one responsible actor. The order of tasks defines their execution order
and flow of data between them. In the simple case, tasks can be performed one after the
other. This is usually not optimal since workflow tasks can be performed concurrently with
other tasks, thereby reducing the elapsed time it takes to complete a given workflow.

A workflow specification describes control flow and data flow dependencies between such
a collection of activitites. Thus workflows focus on the coordination of activities that are
performed in a specific situation. Workflows can be considered as a simple type of CSCW
systems that supports asynchronous distributed interactions.

The described scenarios have some common properties but they also have significant dif-
ferences considering the underlying problem solving processes. All three scenarios can be
classified as CSCW applications emphasizing the communication, cooperation and coordi-
nation properties of CSCW systems differently. Before further investigation of differences,
we have identified the following common properties:

e The exchange of information between different users performing different activities is
a basic feature of all three application scenarios.

e Multiple concurrent users involved in common tasks to satisfy a common goal.

¢ Control flow dependencies between these tasks that are derived from the application
domain resp. the concrete problem solving process.
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e The need for a consistent execution of concurrent tasks.

The importance of these common properties varies for the three application domains. In
workflow systems is e.g. a heavy need for control flow dependencies while this is less
important in the cooperative authoring domain. Thus we can assign these properties to each
application domain with different weights.

The differences in the described application domains become more clear when considering
the structure of problems that are to be solved. We can identify a spectrum from CDA over
DfM to WF systems. The problem to be solved becomes more concrete or is more clearly
defined respectively. In cooperative authoring systems the problems to be solved are not
clearly defined. This is reflected by a problem definition which is marked by gaps that are
to be filled. The understanding of those gaps is a significant part of the problem solving
process. Thus, the analysis of the problem itsself if often the most important step for the
solution.

Creative processes are characterized by the fact that there exists no such thing as an optimal
solution. This is one reason for the duration of creative problem solving processes: because
it is in most cases impossible to find an optimal solution the designers have to compromise a
solution that is “good enough” [Sim81]. But there are no criteria to justify whether a solution
is good enough. In other words: there is no predefined stopping rule. The process of e.g.
writing a document or creating a new product is often stopped due to deadlines or money
issues. The fact that those processes are lacking an optimal problem solution strategy and
thus an optimal solution influences the problem solving process.

WEF applications are placed on the other side of this spectrum. The problem solving process
is clearly definable because the problem and how to derive a corresponding solution for
the problem are well-known. In most cases there are stopping rules and a solution can be
justified as true or false.

This overview shows that there are some common properties in the investiagted application
domains but also significant differences. The objective of TRANSCOOP is to satisfy as far
as possible the requirements of all application domains by identifying common coopera-
tion primitives as basic building blocks. The vision is that the cooperation needs of most
cooperative scenarios can be modelled by providing those basic cooperation primitives.
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Chapter 2

Hints for the Application Analysis

This section contains the most important aspects that have been paid attention to when the
three partners were analysing their application scenarios. These aspects seemed to be im-
portant on beforehand with respect to the design of the TRANSCOOP specification language
and transaction model. It is useful to have some common understanding about this as it
helps us to get cohesive results. To assure the quality of the analysis, we needed a general
agreement on the main points of investigation. This section is meant as an overall guideline
for the aspects that have been investigated in the application analysis. It does not serve as a
tight, prohibitive structure that exactly told the partners what to do and what not.

As mentioned in the WP2 workplan (TC/INT/UT/WP2/002), we can distinguish three
different kinds of properties when investigating cooperative scenarios/applications. These
three areas can be considered as the main dimensions or categories of our analysis:

e User aspects

e Activity aspects

e Data aspects

In the initial taxonomy (TC/INT/UT/WP2/002) we distinguished the definition aspects and
management aspects of the above categories. The difference is that the definition describes
the allowed runtime behaviour in advance. The management aspect contains mechanisms
that govern the execution considering the given definitions.

We suggest to focus on the definition parts because this is the knowledge that is given in
a specification. At runtime, there will be some mechanisms that are based on the given
information. The investigation of runtime mechanisms should not be the major part of our
requirements.

The following sections deal with the separate analysis dimensions, as they were mentioned
above.
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2.1 Aspects of Users

This category involves all user-related information. The goal is to investigate user roles and
their properties. Furthermore it should be reflected how groups are composed and what
properties they have.

The following aspects of a single user seem to be relevant:

e Which relationships can be identified between users? This question raises the relation-
ships between users within the organisation (e.g. hierarchy of users) and within groups
they may form.

e Which activities may be executed by a single user? Who makes the decision whether a
user is allowed to execute a specific activity?

e Which data may be accessed by a user?

e Which activities may be finished by a user? Maybe it is meaningful that a user can start
a specific activity but only a user with other permissions is able to finish it.

e Which groups can a user join? There may be a coherence between the permissions of a
single user and the groups in which he can participate.

e What further properties does a single user have that are relevant when describing a
cooperative scenario?

When describing user groups, one generally has to think about the following questions.

e Are groups permanent (i.e. belonging to the structure of the organisation (divisions,
departments)) or are they ad hoc?

e Are the groups homogeneous or may a group consist of users with different roles, re-
sponsibilities and capabilities (heterogeneous group)?

e What is the event to form a new group? What is the event for a group to disappear? Who
has the authority to decide so?

e Which activities can be executed by a group? Which data can be accessed by a group?
May this authorisation change during the execution of an activity (e.g. delegation)?

e Which communication facilities are provided between group members? (communication
through sharing private group data; communication through sharing of global data;
external communication facilities)

e What makes the group a group? There should be a difference in the relationship between
two arbitrary users and between two group members. It should be investigated what are
the describing elements of groups considering private data, allowed conflicts etc.

o Are there groups that belong to (parts of) an activity?

2.2 Aspects of Activities

This category describes the characteristics of the activities that are being performed in the
specific application domain. It had to be found out if they can be described in a hierarchical
way and what kinds of execution guarantees are given in specific situations. This covers the
aspects of allowed interleaving and duration of activities.

The following questions seem to be relevant for the application analysis:
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e Does the activity consist of subactivities etc.? Can the activity be described in terms of
subactivities by forming an activity tree hierarchy?

e Which dependencies can be identified between different activities?

e Where do dependencies between activities come from?

e Is there an explicit notion of control flow between different activities that is orthogonal
to the data flow?

e Whatis the semantics of finishing an activity? This question raises the issue of committing
an activity. There may be implicit assumptions bound to the execution of activities.

e What guarantees are given/required for the execution of activities (ACID properties,
other kinds of correctness criteria)?

e Is the concept of time relevant/important in the application domain at hand?

e Is it possible to undo an activity? Is it possible to re-execute an activity?

e Is communication between different activities required?

2.3 Aspects of Data

This category covers the data aspects of an activity. The observations that can be made are
very much dependent on the characteristics of an underlying database system (if there is
one) and will be different when investigating a scenario instead of an implementation.
e Are database services being provided?
e Is there a description of activity related data (DB schema)? Is the description of data
bound to the physical level by having it hardwired in application programs?
e Isthere an external description of activity data available? Are there restrictions by a given
data model? Which characteristics of data are described in advance (relationships)?
e Data can be private or shared, persistent or volatile. Which of these “properties” of data
are relevant in the application domains at hand?
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Chapter 3

Analysis of Application Scenarios:
Cooperative Document Authoring

3.1 Introduction

This chapter reports on the results of investigating the cooperative authoring domain and
the analysis of the SEPIA cooperative authoring environment. Based on this analysis, re-
quirements for a cooperative specification language are presented. Besides that, it is aimed

to derive requirements for a corresponding transaction model (TRANSCOOP Deliverable II.2,
TC/REP/GMD/D2-2/207).

First of all, some further CSCW concepts are introduced in section 3.1.1. The cooperative
authoring scenario is positioned in the CSCW area and it is pointed out that there is a
need for transaction models that cover cooperation issues. Section 3.2 gives a description
of the cooperative authoring process in general. Afterwards general system requirements
for the cooperative authoring domain are presented (section 3.3). From the observations
of the cooperative authoring process and the analysis of SEPIA (section 3.4), specification
language requirements are presented in section 3.5.

3.1.1 Motivation

Recent advantages in computer and network technologies have led to increasing interest in
providing computer support for cooperative authoring processes. Unlike traditional word
processors, which at the best support the cognitive activities of single authors, technologies
for supporting cooperative authoring of documents must also provide support for the so-
cial needs of writers and their demands on coordination, communication and information
sharing.

Figure 3.1 shows a classification of CSCW applications considering the geographical dis-
tribution and time dependencies between collaborating users [Joh88]. Classifying CSCW
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Figure 3.1: The Johnson time/place matrix of CSCW systems

systems by their time and space category is a widely used and accepted approach. The goal
of comprehensive CSCW systems is to cover all cells of the time-space-matrix.

The cooperative hypermedia authoring scenario which is investigated in this document is
located mainly within the lower right cell of the time-space-matrix. Co-authors decompose
the overall authoring task resp. the document to be written into a number of more or
less independent parts. After that, the parts of the document are edited by the responsible
authors. Later on, they save the modified document parts to a storage system (e.g. a database
system) or pass them to their co-workers. In this scenario only one author can modify a part
of a hyperdocument at a time. Therefore, a cooperative authoring system can be described
as a distributed asynchronous CSCW application.

Sometimes situations occur in collaborative authoring scenarios, where it is useful that
multiple authors work on a part of a shared (hyper)document simultaneously. E.g., this
could be the case, if a group of co-authors designs the outline of a document cooperatively.
Moreover, they may want to decompose the overall work into subtasks and assign these
tasks to specific authors, resulting in a workplan'. Furthermore, if an author detects some
semantic conflicts within a document part written by another author, it may be the best to
solve these conflicts in a tightly coupled cooperation.

The ability to edit e.g. the structure of a shared document simultaneously can save a lot
of work and increases the effectiveness of the authoring process. Therefore the cooperative
authoring scenario covers also some distributed synchronous aspects of computer supported
cooperative work.

!A workplan itself can be viewed as a shared, commonly accessible document subject to cooperative
authoring.

Copyright © TRANSCOOP Page 22



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

3.1.2 Related work

There are alot of approaches for coordinating respectively synchronising the work of multiple
users on common documents. They mainly differ in the degree of cooperation and in the
power and flexibility of their synchronisation mechanism:

Conservative approaches: In CAD environments the concept of a check-out/modify/check-
in cycle was used to synchronise access to shared data objects [KLMP94, HHMWMS8].
A user can check-out specific objects and can perform exclusively operations before
checking in the object again. The advantage of this mechanism is the local availability
of data without additional communication overhead to the underlying storage system,
thus increasing the efficiency of the computer system.

Between a check-out and the corresponding check-in operation the objects usually are
not accessible by co-designers 2. This can result in blocking of designers over possibly
long periods of time and in limiting concurrency and cooperation between co-workers.

Floor Control: The notion of a floor is introduced to allow multiple users to edit several
objects in a cooperative session [GS87, KP90]. Only a single user can be the floor
holder and has the permission to perform all kinds of operations while other users
can only observe his actions. To enable cooperation between the co-workers, a floor
control protocol regulates the passing of the floor between the participants. Usually
the applications are using one floor for all objects. This reduces the possible degree of
concurrency.

Floor control mechanisms are not suited for applications that need a high degree of
parallelism and require high availability of all information. Another disadvantage
is the delegation of controlling correctness from a computer-based synchronisation
mechanism to the responsibility of the users themselves.

Social Protocols: Another alternative is not to provide any computer protocols for enforcing
the correct interleaving of operations of co-workers. The co-workers themselves are
tully responsible to synchronise the group’s work in a correct way. Social protocols
are based on rules and policies that are part of the embedding organisational structure.
This approach passes the control of synchronisation up to the users. They have to
synchronise themselves by means outside the applications. Of course, the computer
system can provide communication channels (e.g. voice/video connections) for the
social coordination protocols. Systems using social protocols are described in [EGR91,
SFB*87]

Because correctness and failure atomicity guarantees have to be ensured by the user,
this approach can result in several conflicting operations that are not detected by the
system. For example, useful pieces of work may be undone or are repeated by multiple
authors.

2Other co-workers may be allowed to read checked-out objects. There are also some other extensions to
provide more flexibility.
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All these approaches do not meet the synchronisation requirements of cooperative author-
ing environments resp. CSCW applications in general. The goal of TRANSCOOP is the de-
velopment of transaction management support for cooperative applications that provides
appropriate synchronisation mechanisms for those applications.

Transaction models in general are guaranteeing fault tolerance of a given granularity and
synchronise concurrent activities of multiple users while ensuring given correctness criteria.
In cooperative authoring environments, groups of users are working on a large document,
sharing its content. It is required to support those groups by preserving transactional
guarantees as far as possible.

Furthermore, cooperative applications like CDA are characterised by operations on complex
data objects that are manipulated by several users over a long period. System crashes and
deadlocks may affect long-lived activities more often than short ones.

Of course, the classical non-hierarchical ACID transaction model does not satisfy the needs
of cooperative systems. It assumes a lot of short transactions consisting of predefined se-
quences of read/write operations. ACID transactions give users the illusion to be the only
user in the system — this contradicts the needs of cooperative application scenarios which
require controlled visibility of concurrent users actions. Thus, a cooperative synchronisation
mechanism should consider less the competition for data resources like in traditional trans-
action models. Itis rather required to support controlled non-isolated data-access to support
a more closely working process and thus give the users the ability to strive for a common
goal.

Advanced transaction models support the composition of transaction hierarchies according
to the hierarchical structure of the problem that has to be solved. The failure of a subtrans-
action does not necessarily cause the overall top-level transaction to fail. For example, it is
possible to re-execute the subtransaction or to invoke an alternative subtransaction (contin-
gency transaction). If the failed subtransaction is non-vital, the top-level transaction is still
able to commit even if the non-vital child eventually fails. The support of different depen-
dencies among (sub)transactions at different abstraction levels provides a flexible framework
for transaction execution [CR92a].

Improvements of nested transactions are multilevel transactions [Wei91] and open nested
transactions [MRKN92, WS92b]. A subtransaction of an open nested transaction may exter-
nalise its results to other concurrent transactions before the overall top-level transaction com-
mits. Because of using semantics by dealing with commutativity between (sub)transactions
the ACID guarantees are still preserved in the multilevel and the open nested transaction
model 3.

Utilising the semantics of transactions in the open nested transaction model enables us to
relax the strong correctness criterion of serialisability that leads to isolation of users. Relax-
ing the isolation property of transactions can be achieved by using application-dependent
conflict specifications instead of commutativity definitions in the strong mathematical sense.
This results in application-dependent correctness definitions. Also, some other advanced
transaction models have the ability to specify application-dependent correctness criteria
instead of using serialisability [NRZ92][HHZ"92] as correctness criterion.

3The multilevel resp. open nested transaction model uses multilevel [Wei91] resp. semantic serialisability
[MRW92] as a correctness criterion to ensure serialisability of concurrent executed transactions.
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3.2 Cooperative Document Authoring of Hyperdocuments

This chapter gives an overview of both the individual (section 3.2.2) and the cooperative
authoring process of hyperdocuments (section 3.2.3) 4. Based on this overview , in section
3.3 requirements for a cooperative hypermedia authoring environment are derived.

3.2.1 Hyperdocuments

Traditional printed documents are characterised by their presentation medium — paper. This
has direct impact on the contents and the underlying structure of the documents. On the one
hand, documents can only contain static, non-continuous information, such as text, graphics
and pictures. On the other hand, we have restrictions on the organisation of the document.
The logical document structure is a hierarchical one. That is, traditional documents consist of
several organisational units that are related by a part-of-relationship. For example, an article
consists of several sections with subsections and paragraphs. Subsections and paragraphs
are parts of a section. This hierarchical (logical) structure is reflected in the table of contents
of a document. References within one document, such as cross-references or references from
the table of contents to the corresponding document elements as well as references between
different documents, such as bibliography references, have to be resolved manually by the
reader.

Another restriction subject to traditional documents is the linearity of the final printed doc-
ument. This restriction has consequences with respect to the presentation of information
contained in the document. Moreover, the way a reader can read the final document corre-
sponds to the linear sequence of information that is determined by the author of a (paper)
document.

Hyperdocuments form a new class of (electronic) documents, that is based on the concept
of hypertext. The basic principle of hypertext [Nel81] is the following: a hypertext consists
of chunks of information, called nodes. These nodes can be related by explicit relationships,
called links.

The main difference to traditional (paper) documents is that hypertexts are non-linear. The
concept of links gives us the ability to connect information entities, such as text nodes, in an
almost arbitrary way. Therefore, a hypertext has an associative, network-like structure’.

An important implication of the hypertext concept is the interactive usage of hypertexts by
their readers. A reader can freely navigate through the hypertext structure created by an
author because links are represented explicitly and therefore references can be interpreted
automatically by a computer system. Thus, there is no restriction on the way a user can read
a hypertext, e.g. he can decide which link to follow. Of course, there can be some predefined
tours through the hypertext created by the author. Such guided tours act as guidelines for
the exploration of the hypertext by the reader.

4The following sections benefit from the work done at the WiBAS department (Knowledge Based Authoring
Systems) of GMD-IPSL
3In the basic model, a hypertext structure can be viewed as a graph in the mathematical sense.
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Figure 3.2: The concept of hypertext

Figure 3.2 shows an example of a hypertext structure and the presentation of the hypertext
to the user. The hypertext objects (nodes and links) are stored in a hypertext database 6. A
node is presented as a window on the user’s screen. Links are displayed as sensitive areas
in the window. If a user wants to follow a special link, he just “clicks” on the corresponding

sensitive area. For example, if he clicks on “b”, a new window, displaying the node “B” pops
7

up "
Reader-orientation is a major characteristic of hypertext structures. In the following we will
use the term hyperdocuments to denote reader-oriented (parts of) hypertext structures that
are logically self-contained and can be treated as a single entity. This implies that not every
hypertext structure is a hyperdocument.

If the nodes of a hyperdocument do contain (besides text and simple graphics) also mul-
timedia information, such as complex pictures and continuous information (audio, video,
animation), the concept of hypertext is generalised to hypermedia. The term hypermedia
addresses multimedia extensions of hyperdocuments, whereas the term hypertext is more
focused on the structural aspects of hyperdocuments.

® A hypertext database can be implemented using a file system or a database management system.
Please note, that this is not the only way to visualise hyperdocuments. For example, for the authoring
process it may be more appropriate to visualise the hypertext structure as a graph.
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There are several extensions of the basic hypertext model, such as composite nodes [Hal88].
Composite nodes introduce the concept of aggregation into hypertext structures. They can
contain other links and nodes (another hyper text structure) and can be used to cluster related
information entities. Atomic nodes have a set of (multimedia) information as their content,
but can not contain further hyperstructures.

3.2.2 The individual authoring process of hyperdocuments

The concepts of hypertext and hypermedia provide new possibilities to structure the contents
of a document and introduce new ways of presenting and reading documents. But also some
problems inherent to the network-like structure are introduced by this new document type.

For example, a well-known problem for readers of hyperdocuments is “getting lost in hy-
perspace” [Con87]. Besides this navigational problem, many readers have trouble to com-
prehend the overall structure of a hyperdocument or the semantics of links [SHH*92].

Thus, hyperdocuments impose new demands on their authors. Authors are responsible
for designing the associative structure of hyperdocuments using the appropriate modelling
primitives, for editing the multimedia contents of (atomic) nodes and for presenting the
hyperdocument to the reader. Having the problems of the readers in mind, this is not an
easy task. In contrast to writers of linear documents, authors of hyperdocuments do not
have guidelines telling them what their product should look like. Many rethorical deci-
sions are made without widely accepted conventions. Since these decisions entail activities
supplementary to the writing of linear documents, such activities are regarded as cognitive
overhead [Con87].

To raise the quality of hyperdocuments and to make them more readable, authors of hyper-
documents should be supported by special hyperdocument authoring systems that provide
appropriate modelling and structuring facilities. Of course, such systems have to be based
on sound theoretical foundations.

In the following we present a model of writing hyperdocuments, that was developed at
GMD-IPSI [THS90, HT93]. This model of writing is based on an analysis of the cognitive
process of writing and the features of the authoring situation.

3.2.2.1 Authoring as a design problem solving process

The objective of the authoring process is the creation of a “product”: a (hyper)document.
This implies the question how the final reader-oriented hyperdocument should look like.
Another aspect is the process of creating this product.

Writing hyperdocuments can be seen as a problem solving process [HF86]. Hannemann
et. al. [THS90, HT93] refine this model and characterise writing (of hyperdocuments) as a
design activity®.

8Problem solving is a general term. The problems to be solved can be assigned to different problem domains,
such as design, diagnosis etc.
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A characteristic of design processes is that the final state (and the initial state in many cases)
of the problem solving process is not known exactly in advance. Moreover, the problem
solving process itself usually can not be defined on beforehand.

This holds also for the problem of “designing a hyperdocument”. At the beginning we have
only a few weak constraints indicating the initial state and the final product. These are,
for example, the subject and the objectives of the document that are described informally.
Properties of the final hyperdocument, such as the size and the exact specification of the
target group of readers may not be unknown at the beginning of the writing process.

During the writing process of an hyperdocument an author has several options how to
proceed. He must make decisions without exact guidelines and measures to judge the
quality of his work. This shows that creating documents can be regarded as a creative process
because authors do not know how to reach a solution and how to satisfy the (implicit given)
goals in advance.

Helping an author to travel through this complex design space, an authoring system must
rely on the two main features of a design process °:

Process aspect: Design is a complex problem solving process, which consists of several
subproblems, e.g. acquisition of background material or outlining the document. These
subproblems are solved by specific strongly interacting activities, that build up on each
others results. During the design process new subproblems may be identified and
existing solutions of subproblems may be refined several times. The problem solving
process can be seen as iterative refinement and improvement of artifacts.

Product aspect: Design is the construction of a product or artifact, which has to fulfill some
informal criteria and for which the designer needs some adequate building blocks to
compose an artifact of high quality.

The interdependencies of extensive planning, production and revision activities are charac-
teristic for the writing process and lead both to an external product — the final reader-oriented
hyperdocument and an internal product — the author’s knowledge structure. One important
issue in authoring environments for hyperdocuments is to help authors to externalise their
mental representation of the knowledge structure.

3.2.2.2 The problem of writing hyperdocuments

By regarding the creation of a (hyper)document as a complex design problem solving process
three main subproblems for writing of hyperdocuments can be identified [THS90, HT93]:

Content problem: This problem encompasses the acquisition of the contents and back-
ground information and the development of a domain model for the hyperdocument.

9We will see in the next section that there is another important feature of a design process: design as a social
process.
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Figure 3.3: The main subproblems of the authoring process and their interdependencies

Rhetoric problem: This problem addresses the rhetorical structure of the hyperdocument.
The authors should express their thoughts and ideas in such a way that the reader is
able to understand the authors intention.

Planning problem: The third subproblem refers to the planning of the authoring process
itself. This includes the basic structuring of the document as well as the development
of a workplan for the authoring process.

These three problems depend on each other: for example, the acquisition or generation of
content material depends on the actual planning of the document’s structure. Figure 3.3
gives an impression of these subproblems of authoring and their interdependencies.

In [SHT89] a fourth subproblem is identified — the argumentation problem. This subproblem
addresses the construction of argumentation structures. The document domain knowledge
has to be prepared in such a way that the issues and goals identified in the planning problem
process are satisfied. The argumentation problem can be seen as a link between the content
problem and the planning problem. Solving the argumentation problem is very important
for writing argumentative documents.

A hypermedia authoring system should provide appropriate support and modelling facil-
ities for each of these subproblems. Furthermore it should be possible to exchange partial
solutions between these problem domains and keep track of the dependencies among the
different subproblems. Due to the opportunistic nature of the writing process, the authoring
system should not restrict the authors to follow a predefined sequence of actions to solve the
above mentioned subproblems.
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Figure 3.4: Factors that influence the group work

3.2.3 The cooperative authoring process

This section describes the process of cooperative (hypermedia) authoring within a group of
collaborating authors.

As stated above, the (individual) authoring process can be described as a design process.
Besides the process and the product aspect, there is another main characteristic of a (cooper-
ative) design process. Design usually is a social process that involves a group of individuals.
For example, the majority of technical documentations is written by groups of collaborating
authors.

3.2.3.1 Group work

Group work or cooperative work denotes the social process of several individuals working
on a common problem or task. The work within the group is influenced by different factors
[LS92], which are shown in figure 3.4:

e A prerequisite for cooperative work is the existence of a group of co-workers. The
structure of a group covers aspects like size of the group, (hierarchical) organisation of
the group and geographical distribution of the group.

e Usually the goal of working together is the creation of common artifacts (e.g. hyper-
documents in our scenario). If this is not the goal, at least common artifacts are used
as working documents during the group work.
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¢ To enable the goal-oriented creation of common artifacts, common objectives have to
be maintained. This includes the planning of the cooperative work, the decomposition
into workpieces and the assignment of these workpieces to (subgroups of) individual
co-workers.

e To maintain these common objectives and to ensure that compatible (sub)artifacts are
created, some kind of coordination mechanism among the co-workers is needed.

e This coordination of the group’s work needs communication between the members of
the groups. This communication can be asynchronous or synchronous. Synchronous
communication (phone, talk, audio/video conference) requires the availability of all
communication partners while asynchronous communication (electronic mail, fax) is
time-independent.

3.2.3.2 Hypermedia authoring as cooperative work

The collaborative process of authoring a hyperdocument can be basically seen as an extension
of the individual authoring process.

In cooperative authoring an additional subproblem (besides the planning, content, argu-
mentation and rethorical problem) can be identified — the coordination problem [Haa94b].
If multiple authors work on a common hyperdocument, there is a need for coordinating the
individual authors work to fulfill the common objectives of the authoring process and to
produce a single common accepted hyperdocument.

Viewing cooperative hypermedia authoring as group work, the construction of the final
reader-oriented hyperdocument is the common goal of the group members. The common
objective includes this goal and also constraints such as subject, size, type of the hyperdoc-
ument or deadlines, resources, etc.

The cooperative authoring scenario that is investigated in this chapter assumes geographi-
cally distributed groups. Communication between the group members can be asynchronous
as well as synchronous, depending on the authoring situation *°.

The common artifacts that are created during the cooperative authoring process include
the final target hyperdocument, as well as intermediate hyperdocuments, collections of
background material and also documents about the cooperative authoring process itself
(workplans, task allocations etc.).

From the above it follows that cooperative authoring involves both explicit communication
and coordination and implicit coordination through common accessible material, such as
workplans and document drafts [Sor87].

0Therefore in the time-place matrix of CSCW our cooperative authoring scenario is located in the two lower
quadrants. Although we allow some kind of synchronous work in the cooperative authoring scenario, we will
not address the field of joint editing explicitly. Joint editing denotes synchronous work at the content level (e.g.
synchronisation of keystrokes while editing the same document part), that is not investigated in this document.
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3.2.3.3 Cooperation on shared documents

In our scenario of cooperative authoring we assume that a large number of co-authors
is manipulating a large collection of shared documents, that are stored in an underlying
database management system. This shared material are hyperdocuments consisting of
a large set of atomic nodes, composite nodes and links. Such hyperdocuments may be
partitioned into subdocuments e.g. by using the concept of composite nodes (see section
3.2.1).

Based on [GHMS94] six different modes of cooperation on shared material can be identified.
The following enumeration is a slight modification of the described modes.

1. Separate responsibilities: The documents are divided into independent, disjoint parts.
Each part is edited by one user. Other users may inspect document parts assigned to
other users. The cooperation here is quite loose.

2. Turn taking: Same as mode 1., but each part may alternate among different users. No
more than one user at a time is allowed to edit a given document part. Turn taking
requires more support for coordinating users manipulating (one after the other) the
same part of a hyperdocument.

3. Dynamic exchange: During an authoring session, co-authors may exchange parts of
the documents dynamically. One user A may want to modify a part of a document
that is currently edited '! by another user B. User A may ask user B to transfer the
permission to edit this part to user A

4. Alternative versions: Different users are allowed to create alternative versions of doc-
ument parts. This allows authors to work simultaneously on the same original part of
the document without interfering each others work. Of course, different versions of a
document part have to be merged later on and this might not be an easy task.

5. Mutual sessions: Two or more designers may work at the same time on the same
parts of the document synchronously. This requires additional powerful coordination
mechanisms to avoid harmful interactions between the concurrently working users

6. Fully synchronous sessions: In this mode, different authors working at the same time on
the same data are using a shared, global window. All participants of a fully synchronous
session share exactly the same view of the shared material (WYSIWIS ' ) and work on
the same copy of the document part.

Modes 1 to 3 are typically asynchronous cooperation modes. These modes need support
for asynchronous coordination of work. One issue here is the creation of awareness among

HIn [GHMS94] the term locked is used. We avoid this term here, because we view locks as an implementation
mechanism for transaction management. Locks in a database management system are not visible to the user
of the database management system. Thus, an author can not explicitly lock (parts of) a hyperdocument to
ensure that other co-authors cannot access this material.

12WYSIWIS is an acronym for What You See Is What I See.
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co-authors about who has done/is doing what in the shared documents. Another issue is to
identify changes within the hyperdocuments.

Coordination in these asynchronous modes can take place e.g. by creating annotations for
parts of the documents or by using external communication facilities such as e-mail systems
or bulletin boards. Of course, also informal synchronous communication channels, such
as telephone connections can be used to coordinate the asynchronous work on the shared
document.

Mode 4 is also an asynchronous mode of cooperation. Versioning enables authors to work
concurrently on shared documents without interfering with each other. The main coordi-
nation issue here is version management. Version histories have to be maintained to keep
track of the derivation dependencies. Also, differences between alternatives versions have
to be identified.

The most difficult task in mode 4 is the merge of alternative versions into one common
version. The most authoring systems do not provide (semi-)automatic mechanisms to merge
alternative versions. Therefore, large parts of the merge process have to be performed
manually by one or more authors.

Mode 5 represents a synchronous cooperation mode on shared documents. There is a variety
of variants of this cooperation mode depending on the degree of isolation between the users.
For example, if traditional transaction management is used, co-authors are fully isolated.
Advanced transaction models, such as the open nested transaction model [EIm92, WS92b]
can be applied in order to relax the isolation properties. Another approach is to use one
short transaction for each operation reading or modifying the hyperdocument. This ensures
visibility of all modifications, but ensures consistency only on the storage layer.

In most systems the concept of notifications is applied to create awareness among co-authors.
Notifications inform co-authors about changes in their shared parts of the hyperdocument.
An extension of this notification mechanism is to broadcast changes of one author to the
synchronously collaborating co-authors on this part.

The loosely coupled cooperation mode of the SEPIA- system'® (see section 3.4.4.1) refers
to such a variant of mode 5. In SEPIA mutually sessions are implemented using short
transactions and a broadcasting mechanisms to update the user interfaces of co-authors
participating in the same session if changes to the hyperdocument occur.

Mode 6 is also a synchronous cooperation mode, that corresponds to the tightly coupled
mode of the SEPIA authoring environment. The main difference between mode 5 and
mode 6 is whether a shared view is maintained at the user interface level or not. In fully
synchronous sessions, all collaborating co-authors have the same view of the document part
being edited (WYSIWIS). Events at the user interface level, such as scrolling or moving of a
shared window are synchronised.

Usually additional coordination facilities such as telepointers '* and audio/video commu-
nications are used in situations similar to mode 6 to coordinate the synchronous work of
multiple co-authors .

13GEPIA is an acronym for Structured Elicitation and Processing of Ideas for Authoring
14 A telepointer is a cursor that is attached to one user and occurs in all windows of the shared view.
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3.3 Requirements for Cooperative Document Authoring

In this section we will present requirements for the design of a cooperative hypermedia
authoring system based on the descriptions above and on other related literature. We will
concentrate on those issues that are relevant for the TRANSCOOP project. For example,
video communication surely is beyond the scope of transaction management support for
cooperative applications and thus we will not describe such issues in detail.

The description of requirements tries to follow the categories that are introduced in subsec-
tion 3.2.3.1 and are shown in figure 3.4. These categories are: common artifacts, coordination
of a group, communication within a group, structure of a group and common objectives.
Obviously, it is not always possible to assign the different requirements to exactly one of
these categories because they are not disjoint.

3.3.1 Common artifacts

As mentioned in the last section, common artifacts, like outlines or drafts of hyperdocu-
ments, intermediate working documents and the final hyperdocument are a prerequisite for
cooperative authoring processes. Therefore, the hypermedia authoring system must provide
mechanisms for sharing information among collaborating authors. Usually the sharing of
documents is realized by using a multi-user database management systems or a common
file system'>.

3.3.1.1 Requirements on the underlying storage system

To enable sharing of information and concurrent access to common artifacts, the underlying
storage system must provide an appropriate storage granularity. For example, if a document
is represented as a single file, an entire new copy must be written, even if there is a minor
modification in the hyperdocument. For hypertext networks the best storage granularity
seems to be the hypertext objects themselves (links and nodes) or the attribute level of the
hypertext objects.

The storage system must provide data access at this level of granularity. Therefore, common
tile systems seem to be inappropriate for sharing information in a cooperative authoring
system. Relational database management systems are able to provide the required granular-
ity. Unfortunately, their data modelling languages and data manipulating facilities usually
are not powerful enough to support the complex data structures needed in hypermedia
systems. Therefore, using object oriented database management systems (OODBMS), such
as VODAK ' [KAN93, WA94] seems to be a good choice for storing common artifacts in a
cooperative hypermedia environment '7.

15We will see in the following, that using common file systems may not be the best choice.

16VODAK is an acronym for Verteiltes Objektorientiertes Datenbanksystem, that was developed in the
VODAK department of GMD-IPSIL.

1"There are other advantages in using OODBMS, e.g. associative access to objects via an object oriented
query language, automatic index-maintenance, extensibility by type inheritance, possibility to define views
and active capabilities.
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3.3.1.2 Consistency of shared artifacts and concurrent access
There are basically two possibilities to work on a shared hyperdocument [Haa94b]:

e Asynchronous work: Only one author at a time is allowed to edit a part of a hyperdoc-
ument.

e Synchronous work: Several co-authors can work on the same document part simulta-
neously. This cooperation mode is also called synchronous session.

A cooperative authoring system should support both cooperation modes [Haa94b]. There
may be other predefined, application-dependent cooperation modes between these two
extremes. For example, it can be allowed to read parts of documents that are currently
edited by another user. Which mode of work is appropriate depends on the author’s
situation within the cooperative authoring process. Beside different modes of cooperation the
cooperative authoring system should support also smooth transitions between the available
modes [Haa94b].

Maintaining consistency of shared artifacts is one of the main issues in cooperative authoring
systems. Ensuring consistency during asynchronous work is much more easy than to ensure
consistency in synchronous cooperation modes. If multiple users are allowed to edit the
same part of a document at the same time, conflicts between operations of the cooperating
users can occur. These conflicts should be solved (semi-)automatically by the cooperative
authoring system.

To ensure consistency during asynchronous work on shared documents, the system must
guarantee that only one author at a time can edit a specific part of a hyperdocument. There
are several approaches to ensure this property, like floor control mechanisms [KP90, GS87]
(see also section 3.2.3.3).

To support coordination/communication in an asynchronous work mode, the hypertext
model must allow to enrich data objects with coordination related attributes [GS87]. Co-
ordination related attributes are for example co-author annotations/comments [NKCM90,
HNO93], contextual attributes like creator, modifier of an document part [GS87], application
dependent document states (outline, draft etc.) or information about the user currently
editing the object (see also section 3.3.2).

In synchronous cooperation modes, synchronisation of concurrent operations issued by co-
authors participating in the same synchronous session is the main issue. Appropriate mech-
anisms and protocols are needed to resolve conflicts resulting from concurrent execution of
operations. Approaches used in traditional transaction management, like serialisability of
transactions, are inappropriate in a cooperative authoring environment and hinder tightly
coupled teamwork [EG89]. This is because they try to isolate the users in a way that they do
not see effects of other users concurrently working on the same data.

Flexible concurrency control schemes are needed to synchronise operations of cooperating
users in synchronous sessions [Hal88]. Many synchronisation mechanism were developed
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in the past. Usually the only thing they have in common is that they synchronise concurrent
operations of co-authors in an ad-hoc way.

For example, many systems try to solve this problem providing “userlocks” and notifications,
leaving correctness control completely to the collaborating authors. Similar examples are
described in section 3.2.3.3, mode 5 and 6. Other proposals for concurrency control in
synchronous work on a shared document can be found e.g. in [EG89, GS87, WL93].

Sometimes also shared views of the data at the user interface level are used for synchronous
sessions. We can distinguish relaxed shared views, strict shared views (WYSIWIS) and joint
editing [HN93, LSW92]. A concurrency control algorithm for real-time groupware systems
can be found in [EG89].

3.3.1.3 Version management

Version management is an important issue in authoring processes because maintaining
different versions of hyperdocuments allows users to access past states of the documents. The
concept of versioning enables authors to explore alternatives and to “undo” modifications
by selecting an older version of the document.

This is also true for single-user systems but version management is more important for co-
operative (authoring) environments because the danger of accidental modification is higher.
Moreover, a user may want to see a stable state of a hyperdocument even though another
user may be modifying the hyperdocument at that very moment [GS87].

If alternative versions are allowed by the version model of the cooperative authoring system,
the system itself should support the merging process of alternative versions into a consistent
new version. Unfortunately, in most systems the merging of versions is completely left to
the authors.

Although a variety of version control models have been developed [Kat90, Haa92a, Haa%4a],
they all rely on the ability to define and maintain dependency relationships or links among
objects. These basic mechanisms should be provided by the underlying database system.
Another issue in version management is to minimise the storage cost of multiple versions
corresponding to a single object.

In cooperative systems also contextual information, such as who created an object version
should be recorded in addition to the object version’s content. This information allows to
select object versions on the basis of properties of group interactions [Haa92b].

3.3.1.4 Access control

Another important issue in sharing information is access control and authorisation. Effective
access control is important for groupware systems which tend to focus on activities and to
increase the likelihood of user-to-user interference [EG89].
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The right of an author to perform an operation on an object may depend on the user himself,
the user’s social role within the authoring process, the object to be accessed, the operation to
be performed and on constraints about the data objects [GS87]. Access permissions are not
static, they may be granted, revoked or delegated during the authoring process.

Therefore, the underlying storage system must provide basic authorisation mechanisms for
building appropriate access control models [RBKW91]. The hypermedia authoring system
should also provide facilities for negotiation about access rights (see also 3.3.4) and has to
handle emergency situations [GS87], e.g. if the only authorised co-author is on vacation.

3.3.1.5 Private and public workspaces

Related to access control issues is the concept of private and public workspaces 8. Private
workspaces enable authors to work on a hyperdocument on their own. The authors can
explore alternatives, work on private solutions and create private working documents, that
are not visible to the co-authors in a cooperative writing scenario. If an author wants to make
some documents public, he can explicitly “publish” them by transferring the hyperdocu-
ments to the public workspace [Haa94b]. The concept of private and shared workspaces can
be extended by shared workspaces, that are used by a dedicated group of authors.

3.3.1.6 Support for long lived activities

Hypermedia systems clearly need support for long-lived activities. For example, if the
hypertext network contains large documents as node contents, a user may require anywhere
from a few minutes to several days to make a single update to a node [Hal91, Hal88].

Therefore, the system should try to minimise the amount of work lost in case of a system
failure or network partitioning *. The most systems use checkpoint or savepoint mechanisms
to do so. The authors have the ability to “save” their work and to “restore” to a checkpoint
after a system failure has occurred.

3.3.2 Coordination of a group

A coordination protocol is a mutually agreed upon way of interacting. Coordination may
be built into the hardware and software (technological protocols), or left to the control of
the participants of a cooperative hypermedia authoring process (social protocols) [EG89].
Coordination of co-authors” activities can be classified in two categories [Haa94b]:

18This concept is similar to checkin-checkout mechanism in some CAD systems [KLMP94, KBGW91]. The
local availability of the data is used to increase the efficiency of design operations.

In the case that transaction management mechanisms are used to implement these long-lived activities,
this means a loss of work because of non-serialisable execution (deadlocks)
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e Preplanned coordination

e Spontaneous coordination

Preplanned coordination usually is used in structured, asynchronous authoring processes,
whereas spontaneous coordination is more often needed in unstructured resp. synchronous
work situations. Ellis et. al. [EG89] claims for an integrated coordination support for struc-
tured /unstructured and asynchronous/synchronous activities.

3.3.2.1 Activity management facilities

For some activities in an authoring process, it seems to be appropriate to execute them
asynchronously. The overall work is divided into some more or less independent subtasks.
These are for example, the authoring of a special part corresponding to a specific subject that
is addressed in the hyperdocument, the creation of an image or the preliminary collection of
bibliographic references [Thi%4].

These subtasks can be assigned to an individual author, to a group of authors or to a special
role of an author or group within the authoring process (see also section 3.3.4). Each co-author
can then separately deal with the tasks under his responsibility.

Usually the different subtasks are not fully independent of each other. For example, there
may be some ordering constraints and data dependencies between asynchronous subtasks
or temporal constraints on the execution of the tasks, e.g. deadlines. To enforce these
constraints and to ensure that a coherent hyperdocument is produced, there is a need for
system supported coordination of the different tasks occurring during an authoring process,
e.g. informing users of required tasks [EG89]. Therefore, activity management seems to be
very similar to workflow management [Lom93].

The specification of such an activity structure corresponding to a special authoring process
can be made beforehand. This requires that a careful analysis of the different authoring
processes has been done before the specification. But in most cases such predefined speci-
fication is too inflexible, because the activity definition itself evolves during the authoring
process [NKCM90]. Thus, an authoring system should provide mechanisms to modify the
task’s specification, e.g. reassignments of tasks to authors or dynamic creation of additional
subtasks.

Another possibility is to include the activity specification process in the authoring process
itself. In this case the co-authors develop cooperatively a “workplan” for their specialised
authoring activities [Haa94b]. This workplan may be a formal description of the authoring
process, so that the system itself can coordinate the authors’ tasks. If the workplan is more
informal, it is used in the writing process as a additional resource in deciding what to do
[NKCMO90]. In this case, the authors still have to coordinate their activities by themselves.
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3.3.2.2 Coordination of asynchronous work through annotations

To coordinate loosely coupled asynchronous work in cooperative authoring, some kinds
of annotations are used [NKCM90, HN93] in most systems. Annotations in hypermedia
documents are usually of the granularity of an hypermedia object. They should also contain
additional information about the context of the annotation, like creator and creation time.

Annotations can be used in a variety of directions. Authors can use them to describe the
modifications they have been made or to describe which work another author should do in
the future. Moreover, annotations can be used for commenting on hyperdocuments, which
is important in an authoring process [NKCM90]. To support this wide range of annotations,
some systems use different types of annotations, like private annotation, public annotation
and comment annotation.

3.3.2.3 Group awareness in cooperative authoring

Awareness of the co-authors” activities is another important issue in cooperative authoring
environments. Authors should be informed about each others work. They must know when
other users make changes to the hyperdocument that affect their work [EG89]. Awareness

usually is implemented through notifications, that inform users that something has changed
in the document [GHMS94, HW92a, EG89].

Awareness is needed to monitor the progress of the authoring project and to detect semantic
conflicts in the work of different authors. If such conflicts occur there is a need for spon-
taneous coordination to resolve the conflicts. For this type of coordination, in the most
cases synchronous communication facilities (see section 3.3.3) are used, like shared views
to a hyperdocuments together with telepointers and meta-communication channels, such as
audio/video connections [EG89, HW92b, LSW92].

3.3.2.4 Other types of coordination

Activity logging: Someway related to the concept of awareness and version management
is activity logging [LFK88, HN93]. To coordinate work on a shared document authors
should be able to keep track of changes to the documents. For example the authoring
system should answer such questions like “what has been changed in the introduction
since my last edit session?”.

Coordination through social roles: This type of coordination is closely related to authori-
sation issues (see 3.3.1), activity management and the structure of the group (see 3.3.4).

Meta-communication channels (see 3.3.3): Usually these facilities are used to satisfy spon-
taneous coordination needs of co-authors.
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3.3.3 Communication within a group

Communication between co-authors can be divided into asynchronous and synchronous
communication mechanism [Haa94b]. Some of the listed communication mechanism are
already discussed above * or they are outside the scope of TRANSCOOP, so they are not
described further in this section.

Asynchronous communication mechanisms

e Communications through shared artifacts resp. draft passing
e Communication through annotations
e Electronic mail systems

¢ Bulletin boards
Synchronous communication mechanisms

e Audio/video connections (meta-communication channels)
e Shared views (WYSIWIS) and telepointers

The above listed communication facilities should be tightly integrated within a cooperative
hypermedia authoring environment [HN93].

3.3.4 Structure of the group

This section focusses on the coordination of the cooperative authoring process through the
structure of the group of participants. The topic of defining the structure of a group is closely
related to the issues of authorisation, activity management and shared artifacts in general.

A response to the coordination problem is to support the definition of social roles within a
group. Defining social roles reduces the coordination problem by specitying “proper func-
tions”, like responsibilities, access rights, privileges and patterns of interaction [NKCM90,
EG89].

Which roles are appropriate depends on the organisational structure of the embedding
organisation and the specific type of authoring process. In [LFK88] for example, three types
of generic social roles are used: co-author, commenter and reader. In other situations, there
may be also social roles like editor and reviewer.

Roles can be organised in a hierarchical way. For example, in [LFK88] a commentor is defined
as a specialisation of a reader and a co-author as a specialisation of a commentor. In general,
social roles within a group can be defined in terms of [NKCM90]:

20This shows that communication and coordination are closely related. Communication can be viewed as a
mechanism to enable coordination.
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o Types/Sets of hypermedia objects
e Types/Sets of operations

e Cooperation modes

In addition to defining social roles for an authoring process, a set of user definitions is
needed. A user definition usually contains the username or user-id and the roles that each
named user is allowed to assume [GS87].

To simplify the mapping of users to roles an additional concept of a group can be introduced.
Users are associated with a group and this group is assigned special roles. Also groups can
be combined to larger groups, resulting in a group hierarchy orthogonal to the role hierarchy.

3.3.5 Common objectives

Maintaining common objectives within a group of co-workers is important to generate
coherent hyperdocuments. In a single-user system authors usually do not articulate their
goals and objectives resp. changes of objectives and constraints during the writing process.
In cooperative authoring environment the externalisation of goals and objectives is much
more important [NKCM90].

Common objectives are, for example, the subject of the hyperdocument, the type of readers
and constraints about the final hyperdocument, like size of the hypertext network and style
guidelines. Some of these objectives can be ensured automatically by the system — others
have to be maintained by the co-authors themselves because they are informal. Such informal
objectives could be stored in the system as special working documents.

Of course, goals and constraints can change during the authoring process. A cooperative
authoring system should provide mechanisms to ensure that the co-authors are aware of the
actual objectives and constraints within the group of collaborative authors.

Also authors often need to communicate about the constraints in order to refine their views of
the goals that co-authors have generated and increase the likelihood that they will generate
compatible products [NKCM90]. Therefore, a cooperative authoring system has to provide
appropriate negotiation mechanisms to agree about the actual objectives and constraints
imposed on the authoring process.

3.4 Analysis of SEPIA

3.4.1 Introduction

This section reports about the design and implementation of the SEPIA cooperative author-
ing environment. The idea of SEPIA (Structured Elicitation and Processing of Ideas for
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Authoring Activity SEPIA

’ Cognitive Processes ‘ Cognitive Model of Authoring —= ’ Actvity Spaces ‘

’ Products ‘ Document Model —= ’ Construction Kit ‘

I

’ Social Processes ‘ Social Model of Cooperation —= ’ Cooperation Modes ‘

Figure 3.5: Research and development strategy for SEPIA

Authoring) and its basic design principles as well as implementation issues will be pre-
sented. Finally it is discussed whether the support of cooperation by the current system is
satisfactory for authoring processes and how much knowledge about the authoring process
itself is hardwired in the system. By identifying these things, we aim to end up with a list
of requirements for the TRANSCOOP specification language and the transaction model. The
following presentation is based on the results of the SEPIA research which are presented in
[SHH*92, HW92b, SH93].

SEPIA is a cooperative hypermedia authoring environment. Its purpose is to support groups
of authors who collaboratively create hyperdocuments. In SEPIA, the largest unit of work
is a project. Such a project roughly corresponds to a book together with all background
material in traditional publishing. Each project consists of four activity spaces. These are
dedicated workspaces which fulfill different purposes.

Associated with each activity space is a dedicated browser which offers a certain set of
functions on the objects it presents. These objects are hypertext objects, i.e. nodes, links
and composite objects. In SEPIA, nodes are typed, and each activity space provides specific
types for nodes. Similarly, links are first-class objects, and each activity space offers a set
of link types which are relevant in its context. Composite objects are used in all activity
spaces to cluster information. One can also open a browser on a composite object to display
its subobjects. For all browsers, a construction kit offers several basic options on how
information can be arranged.

During the design of SEPIA the three main aspects of authoring activities have been consid-
ered: the cognitive process, the final product itself and the social aspect of authoring. Figure
3.5 shows the relationship of the authoring activity, the theoretical background, and the
resulting components of SEPIA. Paying attention to the process aspect requires to develop
and refine a model of the cognitive writing processes and to transform these results into a
corresponding functionality as e.g. the activity space concept. Looking at hyperdocuments
as a product with new rhetoric properties leads to requirements for a corresponding func-
tionality, as e.g. the construction kit in the rhetorical authoring space. Considering that most
large documents are prepared by a team, social cooperation models have to be defined, and
SEPIA has to provide corresponding cooperation modes.

Thus, detailed knowledge about the processes, the product and the social situation played
equally important roles in the development of the SEPIA system.
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Figure 3.6: User-Interface of SEPIA

3.4.2 Cognitive Model of Authoring: Activity Spaces
3.4.21 Introduction

The process of writing of a hyperdocument is regarded as a complex problem solving process
that consists of at least three subproblems. The mental representation of these three problems
can be described in terms of interacting problem spaces. A problem space is formed by
different constraints, design objects and operations in which different knowledge sources
are modelled. Design objects can be atomic nodes, links and composite nodes.

The decomposition of the design space into subspaces is used as a basis for identifying the
components of the authoring environment. These cognitive problem spaces are mapped in
the SEPIA system to corresponding activity spaces. Each activity space provides specific
design objects and operations appropriate to facilitate the author’s activities when working
on a specific subproblem. More precisely, this means that space specific functionality is
offered by typed links and nodes according to the semantics of the space.

These cognitive problem spaces are mapped in the SEPIA system into the following activity
spaces:

e Planning space:

In the planning space an author has the opportunity to structure his intentions. The
space serves as a platform to externalise writing plans respectively document goals,
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to construct issues to be concerned with the document, and to establish an agenda for
the authoring activity. Consequently, this space can be regarded as a metaspace for
the coordination of different authoring activities. Furthermore it can be used by the
authors as a facility for controlling the progress of the design solving process.

The planning space does not provide special support for controlling the work progress
or informing authors about deadlines etc. But the authors can communicate through
contents in this space that have the agreed functionality (coordination of activities,
status of work).

e Content space:

Within this space SEPIA gives the authors support for idea dumping and the grouping
of background material in topic related clusters by composite nodes and the connection
via typed links. The objective of this space is to support the development of a docu-
ment domain model. A design object in the content space can represent background
information from internal (other SEPIA documents) or external sources (databases).

By collecting all information that belongs to the document domain the authors get an
impression of the facts they can use for their argumentation structure. By structuring
the material the authors get an idea of how to compose the document because the
classification of facts helps to get a better view on the problem.

e Argumentation space:

In the argumentation space the user can create an argumentation structure based on an
extension of the argumentation schema developed by Toulmin (1959). For this, appro-
priate design objects are provided. Authors can elaborate argumentation by generating
objections on different levels, by formulating contradictions and by constructing argu-
mentative chains.

An argumentation structure is build up by linking several hypertext nodes (datums,
claims) together. These nodes can be connected with specific link types (e.g. contradict)
for modelling an argumentation structure.

e Rhetorical space:

The idea of the rhetorical space is to create the reader-oriented final hyperdocument.
The objective is the assistance of the production of different document styles by pro-
viding alternative reading paths resp. different arrangements of the hyperdocument.

Reading facilities for hyperdocuments are provided. The readers can browse in each
space by activating nodes and links and navigate in that manner through the hypertext
network.

Hypertext document types constitute a scale ranging from strictly linear to strictly
non-linear documents. Notice that hyperdocuments can vary in the degree of their
linearity between these two extremes. Nevertheless, they all should satisfy one major
requirement: in order to support comprehension and navigation on behalf of the
readers, they must appear as coherent entities. Therefore, the rhetoric space provides
a special “construction kit" based on the concepts of coherence consisting of design
objects that are explicitly tailored to the requirements of designing artifacts.

Please note that the 'construction kit" is an external part of the current SEPIA imple-
mentation.
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Figure 3.7: Relationship of composite and atomic nodes

3.4.2.2 Data model

A SEPIA project consists on the highest level of the four different authoring spaces as
described in section 3.4.2.1. Each authoring space contains specific types of nodes and links
that are dedicated to support the activities of the authoring process.

Nodes are hypermedia objects that can carry specific types of contents in accordance to their
type definition. This can be plain text, graphics, audio, or a substructure formed by nodes
and links (called composite content). If a node has a composite content it is referred as a
composite node, in the other case it is referred as an atomic node.

The implemented inheritance hierarchy realizes links as specialisations of nodes. Thus,
they have the same functionality as nodes. All classes that provide objects for carrying
specific node contents (text, graphic etc.) are specialisations of a generic content class, that
implements the basic functionality. The specific content classes are refined according to the
specific needs of the media types.

By using composite nodes it is possible to cluster the hypermedia structures in the different
authoring spaces into related chunks of information and to maintain a hierarchical, nested
structure. The four authoring spaces of a project as well as the project itself are implemented
through composite contents, too (Figure 3.7).

Nodes and links can be shared through different composite nodes. Thus the hypertext
structure forms a rather arbitrary graph structure. Sharing is implemented by referencing
from different atomic nodes in the activity spaces to the same underlying data object®.

1This is not reflected in figure 3.7
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As mentioned above, nodes and links have specific types. Constraints for ensuring specific
consistency criteria can be posted to the hypermedia data structure. Examples for these
constraints are ‘claim nodes occur only in the argumentation space” or ‘support links can
only exist between datum nodes and claim nodes and cannot have any further substructure’.

With the type concept in SEPIA more semantic of hypermedia objects is provided and thus
it is possible to construct meaningful hyperstructures that are able to reflect (sub)problem
solutions.

The concept of types in SEPIA differs from the usual type definitions used in (object-oriented)
programming languages. Types are more equal to consistency constraints on the hypermedia
structure. They do not provide additional functionality or properties of the typed objects,
they only state some restrictions on the hyperstructure and give the system the possibility to
ensure some properties of the hypermedia document. They also provide the authors with a
powerful method to express and structure their intentions and ideas. Thus types in SEPIA
are orthogonal to the concepts of types used in object-oriented programming languages or
database management systems??.

In the current implementation, the typing of nodes and links does not have any impact on
the cooperation between different authors.

In the following a short description of the different node and link types in SEPIA and their
basic constraints are given. Due to the fact that this document investigates in cooperation
issues the semantics of the offered node and link types are not further exploited. Afterwards
the operations that can be performed by the users on the hypertext structure are presented:

3.4.2.21 Planning Space

e Nodes:

Issue (atomic)
Position (atomic)

Folder (composite)
e Links:

ContributesTo Issue — Issue

Answers Position — Issue

Suggests Position — Issue

Specialises Issue — Issue

RefersTo {Issue, Position, Folder} — {Folder}

?2Classes can be used to implement types in SEPIA
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3.4.2.2.2 Content Space

e Nodes:

Content (atomic)
Document (composite)

Folder (composite)
e Links:

RefersTo {Content, Document, Folder} — {Content, Document, Folder}

3.4.2.2.3 Argumentation Space

e Nodes:

Datum (atomic)
Claim (atomic)
Warrant (atomic)

Folder (composite)
e Links:

Supports Datum — Claim, Claim — Claim

Contradicts {Datum, Claim, Warrant} < {Datum, Claim, Warrant}
Explains Warrant — Supports

RefersTo {Datum, Claim, Warrant, Folder} — {Folder}

3.4.2.2.4 Rhetorical Space

e Nodes:

StartNode (atomic)

ContentNode (atomic)

DocumentNode (composite) reference to another document
PathNode (composite): includes a node of type StartNode.
ExplorationNode (composite)

e Links:

FollowedBy StartNode — {ContentNode, PathNode},
{ContentNode, PathNode} — {ContentNode, PathNode}
ExploredBy ContentNode — ExplorationNode

XRefTo {ContentNode, PathNode} — DocumentNode
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3.4.2.3 Available operations on hypermedia objects

In this subsection a short summary of the available operations at the user-interface is given.
SEPIA supports a clipboard functionality with the well-known cut-copy-paste operations.
These operations can be applied on single nodes and links as well as on selected hypertext
structures:

3.4.2.3.1 General operations:

e Cut of nodes and links to clipboard
e Copy of nodes and links

e Paste of nodes and links

The following enumeration shows the available operations on the hypertext structure. Not
all operations are available in every authoring space but these differences are not of particular
interest here. As mentioned before, they depend on the offered functionality of the specific
authoring space. The operations are performed on HMObject*® which is a unified datatype
that is used for representing nodes and links. Because of that, the list describes the operations
as methods on a fictive HMObject:

e Create a node resp. link of a specific type (text, audio, graphic, composite, . . .))

e Remove an HMObject

e Rename an HMODbject

e Move an HMObject

e Set an activity marker on an HMObject

o Release the activity marker of an HMObject

e Create a new content for an HMODbject (text, audio, graphics, composite if allowed)
e Show the contents of an HMObject.

o Edit the contents of an HMODbject.

e Remove the contents from an HMODbject.

e Convert the type of an HMODbject to a new (allowed) one.

23HyperMedia Object
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3.4.3 Document Model: Construction Kit

In the following the SEPIA construction kit is described. As mentioned before it is not part
of the current implementation. To get an impression of the SEPIA concepts, its intentions
are summarised here. The reader should note that the document model has significant
influence on the hypertext as a final product and thus is not so much related to the purposes
of this document. However, a deeper understanding of the hypertext structure could help
us to learn something about data modelling requirements. This presentation is based on the
detailed proposal of the construction kit which can be found in [THH91].

When reading hyperdocuments two difficulties can be identified that are related to the
reception of hyperdocuments:

e First, it can be difficult to find the way in a complex hyperdocument. Readers get often
"lost in hyperspace’, i.e. they do not know where they are in the overall structure of the
document, or where to go next or how to reach a desired destination.

e Second, it can be difficult to understand a hyperdocument. Readers have often prob-
lems to understand the context of all the text distributed over various nodes. In that
case, they fail to develop an understanding of the document as a coherent entity of
closely related facts. Instead, they tend to see it as an aggregation of loosely related
chunks of information.

The basic design options of a hyperdocument are nodes and links. In order to increase
the coherence of a hyperdocument, nodes and links can be enriched with properties which
facilitates the recognition of coherence relations. The resulting set of design objects consists
of specific node and link types which can be used as building blocks for the creation of hy-
perdocuments. They allow a large variety of structures ranging from linear hyperdocuments
to non-linear, interconnected documents. In any case hyperdocuments are modelled as a
graph of typed nodes and typed links.

An authoring system has to provide design objects with specialised semantics so that authors
are able express their ideas decisions in order to perform their tasks. Therefore, three main
components are proposed that are suited to represent final as well as intermittent solutions:

1. Contentparts: For the generation and selection of relevant information there is a content
part. Content nodes consist of different kinds of information, e.g. text, graphic etc.
Each content node carries a name and may represent information, e.g. facts, opinions,
claims etc. Atomic content nodes may contain a variety of data, and form an entity
which can not be subject to further separation. Atomic nodes with external sources
manage the access of information stored outside the SEPIA storage system. In contrast
to atomic nodes, composite content nodes carry substructures consisting of atomic
content nodes resp. composite content nodes.

Content links establish substantial connections between these nodes. The semantic
relationship between source and destination node can be seen as destination serves
source resp. source is explained by destination.
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Figure 3.8: Design object hierarchy

2. Organisational parts: For the structuring of information an organisational part is
needed that serves the purpose of structuring and organising information under a
reader-oriented perspective. Structure nodes can be used to organise the contents in a
specific manner while structure links are regarded as coherent relations for the connec-
tion of document parts. The objective is to adapt the document to the needs of different
readers.

Structure nodes comprise a subset of nodes and links of the content part and are
implemented as composite nodes. Each structure node carries a name and has a
starting node. Two kinds of structure nodes are distinguished which assign different
degrees of freedom to the reader’s navigation.

(a) Sequencing nodes represent author-defined reading sequences through specific
parts of the content net. Thus a sequencing node can be regarded as a predefined
path providing navigation through the content net.

(b) Exploration nodes represent a subset of the content part. In contrast to sequencing
nodes they do not provide additional ordering of the content nodes, thus the
reading sequence is not determined in advance.

3. Presentation parts: The presentation part covers the aspects of different presentation
styles corresponding to the design objects. Each node contains another specific type of
information that requires a specialised presentation.

The above observations are centrally based on the notion of coherence. The construction kit
is a tool kit that present several design objects and rules for the creation of hyperdocuments.
In [THHO91] the design object hierarchy has been presented in figure 3.8

SEPIA is, based on the analysis of the cognitive process of authoring, founded on the activity
space concept. Each activity space is related to support specific activities of the authors,
like planning or gathering information. The three components of a hyperdocument that are
proposed here (content, organisation and presentation part) are planned to be the output of
SEPIA’s rhetorical space. This space should provide assistance for the creation of document
structures that consider the described types of nodes and links.
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3.4.4 Social Model of Cooperation: Cooperation Modes

As described in section 3.2.3 the objective of environments like SEPIA is the support of com-
munication and coordination facilities for groups of authors. The competing requirements
are to provide concurrent work without isolating the authors from each other and thereby
to preserve the consistency of the hyperdocument. Following the argumentation of section
3.1.1, blocking of users contradicts the requirements of the CSCW application domain and
should thus be reduced to a minimum.

A group that processes a task collaboratively, needs the ability to access a shared information
base that contains the working product. In case of cooperative authoring an information
base is a document base for co-authoring. During the group work different situations have
to be distinguished. In the first place cooperative workers can work on different parts
of the document base at the same or at different times. This working situation is called
individual work. The second situation is the concurrent access to the same parts of the
document base, called loosely coupled work. In this situation awareness of co-workers
presence and activities is required to fulfill the coordination needs. The third case is the
cooperative®* access to common parts of the document base. This scenario is considered as
tightly coupled work. When co-workers are going to solve a problem together they establish
tightly coupled work. For this SEPIA provides additional communication channels and a
shared environment including a common view on the document base (WYSIWIS).

The three described collaboration situations are distinguished in the authoring situation as
it is realized in SEPIA [SH93]. The cooperation process proceeds by shifting between the
above situations. The transitions are driven by the actual need for cooperation which arises
from the state of the work and the next goals that are to be achieved. Therefore, smooth
transitions between these modes have to be supported.

CSCW applications like cooperative authoring scenarios require a shared document base for
supporting the described cooperation model. The concurrent access of common document
parts by multiple authors needs to be synchronised with adequate synchronisation strategies
to guarantee a consistent document base and to provide the authors with a consistent view
on the document. Furthermore strategies for ensuring awareness of co-authors work have
to be supported. In SEPIA, activity markers are used to signal the current status of an object
and update notifications are needed to inform other authors of latest changes for ensuring
a consistent view on the document base. In loosely and tightly coupled working mode
SEPIA applies the consistent view beside the document base to the user interface level, too
(position of objects on the screen and display style information; window sizes in tightly
coupled mode).

To satisfy the need for smooth transitions between the different cooperation modes, addi-
tional information which describes the status of the actual collaboration has to be recorded.
This mainly includes the users who are currently accessing an object. This additional infor-
mation is needed to establish state transitions among cooperating users and hence depends
on their current interactions.

?4In SEPIA terminology this kind of access is called ‘synchronous access’. Because this terminology is
sometimes a confusing we will avoid it here.
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In the following, some remarks to the system architecture have to be made to give an under-
standing of the implementation aspects of cooperation. SEPIA is based on a client/server
concept in which the whole information base is stored in a server database. The authors
are interacting with client interfaces that are requesting information from the server resp.
sending updates to the server database. Typical operations that the clients are sending to
the server are remove_node, edit_.node etc. These operations are treated on the server as
atomic units and thus will be executed in some order. Thus, different client requests are
executed as transactions while one transaction covers only one elementary state transition to
the hypertext structure®”. By serialising these operations the consistency of the data structure
is guaranteed.

The advantage of this concept is that authors are not isolated from each other because each
state transition gets immediately visible to all co-authors.

The disadvantage is that the clustering of a set of such state transitions into a single transac-
tion is not supported — this is not treated as an atomic unit. It follows that one author can
not e.g. create five new hypertext nodes and ensure that nobody is able to delete the first one
while the fifth is being created. Hence authors are not equipped with the ability to process
larger units of work in isolation and to make the results visible when they consider them to
be stable. This disadvantage could be resolved by supporting operations Begin-Transaction
and End-Transaction to the authors. The decision to make results visible would be up to the
authors. Depending on the concurrency control method this approach would lead in most
cases to locks of long duration (2PL).

3.4.4.1 Cooperation Modes

The described collaboration modes need further investigation and are thus described in
detail:

3.44.1.1 individual mode In this mode anauthor is working alone in one composite node
respectively activity space ?°. This means that any author working on an arbitrary composite
node that is not currently visited by other authors works in individual mode although this
work is part of a larger cooperative effort.

The case that one author is the only worker on the contents of a composite node cannot cause
conflicts. The data is completely available for a single user without any access restrictions
due to synchronisation needs. In individual cooperation mode the specific author is able to
execute the generic operations that are available on the hypertext structure and described in
section 3.4.2.3. The individual mode assumes that an author works on disjoint data that is
not involved in the current work of other users.

?5We distinguish consistency of elementary data structures and consistency of the document structure. The
first one is preserved by the system, the latter one has to be preserved by the authors.
26Remember: activity spaces as well as the whole project are implemented as composite nodes
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3.44.1.2 loosely coupled mode The loosely coupled mode supports the work of more
than one author in a composite node. When multiple authors are editing the contents
of the same composite node, they share this part of the hyperdocument structure. When
two authors are accessing the same composite node, SEPIA automatically sets up a loosely
coupled session among the concurrent users. A session is at least constituted by two co-
authors. This can be dynamically extended or reduced over runtime. If only one author
remains in a session the loosely coupled session is finished and continues as an individual
session.

To deal with the concurrent access of shared data there have to be concepts for ensuring
consistency of the authors work. SEPIA tries to solve this problem with a typical CSCW
approach. Authors are able to recognise presence and action of their co-workers in the same
composite node (group awareness). This gives the authors the ability to detect conflicts
by themselves and coordinate their current work. Nevertheless each author can navigate
independently through the document.

Before SEPIA performs operations on objects, they have to be selected. If an author selects
a node or link, the corresponding object is marked and is displayed in a different colour
on the authors display. This can be treated as a user-lock mechanism. Simultaneously the
collaborating activity space browsers are notified to change the colour of the selected object
(activity markers). Locking of atomic nodes is used to avoid counter-productive actions like
moving a node by two different authors. The name of the lock-holder is always displayed
on the corresponding nodes. Furthermore SEPIA shows a status line with the names of all
participating users. When a user enters or leaves a session, the co-workers are additionally
notified with a doorbell.

This can be seen as a social coordination protocol that notifies authors about the nodes their
co-workers have touched and about new as well as leaving participants (group awareness).
The notification takes place on the user interface level (visualisation of activity markers,
status line information, doorbell). This protocol delegates the responsibility for the correct
interleaving of performed actions to the authors.

It has to be mentioned that there are no explicit access permissions on the node level de-
pending on the authors tasks resp. roles in the overall process. This cooperation mechanism
is based on the assumption that authors are trusting each other.

In the loosely coupled mode the authors can disappear independently from the common
work-context by leaving the composite node or the corresponding activity space or by
entering another composite node.

On the user interface level each author has his own view (content and size of the window)
and can scroll and resize it independently.

3.4.4.1.3 tightly coupled mode The tightly coupled mode offers the opportunity for a
very close cooperation between a bumber of authors.

A prerequisite for using the tightly coupled mode is that the involved authors are editing a
common composite node in loosely coupled mode. To change into the tightly coupled mode
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one author has to ask his co-authors explicitly for a joint session. If they agree the tightly
coupled mode is established.

While the loosely coupled mode synchronises authors that may work on more or less different
tasks, the tightly coupled mode is moreover regarded as a tool for solving common problems
together. Hence, more support of real cooperation is required instead of awareness facilities
for synchronising independent tasks (loosely coupled mode).

In order to perform synchronous cooperation on a shared composite node the following
functionality is provided:

e Shared views by enforcing synchronised browsers:

The editing of a composite node in tightly coupled mode is supported by SEPIA by
enforcing shared views for all participants. Therefore, all browser windows in tightly
coupled mode have to display the same part of the composites content and must have
the same size. Scrolling in one of the browsers must lead to scrolling events in every
co-authors browser. This means that all changes to window sizes and scroll bars are
immediately broadcasted to all authors. New windows on the user interface level that
come up by opening the content of a node appear on all screens simultaneously. This
makes sure that all authors view exactly the same parts of the hyperdocument structure
and the same node contents.

e Telepointer:
A telepointer is a cursor controlled by one user that appears on all of the collaborating
user screens. A telepointer option for pointing on objects visible in the shared view is
provided in tightly coupled cooperation mode. The system accomplishes telepointers
by visualising the mouse pointers of all participants. The different telepointers are
marked with the names of the authors. It is not possible to perform actions with
telepointers.

e Meta-communication facilities for additional information exchange:
If authors are working in tightly coupled mode it might be necessary to have further
communication facilities. Therefore SEPIA provides the usage of digital audio and
video channels. When a meta—communication channel is established telepointers help
to make make communication more natural.

On the structural editing level this is of course only meaningful if shared views are
enforced by using the tightly coupled mode.

For concurrent editing of atomic nodes, the external graphic editor WSCRAWL is used. In
tightly coupled mode WSCRAWL is used in joint editing mode.

3.4.4.2 Mode transitions

The SEPIA system implements automatic transitions from the individual to the loosely
coupled mode. The tightly coupled mode can only be reached on user demand.
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3.4.4.3 Cooperation on the level of atomic nodes

Beside the different cooperation mechanisms on the hypernetwork structure that are de-
scribed above, SEPIA provides tools for editing the contents of atomic nodes. The graphic
editor WSCRAWL, the AudioTool and the picture editor XV are external applications and
thus not part of the SEPIA implementation itself.

Text-editor: In the currentimplementation of SEPIA, there is no cooperative integrated text-
editor. That is why there is up to now no joint editing for text nodes possible. The
text-editor in the current version of SEPIA deals with a time-stamp based concurrency
protocol. While different users are editing concurrently the content of the same text
node, the user who saves first wins. The concurrent work of other users will be lost
in this case. There is no notification mechanism implemented that informs other users
about the problem when the first user is going to finish.

Graphic Editor: The external graphic editor WSCRAWL supports joint editing. Multiple
authors can edit the same graphic together in a special joint editing mode. The edit
mode is selected when the application is launched.

If two authors are editing the same node in the single editing mode the changes of
the user who saves last are valid. WSCRAWL does not notify its users when they are
working in single user mode on the same document.

For atomic nodes with graphical contents the graphic editor WSCRAWL supports
telepointers, too (joint editing mode).

3.4.4.4 Comparison of cooperation modes

The following table summarises the differences of the SEPIA cooperation modes. Besides
the different cooperation mechanisms on the level of editing the hyperdocument structure it
shows also the different behaviours of the editing tools on the atomic node level.
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| | individual mode | loosely coupled mode | tightly coupled mode |
precondition for || editing of a editing of a editing of a
activation composite node by composite node by composite node by
one author multiple authors multiple authors and
successful request for
tightly cooperation
activity — group awareness group awareness and
coordination (activity markers, telepointers;
doorbell, status line additional
of composite meta-communication
browser) channels
concurrency: serialisation of client operations by SEPIA-server
elementary client operation executes conceptually as one transaction
operations (move_node, create_node)
notification of updates (broadcasting mechanism)
user interface independent view independent view enforced shared
and operations and operations views
text nodes Text-editor with optimistic time-stamp protocol
graphic nodes WSCRAWL WSCRAWL WSCRAWL
(single mode) (single mode) (joint mode)

3.4.5 Implementation
3.4.5.1 Architecture and Implementation

To get a better understanding of SEPIA’s cooperation facilities SEPIA’s underlying system
architecture needs further investigation.

The current SEPIA implementation is based on the client/server concept.

On the server site resides a single user database acting as a hyperdocument database for
storing objects persistently. The single user database executes one request after the other
and has no concurrency control component. The different client requests are queued in an
additional system component (bottleneck server) that acts as broadcast component (figure
3.9).

The client site consists of the user interface and a local workspace carrying all objects that are
needed for the actually performed work. The local client workspace is treated as cache be-
cause the clients have transient object copies in their workspaces. These copies are visualised
at the user interface and thus are subject to the user interaction.

For supporting the social cooperation protocol the hyperdocument objects carry special
activity marker information in additional attributes. Additionally each composite node
carries a list of users that have currently opened the node. These additional data are used for
providing group awareness as well as establishing communication channels between users.
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SEPIA Client SEPIA Client
Cache Cache
operation: updated objects operation:

€.g. rename_node

e.g. move_node

CITTT T request Queue
Broadcast Server

rename_node
move_node

' SEPIA Server -

Figure 3.9: SEPIA architecture of current implementation

On top of the single user database, a broadcast component is placed that communicates with
the SEPIA clients. The broadcast server receives change notification from any SEPIA instance
modifying an object. It broadcasts this information to all other clients. These messages are
received and processed by Broadcast Listener Processes that are associated with each SEPIA
client. This mechanism ensures consist views on the document among cooperating SEPIA
clients.

The bottleneck component on top of the database receives all client requests and queues them
before they are directed to the database. The queueing of operations guarantees that server
requests cannot interleave. This policy preserves the consistency of the basic datastructures
representing the hyperdocument. Due to the fact that server requests are always operational
units that map the database from one correct state to another correct state anomalies can not
occur .

E.g. aloosely coupled session is set up when an author opens a new browser on a composite
node which is already in use by one or more co-workers. The new browser retrieves the
contents of the node from the database and updates the list of concurrent users (attribute in
the composite node object). This update is broadcasted to every SEPIA client. The Broadcast
Listener Processes are processing with these incoming notifications by performing server
requests that load the new node values into the clients cache. Afterwards the node contents
is updated on the screen. Thus the execution of modification actions by one author is
broadcasted to all clients and the client application itself retrieves the new values from the
database. This mechanism may corrupt actual user requests on the client that are not yet
submitted to the server.

The described mechanism enables the dynamic adding and removing of users to running
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sessions. This concept is the basis for forming ad-hoc groups as the need of the authoring
process arises. The serialisation of client requests by the bottleneck component preserves the
consistency of the elementary data structures. It is an important note that the server does
not provide any primitives for executing activities of longer duration.

3.5 Cooperative document authoring requirements for the TRANSCOOP
specification language

In this section, we examine the requirements resulting from analysing the cooperative au-
thoring scenario to determine how they impact the design of the specification language.

A specification language should not bother scenario designers with all details of one concrete
synchronisation mechanism. It is moreover achieved to derive language constructs with
clear semantics that are on a high level of abstraction and thus as independent as possible
from concrete synchronisation mechanisms. An advantage of such a language would be
the opportunity to translate it to various transaction models providing a specific predefined
functionality.

Basic concepts for a specification language that satisfies the coordination needs from the
cooperative authoring environment are [RS]:

e Definition of activities and their externally visible execution states
¢ Definition of legal transitions between these states

e Definition of conditions that enable transitions between these states and their properties
(rejectable, delayable, forcible)

To describe the cooperative authoring environment in such a specification language, the dif-
ferent authoring activities and their logical dependencies as well as the possible concurrency
aspects, have to be specified.

Beside these properties, which can be found in most workflow specification languages, there
are some requirements that are characteristic for the cooperative authoring domain, e.g.
the need for specification facilities to describe notification events. Events can be database
updates as well as user interface events. For close cooperation in the authoring scenario
the simultaneous processing of user interface events is required. Furthermore it should
be possible to distinguish the different data copies in a client/server environment at the
specification language level.

The derived specification language requirements are based on results of the application
analysis. The analysis process itself has been performed by following the guidelines from
Chapter 2. This description distinguishes three aspects that were taken into consideration
during the analysis. The specification language requirements are ordered due to these
aspects:
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o Activity aspects: this category deals with all questions that belong to the structure of
the working process. This means the decomposition of work, dependencies between
different tasks, control flow issues etc. The objective is to ensure a correct processing
of work according to the application semantics.

e Data aspects: the goal of this category is the investigation of data that is processed by
the application. It captures requirements about availability of data and synchronisation
needs. Furthermore a possibly required distribution of data is analysed, e.g. properties
of distributed data copies were investigated.

e User aspects: this category captures organisational aspects. The relationships of users
are reflected as well as access restrictions depending on the users role in the embedding
organisation.

Each of the following requirements were assigned to one of the above categories.

3.5.1 Requirements reflecting the structure of activities

1. Specification of the work process: The specification language should provide the
possibility to specify the activities that occur during the work process. This includes
basic activity definitions, the parameters passed to an activity, the constraints to be
satisfied before and after the activity executes. Furthermore it covers the transactional
guarantees that are required for the execution of a specific activity.

The description of activities by specifying their external visible execution states is a
well known approach in workflow specification languages as well as in advanced
transaction models for design environments. State automatons are an abstract model
for specifying the behaviour of an activity in terms of state transition diagrams. This
includes the specification of termination states. When an activity reaches a termination
state no further state transitions are allowed. States that are marked as breakpoints
define consistent activity states.

This high level requirement will become more concrete by the following requirements.

2. Hierarchical organisation of activities: The natural way of working in design processes
is splitting large tasks into smaller and more clearly arrangeable parts. According to
this procedure the work in the cooperative authoring process is usually decomposed
from activities into smaller subactivities.

The nesting of activities reflects the hierarchical breakdown of work in design envi-
ronments according to the design problem solving process in cooperative authoring.
Therefore the structure of activities reflects both the problem that is to be solved and
the organisation of the problem solving process.

Each (sub)activity that is part of a larger activity has its individual state transition
diagram depending on its characteristics (semantics). We can treat these state transi-
tion diagrams as the activity type. These and other properties have an effect on the
concurrency control and recovery mechanism that can be used by the scheduler.

Thus, the specification language has to provide constructs for structuring the work
process in a hierarchical way.
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3. Application specific correctness criteria: Serialisability is an unsuited correctness cri-
terion for cooperative environments. To support the cooperative working process in an
efficient way, new correctness criteria depending on the semantics of the application are
needed. Defining correctness means to describe all correct interleavings respectively
histories.

By assuming a need for supporting activity hierarchies, correct histories can be spec-
ified along this structure. For each activity in the hierarchy the execution rules of its
subactivities should be specified.

Application semantics do not only determine the allowed interleaving. In case of fail-
ures the correct behaviour is as well dependent on the application semantics. Since
activities are of long duration, treating an entire activity as an atomic transaction is
infeasible. Failures should not cause an entire activity to roll back. Instead, partial
rollback with forward recovery must be supported. Since an activity typically consists
of several transactions, some of which may already have committed, rolling back may
require compensation of subactivities. Forward recovery may involve restarting the
activity or executing alternate operations. The language should allow the specifica-
tion of compensation and alternate operations, and policies for rollback and forward
recovery. These policies may include intervention by sophisticated users.

4. Dependencies between activities: Dependencies define the linkages between activities
and thus form a data- and control-flow definition. Between activities there can be
different dependencies expressed:

(a) Value dependencies: the data parameters that are passed from one activity to
another must be expressible.

(b) Temporal dependencies: temporal dependencies are useful to trigger actions when
e.g. a deadline has occurred. This kind of dependency is related to the external
time. With interval timer dependencies certain activities can be forced to happen
after a specified period of time. Thus we distinguish temporal dependencies:

e related to an external clock
e related to an interval timer
(c) Commit/abort dependencies: [CR92a] introduces certain dependencies of this
type. Typical are:
e Finish dependency (finish, <finish,): activity, finishes before activitys,.
e Commit dependency (commit; —commity): activity; commits only if activity,
commits.
e Abort dependency: commit; —abort,: activity; commits only if activity, aborts.

(d) Conditional execution: it is useful to support enabling conditions to provide a
dynamic behaviour between activities.

3.5.2 Requirements reflecting data access aspects

1. Propagation of changes: When multiple users are working simultaneously on a com-
mon artifact they should be able to observe the changes made by others under prede-
fined circumstances. A short response time to reflect the own changes on other user
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interfaces and a short notification time, which is the time required for these action to
be propagated to everyone’s interfaces. This is a strong requirement for cooperative
authoring environments because the authors may work on related document parts
carrying out content-dependent changes that can not be detected by the system in all
cases.

The specification language should provide constructs to define notification events.
These events can depend on the status of data as well as on the status of concurrent ac-
tivities. When the work process requires that concurrent changes become immediately
visible, there is a need for corresponding specification support.

Events that causes notification are not necessarily database updates. In the SEPIA
system cooperation on the user interface level is provided by simultaneous processing
of user interface events (broadcasting of user interface events in SEPIA tightly coupled
cooperation mode).

2. Synchronisation between different kinds of data: In a cooperative authoring scenario,
different levels of data copies have been identified. In the analysis of SEPIA we
distinguished three kinds of data copies that can be characterised as follows:

(a) Data in the persistent storage system:
This data is persistent and usually contains all changes. In SEPIA every operation
on the client is sent to the server and executed on the server data. The main
properties of the server data are that it is durable and shared.

(b) Data in the client workspaces:

The client workspaces contain copies of the server objects that are actually ac-
cessed. These copies are manipulated directly in the client and sent back to the
server. There are two ways of communicating with the server: sending the exe-
cuted client operations to the server and re-execute them or sending the changed
object data of the server. Advantages and disadvantages of both mechanisms are
not discussed here. The data in the clients workspace is typically private and
volatile. Due to the fact that objects are first manipulated in the clients workspace,
these data is more up-to-date than the server data.

Having in mind that in design environments usually long lasting operations are
being processed, it is meaningful to have persistent client data. The advantage
would be that recovery operations could be executed in the clients workspace
with less server access.

(c) Data on the user interface:
The users view is based on this third category of data. It usually presents the
workspace data considering some presentation issues. This third kind of data has
to be taken into account because it is directly manipulated by the user. When
working cooperatively on a document, updates to the users view can cause no-
tification events and should thus not be processed deferred in other workspaces
(tightly coupled cooperation within SEPIA).

The specification language has to take these different copies of data into account.
It should provide facilities to distinguish them in two different ways. First respect
is the relationship between the persistent data, the client workspace data and the
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user interface data. Updates to one of these copies may cause changes to the others.
Second point is the desired consistency between different client workspaces resp. user
interfaces. While the first aspect could be treated as vertical synchronisation, the second
reflects horizontal synchronisation issues.

User interface events and the related data are processed by components of a cooperative
system architecture while the properties of client and server data are of importance for
the transaction model.

3.5.3 Requirements reflecting structural aspects of the organisation

1. Assignment of resources to activities: Operations of an activity may be performed by
humans or other organisational resources. The same person can dynamically assume
different roles for different operations. Access constraints and organisational (e.g.
role resolution) policies must be defined to govern the assignment of resources to
operations.

2. Group support: As described in the cooperative authoring scenario there is a need for
supporting pre-planned and ad-hoc formed groups. A group is a set of users that is
characterised by some common properties:

e a common activity that has to be performed
e rules for the execution of the activity

e rules that describe events on which group members are notified

Usually an activity consists of subactivities and database method invocations build
the leafs of an activity tree. For an activity performed by a group of authors the
execution rules might allow full visibility of concurrent updates. Besides the execution
rules that describe how an activity is processed by a group, group members should
be notified about each others work. Therefore notification events depending on the
activity semantics have to be specified.

Furthermore a group needs besides mechanisms for information sharing through the
database, external communication facilities. They are not considered by a cooperative
transaction model but may be of importance for other components of the TRANSCOOP
system architecture. Thus it is meaningful to provide corresponding specification
facilities. E.g.in certain authoring situations it may be allowed to establish an additional
communication channel.
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Chapter 4

Analysis of Application Scenarios: Design
for Manufacturing

The scope of Design for Manufacturing is the engineering design of complex discrete prod-
ucts. Examples of complex products are aeroplanes and X-ray diagnostic systems for medical
purposes. An essential part of DM is the early involvement of specialists from downstream
processes' like production engineering and manufacturing in the upstream design process.
DfM can be seen as a minimum variant of Concurrent Engineering [Ide93]. DfM deals
mainly with manufacturing considerations in the design phase, where Concurrent Engineer-
ing takes many more considerations into acount. By studying cases from industry we trace
the characteristics of cooperation in DfM.

In section 4.2 we give an introduction to Design for Manufacturing by comparing DfM to the
traditional process of product development. In section 4.3 we give an overview of design
and manufacturing activities which are relevant for Design for Manufacturing. Section 4.4
gives an overview of the requirements for the information systems to support DM activities.
The three cases that have been studied in more detail are presented in Section 4.5. The three
cases are: the Philips Medical Systems case, the cooperative aircraft design case (taken from
literature) and the Fokker Aircraft B.V. case. Finally, in Section 4.6 we present the specific
requirements for the specification language as found in the cases.

4.1 Motivation and Related Work

Design for Manufacturing integrates as much as possible design, production engineering,
and manufacturing, and, hence, corresponds to a cooperative activity of designers, produc-
tion engineers, and manufacturing experts. This implies that the support of information

!A downstream process is a process which execution depends on the outcome of the so-called upstream
process. In this section design is an upstream process and production engineering, production planning and
manufacturing are downstream processes.
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systems has to be integrated too. This integrated information system has to be used coop-
eratively by designers, production engineers and manufacturers and this imposes certain
requirements on the system.

The information systems needed within the field of DfM, are still in the developing phase, due
to the complexity of the problems found in DIM. Not only does DfM require the manipulation
of complex data structures, but it also requires sophisticated mechanisms of cooperative
interactions to support the product development process. These are needed because the
product development process found in DfM, tries to combine the creative efforts of experts
from different fields. Within DfM, cooperation is found in different levels of the product
development project. It is found on the level of project management where people from
different departments within a company have to work together, but it is also found between
designers that closely work together in the detail design of a certain part.

For these reasons DfM can be considered as an interesting application area for finding
requirements for both the transaction model and the specification language that support
cooperative transactions.

Research in the field of Concurrent Engineering, of which DfM is a minimal variant, is done
in the DARPA Initiative in Concurrent Engineering (DICE) program. The most important
participant in this program is the Concurrent Engineering Research Centre (CERC) at West
Virginia University. See [CR92b, Cen91] for related publications.

DfM uses the principles of Computer Integrated Manufacturing (CIM) [Wal92]. Before
applying DfM, a good understanding of functional activities in design and manufacturing
is needed. This is found in [RY85], which was a result of the ESPRIT pilot project 5.1/34,
titled: “Design Rules for CIM (Computer Integrated Manufacturing)’. See also [UR93].

An overview of DfM can be found in [Ide93].

More information about the "Philips’-case can be found in [Ble94], together with an extensive
overview of literature with respect to (computer support for) engineering design.

4.2 Design for Manufacturing

When engineering new products, different kinds of approaches can be used. The tradi-
tional approach towards engineering new products is one in which actions are executed
in sequence. Over time, however, market demands change and the traditional sequential
approach no longer seemed to be the best one. New approaches like DM evolved.

To understand the reasons why DfM is applied, first the characteristics and limitations of
the traditional process are discussed. After that, the characteristics that distinguish the DfM
approach from the traditional approach are presented. In the final part of this section, the
consequences of DfM for computer support are presented.
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4.2.1 Traditional process

Traditionally the different specialists from design, production engineering, production plan-
ning and manufacturing work in a so-called “over the wall” approach. The order in which
activities need to be executed and the persons responsible are clearly defined.

When specialists of a certain department finish their job, they “throw” their plan or product
over the wall to the next department, which then can do their part of the job based on this
plan or product. Usually it appears that a subsequent department finds some shortcomings
or impossibilities that result in a throwback of the plan or product to one of the previous
departments. Consequently, a new product or plan needs to be produced, increasing the
number of product development cycles. In the end, after going through a number of cycles,
a completed product is delivered.

In figure 4.1 the process described above is shown.

engineering changes

]

product ; Production Manu- . physical
specification ——»  Design > EngineeringT > facturing P product

engineering changes

Figure 4.1: The steps in the traditional sequential product development process

The number of cycles and their wideness influence the time-to-market? for a great deal.
Because of the existing walls in the traditional approach, there is little information exchange
and the manufacturing aspects are considered too less in the designers phase. Problems
in the design therefore sometimes are detected in a later stage of the product development
process.

In the definition and design stages (design) choices are made which commit the final costs
of the product development process for a great deal. These costs are actually incurred in the
later stages of the product development process. The definition and the design stages have
thus a great influence on the cost development, while the actual expenditures take place in
the manufacturing phase. This is shown in figure 4.2 [And93].

Bad design choices, made in the design stage, may lead to a lot of effort (and thus costs) in
the later stages to achieve the desired quality. A solution to improve the quality of design
choices is to increase cooperation by an early involvement of specialist from later stages.

Besides being cost effective and producing good quality, organisations need to be flexible,
be innovative and reduce the time-to-market for their products to be competitive. By being
flexible, organisations are able to adapt to new situations in the market quickly, while
innovativity is important as this creates opportunities to pull customers to an organisation’s
market.

*>The time-to-market for a product is the time between the concept start and the commercial release of the
product.
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Figure 4.2: Development of costs.

4.2.2 Adapting the traditional process to current demands: applying DfM

To better fulfill market demands like low price, high quality, flexibility and innovativity the
traditional sequential process needs to be adapted.

In this paragraph the characteristics that make DfM a better approach, are discussed. In the
following section the activities that are part of DIM are presented.

The main characteristic of DfM? as opposed to the design phase in the traditional process, is
the concept of early involvement. By involving production engineers, production planners
and manufacturers in the design process, this stage may take more time. Because problems
in the design are detected earlier, fewer design cycles are necessary and therefore total
development time is decreased, though.

As production engineering, production planning and manufacturing aspects are considered
early in the development process, products are more likely to be produced in “the best
possible way”. To achieve this goal, often, so-called tiger-teams consisting of experts of all
stages are used during the whole product development process.

Because process planners and manufacturers are provided with small batches of (maybe
partial preliminary) information earlier, they can start off with parts of their jobs earlier. In
most cases this also leads to a decrease in the time-to-market.

As a result of the early involvement, some of the activities within DM can, and usually
will be executed concurrently. Letting people work concurrently implies that coordination
and control are required. This means that frequent exchange of (mostly small batches of)
information is necessary, but it also means that its members need to work in a systematic
way.

The difference between the traditional sequential and the adapted approach (in which DfM
is applied) is illustrated in figure 4.3.

Within DfM the different stages (and substages) of the product development process overlap.
Because of this reason it is difficult to point out the exact transitions between the stages.

3 All the other characteristics to be discussed are related to this main characteristic.
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Figure 4.3: traditional process and DfM-applied-process in time

To guarantee the continuation of the product development, formal transition points are
introduced. These transition points are known as milestones (the ‘Philips” & ‘Fokker” case),
and they are often predefined by stating the required deliverables. They involve a formal
evaluation of the status of the product development project.

Although free riding of team members and costs for coordination of the team members
are disadvantages of working in teams, cooperating with different disciplines improves
flexibility and the level of effort often is increased.

4.3 Design and Manufacturing Activities

The DfM approach stands for a closer cooperation between specialists from the different
disciplines like design, production engineering, production planning and manufacturing. To
understand this cooperation it is desirable to get an overview of activities of the participating
disciplines.

The origin of DfM lies in discrete manufacturing, which is for example applied in the metal
industry. Discrete manufacturing can be seen as the manufacturing of products that have
a finite three-dimensional geometrical shape. Such a product is often assembled of other
discrete items, which must be produced, assembled and held on stock in turn.

We realize that the type of manufacturing control (like small batch or mass manufacturing)
has a great influence on the way products are designed and manufactured. Still we will not
consider the differences in manufacturing control, because that would make our overview
unnecessarily comprehensive.

This section first explains the main functional activities that are applicable for design and
manufacturing. More detailed descriptions of the corresponding activities will be given in
table form. A discussion about coordination in cooperative design ends this section.
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4.3.1 Description of Design and Manufacturing Activities

The main activities in this section are design, production engineering, production planning
and manufacturing. They are based on a chosen Computer Integrated Manufacturing (CIM)
reference model that provides a functional description of all design and manufacturing
activities with a main focus on the metal industry. The latter is principally the case in the
presented tables, where is referred to specific metal manufacturing operations. However we
have tried to abstract from that as much as possible.

The CIM-reference model that we have used, has been developed in the ESPRIT-CIM 5.1 /34
pilot project [RY85]. This project was performed by Istel Ltd. (England), Centre for Mathe-
matics and Computer Science (CWI, the Netherlands) and the Computer Science department
of the University of Amsterdam (FVI, the Netherlands).

4.3.1.1 Design

The design activity starts with an informal product idea or problem description, that may
come from the marketing process or from other members of the organisation. First a rough
concept of the design is developed and presented in a design proposal. This proposal is
reviewed by different organisational disciplines resulting in a business decision.

When the design proposal concerns a complex product or problem, work breakdown struc-
turing must be applied, introducing coordination problems between the assigned design
teams. Decomposition techniques can support work break down structuring. The design
teams may consist of specialists from different design disciplines like (among others) me-
chanical, electrical, pneumatic and systems engineering, and specialists from downstream
processes like production engineering and manufacturing. Cooperation between teams and
team members is a prerequisite to achieve the final product development goals.

Design analysis, prototyping and reviewing techniques are used to ensure the correctness of
the design (decisions) with respect to the previously specified requirements and the extant
possible manufacturing processes. Information about the extant manufacturing processes
is often present in the form of company handbooks, knowledge bases or just manufactur-
ing people. If a designer specifies that a certain operation must be performed, it must be
checked whether it is manufacturable with the present equipment or methods. Manufac-
turing specialists have the knowledge to evaluate the manufacturability aspects of design
choices.

Design modifications must be processed in a coordinated and formal manner, because a
modified product could have relationships with other products, that might be changed as
well. It is mostly important that the latest version of the design specification is available.

The design teams produce detailed specifications about shapes, materials, part lists and
instructions meant for production engineering and manufacturing. These specifications are
stored in such a way that they can be accessed by distributed team members or by other
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teams. Other processes in the organisation (production engineering, production planning,
but for example also marketing) could make use of preliminary information. Management
of design versions therefore plays an important role in the product development process.

A complete design specification of all parts of the product evolves in time and is used by
other disciplines. This design specification is in the form of a product model.

In table 4.1, a description is given of the most important design activities.

Table 4.1: Design activities
activity description
Concept design A design proposition is made on the basis of a given product
idea or problem description. Solution principles for solving the
problem are evaluated and selected. The basic shape together
with geometry data will be determined.
Engineering design | Based on the concept design proposition a part list of the design,
material and the nominal geometry is determined.

Detailed design The geometric modelling of all parts is worked out and a detailed
part list is generated.
Design analysis With the use of finite element analysis methods*and/or other

modelling techniques it can be predicted by simulation if the
design will satisfy given specifications.

CAD administration | This activity is responsible for the planning & control of the design
process and data management.

Design modification | For controlling design versions it is necessary to formalise all
& engineering | requests for modifications and manage the consequences of en-
changes gineering change propositions.

Engineering proto- | This deals with making a prototype of the design.

type build
Engineering test With the use of a prototype an empirical evaluation in practise
can determine the satisfaction to the given specifications.

4.3.1.2 Production Engineering

Production engineering is the set of activities that determines how the parts of a design should
be manufactured®. This includes an evaluation of the different proposed manufacturing
technologies and results in the selection of one of these technologies. For this, cooperation
with design and manufacturing specialists is necessary.

In case new manufacturing equipment needs to be developed, production engineering is
responsible for its design and manufacturing. This may include plant layout, material

4Finite Element Analysis (FEA) method is a mathematical technique to solve differential equations. FEA is
used to determine stress and vibrational characteristics of a product and of many other calculations in such
fields as heat transfer, thermodynamics, fluid dynamics, metal fatigue, etc.

3 Any place in this document where manufacturing is considered, assembly could also be considered.

Copyright © TRANSCOOP Page 69



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

handling equipment and assembling equipment. When existing manufacturing equipment
is used, only additional manufacturing tools must be designed and manufactured.

Production engineering takes care of the generation of process plans and manufacturing in-
structions. A process plan defines the manufacturing operations, the sequence of operations
and the (type of) machines that must be used.

In table 4.2, a description is given of the most important production engineering activities.

Table 4.2: Production Engineering activities
activity description
Process planning The set-up of an operation plan that describes which types of op-
erations and which machines can be used and in which sequence
of operations the product can be made.
Plant layout Determination of which machines and what formation are needed
on the shop floor to reach product volume demands.
Part programming | The generation of an instruction set required to machine a com-
ponent in the determined manner.
Production tool and | The design, specification (and manufacturing) of the required
tixture design tooling and fixturing equipment for the different machines.
Material handling The design, manufacturing and control of equipment required to
store, transport, load and unload materials and products in the
manufacturing processes.

4.3.1.3 Production Planning

Production planning is the set of planning activities that covers the range from short-term
scheduling of production orders to long-term forecasting of product demands. Here it
is determined how many products at what time will be made and which manufacturing
equipment will be used. All this is recorded in production plans. Attempted is to achieve
a balance between meeting customer order due dates and the efficient use of available
manufacturing resources, like manufacturing equipment and operators.

(Preliminary) information about the parts and the proposed materials come from the product
model. Generated information like production plans are stored.

In table 4.3, a description is given of the most important production planning activities.

4.3.14 Manufacturing

Manufacturing is the making of a product out of materials on the right equipment and
according to the right manner specified in process and production plans. Depending on
the product in view, assembly can be considered as an important part of manufacturing.
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Table 4.3: Production Planning activities
activity description
Long-term planning | The determination of the required manufacturing facilities and
capacities on the basis of sales prognoses and historical (sales)

information.
Production The interactive process of levelling the order demands over the
planning production planning horizon. The goal is to achieve a balance

between meeting customer order due dates and efficient use of
available manufacturing resources.

Production The shop floor control activities which contain the scheduling of
scheduling machines for example on a daily basis.

Manufacturing activities include in general the storage and transportation of materials, tools
and (half) products before, during and after manufacturing operations.

In the manufacturing of complex products one will in general use computer controlled
manufacturing systems. Instructions that may come from production and process plans (the
manufacturing model) must be provided to computer systems and -operators in order to
start and control manufacturing activities. Information generated during the manufacturing
of products is stored and used for control and feedback to production engineering and
production planning activities.

In table 4.4, a description is given of the most important manufacturing activities.

Table 4.4: Manufacturing activities

activity description

Cutting tool & fix- | The supply of the machines with the required tools and fixtures

ture management like they are specified for a certain operation and the refurbish-
ment of used equipment.

Material The steady supply of the machines with the correct rough material

management and components/subassemblies and the knowledge about the
condition and location of such material.

Part program | The administration and control of the NC-programs and the con-

management version of programs in a form that can be read by (different)
machines.

Production The coordination of all previously described activities such that

management all production scheduling plans can be carried out and the control
of the progress of the manufacturing activities.

4.3.2 Coordination of Cooperative Design Activities

In the way we look at DfM, cooperative design is important. The aim of cooperative design
is to produce a design which is agreed upon by each team member.
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Team members in cooperative design can have different roles. Some of the most important
roles are listed below:

e team leader role : The team leader is responsible for the progress and coordination of
activities of the team members.

e designing role : Designers make and analyse design choices. When making design
choices, constraints on the design are introduced, deleted and modified.

Designers may come from different design disciplines like mechanical engineering,
electronical engineering, software engineering, etc. Which disciplines are involved,
depends on the kind of design in view.

e reviewing role : Reviewers evaluate and criticise design choices and propose modifi-
cations. They also can put constraints on the design, which must be satisfied. They act
as checkers with the ability of vetoing design choices.

Reviewers are specialists who could come from the design disciplines (possibly another
member of the design team) as well as from downstream processes, like production
engineering and manufacturing. The latter is of special meaning in the scope of DfM,
as described in the previous section.

Design proceeds by successive refinement of design models. New specifications evolve in
time because new insights are required or new design choices are made, which may lead to
new (detail) requirements.

Successive design activities are often organised with the use of commitment steps. A com-
mitment step is defined as a set of design choices that must be formally committed to by
a given time. Formally, this means that these steps have to be recorded for safety, liabil-
ity and quality reasons. Commitment steps are often embedded in formal organisational
procedures.

The commitment steps can take place by design review processes. In figure 4.4 an example
of such a design review process is presented. The design review process here consist of three
basic steps: evaluate, comment and vote. When voted, design choices are committed by all
specialists and these choices will further be used during the next step of the design process.
Design reviews are often planned ahead by project management.

Conflicting constraints (requirements) on the design, introduced by different specialists,
must be negotiated. This may result in relaxing certain design constraints. The negotiation
on one side could take place during design reviews resulting in a formal voting procedure.
On the other side (a group of) specialists can informally get in touch with each other to
exchange and negotiate design choices.

From the aspects mentioned above, it is clear that coordination is important, when coopera-
tive design is applied.
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Figure 4.4: The design review process

4.4 General requirements

In the following sections we will sketch the main characteristics of the information systems
that are (to be) used for supporting DfM. Section 4.4.1 deals with aspects concerned with the
organisation of information and Section 4.4.2 deals with the operations in the information
model. Before we look at the operation on the information itself we look at activities within
project management that control these operations.

4.4.1 Organisation of the information

The product model is at the centre of the information that is needed for designing an artifact.
During the concept design (cf. Section 4.3.1.1), the product model will often be represented
as a single set of related data (often called product constraints) which represent the solutions
that have to be taken to make a product that meets the initial requirements.

During detailed design (cf. Section 4.3.1.1) and product engineering (cf. Section 4.3.1.2) it
is not always possible to maintain a unified product model, and sometimes it is not even
desirable. For example in aircraft design we see that the experts from different disciplines
use their own models for the representation of a wing. In [BR92] it is stated that the experts
of the different disciplines do not even completely comprehend the models used in other
disciplines.

When it is not possible to use a unified product model, a complex product model will be
used that consists of a skeleton to which all the multiple product views are attached. Because
an artifact often consists of many parts that themselves consist of parts again, the skeleton is
likely to have a hierarchical structure. Within the field of discrete engineering the skeleton
is commonly found in the Bill of Materials.

We assume that all information in the complex product model is grouped in logical docu-
ments. The concept of logical documents is an extension of the usual concept of a document,
such that a certain logical document could also represent a certain view of the product. We
assume that the multiple product views are represented in different logical documents. In
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the remaining of the report we just use the word ‘document” when a ‘logical document’ is
meant.

The documents used during a design project can be divided into documents that contain the
information of the product model and into those that contain information about the design
process. Information in the latter ones is also referred to as strategical information. The first
kind of documents we will call the primary documents because they are directly related to
the product model. The other documents will be called secondary documents. These contain
information necessary for project management and often refer to primary documents.

In the following sections the product model and the documents, divided into primary and
secondary ones, will be described in more detail. Although we have tried to discuss all
the different aspects of the informations system in different paragraphs, some overlap is
inevitable, due to the complexity of the information system.

44.1.1 Product model

We noticed that both unified and complex product models are being used at different stages
of the product design. Whether a complex product model will be used depends strongly on
the nature of the artifact. In some cases several different (but related) models are used in the
different design stages. We assume that the principles that apply to a single product model
can also be extended to multiple models.

4.4.1.2 The unified product model

During the concept design (and possibly also during the detail design of a certain component
of the product), a unified product model is used to represent the artifact (or part of it). The
unified product model is often stored in a single document, for example as a 3-dimensional
drawing or as a (product) constraint database. Because of the dynamic way in which
the unified product model is manipulated by one or more engineers, there is usually no
versioning available. It may happen that several variants, representing different solutions,
may exist in parallel as long as no final decision has been made made about the solution that
is chosen.

4.4.1.3 Product constraints in the unified product model

There are many ways to categorise product constraints. There are approaches in DfM that
consider each datum that defines the product in a certain way, a constraint. We will not
follow that nomenclature here. Because we are focussed on describing the information
model, we will divide the constraints into implicit and explicit constraints.

Implicit product constraints are the constraints that are implied by the modelling techniques
that are used to represent the product model. If, for example, solid-modelling® is used it

6Solid modelling is a technique by which the geometrical properties of an artifact are represented by a
number of 3-dimensional solids.

Copyright © TRANSCOOP Page 74



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

means that the product is represented by solids. The data representing a certain solid have
to meet certain criteria to be correct. It is usually impossible that two solids overlap in space.
This restriction leads to all kinds of explicit constraints. The kind of constraints that can
be expressed by implicit constraints are a result of the predefined data-structures used to
represent the data in combination with the explicit database constraints that apply to these
data. The checking of the implicit constraints is often done automatically by the tools that
are used to manipulate the data. An example of the latter is static type checking in a typed
specification language.

Explicit product constraints are constraints that have to be expressed explicitly by means of
a (logic) specification language. These constraints can be of arbritrary complexity. Explicit
constraints are mostly used in the preliminary design stages. In some cases, testing the
constraints can be a complicated task, like for example an aerodynamic constraint of a wing.
For simpler problems, constraint managers are being used which are able to reason with
constraints that are represented in a certain form.

There is another classification of product constraints, orthogonal to the one above, that
we would like to mention. The classification is the following. Some constraints simply
may never be violated (like “the plane has to be such that it can accommodate at least 70
passengers”). This may seem obvious, but there is another class of constraints: the deontic
constraints. For example: “the distance between two passenger seats should be at least
z meter”. We want deontic constraints to be satisfied, but their violation does not cause
disasters to happen. You could also call such constraints non-fatal.

It is also possible that some predefined activities have to be carried out upon notice of the
violation of a deontic constraint. E.g., when the constraint about the distance between seats
is violated, one could decide to diminish the number of seats in the plane or to make it longer.
We call this corrective actions.

44.1.4 The complex product model

Once the amount of information becomes too large, the product model is often represented
as a skeleton and a set of related documents. The skeleton can be viewed as a set of objects
(components) and relationships between them. Because most artifacts have a hierarchical
structure, the skeleton product model will reflect this hierarchical structure. In other words,
the skeleton consists of a tree that describes how the artifact can be divided into parts, which
themselves can be divided into parts, etc.

In some cases this tree is also used as the production model that states how the parts are
assembled together. This is, for example, the case with COPICS (Communication-Oriented
Production Information and Control System, cf. Section 4.5.1.4), which is actually a logistic
system used during production engineering and manufacturing in the ‘Philips’-case. We
observed that this system was also being used during the detailed engineering of their
products where it serves as a skeleton for the product model.

In other cases the subdivision is standardised by a coding system that gives a unique code
to each of the components. These coding systems have a hierarchical structure were a new
coding is extended at each level of subdivision.
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We note that in some cases, where a line of products is developed, it is possible that the trees
of different products have whole branches in common. In this case it is not correct to talk
about trees, but is it better to talk about Directed Acyclic Graphs (DAG).

4.4.1.5 Explicit relationships

Besides the top-down relationships between the components and their subcomponents there
may also be horizontal relationships between components on the same level. These relation-
ships are often called explicit relationships, because they are not implied by the hierarchical
structure. The explicit relationships can be between sibling components (e.g. components
that are part of the same (super)component) or between components in completely different
branches. It is even possible that there are relationships that are not strictly horizontal, but
cross the levels in the hierarchy. An example of this is the relationship between the packing
material (used only for shipment) and a certain small part of the artifact, that has to be
assembled (installed) on site. The packing material is usual on a high level, while the part
could be at a very low level.

4.4.1.6 Versioning of the skeleton

If for some reason the skeleton of a complex product model has to be changed, a version
mechanism might” be needed. The COPICS system, which was used in the ‘Philips’-case
has a limited versioning system per component in the hierarchical product model.

4.4.1.7 Product constraints in the complex product model

Once the product model is represented by objects and links, the product constraints are
likewise divided. There are constraints that apply to a single component (we call these intra-
component constraints) and there are constraints between components (we call these inter-
component constraints). This division, however, is not obvious, because an intra-component
constraint on a certain component can be an inter-component constraint between two of its
subcomponents. The inter-component constraints can be divided into those that appear
between siblings (components that have a common super-component) and those that are
associated between explicit relationships. Often the explicit relations are identified because
of existing inter-component constraints.

It might be clear that the representation and the management of constraints in the complex
product model is not a trivial problem.

"We speak about explicit versioning, which should not be confused with versioning as a well-know technique
for enforcing correctness in a concurrent transaction. This remark applies to the whole report.
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4.4.1.8 Primary documents

As we saw in the previous section, the complex product model consists of a skeleton and
documents containing specific information of the product model. This information includes
the product constraints as well. We will use the concept of a document in a much broader
sense than only documents that are printed on paper. We would rather define it as a collection
of information that is represented and modified as a whole. Examples of documents are:
bills of material, solid models, any kind of tables but also sets of explicit product constraints.

Each primary document can be associated with a component (or an explicit relationship
when it specifies the interface between two components). Each component can have several
documents associated with it, which contain information about different aspects of that
component. E.g., a piece of computer hardware could have a document describing its
form, a diagram explaining the purpose of its connectors and a formal specification of its
functionality. Documents themselves can make references to (sub)components.

4.4.1.9 Versioning of the documents

Especially in the detailed engineering stage of the design process, there is a need for ver-
sioning of documents. If more than one version of a document is kept in the information
system, versions can be divided into: current, historical and being-updated versions (work-
ing copies). Several versioning mechanisms are possible. Most versioning mechanisms
allow only a single version to be the current version. In situations where co-operation sup-
port is needed, it might be possible that more than one working copy of a document exists.
Not all systems keep historical documents on-line available.

Especially during concept design, different alternative solutions are studied in parallel. For
this reason parallel versions of a document may be needed.

Special attention should be paid to the versioning of documents where the contents is built
(retrieved automatically) from the contents of other documents (cf. Section 4.4.1.11). The
version of such documents should depend (by some method) on the versions of their source
documents.

4.4.1.10 Constraints between documents

In a certain way the same things that apply to a unified product model, regarding constraints,
also apply to documents that represent a certain view of the product or deal with a certain
component in the product.

As we saw, the constraints can be divided into intra- and inter-component constraints.
Analogously, we can also make a distinction between intra- and inter-document constraints.
From the assumption that all information (including constraints) is kept in documents, it
means that all inter-document constraints have to be kept in documents as well.
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Inter-document constraints lead to inter-document dependencies. This is especially impor-
tant with respect to the versioning of documents (cf. previous section). Inter-document
dependencies are related to the methods in which new versions of documents are made
current. It seems to be logical that versions of documents can only be made current if the
documents are correct with respect to the constraints. This is important in the context of
views: sometimes, (part of) a document will be a view on another document. Consistent
versioning is a prerequisite to keep information consistent in such situations. To guarantee
this, explicit database constraints could be used to represent the dependencies between the
documents.

4.4.1.11 Views

Within the complex product model, different views on the product amy exist. These different
views are usually represented in different documents. In some cases these product views are
derived from each other. For example, 2-dimensional drawings could be extracted from a
3-dimensional model. This causes a document to be a “‘database’ view of another document,
resulting in an explicit relationship between the documents.

4.41.12 Secondary documents

All the documents that contain information that is not directly concerned with the product
model or the production process, are considered to be secondary documents.

The secondary documents contain a whole range of documents, from official reports used
in project management to private e-mail messages exchanged between two engineers. They
can be divided into documents that have to be stored permanently in the information system
and documents that are non-persistent. Important aspects of the project management such
as workflow, task division and planning will be recorded and be communicated in secondary
documents.

In some cases it is difficult to determine whether a document is primary or secondary. For
example the results of a complex calculation can be considered as secondary information
when it is purely derived information or as primary information if it represents an essential
property of the product module.

4.4.2 Operations in the information model

It will be clear from the previous sections that the information systems that should support
DfM, are complex. To summarise all possible operations in such information systems will
likely be impossible. As these information systems are used by teams of engineers, a high
degree of concurrency in the operations performed on the information system, is very likely.
Clearly, there is a need for supporting co-operation between the users of the information
system.
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The operations can be divided into operations related to project management (including all
communication between team members) and operations on the product model. But before
we describe these operations, we first discuss scenarios on different scales of the project
development process.

4.4.2.1 Scenarios

Within a product development process many tasks can be identified that have to be per-
formed to achieve the desired result.

Not all the tasks are of the same level of management (scale of interest). It is possible to
identify several levels of management (or scales of operation) with in a development process.

How a certain task has to be performed can be described by a scenario. This means that
scenarios are found on different levels of management within the product development
process.

In this sense, a whole product development project or a stage of the project, can be considered
as a single task. Nevertheless, it is not very useful to look at scenarios at this scale.

At the scale of documents, scenarios to create and modify documents are often implemented
through a versioning mechanism. The process of making one or more documents actual,
is considered as the execution of a single scenario instance. Because documents depend on
each other and on the product model skeleton, these scenarios can be complicated and can
have a clear co-operative element when negotiation is required.

On an even lower scale we find scenario instances within documents. These are needed
when documents are modified by different users. A document, for example, may consist
of a traditional database that contains specific information or it may consist of a complex
drawing with multiple views that are manipulated independently. Traditional database
transactions can be considered as a limited form of scenario instances. It often happens
that a drawing is used as a reference drawing for another drawing. It may happen that
two users who work on different aspects of the same component, want to see each others
drawings concurrently. In all these cases (co-operative) transaction mechanisms are required
to support the scenarios at the different levels of management.

4.4.2.2 Project management

Project management is important for the success of the project. Because the operations on
the product model are all directly or indirectly controlled by project management, we will
describe the different activities of project management first. We remark that certain project
management activities depend strongly on the information stored in the product model.

A primary function of project management is the allocation and effective application of
resources. Human resources form the most important resource for the product develop-
ment process. Project management will focus on the formation of project teams and the
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organisation of the activities in the project team. For large projects it is possible that several
independent (sub)teams are used, which all take care of their own project management.

In the following paragraphs, we will focus on a number of specific functions and activities
that are part of project management.

4.4.2.2.1 Project lead function The project lead function is responsible for the progress
(and quality) of the product development process. For this reason it needs information about
the status of the process; it should take the appropriate measures if needed. Important points
in the product development process are the transition points between the different stages.
The process lead function is also responsible for settling the matter in case of unresolved
conflicts.

4.4.2.2.2 Reviewing and Sign-off activities The purpose of a review is a quality check
of the proposed plans/designs. Therefore an evaluation of design decisions takes place by
experts and other responsible people.

A review may be formal or informal. A formal review is planned by project control at formal
stage transitions of the product development process. The state of the plans/designs is
frozen while being examined. The outcome is prescriptive for the further progress of the
product development process. The intention is not to backtrack to design decisions made
before the formal review.

Informal reviews are meant to increase the quality and to decrease the uncertainty of design
decisions during design activities. Here plans/designs are signed off by the participating
reviewers. For every different design, a different group of reviewers may exist or even be
formed dynamically. After a sign-off, a design or plan can be released.

4.4.2.2.3 Task identification At the beginning of each stage of the product development
process, tasks have to be identified that have to be performed to ensure a successful com-
pletion of the stage. Also in the middle of a stage it can be necessary to rearrange tasks or to
subdivide tasks into subtasks. Task identification relies on information stored in the product
model.

4.4.2.2.4 Task assignment Once tasks have been identified they have to be assigned to
team members. In some cases new team members have to be involved in the project. The
identification of tasks will often be recorded in secondary documents. Formal tool support
may be necessary. Most tasks will involve the creation of (new versions of) documents.

4.4.2.2.5 Planning Closely related to task identification and assignment are planning ac-
tivities. The complexity of planning activities is influenced by the complexity of the product
model, the number of activities and the dependencies between the activities.
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4.4.2.2.6 Workflow management Especially when a product development project has a
large team, workflow management becomes necessary, especially when the team members
are distributed geographically or make use of distributed systems for the storage of the docu-
ments. Workflow management involves all the activities that are needed for the distribution
of (primary) documents between team members and the notification of team members (often
through secondary documents, like schedules and review reports). Workflow management
will be dealt with extensively in Chapter 5.

4.4.2.2.7 Authorisation Authorisation is closely related to task assignment and planning.
Whether authorisation is needed depends on the size of the project. Authorisation includes
all activities that determine who can see and/or change what information. This should also
include the abilities of managing tasks and the abilities of assigning authorisation to other
team members. Authorisation can also be used to prevent the loss of information.

4.4.2.3 Negotiation

An activity that deserves special attention is the process of negotiation. Negotiation takes
place on different levels of the product development process. Some forms of negotiation are
clearly on the level of project management, others, however, can also be seen as part of the
product model management. For some forms of negotiation it is not clear on which level
they belong, or they shift from one level to another.

Negotiations at the level of project management will usually be performed using formal
negotiation procedures (see also Section 4.3.2). Formalised forms of negotiation will be
needed when experts from different disciplines have to work together. All team members
will contribute to the product development process with their own expertise, concerns and
constraints. A common problem is that experts do not have the same mental model of the
design and that experts do not speak the same “language”.

Negotiating is often a lengthy and iterative process. The process starts with a set of multiple
conflicting goals or assertions. Whenever a proposal has been made, all participants in the
negotiation process must give feedback to each other about which parts of the proposal
they agree or disagree on. In order to arrive at an agreement, suitable modifications must
be proposed. It is necessary to predict and to evaluate whether a proposal is narrowing
the differences. Justifications and arguments for modifying proposals must be generated,
communicated and recorded.

4.4.2.4 Recording design history

Because each design process involves a large number of deliberate and unconscious de-
cisions, it is important to record design decisions. In our division between primary and
secondary documents, the design history is part of the secondary documents. For practical
reasons it will often be recorded as part of the version management of the primary docu-
ments. Design history is needed for back-tracking in case errors are found. Recording design
decisions is also useful to prevent reconsideration of alternative solutions that already have
been rejected in an earlier stage.
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4.4.2.5 Product model management tasks

As we saw in Section 4.4.1 the organisation of the product information is complicated. This
and the fact that this information is modified concurrently by the team members (preferably
in a co-operative manner), requires an effective transaction mechanism.

In the following paragraphs we describe the different categories of operations that can be
applied to the product model.

4.4.2.5.1 Constraint management Especially in the early product development stages the
properties of the product are specified by the use of explicit product constraints, which
are derived from the product specification. In a later stage, these explicit constraints are
‘implemented’ in documents (like drawings and solid-models).

When constraints are expressed explicitly, they are usually stored in a constraint management
system. Of course, the contents of this system can be considered as a document (or as a
number of related documents), but this is not an adequate approach, because the constraints
are often modified and there is a high degree of co-operation. For these reasons, constraint
management can be considered as a specific application area. It is an application area that
receives a lot of interest in current research.

When constraints are implemented in a document, it means that the explicit constraints are
expressed indirectly by the contents of the document and its interpretation. Because the
constraints are expressed in an implicit way, tools are needed that check whether they are in
accordance with the explicit constraints. (That this can be difficult is proven by the fact that
sometimes it is done by making prototypes of the product.)

4.4.2.5.2 Modifying the product skeleton Modifications in the product skeleton, once
it is being used, can have great consequences, especially when the components involved
are higher up in the hierarchy. Modifications are complicated even more, because each
component can have a document attached to it and can have explicit relationships with
other components. When there are active transactions going on on the documents of the
components involved, these might have to be aborted.

But apart from the technical problem of applying changes, they can also be expensive,
especially in later stages of the product development process.

Because modification of the product skeleton is so complicated and can have far reaching
consequences, it is possible that this can only be done as part of formal procedures that
involve the project lead function.

4.4.2.5.3 Version management of documents The primary documents that are attached
to the components in the product skeleton, usually make use of versioning. Even if there is
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no explicit versioning, but a system that can make whole documents part of transactions, an
implicit versioning mechanism is available. This includes the situation where a document
is made in a local workspace (cf. Section 4.4.2.5.6) and, after being accepted, transferred to a
global workspace.

Typical operations on versions of documents are the creation of new working copies and re-
leasing working versions (by changing the ‘being-updated’ status of a version into ‘current’).
It is clear that all the current versions of documents should be consistent, both internally and
with respect to all related current versions. Changing the state of a number of versions that
belong to one or more documents is a complex operation that involves consistency checking
(of implicit and explicit constraints).

We noted that in some systems releasing versions of documents is regulated by project
management procedures which includes a formal sign-off by authorised team members.

Because of these reasons, advanced transaction mechanisms are required to execute these
operations.

If names of team members are attached to working copies, it is also possible to find out who
is working on what. Versioning could also be used to prevent that two team members create
working copies of the same document (or of closely related documents) without knowing it.

4.4.2.5.4 Checking procedures As we noticed before, checking whether a document is
in accordance with the explicitly stated product constraints can be complicated. In aircraft
development we see that this is done by creating a specialised model (a finite element model
for example) on which a certain computation is applied to calculate some property of the
design. In this particular example only the results of the calculation will be made available
to other team members, because the data required for the computation are not interesting.
Whenever working versions of documents are released, some kind of consistency checking
will be performed.

We conclude from these examples that checking procedures are used to guarantee that no
mistakes are made during the product development process. The checking procedures are
also used to detect conflicts that have to be resolved by means of negotiation. It will be clear
that for a large development project, formalisation of these procedures will be necessary.

4.4.2.5.5 Negotiation in co-operative tasks In the previous section we already discussed
negotiation as part of the project management activity. Besides the forms of negotiation that
take place on the level of project management (through a negotiation procedure), negotiation
is also found within co-operative design tasks. This kind of negotiation is informal and
loosely structured. To support this kind of negotiation, ‘blackboard” discussion systems
might be used. The designers should also be able to investigate alternative solutions and be
able to discuss these with other team members.
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4.4.2.5.6 Global and local workspaces The idea behind global and local workspaces is
that team members first create some documents in their local workspaces and if they are
ready with their work, transfer them to the global workspace, so that they are visible for
everybody. Transferring documents to the global workspace can be compared with releasing
work copies of a document. In some cases however, team members (or subteams) do not
want to make their documents available to the whole team, because they are either too large
or contain specialised information that cannot be fully understood by the other disciplines.
Also, secrecy policies may be involved here. There could also be technical reasons why some
documents cannot be made available to every team member. The mechanism of local and
global workspaces can be realized by a combination of version management (that allows
work copies) and a proper authorisation mechanism.

4.5 Specific DfM cases: Fokker, Philips and Cooperative Aircraft Design

By studying cases from industry we will try to trace the characteristics of cooperation in DfM.
This section describes selected cases from industry and from literature. First, we describe the
case Philips Medical Systems. Afterwards, a case from literature about cooperative aircraft
design is presented. We conclude with the case of Fokker Aircraft B.V.

4.5.1 Case Description Philips Medical Systems

One company that deals with cooperative activities in engineering design is Philips Medical
Systems [Ble94]. In this section first an introduction to the business activities of Philips
Medical Systems is given. After that, the structuring of the development process and the
project team approach are presented. The information system COPICS is shortly discussed.
In the final part of this section cooperation aspects are presented.

4.5.1.1 Introduction to Philips Medical Systems

Philips Medical Systems is an international oriented product division of N.V. Philips” Gloei-
lampenfabrieken. The headquarters of Philips Medical Systems are located in Best, the
Netherlands.

Philips Medical Systems produces high quality image handling diagnostic systems and X-ray
equipment. It develops large complex non-consumer systems in small batches of 50-200 per
annum. Development projects take about 2-3 years, while the life cycle of products —without
development time- is usually longer than 5 years.

Besides these systems, customers are also supplied with world wide support and educational
services. Research, development, manufacturing and supply are situated in several inter-
national centra. Philips Medical Systems in general only develops and assembles products.
Manufacturing is mainly subcontracted to other divisions and to (external) companies.
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In one of the Business Groups of Philips Medical Systems, professional X-ray systems are
being developed for cardio, vascular and surgery disciplines. Such complete X-ray systems
consist of several products developed by different Product Groups. The following products
can be distinguished: the image detection system, image display system, table, control desk,
X-ray tube with generator and stand.

4.5.1.2 Structured Development Steps: Systems Management

Within Philips Medical Systems the development process is structured and controlled with
the help of an in-house developed management method named Systems Management. This
method is comparable with the systems engineering approach.

Systems Management divides the development process into seven stages in which certain
activities are carried out by project teams. These stages are:

1. Policy Study

Feasibility Study

Overall Design (or Concept Design)

Detail Design

Engineering, Integration, Testing & Market Preparation

Preproduction, Market Introduction

N o o W DN

Production, Sales, Installation & Maintenance

Each stage is formally closed with a review, based on a report that contains all results and
the (consequences of) taken design decisions. All relevant departments who participate in
the development team make contributions to each report. One of the results of the review is
a go/no-go decision, taken by the management.

Systems Management aims at involving all departments in each stage of the development
process and to enhance communication and commitment.

We will limit ourselves to look at stage 3, 4 and 5 which are represented in figure 4.5. The
steps belonging to those stages will be described in more detail, among others with the use
of an example.

Tilt table example As mentioned earlier an X-ray system consists of an image detection system, an image
display system, a stand, a control desk, an X-ray tube with generator and a table. Here we take the
development of a new kind of table as an example.

Within an X-ray system the function of a table is to position a patient on such manner that physicians
easily can access the patients body, and that the X-rays can reach every part of the patients body. Therefore
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Figure 4.5: Stage 3,4 and 5 of Philips” Systems Management

a big C-arc is developed which contains the X-ray tube and the image detection system in the two outer
ends of the arc. This C-arc, which has the ability to rotate in many directions, can be moved around the
table, both manually and motorically. Because of that, it is possible to make several X-ray intersections
of the patients body at different places with different angles.

For several medical purposes the patient should be canted while being examined by an X-ray system.
Therefore a new kind of table, called a tilt table, has been developed. With this tilt table the patient can
be motorically tilted in different directions while at the same time the C-arc is moving around the table.
Because a predefined relationship exists between the C-arc movements and the tilting of the table, control
mechanisms are being used to adjust the trajectory of the C-arc on basis of the table’s position. The
control systems of the table and the C-arc are thus coupled and form part of the interface between the
table and the rest of the system.

This new kind of table is a redesign and contains new and old parts. The tilt table can be used with several
types of X-ray systems, which all behave as modular building blocks. Of course additional features have
been developed for the tilt table, which are not described here.

4.5.1.2.1 Overall Design The Overall Design stage starts with input from the Feasibility
Study: the commercial requirements by means of the application functions, the commercial
product modularity, the price and the introduction point in time. In the overall design stage
the technical specification is developed and added to the commercial specification.

The following activities are performed in order:

1. A Requirements Specification on system level is drafted.

In this specification first the purpose, the application area and the main characteristics
of the system are described. Furthermore technical requirements on the functional,
physical, performance, safety, environmental, manufacturing and logistics properties
of the system are stated. These technical requirements are added to the commercial
ones which are provided from an earlier stage.

Tilt table example: from a safety point of view a requirement could be that a mechanism is needed to
prevent a collision of the tilt table (with a patient on it) with the rest (the C-arc) of the X-ray system.
This requirement and others must be identified in the requirements specification.
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2. This Requirements Specification is discussed and approved (validation) after multiple
walkthroughs® by the team members.

3. A Design Specification on system level is drafted.

The desired system is partitioned into Technical Functions (TF). TFs are assigned to
Technical Building Blocks (TBB) which accomplish the required technical functions.
Interface definitions, which describe the relationships between the TBBs, are made.

Tilt table example: the tilt table is one of the TBBs which form together the whole X-ray system. On a high
level, a technical function of the tilt table is to let the patient lay down easily, while technical functions
of the C-arc could be holding the X-ray tube and image detection system in line and positioning the
C-arc. Another technical function, the complex control of all subsystems, deals mainly with the design
of software. The geometry interface definition between the technical building blocks is a good example of
an interface: the table and the C-arc must geometrically fit and not collide.

4. This Design Specification is approved (validation) after multiple walkthroughs by the
team members.

5. A Verification Specification is drafted to prepare the testability.

Here it is described how the the system will be tested to prove that the system satisfies
the requirements from the Requirements Specification. Three separate verifications are
distinguished, namely physical tests (dimensions, materials, subitems, etc.), functional
tests (aspects stated in the Requirements Specification) and the beta-test (related to
service and customers aspects).

Tilt table example: a method is defined to test if the mechanism that prevents collisions really works.
This means that a test suite of the X-ray system with tilt table is configured and e.g. determined at which
angles of the table other parameters should be monitored during testing.

6. For each TBB a Requirements Specification is drafted (TBB level).

What has been done at system level, is repeated at TBB level. In other words a refine-
ment of earlier decomposed parts takes place. Besides earlier defined requirements
and technical functions at a higher level also the introduced relationships between
TBBs must be inspected and reviewed.

Tilt table example: The required tilting function in the table leads to new requirements on a lower level,
such as the need to have a motor drive for tilting, the need to control this motor and the need to supply
this motor with electricity. Another (more detailed) requirement at TBB level could be that the table
must be positioned at a height of at least 1.2 meters above the ground.

7. For each TBB the Requirements Specification is approved (validation) after multiple
walkthroughs by the team members.

As output of the Overall Design stage the following can be recognised:

—> Plans which describe the tackling of the project, the quality assurance and the config-
uration management.

8 A walkthrough is an informal meeting for discussing a document. One of the authors initiates the walk-
through and collects the remarks, which are further processed.
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—> Stage reports which describe among others the commercial and technical product
families, the commercial product description, the system specifications and all TBB
specifications. In fact all design results with argumentation are collected.

—> Management Summaries.

After the Overall Design stage a formal review is organised. All reports and plans are
evaluated. The goal from the team’s point of view is to pass this evaluation without any
changes.

4.5.1.2.2 Detail Design The Detail Design stage starts with input from the Overall Design
stage. The following activities are performed in order:

1. TBBs will be further decomposed and detailed in products: for each of these products
Requirements, Design and Verification Specifications are drafted and validated in the
same order. Drawings are made. All this may happen in parallel with the necessary
agreements and control.

2. If relevant these steps will be repeated on lower levels.

3. Detailed experiments, testing, simulation activities may be performed and prototype
models of parts are made. This is done to decrease risks and failure problems with
respect to the designed parts.

4. Management of Technical Product Descriptions (TPD) take place, including the man-
agement of interface documentation.

Tilt table example: As described before the tilt table is build up from new and from already existing parts. The
drawings of existing parts are modified if necessary. Drawings of the new parts are generated. An example
is the specification of the (new) motor drive: on basis of this specification the most satisfying motor could be
selected, which will most likely be purchased.

As output of the Detail Design stage the following can be recognised:

—> Plans which describe the tackling of the project, the quality assurance, the market
introduction and the configuration management;

—> Stage reports which describe among others the detail specifications, the test specifi-
cations, capacity and activity plans, and the spare parts lists. All stage results are
collected in these reports.

—> Management Summaries.
After the Detail Design stage a formal review is organised. All delivered reports and plans

are evaluated by a team of independent technical experts and management representatives.
Again a go/no-go decision is taken.
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4.5.1.2.3 Engineering, Integration, Testing & Market Preparation The Engineering, In-
tegration, Testing & Market Preparation stage starts with the input from the Detail Design
stage. The following activities are performed:

1. The Technical Product Description (TPD) will be completed;

2. One or more (prototype) models are manufactured and integrated for testing and
validating purposes.

3. After testing and evaluation eventually changes are made to improve the design.

4. Finally, after everything has been integrated and tested, the release for ordering takes
place.

As output of the Engineering, Integration, Testing & Market Preparation stage the following
can be recognised:

—> Plans which describe the tackling of the project, the quality assurance and the config-
uration management;

—> The Release for Ordering instruction

—> The Bill of Material and other parameters needed for the logistic system, named COP-
ICS.

—> Stage reports which describe among others the test models, the testing specifications
and results, the full Technical Product Description and the service and marketing
approach.

—> Management Summaries.

Tilt table example: With the use of prototype parts, it is tested whether these parts operate together, and whether
the specifications are met when parts are put together. Testing a prototype tilt table proves for example that the
chosen electricity wire dimensions in practise are correct so that no fire can start. Also attention is being paid
to the selection of manufacturers & suppliers of tilt table parts. Initial agreements are set up with suppliers
about how and when the delivery of parts will take place. Through the close relationship of developers with their
customers, configured (prototype) tilt tables are sometimes lent out to selected hospitals. Here the last tests are
being performed, just before production starts.

After the Engineering, Integration, Testing & Market Preparation stage a formal review is
organised. All delivered reports and plans are evaluated by a team of independent technical
experts and management representatives. Again a go/no-go decision is taken.

Copyright © TRANSCOOP Page 89



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

4.5.1.3 Cooperation through Project Teams

At Philips Medical Systems development projects are executed with the use of project teams.
In such a project team all relevant disciplines involved in the development of a product,
are represented. Philips Medical Systems does not use computer support tools for group
meetings yet.

In general three types of teams can be recognised: the system team, the project team and
technical development teams. Several other teams can be established for short periods to
work on specific issues. Formal and informal teamwork occurred frequently throughout the
process. Team members report to the project leader on operational matters and to functional
heads on technical aspects (matrix organisation).

Special attention is given to specifications, planning, overall progress and synchronisation
of the progress of team members. Important technical choices and decisions are discussed
in a meeting (walkthrough) and decided on within the project team using a blackboard.

Membership is determined by the project leader. Permanent members are the project leader,
the project manager, the product manager, (the) technical development leader(s), the service
product team leader, the application specialist and the quality assurance engineer. Further-
more, specialists from manufacturing, purchasing, etc., are involved.

In every project, attention is being payed to administration of technical and commercial
product documents. This administration is called configuration management and deals
with the inspection, acceptation and authorisation of documents before they are filed and
released. Also distribution and identification of documents are important issues.

Different versions of documents are being kept and released by the person who has generated
them. Documents change from draft to released and authorised as a project review or internal
walkthrough is held successfully. The latest version is in paper form stored in a central non-
digital project file and accessible to everyone. When a document is distributed to team
members and stored in the project file, it becomes an official document. Each formal (i.e.
prescribed in the Systems Management handbook) document is manually provided with a
uniquely identifiable number that has been released centrally. Depending on the working
method within a group or team, each new version of a document gets a new number or
keeps its existing number.

For each component the existence of a set of 2D-drawings is recorded in a computer system.
From that time modifications in these drawings must be handled formally. These concerned
drawings have usually been evolved in a definitive form, before they are recorded. This
computer system, which is mainly used for the management of part lists and that will be
discussed in the next part, is thus responsible for the versioning of drawings.

4.51.4 The COPICS System

The COPICS information system is used as a logistical MRP-system®. It keeps track of all
components needed for the assembly of products. Each component (which could be an

9MRP stands for Material Requirements Planning and is used among others for planning of the availability
of material and the production activities
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assembly of other components), released by the constructor, is registered in this system and
has a 12-digit number as a unique component code. The last digit of the number represents
the version number of the component.

The components are part of assembly trees, which explain how components have to be assem-
bled into complete products, including packing and documentation. These final assembled
products are sent to customers.

A component can appear in more than one assembly tree if it is a component that is used in
more than one product.

In an assembly tree, components occur that are bought from suppliers or that are assembled
by Philips Medical Systems itself. The first ones are labelled with a code ‘4’, the latter ones
are labelled with a code ‘1" or ‘9’, depending on whether the component must be delivered
from stock or not. Besides end products, some subassemblies can also be produced at stock.
This especially happens if these components are used in more than one end product or when
it is cheaper to produce them in batches.

With each component comes a set of drawings, possibly of different types. From each kind
of drawing several versions can exist, but there is only one current version (overlapping
versions do not exist). The version of a drawing is determined by its release date. The
history of the drawings is stored in the COPICS-system. Each drawing has a single author.
If another author wants to update an existing drawing, the version digit of the component
number must be increased.

Whenever a component is modified, in general all related components must be revised.
Each component also has a list attached that describes the people that have to be notified
whenever any change occurs. These people include the buyer and the planner for a code ‘4’
component, and for a code ‘1" or ‘9" also the person responsible for the assembly.

When a component is changed, there are three possibilities:

1. A change that does not effect the functionality of the component;
For example: a change in supplier. In this case the component number stays the same.

2. An upgrade of the component, meaning that functionality has been added;
In this case the last digit of the component number is increased by one. This means
that this COPICS system can deal with nine formal changes (1 digit) at most.

3. Any other change of (functionality of) the component.
This means that a new component number must be created and that the new component
has to replace all appearances of the old component in existing assembly trees. This
usually implies that the component numbers on which this new component relies, have
to be incremented or changed also. Whenever a component is changed significantly,
this also implies that related components have to be changed in parallel.

Once a component has been registered in the COPICS-system, each change of it is done only
after a request for change has been evaluated by the responsible engineer.
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Anybody, even the assembly personnel, can suggest changes of a component. After a
written suggestion has been sent to the “chief” engineer it is judged and evaluated. In case
the suggested change involves a major change in the functionality of the component, the
consequences are reviewed by other project members. The suggestion for a change is either
rejected or accepted.

Because COPICS is a logistic system, it lacks the ability to store some of the relationships
that are needed during the detailed engineering design stage of the project. The link with
the drawings is only administrative and currently only manually implemented. There is
no support from the COPICS-system regarding correctness checks between the drawings of
related components.

The COPICS system is good in detecting vertical component relationships, e.g. the relation-
ships that can tell which component is used in which assembled component. However, the
horizontal component relationships are not stored at all. This often leads to problems where
the functionality of a component is changed and the effects of this change on other parallel
components is forgotten.

4.5.2 Case: Cooperation in Aircraft Design

Not only from industry, but also from literature interesting cases can be selected. In this
section the case “Cooperation in Aircraft Design” [BR92] is described.

Parts of the case are modelled in a kind of SADT, a technique which offers a clear and simple
graphical language for describing information and material flows. In SADT each process is
modelled as abox, that has an input (ingoing arrows from the left), an output (outgoing arrow
to the right), that is controlled (ingoing arrow from the top) and uses a certain mechanism
(ingoing arrow from the bottom). For more detailed information, the reader is referred to
[DMS8].

In the next part of this section a short introduction to the case is given. This introduction
is followed by a rather detailed description of the case. The detailed description consists of
two main parts. First, the global development stages are considered. They are expressed
using SADT. In the second part, the communication among the specialists is described.

4.5.2.1 Introduction to the case

Alan Bond and Richard Ricci have described how aircraft are being designed in a large
organisation. In their paper they describe

1. how the cooperative product development process is initiated by the specification from
the customer;
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2. the work that is done by the different specialists who are involved in the development
process, the models they use, and their interactions;

3. atypical complete scheme of design goals and stages in the development of an aircraft
to prototype stage;

4. the kind of higher level negotiation that is taking place in aircraft design.

In this section the information from their paper will be used and transformed into the
framework of this report.

4.5.2.2 Global product development stages

We can see design as an activity to which some input is provided that, under control, is
transformed into some output by some mechanism. The input is provided by the customer
who will usually supply the designers with a specification of the aircraft he wants to have.
This specification typically consists of information like volume, storage capacity, perfor-
mance characteristics and target cost. The output of the design activity is a full production
design that serves as an input for the manufacturers. Designers and other specialists from
areas like aerodynamics, structures, aeromechanics, weights/loads and costs but also from
downstream processes like manufacturing and their (computer)tools are the mechanism that
performs the actual design activity. The control consists of a set of models used to determine
the quality of the design.

The development process of transforming the customer specification into a production de-
velopment can be divided into three main stages:

1. conceptual design: global design of the aircraft
2. preliminary design: detailed design of the aircraft

3. production design: redesign in which new technological advances are taken into ac-
count

The relationships between them are shown in figure 4.6.

In this figure we see that the customer controls all three development stages. In all three
development stages the customer has to give an approval that finalises the (conceptual,
preliminary or production) design. Once these approvals have been given, the next stage
can be started.

As a production contract is often awarded a few years after the preliminary design stage has
been finished, redesigning is done in the production design stage while taking technological
advances into account.
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Figure 4.6: The three main product development stages

The production of the conceptual and the preliminary design is shown in figures 4.7 and 4.8
in more detail. Note the similarities of the main activities in these figures. Although the main
activities are the same, the stages conceptual design and preliminary design are separated
because, as said before, the customer has to give his approval for the final conceptual or
preliminary design. As a result, the data in the two stages differs in level. In figure 4.7
data on a conceptual level is produced, while in figure 4.8 data on a more detailed level is
produced. Also, to produce this more detailed data, more detailed models are used.
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Figure 4.7: The conceptual design stage

The step “produce models and suggestions” in these figures is executed by specialists from
different disciplines. The specialist’s discipline determines the contribution that he is making
to the design.

Some specialists (from aerodynamics, structures, aeromechanics, weights/loads and costs)
use information from the common product model to construct their own specific test models.
From their test models, specialists can determine whether the common product model is okay
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Figure 4.8: The preliminary design stage

as far as their specific knowledge is concerned or that some changes to the product model are
required. Cost specialists, however, will usually not actively think of change suggestions as
they do not actually help construct the aircraft. In the conceptual design stage the common
product model is described on a conceptual level and therefore only conceptual information
can be used as an input for the specialist’'s model. In the preliminary design stage the
common product model contains more detailed information which can be used to produce
more detailed model output.

The models used by the specialists and the output generated are shown in table 4.5.

Table 4.5: The models and their output per specialism

specialism model model output
aerodynamics | 3 D quadrilateral grid of points | lift, drag and pressure distribu-
tion of vehicle for given set of
flight conditions
structures 3 D lumped finite element model | internal loads and configuration
deflection
aeromechanics | simple lumped model represent- | system vibration and stability
ing basic structures characteristics for certain flight
conditions
weights/loads | lumped model representing 1g | gravitational loading distribu-
loading configuration, centre of | tions and dynamic loading cases
gravity etc.
costs analytical cost model cost estimates for given aspects of
the design

Also specialists from manufacturing, quality assurance, reliability, maintainability and sup-
portability will think of changes that have to be made to the product model based on their
specific knowledge. The difference with other specialists is that they will not use models
to compute data from which they can determine whether changes to the product model are
necessary. Most of these specialists mainly contribute in the preliminary design stage.
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The kind of communication that takes place in the steps shown in figures 4.7 and 4.8 is
discussed in the next paragraph.

4.5.2.3 Communication among specialists

In order to let specialists work cooperatively, they have to communicate over certain data.
The communication that takes place depends on the information that needs to be exchanged
between specialists.

4.5.2.3.1 Interaction among specialists All specialists need to have product model data
from which they can calculate their specific models. Apart from this, some specialists
need additional information that is produced by other specialists when they calculate their
models'?.

Structure specialists need external pressure distribution data from the aerodynamic and
weight/load specialists. The weight specialists need empirical data that is based on ex-
isting aircraft and vendor data. The load specialists need pressure distribution data from
the aerodynamic specialists. The aeromechanics specialists need 1g weight data from the
weight department. This kind of data exchange takes place between the different specialists
involved: not all specialists take part in this data exchange. The format in which the data
are represented has to be agreed upon.

Sometimes we see that exchange of certain data between more than two groups of specialists
takes place (e.g. when product model change suggestions have to be discussed). If this is
the case it happens that selected specialists (representing a group of specialists) sit down
together to discuss variations of the proposed changes which can alleviate problem areas.
Compromises will be suggested and chosen. The designer can change (part of) the common
product model according to these choices. The compromises will then be taken back to
the separate departments to evaluate them. Models are adapted according to the chosen
compromises and new output will be generated. From this, other problem areas may arise
which then will have to be discussed. During these discussions a shared vocabulary is used
(which could consist of a drawing with some additional textual information on the topics to
be discussed).

The process of iteration, described above, continues until all parties will be satisfied. Besides
this, the number of iterations is limited by the available development time and money.

During development of the design, the composition of the group of interacting specialists
may change because of the specific knowledge of certain specialists. As stated above, some
specialists (e.g. from reliability, maintainability, supportability and quality assurance) are
mainly involved in the preliminary design stage. Also reasons like illness, retirement or
resign may cause a change of the group of interacting specialists.

19In figures 4.7 and 4.8 this input is represented by “other input”.
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4.5.2.3.2 Negotiation and decision in design Designing an aircraft proceeds step by step
by refining the specialist’s models. Therefore, most design decisions taken are refinement
decisions.

In each design step a commitment step is made. A commitment step is a set of joint commit-
ments negotiated by all the design agents at the end of a design step. These commitments
are based on best estimates for decision choices and they will be used by all agents during
the next step. During long lasting cooperation the aim of negotiation is to find a compromise
with which everyone involved is comfortable.

The step by step refinement of the design implies a top-down way of working. First, the
different specialists perform a high-level negotiation process, from which lower level con-
straints evolve. Examples of higher level decisions from which lower level constraints
evolve are customer specification and safety and other legal and government-dictated re-
quirements. Lower level design choices depend on the lower level constraints. Usually
higher level decisions are negotiable later, but because renegotiation is costly and difficult,
it is discouraged.

Besides these (engineering) design decisions also decisions concerning the organisation of
the project have to be made. These decisions concern topics like the deliverables that have
to be produced by the different members cooperating in the project, the information every
member needs to have to perform his task, the way communication is going to take place
between the different members and the tools that are going to be used (including the way
the data is going to be transformed into the appropriate format and its security aspects).

4.5.2.4 Summary

From the information presented above, it can be concluded that aircraft design is an iterative
process of refining a common product model. The product model consists of large amounts
of (complex) data. Specialist models are derived from (parts of) this product model. A
new version of the product model results in new derived models. The refinement of the
product model can be found again in the way decisions are made. First higher level decisions
(considering both engineering decisions and project management decisions) are made. These
result in lower level constraints. Only in few selected cases, higher level decisions will be
renegotiated.

From the customer specifications a high-level conceptual design is made. Then, in every
iteration a group of specialists from different specialisms compute appropriate detailed
models from the product model available at the beginning of the iteration.

Depending on the specialism, the output of the models or simply the design serve as an input
for discussions on improvement of the design. During these discussions a shared vocabulary
is used. The kind of specialism of a specialist determines the contribution the specialist is
making to the discussion. This signals the different kinds of roles that may appear.

By negotiating on the suggested changes, a new design, edited by the designers, will evolve.
During a new iteration other change suggestions may arise which again will be discussed.
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It seems to be the case that the designers are the only ones allowed to change the product
model. Other specialists only are allowed to read data from the product model.

Besides these engineering decisions, another kind of decisions on which negotiation takes
place is the class of project management decisions. These project management decisions
consider topics that are related to the coordination of the cooperation. Tasks per cooperating
member and the tools that are going to be used are two of these topics. Related to the second
topic is the format in which data is exchanged between different specialists.

4.5.3 Case Description Fokker Aircraft B.V.

After the previous section, in which we described a case about cooperative aircraft design,
obtained from literature, we describe in this section the cooperative development process
of Fokker Aircraft B.V. This case description is based on short visits and on several reports
from this company.

First an introduction to Fokker is given. After that, the structuring of the product devel-
opment process is described. The management of design information and used tools are
presented.

4.5.3.1 Introduction to Fokker Aircraft B.V.

Fokker Aircraft B.V. is one of four the subcompanies of Fokker Holding B.V., which has
been raised in 1993 on account of cooperation between Fokker and Deutsche Aerospace AG
(DASA).

Fokker Aircraft B.V. designs, builds and sells civil aeroplanes and has a leading position in
the market segment of aeroplanes with 65-130 seats. The most important products are the
Fokker 50 and the Fokker 100 aeroplanes. Besides this, Fokker Aircraft B.V is involved in
several civil and military programs and acts as a subcontractor for other aircraft developing
companies.

Fokker Aircraft B.V.is divided into operational units which are responsible for the production
of electronic systems, composites/metal laminates parts and sheet metal components, and
for the subassembly and assembly of components into aeroplanes.

The central engineering department is located at Schiphol Airport, Amsterdam, while the
production departments are distributed over several locations. Fokker has subcontracted
many of its manufacturing activities to suppliers. Besides that, Fokker is considering to cast
off some of its operational production units.

4.5.3.2 Structured product development process

Like Philips Medical Systems, the development of new products at Fokker is based on the
Systems Engineering concept. A division into stages is used to structure the development
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process. At the end of each stage — at a stage transition — a baseline is presented and a review
of this baseline takes place. Fokker distinguishes the stages and baselines as is shown in
tigure 4.9.

q Concept Feasibility Design Full Scale Full Scale
Study Study Definition Developm. Developm.
Requirements Functional Allocated Product Certification
Baseline Baseline Baseline Baseline Baseline

Figure 4.9: Systems Engineering at Fokker Aircraft B.V.

Each baseline consists of a set of documents. These sets of documents contain ‘technical’
design information as well as ‘project management’ related design information. Design
information must be managed in the time. This means that at defined times (milestones) a
structured amount of information (collected in baselines) must be available, which describes
the status of the evolving design.

Although some manufacturing engineering activities already are performed parallel to en-
gineering design activities, Fokker is experimenting with the use of design build teams.
Through these design build teams, formed of specialists from different disciplines, the con-
tribution of manufacturing experts is increased in the beginning of a development project.
According to Fokker this results in a higher quality of the product and a shorter development
lead time.

Because the case of Philips Medical Systems described the systems engineering project
approach in more detail, we will not look at it anymore in this section. Instead of this, we
will take a better look at the used information systems and information management.

4.5.3.3 Information management in the product development process at Fokker

4.5.3.3.1 Generating designinformation During the development stages of an aeroplane,
a lot of design information is generated. Unlike project control information, the technical
design information does not depend on the project or organisation form.

Fokker has recognised that in its iterative stages of the product development process there
exists a lack of a satisfactory structuring of design information. Therefore Fokker actually is
introducing new concepts and working methods for a better management of their technical
design information.

The technical design information is generated by answering the following three questions
iteratively:
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e What kind of function(s) must be performed by the product?
Ideas for a new product arise in various ways. With this information, the primary func-
tions must be defined that the future product will perform. Besides that, requirements
from customers or imposed by other design choices, must be stated. Functions and
related subfunctions are organised in a hierarchical function structure.

e How is each function realized? Which principle solutions (systems) are being used?
For each function a principle solution or system must be selected from a set of new or
available technical solutions. This must be done in such a way that the solution satisfies
the requirements imposed on the function. Like functions, the principle solutions are
organised in a hierarchical system structure. Relationships between the functional
and system structure indicate which function is fulfilled by which systems (and which
system performs which functions).

Alternative solutions (e.g. applied in the past) may be collected and made accessible in
an engineering knowledge base. Sometimes a principle solution can fulfill more than
one function or a function may require more than one principle solution.

After a solution has been selected for a certain function, new subfunctions could be
defined. Subfunctions thus depend on the previous ‘higher” choices of principle solu-
tions while forming a lower level of the function structure. This causes among others
the iterative nature of engineering design.

e With which (composition of) physical item(s) is each principle solution realized?
The split up and detailing of the system tree continues until a physical product com-
ponent can be selected that realizes the concerned part of the system. Physical product
components may be manufactured within the company or purchased from suppliers.
If a product component does not exist already, a new one must be defined. Which prod-
uct components are actually selected for a certain product, is indicated in a hierarchical
product structure.

Relationships between the system structure and the product structure indicate which
products are chosen for which system.

The answers to the previous questions form different hierarchical structures (see figure 4.10).
These structures reflect the iterative decomposition of functions, principle solutions and
products. Because all three hierarchical structures finally represent the same product, e.g.
an aeroplane, Fokker speaks about three different views on the same product.

Besides these three named views, two other views are also proposed at Fokker: the produc-
tion structure and the product-support structure. During the product development process,
related information is generated about the manufacturing and support process. In most
cases, these two views are not complete when the product definition is released; in fact they
are even supplemented and detailed when the product is being manufactured and serviced.

Generating design information means ultimately introducing, establishing, breaking and
modifying the many relationships that may exists. The three views describe the product
development stages that have been taken in the past (design history), so it is possible to
retrieve why and how certain steps have been taken. Whenever necessary, it is also possible
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relations relations

function structure system structure product structure

\- > principle _jk_’ product /‘
solution selection

Figure 4.10: Three different structures belong to one integrated product model.

to backtrack to a previous structure and restart the (re)design process from there on. An
good example is a situation where after a detail specification a chosen principle solution
appears not to be realizable. Furthermore, it is possible to trace all other functions, systems
or products that are touched by a redesign modification.

4.5.3.3.2 Geometry aspects of design information Besides the technical administrative
information, including the hierarchical structures described before, a very important part of
the design information is formed by geometry. That is because geometry defines the physical
dimensions of a product which is closely related to the functions a product can accomplish.

Geometry can be modelled and visualised two-dimensionally (2D) or three-dimensionally
(3D). 3D-modelling has advantages in comparison with 2D-modelling.

When a 3D-model is used, 2D-drawings can be extracted from this model, which can be seen
as views on the same 3D-model. The other way around is not possible (although there are
techniques to generate a 3D-approximation from a number of 2D-intersections).

During the definition of functions and requirements, it is necessary to determine the 3D-
geometry (required space) and the topology (the location within the aeroplane). Therefore
a space-allocation structure is build: available spaces are split up (following requirements)
while at the same time chosen (sub)systems (according to system structure) are allocated to
these spaces. In other words, spaces within the aeroplane are reserved for chosen systems
in an early stage of the product development process. When an article is selected (according
to the product structure) the real geometry of the product is known. At that moment it is
possible to replace the space reservation with the real geometry.

4.5.3.3.3 Integrated product model The integrated product model links all structures,
geometrical models and other relevant design information to each other. Fokker is planning
to use a generic integrated product model which is empty at the beginning of the product
development process, and which is being filled during the product development process.

In this integrated product model all alfa-numerical and geometrical design information is
accessible for all users from the different disciplines.
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4.5.3.4 Information systems in the product development process at Fokker

Fokker today uses many computer supported systems for their product development. These
systems are shortly discussed below.

CADAM, which was introduced at Fokker in 1981, is used to produce 2D-drawings. How-
ever the use of CADAM is decreasing more and more. Because the lifecycle of aeroplanes is
in general about 45 years, Fokker must still use and keep many 2D-drawings.

Fokker has been using CATIA software for 3D-geometrical modelling since 1984. The use of
3D-design is now stimulated by Fokker to a larger extent, which means that CATIA will be
the CAD-platform for the next decennium.

For the management of technical information the TBE-system is being used, which holds all
vertical relationships between assemblies. All relevant alfa-numerical technical information,
like the parts list of components, is stored in this hierarchical TBE system. From this system
the bill of materials is extracted and further used in a MRP-system. In fact this system
represents the product structure, as described before.

The system EDC/1 (EDC stands for Engineering Data Control) is used by Fokker to manage
formal changes of drawings. It uses the method of WORKING /VERIFICATION /RELEASE
to control the release of versions of drawings. Besides that EDC manages information about
documents like document identification, the author, the issue number, the CAD-file, etc.

Fokker uses a MRP-system (Material Resource Planning) to schedule the start and finishing
dates at the different Manufacturing Operations units. Each of these units use their own
logistical planning system, which cooperate with the main MRP-system.

4.6 DfM requirements for the TRANSCOOP Specification Language

In this section, we describe the requirements that came up during the study of the various
sources as described in this chapter: the ‘Philips’-case, the aircraft design literature study and
the design study at Fokker. The ‘Philips’-case provided especially global information on a
high level of abstraction. The ‘Fokker’-case offered the most concrete input. The cooperative
aircraft design case was somewhere in between.

We have split this section into four subsections. This has been motivated by the structure of
section 2, which distinguishes aspects of activities, users and data; we have also included a
subsection with some general requirements. Sometimes, a requirement could be classified
in more than one subsection. However, we have not done this; all requirements have only
been mentioned within one category.

4.6.1 Requirements: activity aspects
4.6.1.1 Different levels of management

Scenarios occur on several levels of management within the product design process (cf.
section 4.4.2.1). The highest level is related to project management (including workflow); the
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lowest level is related to updating records in a database document (cf. database transactions).
The scenarios on the different levels of management are usually not clearly linked, but the
design and execution of scenarios on a lower level can be controlled by those on a higher
level. Because this control spans different levels of management it is not clear whether this
layering can be described sufficiently by open nested transactions [MRKN92]. On all levels,
forms of co-operative transactions are needed.

Requirement:
The specification language should be capable of specifying scenarios on multiple levels of
management and the way in which they influence each other.

4.6.1.2 Overview of ongoing scenarios

Because of the aforementioned multiple levels of management, the transaction model should
have the ability to overview ongoing scenarios. The scenarios on one level could be con-
sidered as objects on a higher level. In current practise, the high-level scenarios are often
implicitly implemented in the operations on objects.

Requirement:
The specification language should be able to express the ability of scenarios on a higher level
of management to manipulate scenarios on a lower level as objects.

4.6.1.3 Hierarchical transactions

The ‘Fokker’-case supports the need for hierarchical transactions: one states the need for a
design methodology that is based on a structured way of decomposing [Tim94]. A complex
design process often has a hierarchical structure. This requirement is related to that from
the previous section. However, this form of hierarchy is much more concrete and in fact, it
is provided already by modern high-level transaction models [EIm92]

Requirement:
The specification language has to allow for specifying hierarchical transactions, both in a
top-down and in a bottom-up way.

4.6.1.4 History of scenarios

In a design environment, there is a need for knowledge about all design solutions that have
been invented ever in the past. This way, the designers won’t repeat work that has been
done already or look for solutions in directions that have already proven to be useless. Many
scenarios in an information system that is used to support design activities, are related to
design history.

Requirement:

Specification and manipulation of historic information should be supported by the specifica-
tion language. Within a scenario, it should be possible to incorporate transactions that have
been executed in the past.
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4.6.1.5 Milestones and deadlines

In all design projects, milestones and deadlines play a certain role. When deadlines are not
met, this may mean that corrective actions have to be executed.

Requirement:

The specification language has to support milestones and deadlines. Among other things,
this means that it has to be possible to specify that corrective actions are pursued when a
deadline is not met. More generally, one could say that description and enforcement of
project phasing have to be supported.

4.6.1.6 Timing and scheduling

The requirements from the previous section also imply the need for some mechanism of
timing: one has to be able to specify deadlines and actions that have to be performed upon
reaching a milestone. An example of the latter is making data available to other employees,
because they have been approved now. The concepts of timing and scheduling are required
for other purposes too. An example in the area of authorisation is that one may want to be
able to deal with a situation where a certain designer may have exclusive access to certain
data during a certain period of time, after which he has to share it again with his colleagues.
Another example is the situation in which some action can only be performed after some
other actions have been terminated successfully.

Requirement:
This all means that the specification language should incorporate the concept of time.

4.6.2 Requirements: data aspects
4.6.2.1 Authorisation

Within DfM the aspect of authorisation plays an important role. Not in the first place to
control team members, but especially to prevent loss of information and to guide workflow.

Certain data can only be made available after a formal approval (cf. section 4.6.1.5). Note
that this restricts the concurrent way of working in DfM: e.g., product support can only start
after the engineering data have been made available. It depends on the concrete scenario at
hand to what extent the concurrent process is limited by such constraints.

Requirement:
There will be rules stating who may access or modify which data (possibly for some specitied
time period(s)). It should be possible to state these rules, using the specification language.
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4.6.2.2 Version management

In order to support the development of design documents, the transaction model should
be able to support versioning techniques that are used. Versioning is applied to both the
product skeleton (cf. section 4.4.1.6) and the documents (cf. section 4.4.1.9). Among other
things, this also means that information can have a certain status (draft, approved, secret,
public, etc.). This is related to the aspect of authorisation (section 4.6.2.1).

In section 4.4.2.5.3 we discussed aspects of version management for the documents. An
important aspect of version management is the release of a document. This constitutes of
making a work-copy the actual version through some kind of procedure. In the Philips
case, a document is released by its creator. This generally happens after a project review or
an internal walkthrough. The latest version of a document is stored in a general accessible
central archive. Of course, one may also imagine a completely different scenario, where
some central daemon releases the documents and is responsible for version management.

Releasing documents is strongly related to consistency matters, and thus directly related to
the database constraints of the information system, and indirectly to the product constraints.
We can only say that many different scenarios will occur in practise.

Requirement:

The TRANSCOOP framework should be as flexible as possible, in order to be able to deal with
as many different versioning mechanisms and version management scenarios as possible.
It should at least support versioning for complex data structures where there are complex
relationships between the documents to which versioning is applied (cf. section 4.4.1.9).

4.6.2.3 Complex data structures and relationships

Complexity of the data structures is both found in the structure of the information systems
and in the data stored in these systems. The structure of the information system consists of a
skeleton, documents (primary and secondary) and the relationships between these. On top
of this, versioning is applied to almost all information. Altogether this results in a complex
data structure and complex operations performed on this data structure.

But not only the information system used to manage the data, but also the data themselves
consist of complex data structures. In the ‘Fokker’-case, it has been observed that 3D
information plays an essential role in the design process: the design process is intrinsically
a three-dimensional one. This means that complex data structures with associated primitive
operations are needed for storing and manipulating this information.

Another important observation is the following statement that has been made in the Fokker
document [Tim94]: “The kind of data is not influenced by the organisation or the project
structure [...]; in other words: when the same plane is developed within a total different
organisation or project structure, still the same kind of design data will be relevant.” Fokker
proposes to use this stable factor to develop generic design support tools.
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Requirement:

From the above it follows that generally we need to be able to describe dedicated complex
data structures and sets of associated primitive operations. Besides that the language should
be able to express this, some standard facilities (e.g. a library) would be helpful, because it
would prevent the cooperative scenario designer from starting the development on the most
primitive level. Exchange of data between different data structures has to be supported. This
is necessary to be able to deal with views, which is also a requirement (cf. section 4.6.2.5).

4.6.2.4 Shared data structures

Often, information is distributed physically over an organisation. Especially for large DfM
projects, geographical distribution is inevitable. By coupling all available data directly (all
data available to everyone) or indirectly (only title and global contents available to everyone)
via a network, a database is accomplished that can be accessed from different locations and
by different disciplines as one logical engineering database.

Requirement:

The specification language has to be suited for describing all different kinds of distributing
and making the data available.  This requirement seems to be general for all situations
where there is common information to be managed.

4.6.2.5 Relationships between data

As is stated in the document [Tim94] from Fokker: “[...] in many places and in different
stages, data are recorded that are related to each other via reuse and iteration. These
relationships “cross” all design stages.” An example is the generation of maintenance and
instruction manuals from the product information. Another example is the (automatic)
generation of NC-machine control data from the design information. These NC-machines
can be used to make products, but also to generate production tools.

Moreover, it has to be possible to combine different data into one engineering database and
extract certain data from this engineering database again. In all cases, also the need of the
designers emerged to use each others information and to be able to cope with relationships
between data of several disciplines.

It has been mentioned in the previous section that the information about the design is
recorded in several kinds of documents, giving different views on the artifact that is being
designed.

Finally, in the context of quality insurance, facilities are needed to “connect” measured
values about really produced goods to the original design, in order to determine the need
for changes, improvements, etc.

Requirement:
A system supporting DfM has to support this, i.e. specity different views and the relationships
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between them, and provide mechanisms to compute and manipulate these views and their
relationships.

The specification language should allow to define interfaces (between subsystems, but also
between geometrical constructs like to connected compartments) in a straightforward way:.

4.6.2.6 Constraints

Design information is often recorded in terms of constraints.

Properties of the product can be represented by the product constraints as we saw in sec-
tion 4.4.1.3. The product constraints can either be explicit (stored as data of a constraint
management tool) or implicit (implied by explicit database constraints of the data model).
In the complex product model the constraints are divided over the components (cf. sec-
tion 4.4.1.7), leading to inter- and intra-component constraints. Once these constraints are
stored in different document, dependencies between the documents are created (cf. sec-
tion 4.4.1.10), leading to document constraints.

We can conclude that constraint management (cf. section 4.4.2.5.1) is a complex task, that
involves both product as database constraints. Also, for the checking procedures (cf. sec-
tion 4.4.2.5.4), a mechanism for constraint validation is needed: does the current state of the
system satisfy the constraints? Finally, a mechanism is needed to recognise inconsistencies
and redundancies. Although we know that decidability problems may occur here, it is clear
that the more help a system offers for consistency and redundancy checking, the more useful
that system is.

Requirement:

Within the TRANSCOOP framework we should be able to specify the database constraints,
and possibly also the product constraints (when they are related to the database constraints).
These could be part of scenarios used in formal sign-off procedures.

We should support both the distinction between fatal and deontic constraints and the speci-
fication and handling of corrective actions.

4.6.3 Requirements: user aspects
4.6.3.1 Single user aspects

In a realistic DfM situation, there will be a number of different people involved. These
people will be organised in several project groups. Some of these groups may have an ad
hoc nature, whereas others may be formally established ones. E.g., in the Philips situation,
group membership is determined by the project leader. A group has permanent members,
like the projectleader and the quality assurance engineer. There are also temporary members,
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like specialists from manufacturing or purchasing. A similar remark can be made for the
relationships between the users: some relationships will be ad hoc and temporary, whereas
others may be of a more permanent nature. It is hardly possible to make general remarks
about this: each organisation will organise its design process in a (more or less) different
way.

Requirement:
The best advise we can give to the language designers is to try to be as flexible as possible.
Try to support as many kinds of user scenarios as feasible!

4.6.3.2 User groups

Generally, there are groups that belong to the structure of the organisation, but not all of them
do. Some groups are homogeneous, others may be heterogeneous. There are formal, (in
most cases permanent) groups, but also informal ones, that generally exist only for a limited
period, to solve a certain problem. The temporary groups disappear either when they have
solved their problem, or when a supervisory group or person declares that the work will
be stopped. In the cooperative aircraft design case, we observed that the composition of
the group of interacting specialists may change because of the specific knowledge of certain
specialists.

In general, the task a group has to perform justifies the existence of the group. Generally,
this implies certain authorisations and duties for the group members.

Generally, design teams are heterogeneous. Group members may have different roles. In
the specification language, it should be possible to distinguish different roles. However, this
will mainly boil down to different authorisation for different people.

Requirement:

The same remark that has been made in the previous subsection, also holds here: all aspects
of user groups that have been mentioned in the taxonomy seem to have some relevance
for the project. However, the DfM application area is not specific enough to be able to
make deterministic statements about these aspects. Within one particular organisation,
some aspects will be very important, whereas in another organisation, the situation may be
completely ditferent. We will have to be as flexible as possible to this respect.

4.6.4 General requirements
4.6.4.1 Flexibility

A system supporting DfM has to be flexible enough to support changing requirements
during the project trajectory. One aspect of this is the aforementioned consistency checking
of constraints (as the system has to control the consistency of an evolving set of constraints),
but there is more to it.
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This aspect is one of the most important characteristics of DIM. For DfM scenarios generally
take a long period of time and involve a lot of people. It often occurs during a DM project
that changes have to be pursued. This may vary from other people being involved in the
same activities to a complete redefinition of (some of) the most important starting points in
the design process. This may for example result in the need for different kinds of commit
statements in the transaction model, where some committed action is only “really” final when
some form of approval has been issued. A related issue is that of information evolution,
where the committed data have to remain useful even after a schema evolution.

Requirement:
The specification language has to be designed with this urge for flexibility in mind, although
we can’t assess at this moment what exactly is needed.

4.6.4.2 Heterogeneous systems

In DfM, heterogeneous systems occur: it may be the case that different designers use different
systems under different operating systems. This is not a special characteristic of a DIM
scenario. It may occur in any situation where many people from different departments or
organisations have to cooperate.

Another remark is that the environment of a design situation often imposes requirements
on the information that is produced by the organisation or constrains the information that
is provided to the organisation. E.g., Fokker has to provide certain documents in a certain
form to governmental safety commissions. Another example is the fixed format in which
subcontractors deliver their designs.

Requirement:
The specification language should allow the description of heterogeneous systems.

Also, a facility would be useful that enables one to describe “black-box” situations. Often,
we only want to say that something is happening, without already specifying what exactly
this “something” is.

Itis important to be able to specify interfaces between (parts of) the organisation and external
parties.
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Chapter 5

Analysis of application scenarios:
Workflows

5.1 Introduction to workflow systems

Workflow management became an issue in the beginning of the 80’s. At this time workflow
management was a part of imaging systems. Their main task was to control the flow of
digitised documents through series of processing steps. In the early 90’s it was discovered
that automating single business tasks did not increase the productivity considerably but
automating of a whole business process would be needed instead. Workflow management
became a key issue because it was expected to enable the management of any kind of business
processes. Workflow management was also seen as the solution to interoperability problems
between “islands of automation” in larger corporations.

There has been no commercial breakthrough for the workflow management yet, probably
because of the immaturity of the workflow products. However, a general belief that workflow
management has at least the potential of being a major step forward in the use of information
technology, still does exist.

5.1.1 Motivation

Workflows belong to the field of Computer Supported Cooperative Work. Traditionally
they are the most predictable and well-defined form of the cooperation there is (the convey-
belt approach): the rules of performing the work and the routing of work from worker
to worker are well-known in advance. However, in real environments the workflows can
have unpredictable, undefined parts as well. This is when the business process being
automated is ad-hoc by its nature. Therefore, workflow management has a lot in common
with the Cooperative Authoring and Design for Manufacturing fields but, with its well-
defined cooperation patterns, gives a valuable new angle to the TRANSCOOP project.
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The literature of workflow is dominated by tool vendors and therefore there is no established,
common set of workflow concepts. The concepts vary immensely from product to product.

In the TRANSCOOP project, we have used a set of basic concepts to serve the analysis work.
Some of these concepts are used in a slightly different way, to reflect the definitions that exist
in the workflow field.

5.1.2 Related work

A workflow is a collection of activities organised to accomplish some business process.
Specification of a workflow involves describing the relationships among activities and their
execution requirements. An activity defines some work to be done. It may be defined in a
number of ways. For example, the processing of a form, procedure, email or a transaction
may be a task. As a result, there is a number of concepts which can be regarded as a model
of workflow. To clarify the diversity of workflow models, we classify the work on workflow
models into five categories: non-transactional workflows, extended transaction models,
cooperative transaction models, transactional workflows, and transaction metamodels.

The category of non-transactional workflows typically includes early workflow models (e.g.
[CC82, DAZ81, WL86]). Those models did not address data sharing, persistence and failure
recovery. The models, however, include a notion of an activity, also called a task, a step
or a procedure. The control flow between activities was specified by triggers or Petri nets.
Later, it has been argued that the approaches based on classical Petri nets are not currently
succinct and manageable enough to be useful in specifying workflows [LA94]. To alleviate
these shortcomings high level Petri nets [Jen91, Ver93] have been intensively studied during
the last couple of years.

A number of extended transaction models has been defined in the last years. These models
focus on selective relaxation of atomicity or isolation in order to better match the requirements
of various database applications. Typically in these models some form of compensation is
used and global serialisability is not required as a global correctness criterion.

Extended transactions have constituent (sub)transactions corresponding to workflow ac-
tivities. An extended transaction model defines the relationships among activities (sub-
transactions) and their execution requirements, i.e., it can be treated as the specification of
a workflow. Such a workflow obeys the same correctness criterion as the used extended
transaction model.

For example, a saga [GMS87] is an extended transaction. It consists of a set of ACID
subtransactions. The application programmer defines a linear execution sequence of the
subtransactions as well as as the specification of the compensating transactions. If the exe-
cution of a subtransactions fails, the system automatically invokes required compensating
transactions. A flex transaction [ELLR90, RELL90, BEK93, KPE92] is more general than a
saga. It consists of a set of activities, and with each activity a set of functionally equivalent
subtransactions can be defined. If a subtransaction fails, a functionally equivalent subtrans-
action can be executed. The designer of a flex transaction specifies it’s acceptable termination
states.
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Nested transactions [Mos85] extend the notion that transactions are flat entities by allowing
a transaction to invoke atomic transactions as well as atomic operations. An advantage
of nested transactions is that they allow the potential internal parallelism to be exploited.
Variations of nested transactions are e.g. multilevel transactions [Wei91, WS91] and open
nested transactions [WS92a, WDSS93, GR93]. The relaxed correctness criteria related to open
nested transactions are semantic serialisability [WDSS93] and semantic atomicity [WDSS93].
These criteria allow more concurrency than the criteria used traditionally. Also the notions of
long running activities [DHL90, DHL91] and nested sagas [GMGK™*91] allow nesting within
a subtransaction.

Asynchronous transactions have been developed for loosely-coupled multi-databases which
may be in an inconsistent state for a limited amount of time. Asynchronous transactions re-
quire that interdatabase consistency requirements are specified by a collection of descriptors.
These descriptors are used to convert a transaction updating a data item in a single database
into transactions that spawn or trigger various activities needed to maintain interdatabase
consistency. The concepts as polytransactions [SRK92], active databases [MD89] and pro-
duction rules [CW90, CW92b, CW92a] have been developed for such an environment.

The third category, cooperative transaction models, are related to groupware systems [EGR91,
El92]). Groupware supports a group of users engaged in a common activity. It aims to assist
groups in communication, in collaborating and in coordinating their activities. Workflow
systems constitute a subclass of groupware systems. Cooperative software engineering,
engineering design and text editing are typical applications of groupware systems. In
such cooperative environments transactions cooperate by having intersecting views, and by
allowing the effects of other’s operations to be visible without producing conflicts. Coop-
erative transactions do not provide dynamic workflow nor do they provide compensation.
The concepts as split transactions [PH88, Kai90, KP92], the cooperative transaction model
[NRZ92], coordination consistency [HOS90] and lazy consistency criterion [NG92] have been
developed for transaction management in cooperative environments.

The category transactional workflows comprises the models which include a workflow
specification language and which explicitly address the issue of concurrent workflows. In
general, if the integrity constraints do span multiple systems, concurrent workflows may
interfere each others and thereby there is a need to control concurrent workflows. To
manage concurrent workflows the Contract Model [Wac91, WR92] introduces a control
mechanism over ACID transactions by invariant predicates which can be specified to hold
across tasks, and which prevent possible interference of concurrent workflows. In the
approach presented in [BDS93] a workflow specification model [ASSR93, SR93] and an open
nested transaction model [WS92a] is combined. In the proposed architecture the workflow
management component enforces termination dependencies and the control and data flow
dependencies within a workflow. The semantic transaction management component of
the architecture manages the compensation dependencies, and the dependencies between
incompatible tasks of different workflows to ensure multi-system consistency.

Finally, transaction metamodels provide a common framework within which one can spec-
ify and reason about the nature of interactions between transactions in a particular model.
Using a metamodel, existing transaction models can be described and compared. Klein
[Kle91] has shown that most known transaction dependencies can be represented already by

Copyright © TRANSCOOP Page 112



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

Create-, Finish-, Commit-, Abort-, Compensation- and Weak-Commit-dependencies. ACTA
[CR90b, CR90a, CR92a] is an other metamodel. It allows one to specify transaction depen-
dencies as well as the conflict relations of operations. The generality of the conflict relations
allows ACTA to capture different kinds of type-specific (e.g. abstract data types) concurrency
control. Moreover the notions of delegation [CR93] and notifying [CR92a] make the ACTA
framework applicable also in cooperative environments. There is also a comprehensive
framework for enforceable specification of extended transaction models and transactional
workflows [GH].

5.2 Product study

The product study in this section discusses functionality, provided features and the major
shortcomings of some current workflow products. Together with the case studies (later in
this chapter) this study gives valuable information about the requirements still to be fulfilled
in the workflow management and thus to be considered in the TRANSCOOP project.

In this study we first give a general overview of the current workflow management software
and then look briefly to the future of workflow management. After that, we have included
in-depth analyses of three selected workflow products. All of these three products can be
considered as developed in Europe. Of these products Staffware represents the pioneers
in the workflow scene being also one of the most widely used product in the world. IBM
FlowMark is a new product exploiting object-oriented technology and scientific research in
it. Thus it represents the future direction of the workflow products. ICL’s TeamFlow is an
extension to the TeamOFFICE office automation suite that is perhaps the most widely known
and used commercial software product developed in Finland.

5.2.1 Classification of current workflow products

In the past two or three years the workflow technology has become a remarkable issue in the
software market. Currently, well over 100 vendors offer some kind of workflow automation.
Their products range from intelligent e-mail systems to workflow management systems
for enterprise wide complex business processes. Workflow products can be categorised
according to the tasks the products automate [McC92]):

Ad-hoc tasks are performed in unique or occasional cases like developing strategic plan
or a corporate brochure, or performing some other project-oriented task. Ad-hoc
workflows exist only for weeks and therefore their automation should be quick and
easy. Integration of the everyday office tools and document handling is essential.

Administrative tasks are normally repetitive, simple and somewhat structured sequences
of activities. Travel request processing is an example of this kind of tasks.
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Production tasks consist of repetitive structured business processes that are always per-
formed following well-defined, but often very complex, rules and policies. Production
tasks tend to be business critical since often customer service and financial aspects
are involved. Therefore, monitoring with audit-trail functionality is needed. For the
same reason recoverability, data management and security issues are important. In
many cases, a versatile mechanism for integration with other systems, both office and
mainframe systems, including legacy systems, is needed. Insurance claim or mortgage
loan processing are often given as examples of production type tasks.

A good example of a product suitable for ad-hoc tasks is Lotus Notes' which is actually a
groupware product having limited (ad-hoc type) workflow capabilities.

Administrative workflow products are usually form-based and can be very well based
on extended electronic mail capable of transferring different kinds of documents and data.
Defining and implementing administrative workflows usually can be done without extensive
training or consulting.

Production workflow products provide rich but variable sets of features and usually demand
lots of training. Larger production workflow automation projects involve usually business
process re-engineering and they often have to be carried through in cooperation with the
consults or representatives of the product.

Recently workflow products have grown more and more versatile, thus blurring the work-
flow market segmentation between the aforementioned three groups.

In our product analysis we concentrate on the products suitable for production workflows.
However, we keep in mind that flexibility and ad-hoc features can be valuable supplement
for a production workflow software when a conveyor-belt approach is not adequate.

5.2.2 General features of current workflow products

Workflow systems for automating production workflows typically consist of the following
parts:

Workflow management engine coordinates and synchronises the execution of the scenario
instances according to the rules from the scenario definition. It manages the internal
database(s) in which scenario definitions, user information and data structures as well
as audit trail information are stored.

Workflow definition tools allows the definition of scenarios, users and data structures.

Worklist functionality offers tools for the end-users for managing, selecting and performing
the work assigned to them.

'From Lotus Development Corp.
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Administration and monitoring tools allows the definition of the security and privilege
levels of users, supervision, management and monitoring of scenario instances and
actor performance.

Integration mechanisms includes the APIs and other ways to integrate external applications
and documents with the workflow system.

Workflow systems usually do not offer tools for business process analysis (BPA) and re-
engineering (BPR). These tools have their own separate market These tools produce typically
descriptive models of the business processes which cannot be transformed to the executable
models used by workflow products [Mie94].

In the following paragraphs we summarise the workflow-related definitions in commercial
workflow products.

5.2.2.1 Scenario definition with current production workflow products

5.2.2.1.1 Control flow A scenario is typically seen as a series of activities that are assigned
to users. Between the activities there is control flow that forms a route for the activities.
Almost all products offer more than only sequential routing. Conditional routing, parallel
routing with synchronising re-joining control flows and looping capabilities are common
features. Production workflow products tend to lack features that would empower end-users
in their work thus leading to a kind of conveyor-belt approach. All the possible exceptions
must be defined in advance. Of course, in this way many products enable scenarios and
activities to be predefined so that routing is dependent of e.g. value of some variable (that
can be updated in activity). Some recent products, however, make exceptions and aim more
to user empowerment. For example ECHO? has capabilities to redo and skip activities and
re-route tasks to other users. Many production workflow systems have added also ad-hoc
capabilities of some degree to handle e.g. situations not considered in the original scenario
definitions (e.g. ViewStar?).

5.2.2.1.2 Dependencies The ability to describe more detailed dependencies (see Sec-
tion 5.4.2 for PortNet requirements) than sequentiality between two activities is usually
absent with few exceptions (e.g. ECHO, FlowPATH?*, and ProcessWise Integrator® [Mie94]).

5.2.2.1.3 External events In most products it is possible to define or at least implement
external events which start scenario instances or alter already running instances.

?From Digital Equipment Company.
3From ViewStar Corp.

4From Bull Information Systems.
SFrom ICL.
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5.2.2.1.4 User definition Almost every product enables defining roles, groups or (rarely)
even the whole organisation structure. However, making user or role hierarchies or defining
any other relationships between users, roles and organisations are rare features. Often there
is a limited set of predefined user properties and customising this set of properties (e.g.
adding more named properties to users) might be impossible.

5.2.2.1.5 Activity assignment Usually activities can be assigned to users or entities con-
sisting of users (like roles). Some products offer also activity assignment at runtime, based
on some data related to the scenario instance, (e.g. field value given by actor). When a task
is assigned e.g. to a role consisting of many users, then depending on the product, the work
request is sent either to a shared workqueue related to the role or to all personal workqueues
of the users in the role. In both cases the first user selecting the work item locks it from the
other users. Many products do not have a possibility to assign a task to an ad-hoc group as
this is not a predefined entity.

Some products support work balancing that enables activity assignment to change dynami-
cally. None of the products we have seen include shared calendar or scheduling systems for
users that could be used for deciding (automatically or manually) to whom a certain activity
assignment suits the best.

5.2.2.1.6 Setting deadlines Most products have some kind of deadline features for activi-
ties while it is less common that they exist also for the whole scenarios. Deadline definitions
can be relative (e.g. to the release of the preceeding activity) or absolute time expressions.
Various actions can be taken when a deadline expires. Most commonly a notification is sent
to the responsible user, the system administrator or some other supervising user. Task prior-
ity can be raised (if priorities are supported by the product). The task can be also redirected
to another user or be withdrawn, maybe causing scenario instance to terminate. However,
the most flexible way to handle deadlines is to let the scenario specifier set alternative actions
that will be taken if deadline is ignored (e.g. Staffware®). In Staffware deadlines can be also
conditional.

5.2.2.1.7 Data definition In addition to related documents, there is usually a need for
storing and handling various kinds of data related to the scenario instance or its activity
instances. Therefore products enable definition of variables of different base types and
complex data structures can be built from the base types. These variables and data structures
are used for storing all the relevant data for the users working with the activities as well as
for exchanging data with external applications. Furthermore the same data might be a basis
for conditional routing and execution of activities.

In some products all the data is stored in the data vectors or data repositories specific to
instances of scenarios and common to all activity instances in the scenario instance. Usually
data dependencies between the activities are not explicitly defined. An exception to this is
FlowMark’, in which data flows have to be defined explicitly (cf. [[BM94]).

6From Staffware Plc.
"From IBM Corp.
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5.2.2.1.8 Definition tools Graphical scenario definition tools have emerged in products
lately. They are usually based on some proprietary flowchart technique with different kinds
of icons representing various activity types and arrows between the activities representing
the control flow. In some products hierarchical modelling and reusing stored scenarios or
sequences of activities as an activity are possible (e.g FlowMark).

In a graphical presentation, one usually cannot express complex rules, dependencies or a
detailed definition of an activity. Therefore products enable refinement of definitions by
form- and dialog-entries (like in CASE tools).

Few products (e.g. TASC-Flow®, FlowMark) also offer animation (using graphical scenario
definition) or simulation of the defined workflow model for testing purposes. Some products
(e.g. Staffware) have a separate environment for testing scenarios before taking them in
production use.

5.2.2.1.9 Definition language Most products provide some ASCII representation of the
scenario, data and user definition. That representation is usually used for exporting and im-
porting definitions e.g. for backup or for transferring definitions between different platforms.
Exported ASCII type definitions are also meant for versioning, since versioning workflow
definitions usually are not included in workflow products.

These representations can be considered as definition languages but most of them are not
intended to be any kind of programming languages. However some products have pro-
grammable high-level languages specifically to support business procedures. Such lan-
guages are for example PML (Process Modelling Language) in ProcessWide Integrator,
CTDL (Case Type Definition Language) in ECHO [Mie94] and FDL (FlowMark Definition
Language) in FlowMark[IBM94].

5.2.2.1.10 Transactional properties Production workflow systems typically use some re-
lational (or recently also object-oriented) databases for storing and accessing scenario defi-
nitions and the data involved. They are also often referred to as transaction-based workflow
systems. This term can be misleading since current commercial workflow management
systems themselves don’t offer much in the area of transactional workflows. Workflow
products usually offer ACID properties to an elementary activity inside the workflow sys-
tem, but these properties are usually not applied to its operations outside the system (e.g.
updates into external databases, external program executions). However, some products
provide some level of concurrency control for document file handling. They still don’t allow
to define e.g. requirements for isolation or failure atomicity of an activity, group of activities
or a whole scenario. Backward recovery relates closely to these issues and we haven’t found
any workflow product offering backward recovery. However, IBM has plans to include
backward recovery of some degree in future versions of FlowMark.

8From TASC
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5.2.2.2 Workflow management functionality

5.2.2.2.1 For end-users Worklist functionality offers the primary interface for the end-
users for selecting activity instances assigned to them, retrieving details about the work to
be done and perform the work. Traditional worklist functionality and outlook is similar to
email systems (actually some of the workflow systems are bundled with mailing system). In
the era of GUIs worklists have become more sophisticated with colours, icons and buttons
but the base idea is the same:

e When a new work request related to some activity is sent to a user (by the workflow
management engine) it appears into his worklist as a work item.

e User can select it, thus locking it (locking work-items is important when work requests
are sent to a group of users with the intention that only one group member does the
job).

e Some products empower users by enabling them to reject or delegate the task by
sending the work request to someone else.

e In some cases selected work items can be put back to the worklist (if work requests are
sent to a group of users).

e When the work is done the work item disappears from the user’s worklist and the
activity is released.

In addition to this base functionality products often offer filtering and ordering worklists as
well as some degree of customisation. In addition to this there might be some additional
facilities e.g. for sending messages.

Some products (like FlowMark) give users a view of the whole scenario and status of the
workflow by showing e.g. a graphical representation of the scenario which includes the
history. This is one way to motivate users in their work enabling them to see (and understand)
the whole business process and their importance in it.

5.2.2.2.2 Forsystem managers Inaddition to technical matters the workflow system man-
ager is usually responsible for authorisation, manual exception handling and monitoring.
Furthermore he is responsible for setting up and maintaining roles, organisation definitions
and possibly other workflow specific system structures. This might lead to tight co-operation
with scenario definers and implementors. In some workflow systems manager’s tasks can
be shared with some other privileged persons.

Getting the status of running scenario instances is one of the most important features of
the workflow systems and actually one good reason to use workflow management systems.
This is especially true in customer-oriented business processes since customers should be
able to be informed about the state of their case at any time. Closely related to this is the
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capability to search scenario instances or data related to them by different kinds of criteria.
Almost every product offers at least some kind of monitoring tool, but they do not all offer
extensive searching capabilities.

In addition to the status of single scenario instances it might be important to get a larger
view of the system status. This way bottlenecks can be found, e.g. when some user gets too
much workload. The system manager (or some other privileged person) can then reassign
tasks to other users.

It would also be important to be able to evaluate whether changes in business processes
automation have been successful by comparing the overall statistics retrieved from both old
and new implementations. For this purpose there should be some metrics for measuring the
productivity. This kind of advanced monitoring features are not very common yet in current
products (e.g. ProcessIT? is an exception).

5.2.3 Standardisation and future of the workflow management

It is not wise and it is not even possible to include all the functionality into one workflow
product since users can have different and very specialised needs. By developing open
workflow products with standard interfaces it is possible to replace some of the workflow
functionality with third party products that suit the user better. For example:

e The gap between BPR tools and workflow systems could be bridged by offering some
standard definition language understood by both products.

e Worklists could be replaced with “workflow enabled” products which offer all work-
flow functionality needed by the end-user. This way, the end-user would not need his
own workflow product in addition to the everyday software he uses for performing
the work.

e Enterprises having many workflow systems from different vendors would like to have
one consistent interface for administering and monitoring all their workflows.

Standardisation of the workflow systems is currently in progress by the Workflow Manage-
ment Coalition (WMC). Their standardisation work includes [Swe94]:

e Common APIs to workflow services and functions.
e Interoperation between different workflow products.
e Exchange of business process definitions between different workflow models.
In WMC’s model there is a central logical centre, Worktflow Enactment Engine, that has Work-

flow Application Interfaces (WAPI) supporting five kinds of applications. These applications
form the functionality needed in workflow management system (cf. figure 5.1):

9From AT&T Global Information Systems.
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Figure 5.1: Reference model for the workflow system by Workflow Management Coalition.
[Swe94]

Interface 1 for BPA, BPR, definition, modelling and simulation tools.
Interface 2 for end-user interface and “workflow enabled” applications.

Interface 3 for integrating external tools and services (interactive or automatic). Also for
legacy system integration.

Interface 4 for interaction between workflow management engines (of different vendors).

Interface 5 for administering all the workflow management engines with the same tool. In
the same way, monitoring and analysing all the workflows (regardless of the workflow
product) would be enabled with one and the same product.

Current workflow products are considered as “umbrella” applications over the services used
in business processes. The next and actually already ongoing step is to provide standard
interfaces that allow other products to work together with workflow products and share
workflow objects. While Lotus Notes is already a good example of this kind of development
with numerous add-on products, in the future e.g. Workflow Management Coalition stan-
dards will have an important role in the development of next generation workflow products
and integrating them with other products.

Object orientation is also fast becoming a key technology in workflow management systems.
OO technology especially suits well to workflow objects that combine documents and data
with processing rules in a reusable way. In addition to this, there are now great efforts by the
Object Management Group (OMG) to develop a standard for object oriented middleware that
aims to interoperability among the applications in a heterogeneous network environment.
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Since the OMG consortium consists of nearly 350 companies including all major software
and hardware companies, their work will have significance also in developing workflow
systems.

It is also believed that workflow features will be added to the applications making them
“workflow enabled” and finally workflow management would be incorporated into the
operating systems. This way workflow management would come eventually ubiquitous
- just another functionality in the applications. Distributed object management (DOM)
standards might enable this vision also in a heterogeneous network environment. Here
OMG’s CORBA (Common Object Request Broker Architecture) specification might be the
concept to be aware of.

5.2.4 In-depth studies
5.2.4.1 Staffware

5.2.4.1.1 Overview The first version of Staffware'® was released in 1988 and it is currently
one of the most widely used workflow products in the world.

Staffwareisa client-server based product where the server always runs ina UNIX-environment,
while the client (offering the end-user interface) can run under UNIX using character termi-
nals or under Windows'! over a local network. Staffware stores data in its proprietary flat
file database but has also special versions that can be installed on top of Oracle'? or Informix
Online' relational databases.

5.2.4.1.2 Scenario definition In Staffware a scenario definition is a procedure and its
instantiations are cases. It consists of activities called steps that have an addressee (name of
the actor assigned to the step). Staffware usually has a form attached to each step.

Staffware procedures are defined by using character based UNIX development tools (see
figure 5.2) or the Windows based Graphical Workflow Definer (GWD)'*. The GWD modelling
technique is adapted from the flowchart technique. An example of a graphical procedure
definition can be seen in figure 5.3.

A Staffware graphical procedure definition consists of icons that are connected to each other
with the control flow. Icons represent different kinds of steps and control structures. A
question mark icon symbolises conditional routing and an hour glass icon symbolises a wait
statement (Here activities to be waited for are connected by a dashed connector). Document
icons are activities with forms attached. If a document icon has a clock sign a deadline is
attached to it. An external event is defined with a lightning document icon.

10Tn this analysis we refer to the following Staffware product versions: Staffware, version 5.1 (for Solaris),
Staffware for Windows 2.0, Staffware for Windows Graphical Workflow Definer, version 1.0

"'Windows is a trademark of Microsoft Corporation

12Q0racle is trademark of Oracle Corp.

BInformix Online is trademark of Informix.

14GWD lacks some important functionality (e.g. forms design tool) and part of the development must be
done still using character based UNIX-client.
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Figure 5.2: Staffware character based client software screen (system administrator menu).

Staffware procedures can be exported to “xfr-files” as well as imported from those files. This
ASCII text file can be used for e.g. transferring a definition to a different platform. Staffware,
however, does not have any programmable high-level language for defining procedures.

Staffware procedures are not hierarchical which means that steps cannot have substeps and
on the other hand Staffware procedures cannot be reused in new procedures as steps. There
are different three kinds of steps in Staffware:

e A (normal) step is the most common step type to which always a form is attached.

o Eventsare activities that can be used for controlling an already running case or altering
the data related to it. By using events it is also possible for one case to start other cases.

e An automatic step executes an external program without user interaction and after
execution transfers the control to the next step.

Each step consists of four possible parts: an addressee, a form that the addressee receives
(in case of a normal step), an action that takes place after the release of the step (e.g. ad-
dressee completes the form), and, optionally, a deadline by which the addressee should have
completed the form. In the following paragraphs we go into more detail about what can be
defined in Staffware procedures. Forms are discussed later in “Data definition”.

User assignmentis done according to the addressee given in the step definition. Anaddressee
can be a user, group or role. In case of the latter two, the individual users are determined at
runtime by looking at the user and role definitions. The addressee also can be determined
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Figure 5.3: Defining a procedure with Staffware Graphical Workflow Definer.
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STAFFHWARE Procedurs Editor; PILOTORD Step: HORDER Order

If status <* "C" these steps will be processed @
CHKORDER

Otherwize these steps will be processed @
STOP

Figure 5.4: Defining the next step by entering actions.

from the value of any case variable. (This allows e.g. the addressee of the current step to
decide who will be assigned to the next step if he can update the variable instance.)

Routing from one step to another is specified by actions defined in the steps (see figure 5.4).
An action is simply the name of the the next step to be processed after the current one. Here
also the predefined stop action can be given. The stop action is a special step that terminates
the execution of the case. Loops can be defined by specifying the “next” actions of a step
appropriately.

Forking the control flow is done by defining many actions in one step. However it is
important to notice that parallel steps should not be allowed to update the same variable
instances since there is no concurrency control for the data management in Staffware. This
is also true when a step has been assigned individually to many addressees when they
are allowed to select the same form from their work queues for user interaction (see “Data
definition”) and therefore have access to the common data of the case instance through the
tields defined in the form. Splitting workflows to parallel steps or assigning the same step
individually to many addressees makes sense in Staffware only when the step is a document
without update possibility (e.g. memo) or when updating is made conditional so that each
branch or addressee has access to a different portion of the data.

Conditional (rule-based) routing can be accomplished by defining conditional actions (see
tigure 5.4). Conditions can be based on the data of the case. In addition to this, with the
wait statement it is possible to define the release of one step to be dependent of the release of
some other step (Release A — Release B). This way it is also possible to synchronise
re-joining control flow branches.
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Figure 5.5: Defining a deadline for the step.

The optional deadline section in the step definition provides a mechanism for entering a date
or time by which a step must be released (see figure 5.5). It can also be a relative expression
or a result of a calculation. Alternatively, deadline can be defined as the period of time from
sending the form to the workqueue to the release of the step. The actions to be processed if
the deadline is ignored are also defined in the deadline section. Deadlines can be conditional.

The rules in the procedure that are too complex to be solved by defining conditional actions
may be programmed using Staffware scripts which can be called using field and form com-
mands which are triggered by certain field and form actions (see “Data definition” below).
Scripts are also used for running series of external program calls (e.g. DDE interaction with
Windows applications).

Procedures can be changed even during their execution but these changes only have an effect
on the remaining steps of the procedure instances since Staffware does not have different
entities for procedure definition and execution. This feature causes problems when running
cases get into a situation where a subsequent step to the current step does not exist anymore
in the updated procedure.

A single case is strictly bound to follow the rules defined in the procedure. Such dynamic
features as bypassing or redoing a step or totally rerouting the case are lacking.

5.2.4.1.3 Scenariomanagement Scenario managementismostly controlled by the Staffware
server. A case is started by using client software or an external utility program. After the
server has received the start request it reads the authorisation information and finds the
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tirst step from the procedure definition. Then the form belonging to the step is sent to the
addressee or automatic step is executed without user interaction (depending on the step

type).

In case of an interactive step the addressee has access to the form in question through his
workqueue that is a list of messages, work-items, indicating pending tasks. Single users
have their own private workqueues while user groups have shared workqueues to which
every member has access. When one group member selects a work item from the shared
workqueue the server locks it to him and other members cannot access it anymore. The step
is locked until the addressee has finished and released it. A step may also be allowed to be
delegated to some other addressee by forwarding the work item to another user, group or
role.

After releasing the step it is deleted from the workqueue and the control flow goes to the
step that was defined as an action of the released step. A form related to the next step is sent
to corresponding addressee by the server. The flow proceeds this way until the terminating
stop-action is reached.

With the audit trail function it is possible to track how a certain case has progressed giving
a date, time and the users involved when:

e the case has been started,

e the steps have been processed to the assigned addressee,

e the steps have been released,

e the possible deadlines have been ignored,

e some other actions have been directed to the steps or the whole case and

e when the case has been finished.

Another predefined report is status report which shows the current status of each step in a
given case.

Staffware also provides functionality for producing customisable management reports which
enable to produce different kinds of summaries and lists of selected cases.

Like most of the workflow products also Staffware lacks built-in functionality for getting a
general view of the work status or distribution e.g at the corporate level. Similarly work
balancing and forecasting the duration of a case are not supported.

If the Staffware server cannot assign a step to any addressee the corresponding work item
is sent to system administrator’s work queue (e.g. because of the change in the procedure).
The system administrator can also force the case to terminate by executing the close case
command.
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Figure 5.6: Relationships between users, user groups and roles in Staffware.

5.2.4.1.4 User definition and management In Staffware a user can be a single user or a
user group. It is not possible to build any kind of user or group hierarchies. Both users and
groups are defined within a user directory that is a simple list of user and group names.

For each user there is a user profile that contains a common set of attributes used for all
Staffware users. In addition to predefined attributes (e.g. NAME and PASSWORD) any
other custom attributes can be defined (such as employee number or supervisor’s name).
These attributes can later on be used in the implementation of activities, authorisation.

Users have four privilege levels: Ordinary user, Manager, Procedure Definer and System
Administrator. These privileges are assigned to users by defining what kind of menu they
use. While a system manager has every functionality available, an ordinary user has only
few functions (e.g. managing his workqueues and starting a case).

There is also a separate role directory where Staffware users (single users and groups) can
be assigned to roles. Role names can be used for routing in much the same way as user
and group names. Role directory is common for all procedures. This causes problems when
the same role needs to be assigned to different users in different procedures. Relationships
between users, groups and roles are shown in figure 5.6.

Creating users, groups and roles as well as maintaining them is assigned to the system
administrator.

Staffware does not support organisation structure definition. It is possible to partially
overcome this shortcoming by defining some clever custom attributes for users.
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5.2.4.1.5 Data definition In Staffware all data are defined by creating different types of
(case) variables and forms that are stored in a database managed by the Staffware server. In
Staffware terminology these variables are confusingly called “fields”, without any distinction
from the input and output fields defined in the forms. In this text we use the term field for
the input or output space in the form.

The variable types available are:

e ftext,

number that can be both integer or decimal,
e date,

e time,

memo that are used for storing large text entries and

attachment that allows attaching a file of any type to a form, by storing the full path
for the file in this field.

Staffware enables to define tables for commonly used information in the cases (e.g. customer
details). In addition to this, it is possible to build simple internally or externally stored data
lists that can be used for list of values functions in the form fields. The values in the lists and
tables can be used for field validation purposes in Staffware forms. The tables and values
for them as well as lists can be defined only by the system administrator.

Filling out a form is the way for an addressee to perform the work associated to a certain
step. The fields defined in the forms can be considered as views to the case variables
having the same name as the field in question (see figure 5.8). Field types are derived from
corresponding variable types. When the fields in the form are defined to be updatable the
changes of these field values imply corresponding changes in the values of the case variables.

A form can be defined by means of the Staffware form editor (cf. figure 5.7) and portions
of it (including display fields) can be read from an external text file at runtime. A whole
form definition with e.g. updatable fields, however, cannot be read from an external file at
runtime. Forms may also have form conditions by which it is possible to make some of the
tields or data visible only in certain circumstances.

Staffware forms offer ways to integrate external documents and programs to its fields using
tield command option. By this option itis possible to call external programs with parameters
or Staffware scripts as well as make assignment operations (e.g. to other fields). Staffware
and external programs are exchanged via external ASCII files. If a field command option
is used in an attachment field, the file name attached is used as a parameter for the field
command.

With form commands forms also enable calling external programs or scripts when a user
releases the step (from the form - not in his workqueue) and when he exits from the form
(without releasing it).

In addition to this, the form itself can be implemented with some third party software and
then called by initial form command instead of Staffware form'®. Staffware offers a limited

15Gtaffware “Open Forms” concept.
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Figure 5.7: Defining a form for a step with the Staffware form editor.

STAFFHWARE Procedurs Editor; PILOTORD Step: HORDER Order

Definition of Field : SHIPHAHE

Type t Tent
Lengzth + 25
Origin * Required
Commard :
Yalid responzes or calculations
Values Fields List=

Help for thiz Field :

Figure 5.8: Defining a field characteristics in Staffware.
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Staffware Application Layer (SAL) API that can be used only in conjunction with some other
mechanism to pass data across. Staffware also has the special Form Helper for integration
with Visual Basic®.

5.2.4.1.6 Data management Accessing case variables through the fields defined in the
forms does not provide any concurrency control. This means that many users can read and
update case variables simultaneously from different forms if the procedure definition gives
the possibility for that (e.g. parallel activities having common input fields). The philosophy
of Staffware seems to be that the procedure specifier (rather than the system itself) makes
sure that common data stored in case variables may only be accessed by only one user at
time. In this way it is enough to lock only the form when an addressee selects it from his
workqueue. Variables themselves are not locked — only copies of the values are read by
the client when the form is selected from the work queue and all the values are written back
when the step is released (finished) allowing forward recovery from this last saved state if
some system failure occurs during the next step.

When the case is terminated, all the data related to it remain in the database if the auto purge
option has not been switched on. These data can be queried using Staffware management
functions. It is also possible to retrieve these data of already finished (or currently running)
cases by executing an external Staffware utility program. However, there is no way to see
what data values were on the fields at the specific point of the workflow (after certain step).
Staffware also does not have any mechanisms for backward recovery.

5.2.4.1.7 Conclusions Staffware is intended and has traditions for automating adminis-
trative and production tasks with well-defined rules. Itallows graphical procedure (scenario)
definition using Windows-based tools. Hierarchical definitions and reusability are not sup-
ported. This is the reason that defining very complex production type scenarios is difficult.
It also does not have a programmable high-level process definition language.

Staffware offers typical routing features (sequentiality, forks, joins, loops and conditional
routing) and external events. Its wait feature enables to define Release A — Release
B type dependencies in addition to normal Release A — Begin B type dependencies.
There is also some amount of flexibility offered, e.g. a step can be delegated to another user
and user assignment can be based on the value in the updatable case variable (allowing ad
hoc assignment).

Monitoring functionality has audit trail and status reports. In addition to these typical
functions Staffware offers customisable management reports about the data related to cases
(scenario instances).

Staffware does not support ad hoc workflows. Nor does it have a possibility to change the
rules for a single case (e.g. by-passing or redoing steps) thus empowering the end-user.

Like all workflow products also Staffware lacks backward recovery as well as the possibility
to define transactional properties for activities. It also does not have concurrency control for
the case variables that cause problems if parallel steps are allowed to update same variables.

16Visual Basic is trademark of Microsoft Corporation
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5.2.4.2 IBM FlowMark

5.2.4.2.1 Overview IBM introduced the first version of their own workflow management
system FlowMark to OS/2 platform in 1994'7. It is fully object oriented and the first com-
mercial product using an object oriented database for storing workflow data®®. FlowMark
is a distributed workflow management system that operates on local area network, offer-
ing cross-platform support for OS/2, AIX and Windows. It has three different types of
components (see figure 5.9):

Servers that consist of:

e FlowMark server which is the workflow management engine.

e FlowMark ODI ObjectStore object oriented database (OODB) server that is used
by the FlowMark server for managing workflow data objects.

Servers are provided for OS/2 and AIX platforms.

Buildtime client for modelling scenarios on OS/2 workstations and for administering the
system on OS/2, AIX and Windows workstations. A buildtime client has its own
OQODB client that can connect directly to the OODB server.

Runtime client for starting processes and using work lists on OS/2, AIX and Windows
workstations.

5.2.4.2.2 Scenario definition A process (model) (scenario definition) is described in Flow-
Mark by using a graphical diagramming tool and entering more specific data into so-called
notebooks and other dialogs that can be opened from the diagram. The modelling technique
is based on the metamodel concept and its mathematical formulation is presented in [LA94].
According to the metamodel, a process is presented as a weighted, coloured, directed graph
of activities where both control and data flows occur as different kinds of edges. (cf. figure
5.10)

The whole workflow modelincluding scenario definition, data definition, and user definition
can be represented using the FlowMark Definition Language (FDL). FlowMark enables to
export and import workflow models or parts of them using FDL. However, FDL does not
offer more than what can be defined by using graphical diagramming and data entry tools
provided by the buildtime client.

Activities represent a piece of work that the assigned actor can complete. FlowMark offers
three activity types:

17In this analysis we are referring to FlowMark version 1.1
180ther object oriented workflow products store their objects in a relational database.
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Figure 5.9: FlowMark client/server architecture.
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Figure 5.10: Example of FlowMark process model. (source: IBM, FlowMark for OS/2,
Insurance Model)

1. A program activity has an executable program assigned to it. This program performs
the work, either alone in the background or in cooperation with the user via a dialogue.
Since FlowMark itself does not have any tools for implementing the program activities
(e.g. for building forms) they must be implemented as external programs and called
via command line calls or provided APIs. The information needed for the external
application integration with FlowMark is stored in a program registration database.

2. A special kind of activities, blocks, is used for grouping a certain sequence of activities
into one entity. Grouping can be used for reducing the complexity of the process
diagram. It also allows to model loops in which the activities in the block are executed
repeatedly until the exit condition of the block evaluates to true. Third purpose for block
type activities is to implement bundles which allow single activities to be replicated
to multiple (parallel) activity instances. The number of instantiations is determined at
runtime.

3. There is a possibility to model processes by reusing other processes as activities. Such
activities are called process activities.

Activities are linked by connectors forming potential sequences of activities and describing
transmission of data between the activities. In the FlowMark process model there can be
two kinds of connectors:

1. A control connector which can have a transition condition associated to it allowing
the control flow through it only when the condition evaluates to true. A default
connector is an “otherwise” connector through which the control should flow if the
transition condition of no other control connector leaving the activity evaluates to
true. By defining multiple connectors starting from one activity (and having transition
conditions evaluated to true'?) it is possible to define parallel control flows.

19A control connector without transition condition is evaluated as a control connector having a transition
condition which always evaluates to true (i.e. control always flows through that kind of control connector).
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2. A data connector specifies the data flow between the data containers of the activities.
There can also be multiple data connectors leaving from or incoming to one activity. If
the data structures in connected data containers do not match exactly, it is possible for
the scenario specifier to map the individual members of the output data structure onto
members of the input data structure.

The data are written into and read from the data containers by the programs associated
to the activities via APIs. In addition there are some system provided data such as
process instance name, activity name, return code, etc. The evaluation of the transi-
tion conditions as well as the exit conditions (see below) uses the values in the data
containers. So the programs influence the control flow within the process indirectly.

In addition to the conditional routing accomplished by transition conditions it is possible to
set start conditions and exit conditions for the activities to determine when the activity may
start or end. The start condition enables to synchronise the re-joining control flows since it is
possible to choose the start condition to evaluate to true either if at least one of the incoming
connectors evaluates to true or only if all incoming connectors evaluate to true.

Assigning staff (actors) to activities can be done either as a dynamic assignment or as a
specific assignment. In a dynamic assignment the actors for the activities are determined at
runtime by resolving different kinds of criteria. The criteria can be related to people’s levels,
organisations, roles or some combination of these (see “User definition”). In the specific
assignment an activity is bound directly to one or many users.

A deadline definition in FlowMark is implemented allowing only to define durations for
processes and activities in the granularity of hours or days. Moreover it is limited only
for notifying the specified person when the process or activity is not completed in the time
allowed. It is not possible to define a replacement activity that has to take place if a deadline
is ignored.

Another shortcoming in the scenario definition is that it does not include external events.

FlowMark has an animation facility that lets a scenario designer move through the created
process model using the process diagram for checking that it is correct and works as expected.
This is not a tool that would enable to construct a model for simulation of the real world
but just a tool for manual debugging of the logic flow of the process model. During the
animation programs associated to the activities are not called. The data are stored into the
containers and regarded by the testing person.

5.2.4.2.3 Scenario management After the completion of the process definition it is trans-
lated into a process template that is the master for all the executable processes and is an
entity totally separated from the process model. Once a new process instance has to execute,
a copy of the related process template is made and used for steering it.

The runtime client offers a graphical interface for the end-users to start those process instances
(scenario instances) and to handle work Iists (see figure 5.11) to which announcements of
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Figure 5.11: Example of a worklist in FlowMark (source: IBM, FlowMark for OS/2, Insurance
Model).

the new work requests are sent. In the runtime client the process list gives a user access to
all of the process templates that he is authorised to instantiate (start) as well as to all process
instances he is allowed to see. The user interface also allows the filtering and sorting of the
process instances in execution.

A work list handler provides an end-user interface for managing the work requests FlowMark
has generated:

e work requests can be transferred to another actor,
e new processes can be started,
e the list of requests can be sorted or filtered,

e a graphical view of the current status of the process can be obtained.

The server part of FlowMark is a coordinator and synchroniser for the work requests and
data related to the activities. The server is also responsible for executing the process instances
obeying the defined rules translated into the process template.

When a process instance is started via the graphical interface or via the API the process
execution component of the FlowMark server executes the process template in the following
way:

e First, it finds the start activities and distributes them to the appropriate actors.

e The evaluation of transition conditions determines how the control flows. Connectors
that have a transition condition evaluated to true are selected.

e For the non-start activities the start control is checked after one or all (depending
how re-joining control flows have synchronised) transition conditions of the incoming
connectors have been evaluated to true or marked to come from a dead path. Dead
paths are subgraphs having activities that can no longer become executable because
the transition conditions of all the connectors leading to them are evaluated to false.
Activities should not rely on data coming from activities on the dead path.
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e When no further control connectors with a transition condition evaluated to true are
found, the process is finished.

Distributing work requests using either specific or dynamic assignment as well as keeping
track of the requests is done by the work list server. When there are many persons (e.g.
when the actor is a role) receiving the same work request in their work queues, the first
person choosing it from his workqueue becomes the owner of the task and at the same time
it becomes unavailable in other person’s workqueues®. Tt also interacts with the work list
handler in the runtime client to handle manual (interactive) program invocations.

With program activities, the program execution server queries the program registration
database in order to find the appropriate target host and other information for executing
a program bound to an activity. The program can be executed at any host that has the
FlowMark program execution process running.

FlowMark provides only the monitoring of process instances with a graphical process di-
agram from which every user can look how the process instance has progressed. There is
no other kind of tools provided for e.g. audit-trail reporting. However, FlowMark has an
audit-trail server that logs all events into the ASCII files which can be looked at by authorised
persons (or can be loaded into the database.)

5.2.4.2.4 User definition and management In its staff definition the FlowMark buildtime
client lets an authorised person define not only users and their roles but also the whole
organisation structure. A limited set of user information management is also possible using
the runtime client (e.g. changing the password and marking a person absent).

For a person (user) it is possible to define:

e General details (user ID, password, names, telephone numbers etc.).

e Role assignments. A person can have multiple roles (and many persons can be assigned
to the same role).

e The organisational unit where the person belongs to. A person may belong to only one
organisational unit.

e A substitute person to whom all the work requests are forwarded if a person is marked
absent.

e Authorisation to some or all of the following tasks:

— Define staff

— Model processes

20FlowMark has only personal workqueues unlike Staffware where user groups had their own shared work
queues.
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— Manage process instances in specific categories

— Access other people’s activities

FlowMark has a simple level feature for classifying persons. Levels can be named freely and
thus used for appropriate purposes in corporate (e.g. as a security or skill level).

A role definition consists of name, description, role’s optional coordinator and related per-
sons. FlowMark has three predefined roles: administrator, manager and coordinator. The
user who has the administration role does for example, all the authorisations in FlowMark.

Organisational units are defined by giving it a name, description, manager’s user ID, related
persons and all the parent and child relationships in the organisation hierarchy.

One shortcoming in staff definition is that the data structures are not customisable. For
example in many cases it would be useful to put some more information into a person
database than is possible in FlowMark.

The level feature in FlowMark might also be too restricted since it enables to define only one
set of classification criteria features. E.g. in some corporation, levels can be used for defining
skill levels but what if security levels for the staff have to be covered in addition to this?

5.2.4.2.5 Data definition Each activity and process has a private input container and
output container for the parameter storage and exchange between the activities. Each data
container is defined by a data structure that consists of data structure members. The type of
data structure members can be one of the basic types provided (string, long or floating point)
or can refer to another data structure thus forming a nested data structure. Data structures
can also form arrays. All the defined data structures form a pool of reusable data structure
definitions.

There are no data types or structures for date and time. Nor is there any kind of conversion
tunctions for date and time handling. This shortcoming has its implications to the deadline
definition.

5.2.4.2.6 Datamanagement Since all the data in the scenario instance are stored in private
data containers there is no concurrent access to common data. Furthermore, since the
contents of the data containers as well as synchronisation and coordination data are kept
in the database in case of system failure, forward recovery is always possible from the last
saved situation.

Currently, FlowMark does not provide backward recovery. However, IBM has done research
in order to create support for backward recovery of scenario instances. In [Ley] a notion
of spheres of joint compensation is presented introducing a compensation based partial
backward recovery of the control flow. In this paper it is also presented how this backward
recovery capability can be added to the metamodel [LA94] that is the basis of the process
definition in FlowMark. Currently, this concept is being enhanced towards inter-scenario
dependencies and a prototype of a “business transaction manager” is under development.
It is not clear how exactly and when these concepts will be included into FlowMark.
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5.2.4.2.7 Conclusion FlowMark is a robust workflow management system intended to
automate production workflows. It is the only product we have seen separating control and
data flow. It allows hierarchical modelling and re-usability. The modelling tool provides
animation for correcting errors but it lacks advanced simulation tools.

Scenario definition:
Sequentiality, splits, joins and conditions are supported for control flows. In addition activ-
ities may have start- and end-conditions. Also loops are enabled by using block activities.
Although a process model does not directly support replicating activity instances in a pro-
cess instance, this kind of bundle activities can be implemented by using block activities and
external programs.

External events can not be defined. There is also no possibility to define advanced depen-
dencies between the activities (see Section 5.4.2).

Transaction model:

There is no need for concurrency control in the management of the data belonging to the
process instances since shared data do not exist. Data are always stored in the private
containers of running activities. If data have to be shared between processes or parallel
activity instances they mustbe stored in shared data base. Common to all workflow products,
also FlowMark lacks the possibility to define transactional properties for the activities as well
as backward recovery.

Shortcomings:
Deadline features are too limited for many cases and datastructures and conversion functions
for handling dates and times are missing.

Although FlowMark enables to define roles and organisation structures it lacks customis-
ability in user definition. FlowMark has only one classification for the users, namely levels,
which might be inadequate.

FlowMark does not have any audit-trail reporting tools or sophisticated monitoring aids
besides the graphical representation of the status and history of single process instance.
Other more detailed information must be retrieved from the audit-trail files externally.

5.2.4.3 TeamFlow

5.2.4.3.1 TeamFlow TeamFlow isa workflow extension to the TeamOFFICE package un-
der development at the Finnish ICL company ICL Personal Systems Oy. TeamOFFICE
includes TeamMail (electronic mail, with gateways to X.400, Memo and fax), TeamCalendar
(a distributed office calendar), TeamForum (a bulletin board system) and TeamLibrary (a
distributed document and file storage system)>!

?1This product suite was originally developed by the Finnish company Nokia Data Systems. ICL acquired it
when they bought Nokia Data Systems in 1991. ICL supplies also another office automation suite for production
workflow management, OfficePower that has Staffware-based PowerFlow as an add-on product. In addition
to this, ICL has a new set of tools, known ProcessWise for business process re-engineering.
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Figure 5.12: Defining case circulation order with TeamFlow Case Plan Editor.

TeamOFFICE is based on a client-server architecture with the server running under OS/2,
UNIX SVR4, Novell NetWare or Windows NT systems, and clients being PCs running under
Windows 3.z. TeamFlow servers, however, run only on OS/2 and Windows NT platforms.
Systems with multiple servers are supported.

TeamFlow stores the data of the scenario instances in TeamMail messages and associated
attachment files that are routed by the TeamFlow server. The TeamFlow server keeps an
audit trail log in a Microsoft SQL Server 4.2 database on the Windows NT server or in
Gupta’s SQLBase on OS/2 server. TeamMail and the other TeamOFFICE products use their
own proprietary database.

5.2.4.3.1.1 Scenario definition Scenarios, called case plans in TeamFlow, are defined us-
ing the Windows based Case Plan Editor (see figure 5.12) where definition information is
entered by filling different kinds of forms and tables. TeamFlow has no kind of graphical di-
agramming tool (found in many other products), nor does it have a programmable scenario
definition language. An existing scenario can be used as a template when defining a new
scenario, thus enabling reusability. Hierarchical scenario definitions are not supported.
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Figure 5.13: TeamFlow case (scenario instance).

Rather than being a full featured workflow definition tool TeamFlow provides a good set of
tools and services for implementing custom workflow applications. For that it has extensive
C/C++, Visual Basic and SQLWindows APIs. In addition to this TeamOFFICE includes an

Integration Kit which enables easy integration of the most popular office software.

In TeamFlow a scenario instance is called a case (see figure 5.13) that consists of:

e Case package that may include:

— Attachment files such as documents, spreadsheets or pictures.
— Application fields that may be used for storing and transferring data specific to
the case.

e Case plan that defines the routing of the case package from one user to another. A case
plan is composed of successive series of steps that include:

assigning TeamFlow activities to TeamFlow steps,

assigning the case user (see “User definition” below) to TeamFlow steps,

deadline definition,

instructions,

optional co-steps and info-steps (see below).

In the TeamFlow terminology an activity is a definition of a certain piece of work. It always
has a TeamFlow-aware activity application associated to it, enabling the performance of the
actual work. TeamFlow provides a Folder Application as a default activity application that
enables a TeamFlow user to view a case, perform the tasks (associated to the attachments)
and forward the case to the next user with optional comments. TeamFlow activities include
also a list of decisions that are the possible outcomes of a completed activity. (cf. figure 5.14)
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Figure 5.14: TeamFlow activity definition window.
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Figure 5.15: Parallelism in TeamFlow case plans (scenarios).

The control flow between the steps, the case circulation order (see figure 5.12), is established
associating the subsequent steps to the decisions of the activity in the preceeding step. Since
the choice of the subsequent step is dependent on the decision it is possible to establish
conditional, response-based routing. The control flow can also have loops. Since the control
flow describes the routing of the case package the dataflow is always included in the control
flow.

Parallelism is supported only partially. By associating co-operative steps with a step it
is possible to start execution of many parallel steps. The step having co-operative steps
coordinates the co-operative steps and when they are finished the data associated to them
are sent back to the user of the coordinative step. This user is then responsible for handling
the work received from co-step users (but the user need not wait for the finish of all co-
step executions). TeamFlow does not allow parallel branches (having multiple steps) with
synchronisation of re-joining control flows (cf. figure 5.15).

In addition to the co-steps TeamFlow has information steps that can be used for sending a
case package to some user only for informative purposes. This user can not participate in
the execution of the case.

For each case plan a set of TeamOFFICE users is defined as case users that can be assigned
to the steps. These users can also include user groups that are actually distribution lists for
TeamMail. If this kind of user group is assigned to the next step in a case the actor of the
current step must explicitly choose a single user name from the group before the case can be
sent forward. Thus one step cannot be assigned to many users. Nor does TeamFlow provide
any shared workqueue mechanism.

Deadlines for a step can be defined either using an absolute date and time expression or a
relative expression for the duration of the step. It is also possible to define whether the step
user is to be warned before the deadline.

Every case has a supervisor that can be defined explicitly as a case attribute. If the supervisor
is not explicitly defined the case initiator is assigned to this job. A supervisor has rights for
administrating and monitoring all of his cases. (cf. “Scenario management” below.) A
supervisor is also the one who is informed about his cases with notifications. Notifications
to the supervisor can be defined to be sent each time after:
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Figure 5.16: TeamMail mailbox containing ordinary messages and TeamFlow cases. (Source:
TeamFlow 3.0-2, Getting Started: Participating in TeamFlow cases, ICL Ltd. 1994)

e a case is started
e a case is completed, and /or

e every step completion.

5.2.4.3.1.2 Scenario management When anew case is started a message containing a case
plan and a case package (with attachment files and application fields) is sent to the virtual
user mailbox in the TeamFlow server (called a TeamFlow Agent) by the TeamFlow client.
After the server has received the message it determines the first user of the case from the
case plan and forwards the message to the user assigned to the first step.

The assigned user gets the message to his mailbox with the subject field of the message
preceded by the string “TFC” (so that he can distinguish TeamFlow cases from the other
mail messages at a glance) (cf. figure 5.16). Thus the mailbox is also used as a work queue.
TeamFlow cases are selected for viewing and handling like ordinary mail messages into the
TeamMail Received Mail window that reveals more information about the case.

In the TeamMail Received Mail window the user can start a TeamFlow activity application
for performing the work. This program might be the default Folder Application or any
TeamFlow-aware application (which means that the application is programmed to work
together with TeamFlow by using TeamFlow APIs). After finishing the work associated to
the step the user selects the decision®? and forwards the case to the next user associated to
the next step. Instead of sending the case directly to the next user it is always first sent to
the TeamFlow server which does the audit trail logging and checks if the case plan has been
modified before sending it to the next user.

For activity applications TeamFlow APIs provide services for modifying cases in execution.
Another way to alter cases is to use the TeamFlow Case Plan Editor as an activity application.

*2The decision can also be solved automatically by the activity application.

Copyright © TRANSCOOP Page 143



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

In both cases it is possible to modify case plans and case packages of single cases in execution
in an arbitrary way enabling flexibility, ad-hoc features and user empowerment.

TeamFlow also provides quite extensive monitoring and administering with its Supervisor
Tool. The supervisor tool lets a supervisor or TeamFlow administrator:

e monitor the current status of cases

o view the history of the cases

e see the contents of any case he supervises

o get different kinds of reports about cases

e interrupt an active case (so that it can be modified)
e modify an active case (e.g. changing its route)

e abort an active case

e remove a completed case from the TeamFlow system databases

While a supervisor has administering and monitoring rights over the cases he supervises,
the TeamFlow administrator has these rights over all cases (handled by a certain server).

5.2.4.3.1.3 Data definition and management TeamFlow data are stored in a case package
which is routed to the appropriate users obeying the rules defined in the case plan. Two
kinds of data can be defined:

e Attachment files that can be files of any type. For each attachment file it is possible
to define access rights (Read, Modify, Remove) as well as an external program that is
used to handle the file. It is notable that access rights cannot be defined for single steps
but only for the whole cases. If external program association is omitted TeamFlow uses
the default association (based on file name extensions) defined in the user’s Windows
settings. (cf. figure 5.17)

o Application fields (see figure 5.18) that can only be string variables or lists of strings for
transferring case specific data between the steps. Application fields can also be defined
to be stored in the audit trail database. Hence they can be used as a reporting criteria.
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Figure 5.17: Defining TeamFlow attachment files.
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Figure 5.18: TeamFlow application field definition.
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Figure 5.19: TeamFlow case user definition.

5.2.4.3.1.4 User definition and management TeamFlow uses the TeamOFFICE user da-
tabase. TeamOFFICE lets a system administrator define a comprehensive set of personal
details as well as mail details for a single user. Above the personal details TeamOFFICE
allows to grant access rights to TeamOFFICE services.

TeamOFFICE also allows to define user groups that are used as distribution lists by TeamMail.
However, in TeamOFFICE roles or organisation structures cannot be defined such that they
could be used in TeamFlow. Especially the lack of role definition makes user assignment
inadequate (see “Scenario Definition” above).

A set of case users must be defined for each TeamFlow case plan. Case users may consist
of TeamOFFICE users or groups. User assignments to the steps of the case plan must be
associated to these predefined case users. (cf. figure 5.19).

5.2.4.3.1.5 Conclusions TeamFlow is an extension of TeamOFFICE, intended for automat-
ing administrative and ad-hoc tasks. It is a hybrid solution including features from mail-
based and client/server based architectures and thus providing interesting features like
support for ad-hoc workflows and modification of scenario executions but still having ex-
tensive monitoring capabilities.

TeamFlow is, however, too limited for defining complex production workflows. For example
support for parallelism is limited and the rules based routing is lacking. Exceeding a deadline
causes only a warning to the actor and a notification to the supervisor who must handle the
situation manually.
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TeamFlow lacks a graphical workflow diagramming tool, hierarchical modelling and sim-
ulation of the pre-production workflows. Moreover, TeamFlow does not provide a pro-
grammable workflow definition language. Simple scenarios, however, are easy to define
with table and form entries in the Case Plan Editor.

For application programmers TeamFlow provides C/C++, Visual Basic and SQLWindows
APIs for developing custom workflow applications. In addition to this, TeamOFFICE in-
cludes an integration kit that enables easy integration of the most common Windows office
applications.

The TeamOFFICE user definition lacks a definition of roles as well as the definition of the
organisation structure. Thus steps cannot be assigned to roles (or to user groups) but only
to individual users. This shortcoming is not compensated by the possibility to assign a step
to a distribution list from which the user must select to whom the next step is assigned.

TeamFlow could make better use of other TeamOFFICE features. For example TeamCal-

endar services could be integrated with TeamFlow for intelligent resource allocation and
assignment of the case steps.

5.2.5 Summary of analysed workflow products

| | Staffware | FlowMark | TeamFlow |
Architecture Client/Server Client/Server Client/Server,
Mail-Based
Server platform UNIX 0S/2, AIX 0S/2, Windows NT
Client platform UNIX, Windows 0S/2, AIX, Windows Windows
DBMS Proprietary, Informix, | ObjectStore SQLServer, SQLBase
Oracle

Scenario definition functionality
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Graphical Yes Yes No

diagramming

Reusability Poor  reusability  in | Every objectcanbereused | Existing definition can be
definition used as an template for

new definition

Script language Yes No No

Programmable No FDL No

high level scenario

definition language

Animation/ No Animation No

Simulation

Testing scenar- || In test environment sep- | By animation facility No separate testing envi-

ronment. Testing is done
by assigning the testing
user temporarily to all
tasks

Import/Export sce-
nario definitions

Yes

Yes. Uses FDL that en-
ables import/export also
user and data definitions

Internal representation is
ASCII type file

Misc.

Staffware includes a char-
acter based form editor
for defining and imple-
menting forms for the
activities.

Activity definition features

Activity types Interactive, automatic Interactive, automatic Interactive, automatic
External events Yes No No
Support manual || Yes Yes Yes
activities
Hierarchical No Yes No
scenario definition
Reuse existing sce- || No Yes No
nario as an activity
Start condition for || No Yes No
an activity
End condition for || Yes (using form | Yes No
an activity conditions)
Compensative or || No No No
contingency
activities

Activity assignment
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To a single user Yes Yes Yes
To many persons || Yes No Yes (with co-steps and
(everyone becomes info-steps)
actor)
To a group of users || Yes Yes No
(only one is chosen
the actor)
To a role Yes Yes No
To an || No Yes No
organisational unit
Dynamic Yes Yes Yes
assignment (solved
at runtime)
Ad hoc assignment || Yes (by defining the actor | Yes (by implementing as- | Yes
of the next step to be re- | signment in the programs
trieved from an updatable | called by activities)
variable)
Delegation Yes Yes yes
Automatic delega- | No (possible to imple- | Yes No
tion to a substitute || ment easily)
user
Work balancing No No No
Control flow definition features
Sequential routing || Yes Yes Yes
Rule-based routing || Yes Yes No
(Must be implemented in
the program activated by
the activity)
Response-based Yes Yes Yes
routing
Parallel routing Yes Yes Limited
Synchronisation of || Yes Yes (by start conditions) No
re-joining  control
flows
Looping Yes yes Yes
Bundles No Yes No
Separate data flow || No Yes No
definition
Ad hoc routing No No Yes

Dependencies be-
tween activities

Release A — Be-
gin B, Release A —
Release B

Release A — Begin
B

Release A — Begin
B

Temporal No No No
dependencies

Deadline definition features
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Duration of asingle || Years, months, weeks, | Days, hours Days, hours
activity instance days, hours, minutes
Duration of a sce- || Possible by relative date | No No
nario instance (or || and time expressions
group of activities)

Time expression Absolute, relative (to e.g | No Absolute date and time
some variable) or cal-
culated date and time
expressions

Action if deadline || Launch wuser definable | Notify Notify

exceeded activities

Conditional Yes No No

deadlines

Scenario management
Forward activity Yes Yes Yes
Skip an activityina || No No No
scenario instance in
execution
Modify route of a || No No Yes
scenario instance in
execution
Forward recovery Yes Yes Yes
Backward recovery || No No No

Data definition features
Basic data types || Text, number, date, time, | String, long, float String
supported memo
Data structures No Yes No
Arrays No Yes List of strings
Misc. User definable value lists

and data tables

Data management

Management of the
scenario instance
data

Global within a scenario
instance. Parallel activi-
ties can have concurrent
access.

Each activity has private
data containers of which
contents are exchanged as
defined in data flow defi-
nition. Global data with
concurrent access must
be stored into external
storage.

Data is stored in Team-
Mail mail items. In case
of parallel activities, data
items are replicated.

Concurrency con-
trol of the scenario
instance data

No, concurrent access of
data items is possible and
may cause problems.

Not needed since all the
data are stored in private
containers.

Not needed since all the
data is in the mail item
that is sent to the actor.

Document
management

Pointers to physical files
using attachment fields

Managed
by the programs called by
the activities

Managed as TeamMail at-
tachment files

Concurrency con- || Yes (based on UNIX file | No No (all the documents in-
trol in the docu- || handling) cluded in the mail item)
ment management

User definition
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Single user || Predefined set of at- | Predefined set of | Predefined set of at-
definition tributes + user defined | attributes tributes.  (TeamOFFICE

attributes user)
User group || Yes No No
definition
Role definition Yes Yes No
Organisation struc- || No Yes No

Integration and implementation

best for

Integration External program calls | External program (or DLL | external program calls,
mechanisms from forms. Forms can | function) calls, APIs APIs
be replaced by another ap-
plication.  Very limited
API support. Visual Basic
Form helper utility.
APIs Proprietary SAL API, | C/C++, REXX, Visual Ba- | C/C++, Visual Basic
DDE sicc, DDE, OLE, VIM,
HLLAPI
Support for EDI No No No
Administration and monitoring functionality
Audit trail || Yes Yes Yes
database
Reporting the sta- || Yes Yes, graphical | Yes
tus of a specific sce- representation
nario instance
Built-in audit trail || Yes No Yes
reporting
Customised Yes No Predefined reports with
reports from audit user defined parameters
trail data base
Suspend /reroute/ || Yes/Yes/Yes Yes/Yes/Yes Yes/Yes/Yes
terminate a sce-
nario instance in
execution
Modify data of a || Yes Yes Yes
scenario instance in
execution
Suitability for different workflow types
Workflow Administrative and | Production Administrative and ad
type product suits || production hoc

5.2.6 Summary of the major shortcomings in the current workflow man-
agement software

Inadequacy for inter-organisational workflows. Although in some cases high-end work-
flow products (e.g. FlowMark) might be suited for defining workflows that take place
in many organisations, none of the products can deal with wide range of heterogeneity
and autonomy issues in in this kind of system. (This is also true in enterprise-wide
systems.)
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Lacking standards. Although workflow products provide many ways to integrate external
applications and documents, they lack standard interfaces that would support interop-
erability among workflow management systems and third party software. The stan-
dards to be announced by the Workflow Management Coalition will help overcoming
this problem.

Business process analysis and re-engineering. Workflow products usually do not include
tools for BPA and BPR for the basis of the scenario, user and data definition. Moreover,
although there is a great variety of separate BPA /BPR-tools the definitions can not be
exchanged between them and workflow products.

Inadequate support for testing, debugging and analysis of the scenario definitions. Most
of the products enable manual experimenting of the scenario definition before putting
it into the production use. However, certain correctness aspects (e.g. the correct termi-
nation of the scenario in all possible cases) can not be tested automatically. Workflow
products also usually lack simulation tools.

Missing advanced monitoring tools. While most of the workflow products provide some
kind of audit trail and status reporting, only few of them can produce more advanced
reports that would e.g. reveal the efficiency of the system and possible bottlenecks in
it, thus supporting continuous enhancing of the system.

Inadequate of totally missing definition of the transactional properties. None of the prod-
ucts we know enables the definition of some or all of the traditional ACID properties
an the activity or for a group of activities.

Moreover, none of the products we know contains backward recovery by compensa-
tion. Neither do current products have a possibility to define contingency activities for
alternative execution after a scenario instance is cancelled or cannot be executed for
some other reason.

Managing shared resources also has serious shortcomings. In some products some
of these shortcomings are solved by preventing the concurrent access of data items
and document files related to the certain scenario instance. Other products leave this
problem to the application programmer. Even less is offered by the workflow systems
if one needs to control the correctness of the data retrieved from the external data
storages that are used concurrently by many scenario instances (or even by several
different workflow management systems). This means that none of the programs
we know enable to define all the shared data and its visibility. All this leads also to
inadequate support for cooperative workflow applications.

Inadequate definition of inter-activity and inter-scenario dependencies. Only few work-
tlow products enable the definition of advanced dependencies above the serial depen-
dency (Release A — Begin B) between the activities while many other types of
dependencies might be needed (e.g. Cancel A — Begin B and Release A —
Cancel B.

Dynamic and ad hoc features. Typically ad hoc workflows, modifying the rules or data of
the scenario instance in the execution and other features empowering the end users are
lacking from the workflow systems aimed to production type tasks. However, there
are growing number of products including this kinds of features in their functionality.
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5.3 Specific workflow case studies

5.3.1 The graphical description technique used in the analysis
5.3.1.1 Parts of the graphical model

The graphical representation of the scenario definitions is based on concepts known from
existing system analysis methodologies. The graphical representation is intuitive and also
easily translatable to a formal language. The description is decomposable until the required
level of detail is reached.

The diagrams used to define a scenario are discussed below.

The environment diagram (ED) has the same purpose as in Structured Analysis (SA) [DeM79]
and in object-oriented methodologies [RBP*91]. It depicts the exchange of data and control
information between the scenarios to be defined and external entities. The environment
diagram has been extended so that the environment is divided into two parts: the inner part
contains the actors (i.e. human users, roles, organisational units or computer applications) of
the scenario definition, and the outer part depicts external objects that exchange information
with the actors rather act as a part of scenario execution. The environment diagram of the
PortNet system is shown in figure 5.22.

The transition diagram (TD) is a modified life cycle diagram [RBP*91]. In the fashion of
Harel’s state charts, it depicts the activities (or the lower level scenario definitions) of a
scenario definition and all possible transitions among them. Transition diagrams may be
hierarchically decomposed. The top-level transition diagram of the PortNet system is shown
in figure 5.23. The notation of the transition diagram is described in detail in the following
subsection.

Traditional data flow diagrams (DFDs) [DeM79] are used here to express flows of data and
control information among the activities and scenarios. The top-level DFD is created for the
upmost scenario definition whereby, for each activity or scenario definition in the transition
diagram, there is exactly one process in the DFD, and vice versa. The data flow diagrams
may decomposed in the usual way. The top-level DFDs of the PortNet system with respect
to exchange of timetable data are shown in figures 5.24 and 5.25.

5.3.1.2 Notation of transition diagrams

There are two kinds of building blocks in a transition diagram: activity and scenario defi-
nitions shown as boxes, and transitions represented by directed edges. From now on, we
will call activity and scenario definitions of transition and data flow diagrams nodes. A
transition is an instantaneous event of moving control from one node to another: a transition
drawn from node A to B means that when the execution of B is started, the execution of A
is ceased. A control flow starts at one or more entry points and it ends at one or more exit
points. Elements of the graphical notation are shown in figure 5.20.
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Transitions
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transition propagated automatically

regular transition: the source

. may be an activity or an initial
————— P transition propagated by other means entry point.

(mail, phone, fax, radio)

event [cond] transition stimulated by "event"
and guarded by "cond"

event event delayed by time T < ) >
4®T_> (= event [delay(T)]) asynchronous transition: the source

may be any activity of the transition
diagram.

’ initial entry point
asynchronous
entry point

Entry and exit

points
activity 1
activity 2
exit point
event[cond1] Fork into parallel Parallelism
threads of control
[cond2] [cond3]
Merge (conjuctive) into a Merge (disjunctive):
single thread of control: whenever one
both incoming transition of incoming
¢ transitions fires.

i have to fire.

Other dependencies

R<->R
@ @
If Ais released then B is

released, and vice versa.

Also possible:

R -> R: if A released then B released

C -> C: if A cancelled then B cancelled

R -> C: if A released then C cancelled

R <-> C: either (exclusively) A or B has to be released

Figure 5.20: Elements of graphical notation for transition diagrams
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5.3.1.3 Nodes

There is always an actor associated with a node. If that actor is defined as an organisational
unit, e.g. a group of people, cooperation is present in the node. Nodes may be nested
and thus the scenario definition may be decomposed into lower level scenario or activity
definitions in a structured fashion. For the purpose of stepwise decomposition of nodes, the
actors may be also nested concepts, e.g. a department, a person role, etc.

Non-automatic nodes, i.e. nodes that do not have computerised support for execution of the
work being defined, are drawn using dashed lines.

There may be parallelism among nodes at any level of the specification. Possible parallel
nodes are depicted explicitly using a special transition notation (see below).

There may be a precondition and a postcondition associated with a node. The conditions
are Boolean functions defined over detectable events, and global data (including time). The
execution of a node does not start before the precondition evaluates to t rue, and it can not
finish (i.e. generate exit events) before the postcondition evaluates to t rue. Preconditions
and postconditions are best suitable for nodes which have a simple internal structure (e.g. a
single entry state and a single exit point)

Various binary dependencies may be defined among nodes. The most typical ones are shown
in figure 5.20.

By default, nodes have no traditional transactional properties (the ACID properties). Such
properties should be defined at some level of the decomposition if nodes use global data,
persistent data, or data shared by concurrent threads of the scenario definition, or data
shared by multiple scenario instances. The ACID properties as well as any subsets of
them (AD, I, etc.) can be declared for a node by attaching the corresponding letters at the
bottom of a box representing the node. This declaration implies that the properties will be
automatically enforced by the system. If compensation is used for recovery, it should be
explicitly expressed in the transition diagram, using nodes to describe the compensating
activities and their execution order.

5.3.1.4 Transitions

A transition is characterised by two components: an event stimulating a transition and a
guard function (condition) which has to be satisfied in order for a transition to fire (i.e. take
place). The event may be any event external to the system, or an event generated in the
system, or an event of ending (completing) the execution of the source node. The condition
is a Boolean function defined over all global data, data local to the source node and the exit
points of the source node.

The notation el [c1] is used to indicate that the transition takes place when event e; has
happened and the condition ¢; has evaluated to true. For example if e; happens at time
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t; and ¢; evaluates to true at time ¢,, the transition fires at time ¢,. If the condition part
is omitted, it means that the event fires the transition unconditionally. If the event part
is omitted, the default event of ending the source activity (the released exit event) is
assumed. Therefore, an unlabelled transition between nodes A and B means: "the execution
of B is started immediately after the execution of 4 has finished".

A special symbol (a "clock") with a time span value t stands for the condition "time t passed
since the event occurred". A transition with a clock symbol thus represents a timer set by
the event.

There is a special type of a transition to handle asynchronous (i.e. state-independent) events.
An asynchronous transition may be fired regardless of the node being executed. In other
words, any node may be a source of it. Asynchronous transitions are marked using a special
symbol (a circle) as an entry point. Asynchronous transitions are used to model effects
of asynchronous events, such as a device failure, a reset command, an expedited abort
command, etc.

When an asynchronous transition happens the following takes place:

1. A “Cancel” event is sent to any activity in execution within the decomposition unit (a
scenario, an activity or a subactivity at any level) the asynchronous event is sent to.

2. The control is passed to the activity pointed by the asynchronous transition.

Using the above mechanism, a “partial rollback” of a scenario (or an activity) can be easily
modelled: An asynchronous transition is drawn pointing to the (sub)activity one wants the
processing to be resumed at.

Transitions maintained by non-automated means are represented by dashed lines.

5.3.1.5 Parallelism

There is only one way to denote parallel executions of nodes. A transition may be forked
to generate parallel threads of control. A special fork symbol is used for this purpose
(figure 5.20). Each of the forked transitions may have its own condition which is AND-ed
with the source transition condition. Parallel threads of control proceed until a merge symbol
isreached. There are two types of the merge symbol. The conjunctive (AND) merge generates
a transition when both merging transitions are activated. This is used for synchronisation
of parallel threads. The other type is the disjunctive (OR) merge that generates a transition
whenever one of the source transitions is activated. In this case, the thread with the inactive
transition is stopped by the system.

If the threads do not merge, they terminate independently. The scenario execution does not
terminate before all parallel threads have terminated.

Transitions originating in different threads of control can not meet at the same activity
without a merge symbol.
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5.3.1.6 Entry and exit points

A transition diagram has to have at least one entry point and at least one exit point. An
entry point symbolises the incoming transition, and an exit point symbolises the stopping
of processing within the transition diagram and generating a corresponding event. Entry
points are unlabelled. An entry transition is labelled with the name of the stimulating event
and the condition, and the exit point is labelled with the name of the event being generated.

Although any event may be generated at an exit point, there are two standard exit events:
one is released meaning a normal termination, and the other is cancelled meaning an
abnormal termination. The semantics of abnormal termination is specific to the node being
depicted.

There is one special exit point used while decomposing a node, which (sometimes) does not
generate any event. It is labelled wait. When the execution of a node reaches the wait exit
point, no event is generated. Rather, an event external to this activity will stimulate a next
transition.

The only events the transition diagram shows explicitly are exit events associated with exit
points. If an execution of a node generates other events, they are not shown in the diagram.
The exchange of events among nodes may be shown on a corresponding DFD diagram.

A control path is any distinguishable sequence of transitions between an entry point and an
exit point. There is no node outside the set of control paths. A control path may encompass
parallel threads if such threads are used.

If a node does not have outgoing transitions, it is assumed it is connected to an exit point
labelled released.

5.3.1.7 Decomposition rules

The transition diagrams are decomposed much in the same fashion as the DFD diagrams
are. An example of the node decomposition is shown in figure 5.21.

A node shown at level i may be decomposed at level i+1. Any incoming transition at level
i is represented as an entry point at level 1+1. Such a transition is labelled using the name
of the source node (omitted if the source is an entry point at level 1), the event name and the
condition. For example, the entry transition labelled:

delivery planning: order update [time = 13:00 - 16:00]

denotes a transition which originates atnode delivery planningandis fired if the event
order update has occurred and the current time is between 13:00 and 16:00.

To ease labelling, the nodes and transitions may be numbered in the DFD fashion.

Any exit point (other than wait)atlevel i+1 is represented in at least one outgoing transition
at level i. If there are events in outgoing transitions at level i, which are not represented as
exit points at level i+1, there must exist the exit point wait atlevel 1+1.
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Figure 5.21: Example of a transition diagram decomposition.
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5.3.1.8 Rules for incoming transitions

If many transitions point to a node, the first one to fire starts the execution of the node. At
this point all other events leading to the node are reset (i.e. their status is “not occurred”).
Once the execution of a node has completed, the transitions may fire again.

Looping in the transition diagram is achieved by introducing a transition loop within the
same thread of control.

5.3.1.9 Rules for outgoing transitions

Within a single thread of control, only one outgoing transition may fire. Any other situation
is considered erroneous.

5.3.2 The PortNet case
5.3.2.1 An Overview of the PortNet System

The PortNet System has been in the making since 1992. It is to handle notices of vessel
arrivals and departures. In the near future it will also include the invoicing of vessel visits.
The functional analysis of the system was done at 1992 by a Finnish consulting company,
EDI Management. During the year 1993 the same company defined the EDIFACT messages
used in the system. The implementation work (the PortNet System Project) has taken place
during the years 1993-1994 and has mostly been done by a Finnish software house, VIKK
Group Ltd.

Ten Finnish ports have participated in the PortNet project, as well as the stevedoring compa-
nies in the ports, the National Board of Customs, the National Board of Navigation (MKH),
the Organisation of Foreign Traffic Companies, the Finnish Ship Agent Organisation, the
Finnish Port Organisation, the Finnish Forwarders’ Organisation, the Central Organisation
of Finnish Industry, the National Board of Waters and Environment, Alfons Hédkans Oy and
Neste Oy.

The goals of the PortNet project are to simplify the current business processes of the partici-
pants, to create a uniform business process model for all Finnish ports and to gain reduced
costs as well as other benefits.

5.3.2.1.1 The Old System Inthe old, non-automated system, the shipping company agent
has to file in several forms, with basically the same data contents, for the different authorities.

Let us look at an arrival of a foreign ship. The arrival data needed is originated by a foreign
agent who sends a manifest to the shipping company agent. The shipping company agent:
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1. Forwards this manifest to a stevedoring company.

2. Sends the port in question a "Port declaration" form and a "vessel declaration for the
Port" form.

3. Sends the local customs office the "vessel declaration for the Port" form, a notice of
arrival, a "vessel declaration for the customs" form and later on the vessel’s bill of
entry.

4. Calls the local pilot station to order a pilot to navigate the ship to the port and

5. Calls the service providing companies for services needed at the port.

Other data exchange involved in the ship arrival are:

o The stevedoring company sends the port information about the container terminals.
e The port sends schedules on arriving (and departing) ships to MKH.
e The local customs office sends notices of arrival to MKH.

e Based on all this information, ports and the MKH produce statistics on the im-
Port/exPort cargo flow in the Finnish ports and send these statistics to the interested
parties: the port organisation, the press, State Railways, the customs, the city and the
forwarders.

e The stevedoring company, the port, the local customs office and MKH also send the
shipping company agent bills of the services they have provided for.

5.3.2.1.2 The PortNet System In the PortNet system the agent’s work is rationalised so
that he sends only the manifest (to the stevedoring company), the vessel declaration for
customs and the vessel’s bill of entry (to the customs) manually. The rest of the data, the
notice of arrival, the service orders and the declaration of dangerous goods the ship may be
carrying, are sent to the PortNet system as an EDIFACT message, "the notice of arrival and
departure" (IFCSUM,S93.A).

The PortNet message service is implemented and maintained by the VITKK. VIKK trans-
lates the incoming EDIFACT messages into so called "in-house" format and inserts the data
contents into a VITKK database. The incoming messages are also collected into batches and
delivered to the authorities (ports and the MKH) on fixed time intervals (e.g. every half an
hour).

The PortNet System provides for terminal connections to the VIKK database. This way
interested companies, the National Board of Waters and the Environment, ports and customs
can query time schedules, service requests and dangerous goods information of the arriving
and departing ships. In the future, this data will be transferred automatically to local systems.

The PortNet PortIlnvoicing subsystem is currently being implemented. With this subsystem
ports can send their invoices in EDIFACT form (INVOICE, 91.1) to agents, stevedoring
companies and exPort/imPort companies.
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5.3.2.1.3 The Status of the PortNet Implementation Project The PortNet system has been
in a test phase since the beginning of 1994. The uncertainty about Finland joining the EU
delayed the production use somewhat since a lot of the business processes involved change
when Finland joins the EU. The plan is to get major ports and ship agents in production use
in the 1st quarter of 1995.

The pioneer users of the system are the ports of Helsinki and Turku, and their related ship
agents, MKH and the National Board of Waters and Environment.

Next step of the implementation work is to develop a local Dangerous Goods (IMO) system
for ports and to expand the current PortNet IMO database accordingly. Also, there will be a
mechanism for the reception and sending of IMO manifests from and to foreign ship agents
and forwarders (the PROTECT project). This will be a major improvement to the current
situation where the IMO data arrive in the form of a fax message and are typed into the
system either by a shipping agent or a port worker manually.

5.3.2.1.4 The PortNet System as a Workflow Implementation A ship visit to a harbour
involves a lot of cooperation between different organisations. Upon arrival of a ship, an MKH
pilot has to be ready at the right place at the right time, to guide the ship into the harbour.
When the ship arrives at a harbour, the service companies and the harbour personnel have
to be ready to connect the ship to a dock, to unload and load the cargo and to supply the ship
with water and food. When all this is ready, the ship needs a pilot again, to guide the ship
back to the sea. A successful visit to a harbour is a question of fine-tuned, well-timed team
play. Any delays in getting the requested services cost money. The money loss is counted in
thousands of Finnish marks per a wasted hour.

The PortNet System automates sending these service requests as well as sending other
information about the properties and current cargo of a ship. The above information is
included in a notice sent by an agent. The notice serves as a basis for work planning and
triggers manual and automated work at the port in question and at MKH. The agent also gets
response on the notice from the authorities, the final response being the bill, the contents of
which are based on the original notice plus some additional data gathered during the local
processing. Thus the PortNet System is also a typical workflow implementation in which
a form gets routed from actor to actor and refined at each step. What makes the PortNet
System a special workflow implementation is its inter-organisational nature: currently the
system spans three organisational roles: the agent, the port and MKH. Several organisations
participate in the PortNet System in the roles of agent or port. In the future there will be
more roles and more participants.

5.3.2.1.5 The Analysis Work The PortNet System was analysed by interviewing system
designers or main users of the pioneering user companies: A shipping agent company
Fimag, the Helsinki port and MKH.

The interviewees were asked to name the external actors of the system, and the data gathered
from these actors. They were also asked to identify the main (manual and automated)
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activities of their local systems and the documents or forms used or produced by these
activities. They were questioned about the (temporal and other) business rules affecting the
processing. They also named the major disadvantages of the current PortNet system. The
results of these interviews are presented in the sequel.

5.3.2.1.6 The Borders of the PortNet System The PortNet System and its communication
with the outside world is illustrated in the environment diagram of figure 5.22. Dashed lines
indicate manual communication (phone calls, fax messages). The timetable information
(ETAs, ATAs, ETDs and ATDs) is shown separately because we analyse that in more depth
in the sequel.

5.3.2.2 Transitions of the Inter-Organisational PortNet Scenario, Handle a Ship Visit

The transitions of the Handle a Ship Visit scenario definition are shown in figure 5.23.
The processing is initiated by an agent who creates an Advance Arrival Notice (AAN). The
execution of the node "Preparing advance arrival notice" can either be cancelled in the middle
of the processing by the agent himself or released for further processing. In the former case
the whole processing is stopped and the scenario instance is finished. In the latter case the
AAN gets sent to the VTKK message service. Note that there is also a recursive transition
to the same "Preparing advance arrival notice" node, meaning that in case the agent gets
some new information, he can refine the data contents of the message and resubmit it (or,
cancel the whole notice). This means that the same node “Preparing advance arrival notice”
may have several instances in a scenario instance. The number of instances will be solved at
runtime. In the sequel, this kind of multiple instances will be called bundIes.

When receiving an AAN, VIKK delivers the message to MKH and the port in question.
MKH forwards the message to the pilot station closest to the port the ship is going to arrive
at. This automated message sending from the agent to the MKH Pilot Station and the port
is shown as solid lines in figure 5.23.

All the notices (advance and final) automatically delivered in the PortNet system are of the
same EDIFACT message type (IFCSUM,S93.A). The message contains information of:

o The vessel itself (its name, radio call sign, length, width, machine power and so on),

e The arrival to a port or departure from a port in question (the cargo of the ship and the
dangerous goods included in the cargo, the depth of the ship with the cargo, the travel
plan and the arrival or departure time) and

e The services expected at the port (a pilot, food supplement, etc.).

If the port finds errors in the message it received, for example when an IMO (dangerous
goods) code does not make sense, a port worker calls the agent and asks for the correct infor-
mation. This type of (manual) communication is shown as a dashed line in the figure 5.23.
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Figure 5.22: Handling a ship visit: environment diagram
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Figure 5.23: Handling a ship visit: scenario transition diagram.
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As mentioned before, an agent can also refine the data contents of the AAN (Advance Notice
of Arrival). This happens, for example, when the agent gets more accurate information
about the ship’s estimated arrival time or the dangerous goods or, when the agent finds out
there have been errors in the previous AAN. Furthermore, the agent can cancel the whole
AAN in case he is informed that the ship will not be arriving after all. After the agent has
refined or cancelled the notice, the whole original EDIFACT message gets re-submitted to
the MKH and the port, with the new data, a "changed" status code and a reference to the
previous AAN. In figure 5.23. the same solid line shows the submission and re-submission
of an AAN.

When the port processes the advance arrival notices, an arrival list of vessels is created
manually and sent out weekly to the nearest MKH Pilot Station (the dashed line in figure 5.23).

After processing the advance notices, both the port and MKH can find out more about the
arrival locally (typically when the agent or the ship captain calls in). This new information
triggers the execution of the node "Updating arrival data". This node is manual at Helsinki
port (dashed line) and automated at MKH. When a Pilot Station updates the ETA (Estimated
Time of Arrival) of the ship, the updated ETA gets sent to the PortNet system automatically
as a changed AAN. Currently, only ports receive this message together with other changed
AANSs and they handle them manually. This is represented by the dashed line between the
two "Updating arrival data" nodes.

After the agent has released an AAN and the ship has arrived at the port, the execution of
the "Preparing final arrival notice" node can be started. This rule is shown as a bright merge
circle in figure 5.23. The execution of the “Preparing final arrival notice” node has to be
finished successfully (released) and a Final Arrival Notice (FAN) has to be sent out at the
latest 3 days after the Actual Time of Arrival (ATA) of the ship. This deadline (ATA + 3 days)
for the node "Preparing final arrival notice" is shown below the node. The FAN notice gets
sent to MKH and the port in question in the same way as described above.

The port can start the execution of the "Processing final notice" node only after it has released
the execution of the "Processing advance arrival notice" node and received the FAN from the
agent (the bright merge circle in figure 5.23). The same rule holds for the MKH Pilot Station.

The port starts the execution of the "Arrival billing" node as soon as the "Processing final
advance notice" node has been released whereas MKH waits until both "Processing final
arrival notice" and "Processing final departure notice" nodes have been released before it
starts the final billing. Both MKH and the Helsinki port have an automated system for
invoicing but the data exchange between the PortNet System and these systems is currently
still manual.

The agent can start the execution of the "Preparing advance departure notice" node only after
the "Preparing advance arrival notice" node has been released and the departure information
has been received. Notice that there is no restriction in timing between the "Preparing final
arrival notice" and "Preparing advance departure notice" nodes. This is because in practise,
the Advance Departure Notice (ADN) can be sent out long before the ship actually arrives.

Otherwise, the processing of the Advance and Final Departure Notices (ADN and FDN) is
almost identical to the handling the notices of arrival. However, at the port, the Statistics
activity is started only after both ADN and FDN have been received.
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After the bills from both MKH and the port have arrived at the agent’s and the "Final billing
and auditing” node has been released, the Handle a ship visit scenario is finished.

5.3.2.3 Data Flows of the Inter-Organisational PortNet Scenario, Handle a Ship Visit

Figures 5.24 and 5.25 show the flows of timetable data (for the arrival and departure of
a ship). ETA is the Estimated Time of Arrival, ATA the Actual Time of Arrival, ETD the
Estimated Time of Departure and ATD the Actual Time of Departure. We concentrated on
the updates of these data items since they have the most evident potential conflict.

Figure 5.24 shows that the ETA is originally created by the agent and sent by the PortNet
System to the port and MKH. There, it is inserted into the local data stores either manually
(Helsinki Port) or automatically (MKH). The Helsinki port maintains manually an Arrival
List which is also sent weekly (on paper) to the nearby Harmaja Pilot Station. Currently this
list is found trustworthy and it serves as the basis for planning of the operative work of the
station, i.e. the pre-allocation of the pilots. Therefore, the ETAs of the list are updated in the
local system.

When getting closer to the estimated arrival time, the MKH local workers often come up
with a more accurate ETA which is inserted into the local system as well as sent back to the
PortNet System. The port updates (manually) into the Local Vessel Diary both the ETAs
defined by local workers and the ones delivered through the PortNet System. Note that the
same ETA may be sent by the agent several times, in changed Advance Notices.

At the port, only the ATAs defined by local workers are inserted into the Vessel Diary. At
MKH the ATAs are defined by the local workers as well, and updated into the local system.
Unlike the ETAs, they are not sent back to the PortNet System, but the agents often call in to
ask what the ATA of their ship actually was. This manually obtained ATA also gets written
into the Final Arrival Notice of the agent and sent back to MKH and the port via the PortNet
system.

Due to this ( manual) data exchange, the conflict serialisability graph of the nodes is not
acyclic. For example, there is a cycle between the port and MKH:

e Port:Updating Arrival Data -> MKH:Arrival List Checking (MKH Pilot Station updates
weekly the ETAs of the Port Arrival List in the PilotNet database).

e MKH: Arrival List Checking -> MKH: Updating Arrival Data (When receiving better
information, a MKH Pilot Station worker updates the ETA earlier updated based on
the Arrival List).

e MKH: Updating Arrival Data -> Port: Updating Arrival Data (the MKH ETA is sent to
the port and updated in the Vessel Diary).

In practise, lost updates and other errors are prevented by human intervention (the port and
MKH) or rules hard-coded in the database application programs (MKH). Examples of these
manual and automated rules are:
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Figure 5.24: Handling a ship visit: scenario data flow diagram: arrival timetable data flow.
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o If an ETA is received from the PortNet System after the status of a pilot order has been
changed to confirmed (the ship captain has called in and confirmed the order), the
PortNet ETA will be ignored (automated rule at the Pilot Stations).

e If the Arrival List has ETAs of ships whose arrival has already informed to the Pilot
Station some other way, those ETAs will be ignored (manual rule at the Pilot Stations).

e Any ATA received from the PortNet System will be ignored (automated rule at the
Pilot Stations).

Clearly such a system is still error-prone and would benefit from support in defining and
maintaining these practical rules.

The timetable dataflows in a departure of a ship are almost identical to those in an arrival of
a ship.

5.3.2.4 Preparing Advance Arrival Notices

To show how the analysis work would proceed we have refined the node “Preparing Advance
Arrival Notice” to two lower-level diagrams: a data flow diagram and a transition diagram.
At this lower level there are traditional transactional properties to be supported for the
activities: for example the node “Composing the notice” should be isolated and durable.

A cancellation of the notice currently prepared may happen even in the middle of the
preparation. This is shown as two asynchronous events: “Cancel preparing of this notice”
with the condition that the notice has not yet been sent and “Cancel preparing of this notice”
with the condition that the notice has already been sent. In the former case, no additional
activities have to be performed and the execution of the “Preparing Advance Arrival Notice”
node just finishes unsuccessfully. In the latter case, a sequence of compensating activities
has to be executed before finishing. This sequence is: 1. “Composing the Cancelling Notice”
and 2. “Checking, approving and sending the notice”.

5.3.2.5 Applicability of the Current Products

Despite of its workflow nature, the PortNet System currently does not take advantage of
any workflow products, neither globally at the inter-organisational level nor locally at the
processing site level.

Using the products globally would be difficult indeed, since there are no workflow products
available that could span heterogeneous platforms and at the same time, guarantee any kind
of correctness for the overall execution. Currently the inter-organisational communication
is based on sending and receiving EDIFACT messages and the products used are data
communication software and EDIFACT translators. Locally, activities are performed with
existing database applications which are implemented on top of relational database products.

Copyright © TRANSCOOP Page 169



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOp
January 17, 1995 EP 8012

MKH:

\
|
\
\
\
\
\
\
\
|
‘ \
‘ rocessing PortNet ETD \
| Advance |
‘ Departure |
\
\ MKH’s |
| Pilot
| Station |
‘ \
. \
| Advance Pilot ETDJATD v ‘
! Departure K MKH: |
\ - o Local -
‘ N Updating Pilot }P'I tNet
% ilotNe
' PortNet ETD Departure ETD/ATD
‘ Local N DB
\ Notice
~
—7 BB/
\ PortNet ETD > 3
’ Port: MKH:
| Updating Port— — | Departure
| 1D Departure ETD/ATD \ List
I Data ‘ ETD v
~
‘ A S
7
| Local _
| Port ETD/ATD Vessel e
— Diary ——
‘ Local
- Port
—MKH—
Workers
PortNet ATD Local
Statistics
PortNet — DB/
PortNet ATD
Port:
Local
PortNet ATD oce
iiiii +Inv0icing
DB

Figure 5.25: Handling a ship visit: scenario data flow diagram: departure timetable data
flow.

Copyright © TRANSCOOP Page 170



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

‘ o ' Cancel preparing of this
‘ ,,,,,, > Receiving and ] notice [notice not sent]
acknowledging
arrival the notice request | O
info ‘
””””” cancelled

Cancel preparing of this
notice [notice already sent]

O

Checking ‘ cancelled
minimal data

requirements ‘ released @

[inadequate Cancelled
vessel data]

’ [update notice

XACT: I+D
new

released

. |
info | e [vessel Update vessel
notice] data OK 4
. ata OK] register
input '
error Compos_lng the stopped [continue]
notice
released stopped [continue]
v i
v
Checking, XACT: A+I+D .
approving and Composing the
cancelled sending the cancelling notice

notice k

@ Released

Legend

XACT: A+I+D

Bold box = transactional activity.

Symbol XACT denotes transactional
property list:

A = atomicity
| = isolation
D = durability

Figure 5.26: Handling a Ship Visit: Preparing Advance Arrival Notice: Transition Diagram.

Copyright © TRANSCOOP Page 171



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOp
January 17, 1995 EP 8012

Arrival and Vessel Info

Other » Receiving ... \Di
Agent

Arrival and Vessel Info notice request Request
register
Arrival Info
Vessel Info

Checking minimal
data requirements

Update vessel
register

Vessel Info Existence of vessel info

Satisfactory Arrival Info

Arrival Info Composing the

Local vessel
‘ register

notice
Other
Working Vessel Info Agent
not_lce Arrival and Vessel Info
register

Cancelling Notice

Cancellation Info
Notice

Cancellation Notice

Sent Notice
Sent Cancellation Notice Composing the

cancelling notice

Sent Notice

Approving and
sending the
Cancellation
Notice

Approving and
sending the notice

Cancellation Notice /
Notice

Cancellation Notice

Notice
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5.3.2.5.1 Specification Tools at the Inter-Organisational Level The state of the art in
specifying EDIFACT systems is to define the message syntax. Hardly any emphasis is put
into defining the semantics of the messages, the externally visible actions the messages
should lead to and the protocols by which the messages should be exchanged. This is the
case with the PortNet system, too. Even the rather superficial analysis that was performed
on behalf of the TRANSCOOP project convinced the users that a more thorough specification
would be worthwhile.

Some existing workflow products, e.g. FlowMark, provide hierarchical modelling tools
which would be sufficient for these specification purposes. Some workflow tools also provide
support for the verification of the specifications by animation, which is a useful feature in
a complex, inter-organisational environment. However, to function correctly, these tools
require a specification detailed enough to serve as basis of an implementation since the aim
is to generate an executable program.

In the PortNet case a detailed specification is not meaningful because the tools cannot
possibly create a program that would work correctly in such a distributed, heterogeneous
environment. Also, even a detailed specification is not necessarily favourable at the inter-
organisational level since some of the participating organisations may be competitors and
they may not want to reveal the details of their local processing. Furthermore, the details
of local processing vary from organisation to organisation even though they may act in
the same role in the scenario definition. For this reason the detailed specification of the
inter-organisational system would be very complex.

Therefore, our conclusion is that the definition of inter-organisational scenarios would re-
quire a black-box approach at the upmost (inter-organisational) level. The black-box ap-
proach means specifying

e The messages exchanged,
e The organisational roles the messages are sent to,

e The exchange protocol and the local business rules that affect the protocol (e.g. reasons
to reject a message).

5.3.2.5.2 Implementation of Data Exchange In the PortNet case the automated data flow
is one-way: from the agent to the authorities. Any additional information needs are satisfied
via phone calls or fax messages. The PortNet system also lacks a return receipt mechanism
at the application level. The above design decisions have led to the current situation in
which the phone is still heavily used for confirmations. In order to make the system truly
automated, the data communication of the system should be enriched with return receipt
message types. This is quite possible with the products currently used in the system.

5.3.2.5.3 Local Processing Locally the EDIFACT messages are translated into in-house
format and the valid data is either inserted into a local database by a traditional database
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application (MKH) or printed and manually typed into the local systems (the Helsinki
port). The local data is then processed further by pre-existing local database applications.
Therefore, the local systems lack some typical workflow support such as deadline definition,
deadline alarming, user, role and organisational unit definition, activity assignment and
delegation, audit trails and recovery. This is seen as a drawback by the local users.

Even though the traditional workflow features would be appreciated locally, we are not
aware of products that would provide for an easy integration with EDIFACT translators and
existing database applications. Applying the products locally would require tailoring which
might lead to costly maintenance of the system.

None of the existing products does provide for backward recovery by compensation, support
for relaxed ACID properties of scenarios and activities or definition of local correctness
criteria which would clearly be useful features for the PortNet system.

5.3.2.5.4 Conclusions Even though there are products that would solve some of the Port-
Net problems, there is no set of products that could be easily integrated with each other
and with the existing products and applications of the PortNet case and that would sup-
port the whole life cycle of an inter-organisational workflow system, from specification to
maintenance. Also, there are no workflow products that would guarantee the correctness
of the execution of an inter-organisational scenario in an distributed and heterogeneous
environment.

5.3.3 The Valmet case

Valmet Oy is a major metal industry corporation in Finland. It is one of the world’s biggest
paper mill machinery producers having production units in many countries in Europe and in
the USA. The topic of this survey is the problem reporting system that Valmet isimplementing
for tracking and controlling the maintenance of certain software systems in production units.

The programs which this problem reporting concerns have great significance for the daily
functioning of the production units. It is important to get all errors reported quickly to
relevant parties. The software maintenance fees depend on the quality of the service. The
problem reporting system should also keep track of the service level of each supplier. The
system also collects statistical information on the problem frequencies of various software
components. The prototype system is in beta-testing, though some of its parts are still under
development. It is based on Lotus Notes.

5.3.3.1 The Problem Reporting System Overview

The organisation of software problem reporting at Valmet is depicted in figure 5.28. This
system embeds a scenario between many organisations involving production units of Valmet,
the corporate level management of Valmet, software suppliers, and a software distributor.
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In this report we concentrate on the inter-organisational scenarios. Within each organisation
there is a local scenario model that might be rather complicated.

In the production units each software system has a responsible user (ruser) who is supposed
to know more of the program than the other users. The ruser may locally solve some of the
problems other users report to him. Those problems that the ruser cannot solve, are for-
warded to the application manager (appmanager) of the production unit. The appmanager
can publish the new problem report on the corporate level help desk bulletin board. In case
of software faults that are covered by maintenance agreements, this publication is followed
by a scenario instance where actors include the initiating appmanager, the responsible sup-
plier and the distributor. Other relevant parties may follow how the scenario progresses on
the bulletin board.

A new report on the help desk will get the status “reported”. If the fault is obvious, the
report is marked into the category “software fault”, which has two subcategories: “fatal” and
“operational limitation”. The former subcategory means that the software cannot be used
at all while the latter rather poses constraints on the use of the software. Faults are usually
supposed to be repaired in 3 to 5 days depending on the software component. The report cat-
egory “change” is used for software changes that are not clearly covered by the maintenance
agreements and that need further negotiation with the supplier. The report category “de-
velopment inquiry” contains cases that need cooperative planning. This category contains
development initiatives and specifications of new versions. The corresponding processing
is cooperative planning with concurrent access to the report by several authors. In excess
to the use of the bulletin board system the users are supposed to use other communication
methods as well. For instance, in case of a fatal error an application manager is more likely
to take direct telephone contact to the relevant supplier than wait until the supplier observes
the report on the bulletin board.

The supplier has partial access to the corporate level help desk and is responsible for getting
the relevant reports from it. In case of reports in the “software fault”-category, the supplier
is usually supposed to reply within 24 hours to the help desk. After noticing a new report
on the help desk the supplier changes its status to “received”. The supplier is supposed to
give an initial response. It may provide first hand estimates on the correction of the faults
and possible workarounds for the time the correction process takes. The supplier is also
supposed to provide a correction plan to be accepted by the application manager. After
giving the initial response, the status is set to “under work”. After the supplier has shipped
the corrected version of the software to the distributor, the supplier changes the status to
“done”. After the distributor has delivered the software to the appropriate production units,
the distributor sets the status to “distributed”. The unit that initiated the whole process sets
the status to “approved” after it has found the result acceptable.

On the help desk bulletin board each report corresponds to a Lotus Notes form, which
contains:

e Control and authorisation information, which includes:

— Author
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Figure 5.28: Problem Reporting at Valmet
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— Target software identification (also version number)
— Data access rights for actors

— Status of processing (reported, received, under work, done, distributed, approved,
frozen, cancelled)

— Report class (software fault, software change, development inquiry, other report)

Problem description

Solution description

Comments

History of status changes and performance information

The report is divided into four parts that have different access rights:

e reporting area for production units,
e answering area for suppliers,
e common commenting area, and

e measuring area for tracking the quality of service.

All areas are readable to all parties except the measuring area which is visible to Valmet
personnel only. The initiating application manager writes in the reporting area and the
supplier in the answering area. All parties can write in the common commenting area where
each comment is automatically attached with authentication, date and time. The measuring
area is meant for presenting two performance indicators which are used for evaluating the
supplier. The first one is a function of the time elapsed from initial reporting to the initial
response and the second is a function of the time elapsed from initial reporting to the “done”
status.

On the corporate level there is a coordinator (possibly a group of technical managers and
consultants) that makes strategic guidelines and decisions on new software versions and
on the overall software architecture that evolves in the production units. The coordinator
also gives its opinion in cases where the problems cannot be clearly localised to a single
organisational unit. For instance, troubles in interfacing two systems with each other might
require solutions at both ends.

The distributor gets the fixed version from the supplier and installs and tests it in those
production units that want to have it. The distributor maintains and uses the configuration
and version database, that is used to track the corporate wide installations. This database is
also being used for compatibility considerations.
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5.3.3.2 Analysis of the scenario

The underlying bulletin board metaphor provides weak support for scenarios of workflow
type. Processing of a scenario is mainly based on the use of the statuses in the corresponding
reports. It is up to the users of the system to use the statuses in a meaningful way. The
system does not control this.

The control conventions are well-defined in the handling of software fault and change request
reports. Development inquiries, and other reports do not have very clear conventions. In
those cases the system functions as a discussion forum and workflow modelling is not a
natural way for modelling the process. For instance, the cooperative planning process of
a new software version needs support for concurrent access of the shared reports by many
actors.

Figure 5.29 roughly depicts the scenario for the problem reporting system. In case of software
faults and change requests the processing is series of actions. The main actors in this part
of the scenario are the reporting application manager, the supplier of the faulty software
and the distributor. The changes in the status are marked by italics after each activity. The
application manager has rights to set the statuses “reported”, “approved”, “frozen” and
“cancelled”. The supplier may set the statuses “received”, “under work” and “done”. The
distributor can set “distributed”. Those parties that are not so directly connected to the
dialogue can still browse on the bulletin board to find out how the case is developing.

Both browsing and discussion forum activities are presented as sets of parallel activities. For
each of the parties an activity thread is launched with an own exit point. The cooperation
between parallel activities is handled by data exchange through the report database and the
actors may behave asynchronously.

The scenario shows that workflow type modelling suits well to the processing of error reports
and change requests but it is not the best means for formulating the planning activities within
the problem reporting system.

5.3.3.3 Ideas to further develop the system

The problem reporting system involves many autonomous organisations. The general prob-
lem settings behind the system leave room for more ambitious solutions than those in the
current beta-version.

The transaction support within the report database could be improved as the current system
only maintains one copy of the data and lets the actors do destructive changes to these data.

Status changes should be controlled by the system and there should be time controlling
mechanisms, as well. Now users are responsible for such features.

Currently all data is on the bulletin board and the overall response time of the system
depends on how active the users are in reading the reports. There is a need to give the
system more active role. E.g., it could alarm the responsible actors for delays in processing.
This self-monitoring could be combined with forecasting capabilities to estimate durations
of scenario instances. In order to give a more active role to the system it might be good to
integrate message exchange (e.g. electronic mail) functions with it.
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Figure 5.29: Problem reporting scenario
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5.3.3.4 Applicability of the current products

The current version of the Valmet problem reporting system is implemented using Lotus
Notes?®. The product suits the current bulletin board based approach well. Properties of
Lotus Notes have also had an effect on the design of the current prototype, as the tool was
early chosen for the work. However, when more stringent control on the scenario instances
is needed, Lotus Notes will not be the most economical solution, as it is merely a document
archiving system for shared documents rather than a workflow management product.

There are many commercial workflow management products that could be used for the cen-
tralised part of the workflow type of processing in the helpdesk, i.e. the products mentioned
in section 5.2 of this deliverable. The lack of product support is more evident when the sce-
narios span over organisational boarders in a heterogeneous environment. Moreover, in the
cooperative design/authoring type of processing there are not suitable products that would
enable fine-grained simultaneous cooperation of multiple actors on the same document in
tightly coupled manner.

5.3.4 The intelligent networks case
5.3.4.1 Introduction

The term “intelligent networks” (IN) refers to an architectural and functional concept which is
intended to ease the introduction of new telecommunication services. Traditionally telecom-
munication services have been built directly on the hardware of a switch with proprietary
tools. This approach is very expensive; it takes several years to specify, develop, test and
deploy new services. The crux of the IN approach is that it offers a standardised environment
where the software controlling the basic switch functionality is separated from the software
which controls the call progression. The aim of the subsequent sections is to give a brief
introduction to the concept of intelligent networks, to discuss the relation of intelligent net-
works and workflow technology, and to offer a vocabulary which helps one to understand
the framework of the 101-service described below.

5.3.4.1.1 The evolution of network and switching technology Telecommunication tech-
nology has developed rapidly in the past few decades. The advances of computer technology,
network technology and switching technology have been the most important technical fac-
tors behind this trend of development. The first computer networks suitable for extensive
use were introduced 25 years ago. These networks were largely analogous and provided
only a poor quality of service, e.g., the probability of bit errors was high. In this respect the
packet switched data networks and LANs (Local Area Networks), which were introduced
in the late 1970’s and in the 1980’s respectively, where the turning points of technology.

The switching technology was first manual, then electro-mechanic and in the next stage
it was based on analogous circuitry. The control signals were in-band, i.e, the control

23Lotus Notes is a trademark of Lotus Corporation
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Figure 5.30: Roles occurring in a telecommunication system

signals used the same channels as the signals carrying actual data, and the signals were
analogous ones. The advances in circuit technology made it possible to start the design of
tully digital switches. During this work it became evident that an essential part of any digital
communication network is the set of protocols which control the functioning of the network.
For this reason CCITT initiated the work on SS7 protocol stack in 1980. Digital switches
employing SS7 and microprocessor technology became commercially available in the 1980’s.

The term “intelligent network” was introduced at Bellcore in 1986 to refer to an architecture
which supports multiple value-added telecommunications services, which enables the con-
trol and management of these services, and which is independent of the network equipment,
the services being offered and the type of the underlying telecommunication network. Since
the introduction of the IN concept a lot of work has been done to create a widely accepted
standard to support the implementation of the IN based telecommunication systems.

CCITT has embarked on a phased standardisation process which aims at the Intelligent
Network Architecture (INA). The basic idea of the work on INA is to progress on all areas of
IN concepts simultaneously and, despite of this, maintain compatibility between the different
versions of the standard. The SS7 protocol stack is an essential part of the new architecture
because the network management of INA relies on SS7.

5.3.4.1.2 The actors, roles, needs and objectives related to Intelligent Networks The ser-
vice model of an IN architecture defines the actors which may occur in a telecommunication
system as well as the roles which these actors may have. Figure 5.30 presents a suggested
set of roles which an actor may adopt [DO94]. An actor may play several roles concurrently.
Consider a situation where a customer orders a telecommunication service from a network
operator on behalf of a group of users and also offers technical and administrative support
to the members of the group. Because an individual user receives all the technical and
administrative support from the customer, the user sees the customer acting like a network
operator.

The needs of an actor depend strongly on the role of the actor. A customer wants:
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the possibility to choose the best service at an affordable price in order to use telecom-
munication as a competitive edge in his own life or business,

the customisation to meet his own needs,

a fast response to new service requirements,

the freedom to use the lowest cost access to network,

bandwidth on demand.

A user wants:

e the ease of use,
e the same appearance and behaviour for all accesses,

e a high probability for successful communication sessions.
A service provider wants:

e to secure commercial integrity,
o the freedom to customise and personalise service logic,

e the freedom to choose the best network provider.
A network provider wants:

e to secure network integrity,
e the freedom to optimise network performance at competitive costs,

e the reuse of service platforms as much as possible when lower level technologies
change.

The principal relationships between the different roles are presented in figure 5.31.

The objective of the IN approach is to offer a new architectural concept that meets the needs
of telecommunication service providers. This architectural concept must help the service
providers to satisfy the existing and potential market needs rapidly and cost effectively and
to improve the quality and reduce the cost of network service operations and management.
CCITT has determined the following specific objectives for the IN:

e It should be applicable to all telecommunication networks, e.g., public switched tele-
phone networks (PSTN), including integrated services digital networks (ISDN), both
narrow band and broadband, packet- switched public data networks and mobile net-
works.
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Figure 5.31: The relationships between roles

e It should enable service providers to define their own services, independent of service-
specific developments by equipment suppliers.

e It should enable network operators to allocate functionality and resources within their
networks and manage their networks efficiently, independent of network-specific de-
velopments by equipment suppliers.

e It should be introduced starting from the existing networks and the current CCITT
Recommendations.

e It should evolve to reflect implementation experiences, new technological opportuni-
ties, and market evolution.

With the traditional telecommunication technology it is not cost-effective to develop short-
term services. With IN technology it should be possible to introduce new services rapidly
without affecting the available services. CCITT’s IN concept defines a large set of standards
that describe the interfaces between different network control points. By only specifying
the interfaces, IN makes it possible for vendor systems provide with different products and
for operators to use any of these products in their network configuration. IN includes also
capabilities for other than operators to introduce new services into the telecommunications
network.

5.3.4.2 Relationship between IN and workflow

Service creation, service management, service processing and network management are
considered to be the most important functional parts of the IN concept. The processes
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related to these parts, e.g., the processes related to IN service creation, make workflow
concept very useful as a design tool in many phases of IN development. Processes can
be described and analysed by means of workflow. Because these processes are supposed
to be dynamically changing there is also a need to use dynamic tools for the provision of
such flexibility. Furthermore, the workflow techniques require that the processes of the
application area are analysed and described explicitly. This helps one to detect problems
even before any tools have been used.

One practical example is the flow of documents between different autonomous organisations
during the service creation. This process usually contains many unnecessary steps. If we
visualise this process there is a high probability that we can notice some of these unnecessary
steps even without using workflow tools and thus we can adjust the process more flexible.
Making this process more flexible usually means that we achieve improvements in many
different ways. One of the main advantages can be time saving. Time is probably the most
valuable property associated with these processes and also in any other production process
which aims at fulfilling customers needs.

As we have stated before, the IN concept also includes many processes which all are de-
pendent of time and are supposed to be dynamic. We should bear in mind that one of
the main purposes of IN is to achieve rapid service provision and subscription. This is the
context which is the most obvious connection point between IN and dynamic tools related to
workflow. There are many questions to be solved before we can achieve the goal of making
telecommunications service subscriber be able to use the service as soon as possible. The IN
architecture offers solutions to some of these problems but it does not solve them all.

Telecommunication service providers have also noticed this problem related with service
provision time. As a result service provision time is decreasing rapidly. A final goal for
the near future has been defined already. This goal is that service provision time should
be approximately equal to zero, which means that a subscriber should be able to enjoy the
service just ordered by telephone right after hanging up. As we can imagine, this kind of
rapid service provision demands enormous dynamic capabilities from the system. Such
rapid service provision can not be done with every service. Groups of basic services which
can be adapted to a short provision time are usually related to individual subscribers services.
On the other hand there are larger services which are usually subscribed to by a company and
because of organisational limitations they need not be enabled at once. Individual services
usually include changing, adding or removing information from databases which include
information about the subscriber and services. These changes are all there is to make a
new service available, change old services or subscribers personal information and to cancel
existing service. Because of this short period of time to establish a service, it is not possible
to make very complicated changes to switches or programs.

As we consider elements that could make it possible to achieve flexibility and in service
provision we notice there are still many problems to be solved. These problems are mainly
related to IN architectures point of view. Because service provision includes use of databases
there must be consistent databases including information about services and subscribers.
Because there are many databases there is also a need to build a system which can determine
independently what changes are necessary in order to make the service available. This
should be an automatic and dynamic process. This means that all the associated information
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must be changed in every place where consistency of information is needed and this all have
to happen in a short period of time. This process may be complicated depending on whether
the system is distributed or not. If the information is located in many autonomous places
the refreshing of information has to be done in every place where it is situated. That is why
there is a trend to keep different pieces of information in fixed places. This is used in BIN
(Broadband Intelligent Network). This information modification process may be carried out
by hiding the actual system and communication architecture. There is a need for a kind of
"core" which hides these system dependent factors. Here is a natural need for object-oriented
programming and instruments. Interfaces are determined in order to make it possible to
communicate with the system. These interfaces provide basic services which can be put
into practise very easily. Although the interface apparently provides easy tools for changing
service and subscriber information there is of course the need for more complex logic behind
the scenes.

5.3.4.3 The 101-service of Telecom Finland

Telecom Finland is a Finnish network operator and telecommunications service provider
with a turnover of ca. FIM 5 billion/year and 6500 employees. Besides the conventional
telephone services (local calls, long distance calls, international calls) and telephone ser-
vices based on the cellular systems technology (GSM, NMT-900 , NMT-450), it offers more
complex services based on the modern IN switches. Freephone, virtual private network
and conference calling are some examples of the services based on the modern switching
technology.

The purpose of the 101-service is to make it easy for a customer to direct all his long distance
telephone calls to the network of Telecom Finland. In principle this is a very simple service
but due to the company organisation and actors beyond the control of the company there
are many difficult questions related to the process which realizes the service.

When a customer wants to make a long distance telephone call in Finland, he must either
implicitly or explicitly select the operator which arranges the connection from the switch
of the local operator to the destination. If the customer does not care which company
arranges the long distance connection then he only selects the dialling code and the local
telephone number as usual. The operator responsible for the long distance connection is
then randomly selected among the operators which provide long distance services in this
particular geographical area. If, however, the customer wants to govern the selection of
the long distance operator, then he must give an operator code before the dialling. To use
a certain long distance operator by default, the customer must sign an agreement with the

operator. The 101-service is a way to initiate the service agreement process with Telecom
Finland.

5.3.4.4 The analysis of the 101-service

Five different actors are involved in the realization of the 101-service. The actors and their
mutual principal relations are presented in figure 5.32. A customer is a private person who
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Figure 5.32: The 101-service: environment diagram

wants to direct all his long distance calls to the network of Telecom Finland. A business unit
is the part of the organisation of Telecom Finland which offers the 101-service to customers.
There exists exactly one business unit which offers this kind of service to private persons. An
operations centre manages all the long distance calls related issues of some geographic area.
Telecom Finland has several operations centres around the country. A customer centre is
responsible for both technical and administrative issues related to local calls in a geographic
area. While there are several customer centres around Finland, the customer centres and
operations centres do not necessarily reside in same places. The services of a local telephone
company are needed if the customer lives in an area where Telecom Finland does not offer
local telephone services.

The transition diagram and the data flow diagram of the 101-service are given in figures 5.33—-
5.35. A customer initiates the service process by making a telephone call. An officer of the
business unit receives the order and feeds it into an information system. After the check
of the customer’s credit information, a written agreement is sent to the customer and the
operations centre is requested to establish the connection. When the connection is established
the customer centre sends a notification to the business unit which in turn informs the
customer about the connection. The long distance telephone calls of the customer are then
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automatically directed to the network of Telecom Finland.

The main tasks of the regional customer centre is to determine the organisation which is
responsible for the local telephone service in the area where the customer lives and to order
the physical connection from an appropriate organisation. If Telecom Finland takes care of
the local service then the connection order is done via a database. If the local services are
provided by another company, a standardised fax message is used to order the new routing
of connection.

Several database are used in the production of 101-service. The business unit stores ad-
ministrative information about the customer in the TG-database. The business unit also
initially adds the customer to the billing database. The customer centre stores technical user
agreement information in ATLAS-database. Finally, the operation centre stores records of
actual calls in a database which is used as a basis for billing. All the mentioned databases
are managed by different database management systems.

Several key observations were made of the environment of 101-service:

e The organisation of Telecom Finland is inherently distributed and heterogeneous. Com-
puters and databases are used extensively.

e The organisation of Telecom Finland must satisfy two kinds of needs:

- the needs emerging from the customer service and

— the needs emerging from the management of large and very complex technical
systems.

e The 101-service contains both manual and computerised steps.

e The quality of the 101-service depends very much on the how the company manages
to coordinate and control the various workflows occurring in the service production
process.

e There exists actors which can not be steered by Telecom Finland, i.e., the local telephone
companies.

5.4 Workflow requirements for the TRANSCOOP specification language

5.4.1 General Requirements
The general requirements of the workflow domain for the specification language are:

1. Natural constructs for expressing typical workflow properties. In order to be useful
for the scenario specifiers, the specification language has to have a good conceptual
correspondence to workflow thinking. Our analysis showed that there is an established
set of constructs used in workflow modelling. If TRANSCOOP specification language
differs too much from this established way of modelling workflows, it may get rejected
by its potential users.
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Figure 5.33: The 101-service: transition diagram
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2. Expressive economy of workflow specifications. Simple things in workflows, such as
sending a message, should yield in simple expressions in the specification language.
Also, the maintenance of specifications should be easy.

3. The typical workflow properties the language should be able to express are:
(a) The hierarchy of specification: scenario definitions consist of lower-level scenario
or activity definitions,
(b) The ordering dependencies of scenarios and activities,
(c) Conditions for execution of scenarios and activities,
(d) Multiple entry and exit points of scenarios and activities,
(e) Parallelism of scenarios and activities,
(f) Traditional transactional properties (ACID) of scenarios and activities,

(g) Data dependencies of scenarios and activities.
(h) Bundles.

4. The specification language should allow a sufficient selection of data definition and
management features. These features are:
(a) Definition of complex data structures,
(b) Definition of relationships between data structures,
(c) Definition of policies for concurrent access of data and
(d) Definition of visibility rules for volatile data.

5. The specification language should allow a sufficient selection of user definition and
management features. These features are:

(a) Specification of users, roles, organisational units and their properties such as
authentication and authorisation.

(b) Specification of relationships among and between users, roles and organisational
units.

(c) Rules of assignment of the activities to the responsible actors. These actors can be
organisational units, roles or users.

6. The specification language should allow definitions of compensating scenarios and activ-
ities at each level of specification.

7. The specification language should allow definitions of alternative scenarios and activ-
ities, at each level of specification.

8. The scenario instances should be addressable at the specification language level, i.e.
one should be able to refer to other scenario instances from an scenario instance. This
is especially necessary when scenario instances start other scenario instances and the
instances interact with each other.

9. The specification language should allow definitions of document archiving and version
management.

Copyright © TRANSCOOP Page 191



TC/REP/UT/D2-1/014 TRANSCOOP Deliverable II.1 TranSCOOP
January 17, 1995 EP 8012

10. The specification language should allow definitions of coordination of a group.

The above requirements will be explained in more detail in the following chapters.

5.4.2 PortNet Requirements for the Specification Language
5.4.2.1 The Role of the Graphical Description Technique Used in Analysis

A graphical description technique was developed and used during the PortNet analysis
work. The technique was to capture the minimal set of constructs needed to describe the
scenarios and activities in the PortNet application area. During the analysis, we found the
technique well suited and expressive enough for its purpose. This purpose, however, is the
analysis of a system, not its design. For design purposes, a more thorough methodology and
a more detailed specification, will be needed.

Our technique itself is a graphical description language: its transition diagrams specify
the control flow, i.e. ordering dependencies between activities and scenarios whereas its
data flow diagrams specify the data dependencies between activities and scenarios. The
same description technique has been used in all levels of scenario definition from the inter-
organisational level ("Handle a Ship Visit") to the elementary local database transactions
("Updating Vessel Register"). Furthermore, the technique can as well be used in specifying
ordering and data dependencies between scenarios.

The specification language should allow a similar hierarchical definition of scenarios and
activities and at each level of specification, be able to express at least the same features
as the graphical description technique: the ordering dependencies between activities and
scenarios, conditions for execution of activities and scenarios, multiple entry and exit points
of activities and scenarios parallelism of activities and scenarios, traditional transactional
properties of activities and scenarios (the ACID properties), data dependencies between
activities and scenarios and definitions of complex data.

5.4.2.2 Stability of Scenario Definitions

After having made the mistake of trying to capture the local PortNet scenarios at the inter-
organisational level of specification, we came to the conclusion that at the inter-organisational
level, the definition of scenarios should include only:

1. The message types exchanged,
2. The organisation types the messages are sent to and

3. The message exchange protocol, i.e. what message types are expected as a response to
a certain message.
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This way the actual harbour and the pilot station a message is sent to as well as the local
processing details are defined at the time the scenario definition is instantiated. This is
necessary because the actual data contents of a message (e.g. the destination harbour) define
to which harbour and pilot station the message will be sent. Also, the local processing varies
from harbour to harbour and pilot station to pilot station. Therefore, specifying these details
at the inter-organisational level is not reasonable. With this approach, the scenarios at the
inter-organisational level can and should be pre-defined and they do not change frequently.
In the PortNet system, the inter-organisational scenarios can change when participating
organisations together decide to develop the system further. This at its most frequent, may
happen once a year.

At the local level, scenario definitions describe the actors and the data and ordering depen-
dencies of the local activities. The local organisations may change these autonomously i.e.
as often as they find it necessary. The PortNet interviewees did not indicate a great need to
change the local scenario definitions, however this may change once the system gets in the
production use or it may vary from organisation to organisation.

5.4.2.3 User Definition and Management

The specification language should allow a sufficient selection of user definition and manage-
ment features. It was not reasonable to include those in the graphical description technique
but, the need is clearly present in the PortNet system. These features are:

1. specification of users, roles, organisational units and their properties,

2. specification of relationships among and between users, roles and organisational units
and

3. specification of rules of assignment of the activities and scenarios to the responsible
actors.

The properties of users, roles and organisational units include e.g. expertise, authentication
and authorisation aspects. There should also be a possibility for the scenario specifier to
define whatever additional properties he finds necessary. For the ease of maintenance, some
of these properties should be inherited e.g. from an organisational unit to all the users that
belong to that organisational unit.

Relationships among and between users, roles and organisational units were typically of
the type "belongs to" (between users and organisational units) or "is a" between users and
their roles or different organisational units (hierarchical organisations). However, there is no
need to pre-define a fixed set of allowed relationships at the language level but the scenario
specifier should be able to define whatever additional relationships he finds necessary.

In rules of assignment of the activities to the responsible actors, the actors can be organisa-
tional units, roles or users. Typically in PortNet type inter-organisational workflows, at the
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higher levels of specification, such as the inter-organisational level, the actors are defined as
organisational units and later on in refinement, these definitions are mapped to individual
user roles or users.

There should be a possibility to express the rules of assignment based on user-specific status
information, e.g. the current workload of individual users (work balancing).

5.4.2.4 Alternative activities

The specification language should allow definitions of alternative activities (or scenarios),
at each level of specification. In workflow environments, the alternative activities typically
take place when a deadline fires or a failure happens. Other conditions for execution of
alternative activities may be defined as well.

Examples of possible definitions of alternative activities are:

e "WHENEVER DISKERROR DO recovering_action()" and
e "WHENEVER TIMEOUT DO find_and_assign_a_new_actor()".

Alternative activities may be cascading, i.e. include other alternative activities.

5.4.2.5 Traditional transactional properties

The PortNet analysis showed, that the specification language should allow at least the
traditional transactional properties to be specified for the scenarios and activities (to be
automatically enforced by the system). These traditional ACID properties are Atomicity,
Isolation and Durability. We will talk about Consistency later on (see Data Definition).

It seems to be an application-specific issue what subsets of ACID properties are required for
individual activities and scenarios. In the PortNet case, the AID-properties were needed for
some leaf-level activities, such as "Checking, approving and sending the notice" performed
by the Agent. On the other hand, the Agents activity "Checking minimal data requirements"
had no transactional properties and it could be interrupted at any time. At the upmost level,
the AD-properties were required for the inter-organisational scenario, "Handle a ship visit".
Because of the long duration of the upmost scenario and the need to use also partial results,
the I-property was not valid at the upmost level.

The compiler or interpreter of the specification language should guard the correctness of
specification of the traditional transactional properties. For example, the transactional properties
specified for a child scenario or activity should not conflict with the properties of the father.
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5.4.2.6 Extended Transactional Properties: the Dependencies

With the transitions and events of the graphical description technique, we were able to
describe the rich set of ordering dependencies that was present in the PortNet case: Let A
and B be activity definitions at any level ¢ of the scenario specification. A and B can have
the following ordering dependencies:

1. The execution of B will be started after the execution of A has been successfully finished,
i.e. released:

Release A — Begin B.

This is the most common dependency in the PortNet system. (e.g., the PortNet activities
"Preparing advance arrival notice" and "Processing advance arrival notice").

Similarly, unsuccessfully finishing the execution of A can cause the execution of B to
start:

Cancel A — Begin B.

An example of this dependency would be starting an alternative activity in case the
original activity fails.

2. Releasing the activity .A may have its implications in the success of execution of the
activity B:

Release A — Release Bor,
Release A — Cancel B.

An example of the former are the PortNet activities "Preparing final arrival notice" and
"Preparing final departure notice", i.e. in case the ship arrival has been successfully
informed to all the participating organisations, we must make sure we do not leave
the system in a state in which the ship seems to have stayed in the harbour. In other
words, the departure of the ship has to be successfully informed to all the participating
organisations as well.

An example of the latter are the timetable data updates originated by the MKH local
workers and the Agent. Within a scenario instance, any update released by a local
worker cancels any update by the Agent.

3. Cancelling the activity .4 may as well have implications to the success of execution of
the activity B:

Cancel A — Release Bor,
Cancel A — Cancel B.

An example of the former is requiring an alternative activity B always to finish suc-
cessfully.

An example of the latter are the PortNet activities "Preparing advance arrival notice"
and "Preparing advance departure notice". In case the arrival is cancelled, the departure
must be cancelled as well, in case some departure information has already been given.
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Note that .4 and B are at the same level of scenario specification. This is because the PortNet
analysis showed no need to specify any inter-level dependencies. Whether this is due to
the hierarchical refinement method used or a true property of workflow systems, requires
turther study.

The semantics of Cancel Ais discarding the work done in A so far and exiting the execution
of activity \A. Begin Ameans starting the execution of activity .A. Release A means storing
A’s results in a stable storage and exiting the execution of activity .A. These semantics are the
same at all levels of the specification. However, the implementation of Cancel A and Re—
lease Amay be very different at different levels of the scenario specification. When activity
A is an elementary database transaction executed on top of a relational database system,
Cancel is implemented as an execution of the SQL command ROLLBACK and Release is
implemented as an execution of the SQL command COMMIT. At higher levels of specifica-
tion, the definition of activity A may consist of definitions of several elementary database
transactions and depending on the transactional properties specified for A, Release may
imply committing them all at the same time or committing the last one (assuming that the
others had been committed earlier). Similarly Cancel may imply simply not committing
the pending elementary transactions or, compensating the already committed elementary
transactions.

These dependencies may have temporal aspects as well, such as "activity B should begin 3
hours after activity A has finished successfully”. However, the temporal condition can be
expressed as a pre-condition for activity execution.

In the workflow systems, there might be also soft versions of the type 1 dependencies, i.e.
even though there is a dependency Release/Cancel A — Begin B, the actor of B may
start the execution of B before the execution of A finishes, with a warning sent to the actors
of both A and B by the system.

The above ordering dependencies may exist between scenario instances as well. For exam-
ple, cancelling a whole scenario instance typically implies executing a set of compensating
activities but it may also require starting a new scenario instance. Further requirements
can be made on the success of the execution of the new scenario instance (e.g. Cancel
Scenariol — Release Scenario2).

The PortNet analysis also showed data dependencies between scenarios and activities. A
data dependency between scenarios or activities .A and B means that B uses data produced

by A.

The specification language should allow specifying the above dependencies for scenarios
and activities. These dependencies may exist in all levels of the specification.

5.4.2.7 Conditions

There should be a possibility to define pre-conditions and post-conditions for activities and
scenarios. These conditions are Boolean functions defined over detectable internal or external
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events ("until z fires"), global data such as the time ("after 3 hours"), local data possibly
queried from a local database ("Arrival. ETA = today") or data of the activity or scenario
instance ("z = y"). The execution of activity .A does not start before the pre-condition of
A evaluates to true and the execution of A can not finish before the post-condition of A
evaluates to true.

The specification language should allow definitions of condition evaluation policies as well.
These policies can be e.g.:

1. The number of times the condition should be tried in case it always evaluates "false"
and

2. The alternative activities to be performed if a condition evaluates false. One alternative
activity can be terminating the activity in question or terminating the whole scenario
instance.

5.4.2.8 Parallelism

There should be a way to specify parallel executions of activities and scenarios (forks of the

control flow). These forks describe loops and recursion, too. Conditions may be attached to
forks.

Similarly, there should be a way to specify merges of parallel executions. These can be
specified as a pre-condition for execution of the activity (or scenario) in which the forks
of control flow join. With pre-conditions we can specify both conjunctive (a transition is
generated if and only if all merging transitions are activated) and disjunctive (a transition
is generated whenever one of the source transitions is activated) merges of the graphical
description technique, as well as specifier-defined conditions for merges (e.g. merge if 2 of
the 3 transitions are activated).

5.4.2.9 Bundles

In addition to parallelism specified in the definition level, there has to be a possibility to
define bundles, which are multiple instances of different activities (or scenarios) or the same
activity (or scenario), to be started concurrently. The actual number of instances is solved at
run time.

5.4.2.10 Data definition

The data exchanged and stored in inter-organisational workflow applications is typically
well-defined, structured, complex and large in volume. The state of the art in designing these
systems is defining the structure of the messages to be exchanged between organisations.
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Therefore, the specification language should provide a comfortable way of defining struc-
tured, complex data both exchanged and in local storages. The data structures may also
have relationships.

Furthermore, as seen in the PortNet Data Flow Diagrams, the consistency property, i.e. the
correctness criteria for concurrent handling of the data may be different to the traditional
database conflict serialisability. What that criteria may be requires further study.

However, the specification language should at least 1) allow the workflow specifier to choose
from a set of different correctness criteria and thus specify scenario-specific or local restric-
tions for concurrent handling of the data (for example, "TIMETABLE data requires Local
Contlict Serialisability"). There should be be both pre-defined, standard correctness crite-
ria, such as conflict serialisability, and specifier-defined correctness criteria. Therefore, the
specification language should also allow 2) definition of scenario-specific correctness criteria.

In addition to persistent data discussed above, workflow systems include volatile data. The
volatile data can be private for an activity instance, shared with lower-level activity instances
or shared with all activities at any level. The specification language should support 3)
defining the scope of volatile data.

5.4.2.11 The need to compensate finished activities

In the PortNet case, there clearly is a need to undo the effects of already finished activities
(and scenarios), i.e. to execute compensating activities. This is due to the requirement that
the overall scenario, "Handle a ship visit" should be atomic.

Because in the PortNet case the results of finished activities may have been used by other
activities before the compensation takes place, there might be cascading compensations as
well. However, it is not the responsibility of the workflow specifier to define what cascading
compensations are needed but it is up to the underlying system to do this, based on the
data and ordering dependency specifications (provided by the scenario specifier), and the
execution history of activities and scenarios (maintained by the system). For example, if
there is a data dependency between activities .\A and B, i.e. B uses data produced by A
and the executions of both A and B have been successfully finished at the time a need to
compensate A arises, B has to be compensated as well.

Note that compensating activities may cause new scenario instances to take place as well. In
the PortNet case, if the Agent finds out that the destination harbour of a ship will change,
after he already has sent out an Advance Arrival Notice about that visit, he must 1) re-submit
the original notice with the status "Cancelled" and 2) send out another notice with the new
destination harbour. The latter step initiates a new scenario instance.

If the Agent already has sent out an Advance Notice of Departure as well, the steps 1) and
2) have to be done for that notice, too. So, in the PortNet case undoing the whole scenario
instance, would be "Compensate all the activities done so far". In each participating organ-
isation, this would mean executing the compensating activities as defined in the scenario
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specification, for all the finished activities, one by one in a reverse order to the original
execution.

Another requirement the need to compensate implies is the definition of multiple entry
points for activities and scenarios. In workflow environments, the need to compensate,
i.e. cancel a scenario instance S;, may arise in an organisation O; at any moment, possibly
in the middle of the local processing of the scenario instance S, in organisation O,. The
compensating activities should typically interrupt the normal processing so that no work
would be wasted. In the PortNet case, the cancellation of a ship visit sent to the Port and
MKH by an Agent should besides undo also interrupt all the processing concerned with that
particular visit. The entry points define the states of activities to which internal or external
events lead. For compensation purposes, we may need several of those.

However, in inter-organisational communication the compensation can be less straightfor-
ward if the need to compensate is initiated in another organisation and the organisation
that receives the compensation message decides to demonstrate its local autonomy. If, for
example at MKH, the ship captain has already called in and confirmed the ship visit, any
cancellation notices about that visit received from the Agent will be ignored because they
are found less trustworthy. In this case, MKH can refuse to compensate whereas at the
same time, the Port may decide to execute the compensating activities. This leads to an
inconsistent state of the scenario instance which is perfectly acceptable in the PortNet case.
But, if the captain of the ship has not confirmed the ship visit yet, MKH will take the Agents
cancellation seriously and all data concerning that visit will be removed from the MKH
local database. At the specification language level, this kind of situations can be handled by
including conditions for execution in the compensating activities.

Therefore, the requirements for the specification language are:

1. The possibility to specify the compensating activities which may include existing ac-
tivities (or scenarios) on different levels of the specification hierarchy,

2. The possibility to specify conditions for execution of compensating activities,
3. The possibility to specify multiple entry points for activities and

4. The possibility to specify data and ordering dependencies between activities.

5.4.3 Valmet Requirements for the Specification Language

The Valmet Problem Reporting system has a dual nature as software fault and change re-
quest reports cause workflow processing while the other report classes lead to a cooperative
designing/authoring type of processing. This dual nature is reflected also in the require-
ments implied by the Valmet system. We have also included those requirements that become
relevant while enhancing the current prototype system.
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5.4.3.1 User definition and management

The specification language should allow specification of users, roles and organisational units,
their properties, their relationships, and activities and scenarios assigned to them. The user
definition should also cover authorisation and authentication related definitions.

5.4.3.2 Data definition

In the Valmet case, data definition means specifying the structure of a report document.
The fields have types (numeric, alphanumeric, date, time, signature etc.) and access right
constraints. Depending on the user rights, fields may be readable, writable or not visible.

With regard to concurrent access to the bulletin board documents in planning a new software
version, there is a need to specify policies for concurrent access of data. In practise this may
mean giving each data construct a concurrent access mode code. Such could be e.g. not
shareable, shareable within members of the Valmet software coordinator committee etc. The
access mode codes could also be generic and treated as test conditions in the basic data
manipulation primitives discussed later in this document.

5.4.3.3 Execution control

Ordering, timing and data dependencies of the scenarios and activities must be expressible.
One goal of the Valmet system is to evaluate the services provided by software suppliers.
The specification language should provide also tools for defining performance monitoring.
Primitives are needed for accessing processing statuses of scenario instances, as well. For
instance, an application manager must be able to get information on a scenario instance that
has been left hanging due to ignorance of the supplier. Specification of user authentication
related processing as electronic signature verification must be supported.

5.4.3.4 Concurrency control in shared documents

Concurrency control in cooperative design/authoring related processing needs facilities
for defining the basic data manipulation primitives and their interrelated dependencies
(ordering, temporal and data). The idea is that the system designer is given facilities to
define the actual primitives and to define execution conditions to their concurrent processing.
The complexity of the concurrency control depends on the granularity in which cooperative
access is supported. In a document, the access control may be provided on the level of whole
documents, document fields or field contents. Even concurrent editing of the same edit field
could be supported.
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5.4.3.5 Document archiving and version management

In the Valmet system, each document is accessible through many indexes that are maintained
with respect to document contents, identity codes, time stamps etc. Also the main actors of
a scenario instance retrieve these documents from the document archive via these indexes.
Unlike in many other workflow systems, here always the initiative of working with a scenario
instance comes from the side of the user. The initiative does not come from the system which
is merely a document repository. The language should provide ways to specify the search
indexes.

Version management support is important. When specification documents of a new software
version are designed as a cooperative process, there is a need for maintaining the history of
each document. There is also need for supporting backtracking to earlier design decisions
and starting new branches of thought. This may be needed for instance, when the integrity
of the document is somehow lost or when the designer in charge wants it. There is a need
for a referencing mechanism to the earlier versions and version management related access
primitives.

5.4.4 IN requirements for the specification language

The 101-service of Telecom Finland induces the following requirements for the specification
language:

1. The support for the verification of workflow scenarios:

e The designer of a scenario should be able to specify constraints which should
hold in every scenario instance. If a scenario instance does not obey a constraint
then the used verification tool should be able to indicate the exact location of the
violated constraint in the workflow scenario.

e It must be possible to make a quantitative analysis of the workflow before it is
deployed.

The description of steps executed by computers.

The description of steps executed by human beings.

The linkage of steps executed by human beings and computers.

Dependencies between steps. (The dependencies are similar to the PortNet case.)

The description of actors with multiple roles.

N o g DN

The description of heterogeneous data sources.
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Chapter 6

Requirements for the TRANSCOOP
Specification Language

In this chapter, we try to generalise the results that have been described in the previous three
chapters. In section 6.1, we describe the common properties of the areas of Cooperative
Document Authoring, Design for Manufacturing and Workflow. Also, we say something
about the differences between the implications of the different application areas. In Section
6.2, we summarise the requirements that have been found while analysing the application
areas.

6.1 Summary of Analysis

In chapter 2, we have identified the areas of interest for performing the application analysis.
We distinguished the categories activity, data and user. Within those categories, we have
indicated the kinds of questions that seemed to be relevant on beforehand. After having
performed the application analysis, we have been able to answer most of these questions. In
some applications, additional requirements have come up. We have classified them in one
additional category general requirements.

The three application areas span a wide range of cooperative application scenarios. The
activities within an organisation could be divided in those related to the work to be done
(e.g. designing for CDA and DfM), the organisation of the work (such as planning) and
management of the work. We could say that each of the above categories of activities are
related to a different level of management, where work management is found on the highest
level, and the work to be done at the lowest level. On these different levels of management,
different forms of cooperation are found. The forms of cooperation are usually more formal
on the more higher levels.

In the following we summarise for each application area, the levels of management it ad-
dresses and what is the main focus of the complexity.
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e Cooperative Document Authoring
This application aims at supporting the work process of a team of authors working
together on writing a (hypermedia) document. CDA aims at supporting activities that
are related to the lower levels of management. It mainly supports the design work to
be done and some support for the organisation of the work.

Because document authoring is a creative design process, it will involve quite dynamic
forms of cooperation. The complexity of the problems found in CDA is related to
supporting dynamic forms of cooperation.

e Design for Manufacturing
Like CDA this application area is also concerned with a design process, but it differs
in that DfM requires people from very different disciplines to work together and to
communicate with each other. Also during the design process many documents are
generated that describe a certain part of the design of the artifact. For these reasons
DM also has a strong focus on work organisation and can also (with large projects)
involve quite a lot of work management.

The complexity of the problems found in DfM is related to the management of complex
data structures stored in inter-related documents.

e Workflow
This application area, especially when we look at inter-organisational workflows, is
concerned about work management and work planning. It is not concerned about the
contents of the work to be done, but about how the different activities are organised.
Aspects like authorisation and authentication play an important role.

The complexity of the problems found in WF is related to reliability, (inter-organisational)
consistency and responsibility.

Another remark has to be made about the graphical language that has been introduced in
Section 5.3.1. This language illustrates which constructs are necessary to describe workflow
scenarios. This language has been designed to present the analysis results in the workflow
chapter. It is an ad hoc language, that represents in itself requirements for the TRANSCOOP
language. It is not a competitor of the TRANSCOOP language, nor is it intended as such.

In the following sections we present a summary of the aspects that were found to be crucial
for the application areas. The first section discusses some specification language related
requirements. The other sections discuss aspects related to the activity, data and user
aspects that the specification language should be able to express. In Section 6.2 a list of
detailed requirements is given.

6.1.1 Specification language related requirements

The specification language should not bother scenario designers with all details of one
concrete synchronisation mechanism. This can be achieved by deriving language constructs
with clear semantics that are on a high level of abstraction and thus as independent as
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possible from concrete synchronisation mechanisms. An advantage of such a language
would be the opportunity to translate it to various transaction models providing a specific
predefined functionality.

The specification language should be such that it can be used by those who want to specify
the CSCW applications found in the application areas. This means that the specification
language should use concepts that are based on the requirements that are stated in the
following sections.! The following sections describe the areas that are of special interest for
the specification language. Section 6.2 gives a more detailed list of requirements.

6.1.2 Activity aspects

The following important aspects related to activities were found in the application ar-

eas:

1. Different levels of management
Different levels of management are most clearly found in the DfM application area, but
also in the inter-organisational workflows.

2. Hierarchical activities
In all application areas, decomposition of activities (on the different levels of management)
is used to break-down complex activities in more elementary ones.

3. Activities of uncertain duration
The duration of activities in design environments (like CDA and DfM) is usually not
predetermined. This unpredictable duration of activities results from their interactive
nature and the complexity of the problem to be solved.

4. Flexible ordering of activities
Because of the creative nature of CDA and DfM applications it is important that the
ordering of the activities is flexible within a scenario. Within WF flexibility is required to
deal with exceptions that can occur at any time during the execution of a scenario.

5. Transactional properties of activities
In all application areas there was found a need to be able to specify the transactional
properties of the activities and the dependencies between the activities.

6. Multi-user cooperation
Because of the size and complexity of artifacts and the erratic problem solving process,
there is a strong need for dynamic multi-user cooperation in the CDA and DfM application
scenarios.

6.1.3 Data aspects

Looking at the aspects related to data, the following were found to be important in the
application areas:

'We are aware of the vagueness of this requirement. It is the responsibility of the specification language
designers to keep this requirement in mind.
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1. Large data volume
In all application areas we have to deal with large data volumes. In workflow, large
numbers of scenarios being executed independently are found. Design environments are
usually characterised by providing joint working facilities for the production of large,
shared artifacts.

2. Complexity of the data
Especially in DM and CDA we find complex data structures. The data is complex with
respect to both its contents and its structuring. An example of complexity of the contents
of the data is found in DfM, where complex 3D-structures are represented. An example
of complexity of the structuring of the data is found in CDA, where complex graph-like
structures are being used to represent a hypertext document.

3. Constraints
In all application domains constraints are being used to specify the consistency rules that
apply to the data. Especially in DfM, user-defined constraints are being used. In the DIM
application area the checking of constraints can be a complex task.

4. Versioning
In the DM and CDA application areas, versioning of the data plays an important role.
Both explicit and implicit versioning mechanisms are being used. Implicit (or hidden)
versioning is a technique that can be used to increase data availability but requires
(automatic) merging of parallel versions.

5. Historical data
In all application areas there is a certain need to keep records of the activities that have
been executed. Especially in DfM it is important to record design decisions, also to
prevent designers from considering solutions that have already been evaluated in the
past.

6. Shared and private workspaces
In design environments the concept of shared and private workspaces seems to be useful
to support design work.?

6.1.4 User aspects

As user aspects are mainly important for the levels of management related to work planning
and work management, the aspects presented in this section are first of all important for
workflow applications. They are less crucial in the other application area.

The following aspects were found:

1. User definition
User definition includes the definition of users, user groups, roles, organisational units
and their relationships. In workflow applications this also includes rules for assigning
activities to users that will be responsible for their execution.
Although user definition is important it is not possible to give a fixed set of rules about
how it should be done. Thus, flexibility is required.

*We do not refer to the notion of physically shared and private workspaces. This notion is orthogonal to
the conceptual notion of workspaces.
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2. User management
In workflow (and also to a lesser extent in DfM) applications, the assignment of respon-
sible users to activities plays an important role.

3. Authorisation
Especially in (inter-organisational) workflows, authorisation and authentication are im-
portant. Authorisation plays some role in all application areas to prevent the loss of
data.

4. Ad-hoc formed groups
In design applications there is a need for ad-hoc group formation, as in contrast with the
above described aspects.

6.2 Specification Language Requirements

In this section, we summarise the requirements that have been found for the TRANSCOOP
specification language. What we have been doing in this workpackage is in fact require-
ments engineering: by analysing some application areas, we have tried to come up with
requirements for the TRANSCOOP specification language and transaction model. Like design
as presented in the chapter about Design for Manufacturing, requirements engineering is a
continuing process. Therefore, one cannot expect this document to contain a “design” of the
specification language by giving a full list of detailed requirements. In fact, the requirements
in this document are still rather abstract and general. During the process of language design,
the requirements will also be refined and clarified. So, language design and making the
requirements more concrete will go hand in hand. There will be a continuous interaction
between the language design and the requirements.

In order to avoid too much duplication, we will shortly describe the most important re-
quirements that have been found in the application analysis and that seem to be used in the
application domains. For a more extensive description of each requirement and for require-
ments with less impact, we refer to the respective sections of the three chapters covering the
three application areas.

The rest of this section consists of four subsections, for the activity, the data, the user and the
general requirements. Each subsection contains requirements for the specification language,
although we did not include again and again a sentence like “The specification language
should be suited to express. ..”.

6.2.1 Activity requirements

Before listing the requirements for the TRANSCOOP specification language that seem to be
general for all studied application domains, we want to generalise a remark about the basic
concepts for a specification language that satisfies the coordination needs of a cooperative
environment. Such a specification language should support at least:

e the definition of activities and their externally visible execution states
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e the definition of legal transitions between these states
e the definition of conditions that enable transitions between these states and their proper-

ties (rejectable, delayable, forcible)

With these remarks in mind, we are ready to give the list of general requirements. As

mentioned before, this list is very concise. However, it refers to other sections of this

deliverable in which more information can be found.

1. Specification of the work process
The language should provide the possibility to specify the activities that occur during
the work process. This includes basic activity definitions, the parameters passed to an
activity, the constraints to be satisfied before and after the activity has been executed.
Furthermore it covers the transactional guarantees that are required for the execution of
a specific activity. Of course, the activities in a cooperative work process will often be
performed in parallel. (cf. Sections 3.5.1 (item 1) and Section 5.4.2.5.)

2. Different levels of management
The specification language should be able to deal with different levels of management
as found in the DfM application domain and as within inter-organisational workflows.
More concrete this means that it should be possible to write specifications that can be
controlled from the outside (through ‘gates” or “ports’) and that can contain black-box
parts (which are specified on a lower level of management). (cf. Section 4.6.1.1).

3. Hierarchical organisation of activities
In all application areas, it has been observed that the activities that are performed have
a hierarchical nature. Performing complex activities is naturally done by splitting large
tasks into smaller and more clearly arranged parts. The structure of the activities reflects
the problem that is to be solved and the organisation of the problem solving process.
In CDA and DfM, the activity structure is generally dynamic. Hence, new subactivities
may be added at runtime as the need arises. This means that activity hierarchies should
be generated dynamically according to the needs of the problem solving process. In
workflow, the activities tend to be better structured, although a workflow activity hier-
archy may be dynamic too, whenever certain activities are conditional. This also means,
that at least workflow applications require a specification language in which things like
alternatives and repetitions can be specified in a natural and elegant way.
The specification language has to provide constructs for structuring the work process
in a hierarchical way. In section 5.4.2.1, some examples of such constructs are given,
like the ordering dependencies between activities and scenarios, conditions for execution
of activities and scenarios, multiple entry and exit points of activities and scenarios
parallelism of activities, transactional properties of activities and scenarios and data
dependencies between activities and scenarios. (cf. Section 3.5.1 (item 2) and 4.6.1.3.)

4. Application specific correctness criteria
Serialisability is not a suitable correctness criterion for cooperative environments. To
support the cooperative working process, new correctness criteria depending on the
semantics of the application are needed. The specification language has to be able to
express this. This also means that concepts like compensating actions, restarts and
histories can be specified by the specification language (Section 4.6.1.2, Section 5.4.2.11
and Section 3.5.1 (item 3)).

5. Dependencies between activities
In all application areas, it is important to be able to describe dependencies between subac-
tivities. This holds for the complete spectrum of application scenarios, from WF to CDA.
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The ability to define a lot of different relationships between activities and subactivities,

results in a very flexible framework.

Dependencies define the links between activities and thus form a data- and control-flow

definition. Between activities there can be different dependencies expressed:

1. Value dependencies: the data parameters that are passed from one activity to another
activity must be expressible.

2. Temporal dependencies: temporal dependencies are useful to trigger actions de-
pending on some timing condition, e.g. when a deadline has occurred (cf. also Sec-
tion 4.6.1.5). Both relative and absolute time temporal dependencies should be possi-
ble.

3. Commit/abort dependencies: conditions stating that certain activities may only start
after some other activities have reached a certain state, etc. (cf. Section 3.5.1 (item 4)
and Section 5.4.2.6.)

4. Conditional execution: it is useful to support alternatives and repetitions to provide
a dynamic execution of activities (cf. also Section 5.4.2.4).

6. Flexible ordering of activities

It is a typical requirement that designers and actors in a workflow want to have the

ability to go back to some earlier stage in the working process or to continue exactly

where they were interrupted. It is very difficult to describe such an activity completely
in advance, usually it is only possible to specify a range of actions that are allowed
to happen. However, the specification language has to provide as much flexibility as
possible in this respect.

7. Interactivity of users

The previous requirement stated that the activity structure is often dynamic in our ap-

plication areas. A property that is closely related to this is the interactive nature of these

application areas. Cooperative activities are often characterised by user tasks that cannot
be exactly predefined. A user may start an activity, execute operations interactively and
use a couple of days to perform the activity.

The specification language should be suitable to specify complex interaction sequences

between users that can occur during cooperation.

8. Transactional properties of activities

Conventional transaction models work with application-independent correctness criteria,

like serialisability. The strong correctness criterion of serialisability contradicts the very

nature of cooperative applications, because it guarantees the isolation of transactions from
one another. In cooperative scenarios, it makes sense to loosen the correctness criteria,

e.g. by allowing actors to read uncommitted data. The nature of the desired correctness

criteria will depend generally on the application domain at hand.

The implication for the specification language is that it should be able to specify application-

dependent correctness criteria.

9. Compensating actions

Sometimes, itis necessary to undo a certain transaction by so-called compensating actions.

Examples have been seen a.o. in the PortNet analysis, but actually this is relevant in all

application scenarios. In fact, compensating actions are “plain” actions again, with some

special relationships with other actions (viz. the actions that they should compensate). In
this respect, this is a special case of the situation of activities that are dependent on one

another, which was mentioned in above with item 5.
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10. Milestones and deadlines

11.

In all application areas, milestones and deadlines play a (more or less) important role.
Whenever people cooperate, there have to be agreements about which parts of the work
will be performed by whom and when it will be ready. Thisis relevant for each cooperative
application scenario, although it will be more important in situations where the activities
are prescribed very detailed, instead of described loosely and generally.

Something related to this is that timing aspects are important in these situations. In terms
of the specification language, it will be important to be able to specify deadlines and
time-dependent activities.

More details can be found in Section 4.6.1.5 and Section 5.4.2.6.

Multi-user cooperation

In CDA applications a highly dynamic form of cooperation is found where two or more
authors synchronously interact with each other, sometimes accompanied with real-time
audio and/or video connections. This is described in more detail in Section 3.4.4.

6.2.2 Data requirements

1.

Complex data structures and relationships

In all application scenarios, complex data (structures) have been found. The TRANSCOOP
specification language should provide facilities to deal with this.

The complexity of the data is usually reflected in the complexity of the operations needed
to manipulate the data. When cooperation is taken in account, the complexity of the
operations is likely to increase even more.

. Propagation of changes

When multiple users are working simultaneously on a common artifact they should
be able to observe the changes made by others under predefined circumstances. The
specification language should provide constructs to define notification events, i.e. events
in which users inform each other about relevant aspects of the cooperation. Version
management is an important issue here (cf. Section 3.5.2 (item 1) and Section 4.6.2.1).
Synchronisation between different kinds of data

Data can occur in a persistent storage system, in the client workspaces and in user
interfaces. The specification language has to take these different kinds of data into
account (cf. also Section 3.5.2 (item 2) and Section 4.6.2.4).

6.2.3 User requirements

1.

Single user aspects

In a realistic cooperative situation, there will be a number of different people involved.
These people will be organised in several project groups. Some of these groups may have
an ad hoc nature, whereas others may be formally established ones. The best advise we
can give to the language designers is to try to be as flexible as possible. Try to support as
many kinds of user scenarios as feasible!

. User groups

There are many different kinds of groups in a cooperative scenario. Groups may be
formal or informal, temporal or permanent, heterogeneous or homogeneous, etc. The
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same remark that has been made above, also holds here: all aspects of user groups
that have been mentioned in the taxonomy seem to have some relevance for the project.
However, the investigated application areas are not specific enough to be able to make
deterministic statements about these aspects. Within one particular organisation, some
aspects will be very important, whereas in another organisation, the situation may be
completely different. We will have to be as flexible as possible to this respect.
However, workflow applications require that at least the following can be done:
1. Specification of users, roles, organisational units and their properties such as authen-
tication and authorisation.
2. Specification of relationships among and between users, roles and organisational units.
3. Rules of assignment of the activities to the responsible actors. These actors can be
organisational units, roles or users.
3. Authorisation
In cooperative scenarios, the aspect of authorisation plays an important role. Control team
members is of course important, but its main relevance is to prevent loss of information
and to guide workflow in a cooperative scenario.
See for more information Section 3.5.2 and Section 5.4.2.3

6.2.4 General requirements

1. Flexibility
A system supporting cooperative design has to be flexible enough to support changing
requirements during the project trajectory. This aspect is one of the most important
characteristics of cooperative design. For such scenarios generally take a long period of
time and involve a lot of people. It often occurs that changes have to be pursued during
a project. This may vary from other people being involved in the same activities to a
complete redefinition of the most important starting points in the design process.
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