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Abstract 

The typical synchronous collaboration solutions have been proved to be rather 
unacceptable when work conditions avoid group members to work on-line. This can be 
the case when people are geographically distributed among different time zones with no 
(or few hours of) overlapping work-time or when difficult network (transmission) 
problems occur. For those cases, the support of asynchronous collaboration 
environments would be highly desirable. Through them, people have the possibility to 
work locally and to exchange cyclically within each other their contributions. A process 
of annotation and explicit authoring of each private editing shall be kept while the 
shared docu.ments circulate. 

This paper examines the importance of supporting asynchronous fonns of collaboration 
and presents a global model and architecture for a related environment. Some 
fundamental concepts are established along with implementation considerations and 
strategies we have adopted during the development phase of a prototype system. An 
example of application in the area of distributed CAD is also included. 

Keywords: CSCW (Computer Supported Cooperative Work), Workflow, 
Asynchronous Collaboration, Distributed CAD, Multimedia Co-Authoring Process. 

O. Introduction 

Computer Supported Cooperative Work has emerged in the Jast decade as an identifiable 

research area which focuses on the role of computers in group work and has been involving 

researchers across various disciplines. It is not easy to find a well-defined and overall 

definition of CSCW. ln the literature, the term has been referred to address the whole variety 

of research areas related to computer-mediated groupwork. 

The concept of Computer Supported Cooperative Work was pioneered by Douglas 

Engelbart, who demonstrated as ~arly as 1968 a prototype called NLS/ Augment [ENGSS]. ln 

the early 1980s, intensive research was carried out by Winograd and Flores [WIN86], who 

have developed a theoretical perspective for analysing group action based on ideas from 

linguistics. This perspective emphasises different kinds of speech acts, such as requests and 

commitments. The authors analysed a generic conversation for action with the possible 

modes and transitions involved when one actor performs a task at the request of another. 

Since the mid-SOs, the CSCW area has been investigated more intensively. The first 
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workshop took place at MIT in August 1984. More official recognition of CSCW was 

achieved by the first ACM-sponsored Computer Supported Cooperative Work (CSCW) 

conference held in Austin, Texas, in December 1986 [GRE91]. 

Cooperative Work (cp. teamwork, groupwork) is a topic which different research fields have 

been dealing with, some of them for a rather long time like sociology or psychology 

[MCG66]. Dix [DIX94] describes the term cooperative work as a process, where two or 

more participants are involved. They are engaged in the sarne common work, and to do so, 

interact with various tools and products. Some of them are physically shared, where others 

are shared in the sense that they contribute to a cooperative purpose. The participants 

communicate with each other as they work. ln real life this may be by speech or letter. Part 

of the purpose of communication is to establish a common understanding of the task they are 

engaged in. This understanding may be implicit in the conversation, or may be made explicit 

in diagrams or text. 

Cooperative work can be also examined under the dimension of time 

(synchronous/asynchronous) and space (centralised/decentralised) [JOH88], i.e. when and 

where the participants are performing cooperative work. This can be summarised in a 

time/space matrix (see Fig. 1). 

different 

Space 

sarne 

sarne lime different 

Fig. 1 - The well-known Joahnsen Matrix. 

The time/space matrix is a very useful shorthand to refer to the particular circumstances a 

groupware system aims to address. Basically, we look at the participants and ask whether 

they are in the sarne place or not, and whether they are operating at the sarne time or not. 

As we can see exposed in the Fig. 1, synchronous collaboration can be defined as the form 

of computer-supported groupwork where all the participants share the sarne common 

workspace during the sarne period of time. This type of collaboration has been the main 
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focus of most of the CSCW researchers in this area. lt is supposed that people engaged in 

working together would online share a sarne common work-domain, being this last, files, 

editors or databases. 

However, synchronous collaboration solutions have been proved to be rather unacceptable 

in context of offline work conditions. This can be the case when people are geographically 

distributed among different time ~ones without the acceptable overlapping work-time. For 

those cases, the support of asynchronous collaboration environments would be highly 

desirable. These are defined as enabling offline forms of computer-mediated groupwork, 

where individual contributions can be completed during different periods of time and 

integrated together in a final common version. 

Asynchronous collaboration requires a high levei of coordination mechanisms in arder to 

avoid merging conflicts between individual contributions. Such mechanisms shall establish a 

common framework based on the division of tasks among the participants and their complete 

synchronisation. Also the support of intra-group awareness is here highly required thought 

no explicit means of direct user-user online communication are 'considered. 

ln this paper we examine the importance of supporting asynchronous forms of collaboration, 

considering especially lntranet environments while presenting a global model and 

architecture for a related system. We conclude the paper by exposing an example of 

application ofthe results achieved in the area of distributed CAD (Computer-Aided Design). 

1. The Model's Basics 

Many aspects of a process have to be described by its modelling, e.g., what is going to be 

dane, who is going to do it, how and why will it be dane, who is dependent on its being 

dane, etc. Process modelling languages differ in the extend to which they highlight the 

answers to these questions. Process modelling languages and representations usually present 

one or more different perspectives related to these questions [CUR92]. 

Process models can have different goals and objectives, depending on the intended use. 

When automation is involved, process representation becomes a vital issue in redesigning 

work and allocating responsibilities between human and computers. Process modelling is 

distinguished from other types of modelling in computer science because a human rather 

than a machine must enact many of the phenomena modelled. Two possible categories of 

process modelling reflect the objectives to: 

• facilitate human understanding and communication which requires that a group is 

able to share a common representational format; 

• support process improvement which requires a basis for defining and analysing 
processes; 

The fundamental unit for getting things dane (products and services) in a work process is a 

workflow. A workflow is an unit of work that happens repeatedly in an organisation of 
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work. lt has a beginning, middle, and an end. And, most importantly, in a workflow things 

get completed in order to producing satisfaction for customers. ln fact, every workflow has a 

customer, who may be a customer or client of the organisation, or may be another work 

group or an individual in the organisation (an internai customer) [SCH93] . 

Relating now to our prototype too!, it is based on workflow, as a set of formal rules and 

specific process(es) which are automated to improve efficiency. Most workflow systems 

share a basic action protocol. This protocol (see Fig. 2) comprehends four phases: 

• opening; 

• commitment; 

• execution; 

• closing. 

Opening phase represents the period of time when the customer asks for something to be 

performed by a service provider, which in his/her tum, agrees (or not) to do it, thus 

concluding the commitment phase. The execution of the requested service, and report it 

done, characterises the third phase, which is naturally followed by the declaration of 

satisfaction (or not) on side of the customer, closing this way, the basic workflow cycle. 

ln the model that we have adopted, it is assumed that the commitment phase is previously 

achieved. This decision takes in consideration that when a person joins a company, he/she 

not only accepts a modus operandi imposed by the institution but also automatically 

commits him/herself to fulfil future tasks when working in the corporation context. 

Opening 

1. e u;tomer asks f a service 

e los ing 

4. e usbmer acknowledges report 
an d declares sati sfa:tion 

Com mitment 

2. Si..pplier ag rees todo it 

Eiecution 

3. Suppier executes seNi ce and 
repor1s i t done 

Fig. 2 - Basic action workflow protocol. 

This action can also then be interpreted as part of the commitment phase of the basic action 

workflow protocol, which guides us to a simplified version of the protocol (see Fig. 3). 

Accordingly, we have now only three phases: 

• opening, where the customer asks for a service; 

• execution, where the supplier executes the service and reports it done; 

• closing, when the customer acknowledges report and declares satisfactioil. 
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Opening 

1. Cocrdi nator asks for package d:velopment 

e-mail message with servi::e request 

Execut ion 

2 Supplier executes service and 
reports it daie 

Shared database 

Coordinator 
e-mail mess~e reporting 
conclusion cJ work 

Supplier 
Closing 

3. Coorcinator acknowedges report 
and d:clares satisfa::tion 

Fig. 3 - Basic workflow cycle and supporting technologies. 

The information transmitted along the basic workflow cycle includes the following items: 

• service identification - what is going to be done? 

• service's customer identification -who requested the service? 

• service's supplier identification - who is going to do it? 

• service description - how and why will it be done? 

• service start date - when shall be the work begin? 

service deadline - when shall be the work end? 

Positively, these items model a piece of work or workflow. They can be employed for the 

concrete fulfilment of tasks, i.e. labour. 
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2. The Prototype System 

When implementing the achieved concepts, and because we are rather often referring to 

enterprise's context, we decided to use the termpackage to define the service which is going 

to be executed. Following the sarne idea, and considering that in the adopted context the 

service's performance is supervised by someone responsible for it (sometimes hierarchically 

superior to its performer), it drove us to adopt the term coordinator in substitution of 

service's customer. The coordinator receives the set of requirements from the customer and 

formalises a package. He/she represents the interface to the externai customer, acting 

however as customer from the point of view of the internai fulfilment of the requirements 

[LUZ97]. 

2.1 The Workflow Cycle 

Having ali the indispensable information to complete the basic workflow cycle is not enough 

to put the things running. Somehow we have to start the cycle by allowing the coordinator 

and the provider (who set up the group of suppliers or workers) to contact with each other. 

This is done by condensing the following information items in an electronic message 

(asynchronous communication as interided): 

• package identification 

• associated task description 

• the task's start date; 

• the deadline to have it done. 

QJening 

1. e ocrdinator as ks 
for !Ervire 

Closng 

( 
3. Coordin~or ackno.vledges \ / 

repcrt, reiects resuts V 
and restarts cycle 

Eiecution 

2. Suppier executes service a nd d 

rts it done J 
/ 

4. Coordnator acknowedges 
report and declares 
satisfa:tion 

Fig. 4 - Detailed workflow cycle. 
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After receiving the message that contains a request for a task execution, the service supplier 

may then start his/her work with the available material, even if the start date still lies in the 

future. During service's execution, all the basic information concerning the package is 

available in a shared database where both coordinator and service supplier may access or 

supply new information referring to the package ( e.g. new data, new information sources, 

clarifications). lt should be noticed that the information available for the service's supplier is 

not restricted to this sources and, 'when necessary, they should be complemented with other 

sources, in arder to ease the realisation of task in a more effective way. This can be 

encouraged through the contents of the E-mail message that opens the basic workflow cycle, 

or by references in the available set of information, like links to web sites. 

When the coordinator receives a warning message informing him/her about the conclusion 

of the service execution, one of two options may succeed: 

• he/she rejects the results, by finding them non-satisfactory, or; 

• he/she accepts them. 

ln the first case, the cycle is restarted with a warning to the service supplier, informing 

him/her about the rejection. The cycle must be repeated until the coordinator express 

satisfaction (second situation) and then, not only the basic cycle but also the package 

execution, will be declared as completed (see Fig. 4). 

2.1.1 The Execution Phases 

The package coordinator (who represents the internai service's customer) contrais both the 

start and the deadline dates for the execution phase of the whole package. Here we need to 

differentiate the packages that have already started, from those that haven' t. Accordingly, 

we have divided the execution of packages into six different states: 

• Planned; 

• ln Production; 

• Completed; 

• Deadlined; 

• Archive; 

• Trash. 

Planned packages are those, whose start date still lies in the future. The packages that have 

already started and are not completed or deadlined, are identified as being under the in 

Production state. Both states (planned and in production) depend on the start date defined 

for the package. The deadline date may also determine a third state called Deadlined. Any 

package that is not completed and whose deadline date is already over will be catalogued as 

deadlined. Finally, if the execution phase is completed and the package coordinator accepts 

the results within the period defined by the start date, then the package is said to be in a 

Completed state. 
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Both archive and trash states were introduced to ease the manipulation of packages and 

provide a complete set of possible states. The packages will be in archive or trash state only 

by decision of the package coordinator. They exist for purposes of global control and 

private use of the coordinator. They are not accessible to suppliers. 

A package can then present a sequence of severa! states, which are not necessarily in the 

traditional predefined order: planned, in production, and completed. Since the variables that 

dictate the package state may change, following not only the coordinator's will or 

requirements but also the suppliers activity, then states may evolve along with an 

unexpected order. 

2.1.2 The Execution Structures 

Most of the times performing a service involves more than one person. ln a work 

organisation domain, it is rather usual to take advantage of the distribution of labour, 

looking for complementation and synergy between workers or groups of workers (tailoring 

activities), and having in retum better and faster results in certain tasks. This guides us to 

consider in our workflow model the supplier as being a group and not a single person. The 

supplier group can be built of severa! individuais, or must have at least one member. 

By having groups at his/her dispasa! to develop a package, the coordinator needs to provide 

each member of the group with a specific task description along with start and deadline 

dates. 

Aiming to provide some more flexibility to end-users, on the one hand, and reflect what 

actually happens in real life situations, on the other hand, we decided that package 

coordinators should define not only the start and deadline dates for each group member, but 

also for the whole package, the start and deadline dates. These dates determine the interval 

where ali the other dates, conceming the package execution (member' s specific dates), have 

to be confined in. 

If each group member has specific start and deadline dates (see Fig. 5) then, by combining 

them with the different work sequences within a group, the workflow may assume three 

different types of structure. These are: 

• Parallel; 

• Serial; 

• Hybrid. 

The parallel structure is characterised, despite different start and deadline dates among each 

member' s task execution, by the fact that the results achieved will not serve as input to other 

members. Considering the case of the (strictly) serial sequences, each member, except the 

one who starts the package execution, receives as input the results obtained by the precedent 

member and may proceed from it. Hybrid workflow structures are those that include both 

parallel and serial structures. Both serial and hybrid workflow structures require that the 
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start and deadline dates for each group member shall be compatible among them. 

Compatible dates are those that prevent overlapping execution phases between those 

elements that are working in a serial mode. 

start 
start 

start 

Time 
deadln e start 

deadline 
deadline 

deadline 

Fig. 5 - Basic Execution Structures. 

2.2 Group Management 

Within large organisations, it is crucial the existence of a hierarchy. lt brings advantages 

such as providing people with the sense of working together in a team, but also helps to 

manage labour activities towards effectiveness. Notwithstanding each corporation adopt its 

own hierarchy model, we have observed that essentially the well-known tree model (and 

inherent existence of hierarchic leveis) is being overall applied. Taking that into account, as 

far as possible, we aimed to implement an asynchronous generic collaboration too! we 

included in our prototype a component that allows users to define a hierarchy. Relations 

between people, as individuais, groups or groups of groups, may be configured and further 

used in asynchronous cooperative processes. 

Besides the pointed advantages of a hierarchical organisation, this social structure will help 

users to define the group that will best suit his/her needs ( or corporation ' s needs ), 
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concerning the service's execution. The solution offered to the user allows him/her to 

register new persons to the system and define, for each one, a levei within the hierarchy. 

From the whole set of persons registered in the system, he/she may set up groups of people 

and assign a coordinator for each one, as well as define a levei to which the group belongs. 

A single person may coordinate severa! groups, as long as his/her hierarchical levei is equal 

or higher to the group levei. There is an exception, however: individuais belonging to the 

lowest levei in the hierarchy are not granted permission to coordinate a group. Furthermore, 

it is also possible to create groups of non-homogeneous members, i.e. combinations of 

people and groups, thus better reflecting a possible enterprise hierarchy. 

As long as the stated roles for setting up a group are carried out, any person is virtually a 

candidate to coordinate a group. Then, when someone is asked to contribute for the 

accomplishment of a package, he/she may start a new one, and distribute his/her task 

execution to a group ( or groups) under his/her own coordination. Therefore we may have 

two types of task ramification (see Fig. 6): 

• when the coordinator explicitly designates a group to execute a task; 

• when a person decides on his/her own to start a new package, in order to execute the 

task assigned to him/her. · 

Task ramification 

· \·· 1·x_~---- ·-··· .-·\V 

1 

Fig. 6 - Task ramification. 

.. .4 

- _. .::-:.:.-·· 

Tasks 

Groups 

ln corporations characterised by a hierarchical structure, it is common to see the second type 

of task ramification and, in most cases, following a top-down structure ( e.g., from higher to 

lower leveis in the hierarchy). This was fully implemented in our prototype system. 
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2.3 Cooperative Architecture 

Our Asynchronous Computer Based Work prototype tool was entirely developed under the 

Lotus Notes (client and server) environment. The possibilities offered by Lotus Notes to 

define a topology for our application are multiple. This is essentially due to the database 

replication feature it supports. 

Our prototype is built of two databases (Lotus Notes applications): 

• one for managing the users and groups that participate in the system; 

• one for managing the packages. 

Besides these two databases, the prototype manipulates the users ' mailboxes (which are also 

databases) to perfonn the necessary asynchronous cornmunication between the participants. 

1 

HTML, GIF, 
CGlJava .. . 
Files 

Domino System 

/ 

l 
Notes Databases 

Fig. 7 - The Lotus Notes based system architecture. 

Server Database 
Rep licas 

The prototype was tested in a LAN with Windows NT4.0 and three different machines (see 

Fig. 7). One was to set up the server part (essentially for mail routing) and the others were 

the terminais from where users could access the databases and interact with them. Ali the 

databases were in the server side although they could be replicated in client machines, thus 

enhancing performance arrd functionality. 

Recently, Lotus has released a new component (Domino) which can be attached to Lotus 

Notes. lt gives a new dimension to the system by allowing Internet users to access database 

contents. This certainly is an important improvement, which could be explored by our 

prototype in order to enforce its flexibility in terms of accessibility through the web. 
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2.4 A session of Asynchronous Collaboration 

Users of the system may play two different roles in the system (or both). He/she may be a 

simple member of the suppliers' group who only performs tasks or he/she can be a package 

coordinator who defines the parameters ofthe tasks execution (or he/she can play both). 

When an user starts a new package, by defining the package start and deadline dates as well 

as assigning tasks and their completion sequence to a group of suppliers, then the system 

will automatically send to the group members a specific message alerting each one of his/her 

task. This message may contain text, HTML links, graphics or even attached files. lt has 

been designed to be a more complete too! in giving useful information and help people to 

fulfil their tasks more efficiently. 

After receiving the warning message users can then access the database that contains the 

package documents, and search information on every package that they have to participate 

in. They may also change and complete the provided information in order to complement 

some of the existing elements. After the execution phase, any group member shall enter the 

system, access the packages database, search the package (which is a Lotus Notes document 

in the database) where they are working in and edit the fields that allow him/her to deliver 

his/her work results. 

The coordinator will be contacted by the system via E-mail with a message informing 

him/her that a particular member of a specific package under his/her control has completed 

his/her work. As stated before, the coordinator can then reject or accept the results, where, 

in any case, the supplier will be informed about the decision through an E-mail message sent 

by the system. The cycle will then evolve to a final state or will restart depending on the 

coordinator's decision. 

Some other events may happen during a package execution, namely the package may transit 

from a planned state into in production or can become deadlined (in any case the 

coordinator is informed by the system about the state changes). The coordinator may also 

decide to move the package into archive or trash. 

This session example can be complemented with the description of the group management 

interaction where the users (with adequate accessing permissions) register new system 

members and compose new groups that will take part on the packages' execution. ln fact, the 

user will choose from the Lotus Notes system the names of the persons he/she wants to have 

involved in the execution of the package, by following the rules that we have exposed 

before. Group management actions related to people who are intended to be involved in a 

package execution, shall always be taken before the definition of the package itself. ln fact, 

if a user is not registered as coordinator he/she will not be able to start a package. On the 

other hand, if there are no groups created, then there will be no potential suppliers to realise 

the package. 
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3. Potential Applications in Distributed CAD Environments 

Computer-Aided Design (CAD) has been intensively employed in the industry for product 

design and development. Efficient CAD processes becomes an international factor in 

competition and put forth an important impact on company success. Here automation can be 

adopted for the storage and re-utilization of product information as well as for self­

regulation of the production proc~sses. Efficient structurisation and intuitive access to data 

for the fast communication of information are an essential factor for economic success 

[KEH97]. 

ln order to obtain the best results, qualified designers, engineers and experts of different 

areas shall be involved. These people are usually not located in the sarne geographical place, 

especially if we consider large projects and companies, and most important, are distributed 

among different countries with different time zones. This last aspect imposes practically the 

need of asynchronous or offiine modes of collaboration. 

~synchronous collaboration modes allow world wide distributed teams to collaboration 

even if the online connection between participants is not possible or desirable. This can be 

particularly true for large projects involving CAD technologies, where contributions of 

individual participants may circulate within the distributed network of workstations through 

workflow mechanisms. 

The coordinator may start a design process somewhere in Germany, defining tasks and a 

group of suppliers to accomplish them. An user in France may receive one of the tasks, 

complete and send it further to Portugal, where a second user integrates his/her 

contributions. The process may go back and further around the world and around the clock 

until the final results reach the workstation of the coordinator[MAR98]. 

Tests with a world wide CAD configuration within the INI-GRAPIIlCS network are being 

planned for future work. This is an international network of computer graphics institutes, 

namely Fraunhofer IGD in Darmstadt, Germany, Centro de Computação Gráfica - CCG in 

Portugal, Fraunhofer CRCG in Providence, USA and Centre for Advanced Media 

Technology - CamTech in Singapura. Here an extension of our Lotes Notes based 

arquitecture in order to integrate an lnternet/ISDN infrastructure needs to be conceptualised. 

Also more specialised forms of definition and management of groups and their hierarchies 

are required. With such an asynchronous cooperative platform, people from these different 

institutions may joint efforts and promote synergies in order to collaborate and produce 

better and more efficient results, without leaving their desks. 

4. Conclusions 

ln this paper we have discussed the importance of supporting modes of asynchronous 

collaboration. These modes can me modelled though the principies and technologies of 

workflow. We have exposed the main aspects related with workflow that are relevant to the 
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support of asynchronous collaboration. 

A prototype has been described along with concepts of package, tasks, coordinator of a 

package, suppliers and their management, workflow cycle, states of the workflow cycle, 

serialisation of tasks, etc. Also the implementation of the prototype based on the Lotus 

Notes platform has been presented. We have seen that the implementation of specialised 

forms of E-mail communication and their management is crucial in any asynchronous 

collaborative environment. 

On the other hand, we have presented a typical asynchronous collaborative session along 

with the most important steps involved a their correlation. 

Finally, an example of application of the concepts and results achieved within the INI­

Graphics network has been outlined. This network represents an ideal testbed for the results 

of this work. 
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