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Existing  systems  supporting  collaboration  processes  typically  implement  a
single, fixed collaboration protocol, and collaboration process takes place in-
side a single group. In this paper, we present a model which provides support
for  multiple  collaboration  protocols  for  non-monolithic  collaboration  pro-
cesses,  i.e.  collaboration processes in which collaboration  is spread among
many groups. In the presented model,  collaboration protocols include com-
municative, “acting”, and social aspects of collaboration processes, and the
introduction of group actions provides support  for  group dynamics.  Condi-
tions that collaboration protocols have to fulfill to be valid are also presen-
ted.

1. INTRODUCTION

From prehistoric tribes to trade unions, group structure has always been at the heart of
human activities. Grouping their competences, humans are able to achieve great pro-
jects, from pyramids to railroad infrastructure construction. The keyword for group
activities is  collaboration.  Collaboration is  the process of sharing competences to
achieve a common goal.

To a recent past, the collaboration process was limited by the requirement of a
single location. People involved in a collaboration process needed to meet to exchange
information. In reality, people are generally spread on large geographical area. Meet-
ings are difficult to organize, because of schedule incompatibilities,  and costly in
terms of time and money. 

Telecommunication networks provide a  partial  solution to  the former problem.
Telecommunication networks let collaborators be spread over various locations. The
use of telephone allows collaborators to exchange information via voice communica-
tion. Documents can be exchanged via fax in a graphical format. Local area networks
(LAN) are the basis of electronic information exchange inside enterprises, while wide
area networks (WAN) - in between enterprises. 

With the rise of telecommunication networks, collaboration models that rationalize
the collaboration process have been developed. Most of them are document oriented,
i.e. the fundamental object of the collaboration process is one or more documents. In
enterprises' intranets, collaboration tools are currently widely used for sharing files,
for group scheduling or for document collaborative writing.

Traditionally, research in electronic support for collaboration has concentrated on



collaboration processes confined inside a single group. Few attention has been accor-
ded to the case of non-monolithic collaboration processes, i.e. processes in which the
collaborative activities are spread dynamically among potentially many groups. The
term “non-monolithic” is taken from the negotiation vocabulary (see [10], pp. 4-5,
389-406),  where a  non-monolithic  negotiation process  is  a  negotiation process  in
which some parties do not behave as a unitary decision entity, i.e. a party consisting of
many persons with various perceptions and goals.

In the field of computer support for collaborative work (CSCW), some works have
addressed the issue of the group data organization in a dynamic way [3], the issue of
non-monolithic collaborative document edition [8]. These works are usually poorly
formalized and focused on very limited applications. In the field of electronic negoti-
ations, some works addressed the issue of negotiation protocols [1][2][4][5][7][13].
According to [6], a negotiation protocol is “a formal model, often represented by a set
of  rules,  which  govern  software  processing,  decision-making and  communication
tasks, and imposes restrictions on activities through the specification of permissible
inputs and actions”. One may consider a negotiation protocol as a collaboration pro-
tocol. Works in the field electronic negotiations are usually limited to monolithic ne-
gotiations, or address a single user's point of view and do not provide support for
group collaboration. To our best knowledge, the issue of support for both structured
and non-monolithic collaboration processes has never been addressed.

As stated in [14], “there can be no separate document and communication manage-
ment for effectively supporting electronic negotiations”. In the case of non-monolithic
negotiations, a third aspect has to be taken into account: group dynamics. By extrapol-
ating the case of cooperation from the case of e-negotiations, we argue that three ele-
ments have to be taken into account for an efficient support for non-monolithic co-
operation:  action management,  communication management,  and  group dynamics.
These three elements are required for computer support systems for non-monolithic
cooperation processes as:
– the “acting” element is required to model the actions that the collaborators trigger

during the cooperation process,
– the communication management element is required to model the meta-data about

the cooperation processes,
– the group dynamics element is required to model social structures in which the co-

operation takes place, i.e. cooperation groups.

The three elements presented above are not conclusive. Other components of a col-
laborative system, e.g computer support for proposition offer evaluation in the case of
e-negotiations, may be included in the proposed model. However, it should be noticed
that the three elements presented above are inherently related with the non-monolithic
aspect of the cooperation processes, while other components are usually related with a
collaborator's perceptions/goals concerning the cooperation process.

In this paper, we present a model which provides support for multiple collaboration
protocols for non-monolithic collaboration processes. In Section 2, a model for collab-
oration protocols integrating communicative, “acting”, and social aspects is presented,
then group actions required to provide support for group dynamics are introduced. In
Section 3, the proposed model is formalized. In Section 4, the question of protocol
validity is addressed. Section 5 concludes the paper.



2. STRUCTURING NON-MONOLITHIC COLLABORATION
PROCESSES

In non-monolithic collaborative processes, collaboration always occurs inside a group.
Even when a single collaborator works alone, it may be considered as a group consist-
ing of only herself/himself. Therefore, it may be stated that a group is a non-empty set
of collaborators. An other aspect of this kind of collaboration is that collaborators are
collaborating via message exchange. As we would like to structure non-monolithic
collaboration processes, we have to address two issues: first, a mechanism to structure
collaboration inside a given group has to be proposed, which means that message ex-
change has to be structured, second, group dynamics have to be addressed.

2.1 Collaboration Protocols

Three elements may be distinguished in collaborative processes: a meta-data aspect,
an “acting” aspect, and a social aspect.

Meta-data is a major component of collaboration as collaborators need to exchange
information to achieve their common goal [15][11]. The acting aspect of collaboration
concerns the fact that collaborators not only exchange information to reach their com-
mon goal, but also act to achieve it. Finally, the social aspect of collaborative pro-
cesses, captured via the concept of role, concerns relationships among collaborators,
the perceptions they have of others collaborators.

The concept of  social behavioral element  captures all three aspects – meta-data,
acting, and social – of collaborative processes.

Social Behavioral Element  A social behavioral element is a triplet  (User_Role,
Meta-data_Type, Action).

➢ The User_Role addresses the social aspect. 
➢ The  Meta-data_Type addresses the meta-data aspect. The introduction of meta-

data types allows to limit ambiguousness of communication [12].
➢ The Action addresses the acting aspect.

In the proposed model, collaboration processes result from exchange of social be-
havioral elements among collaborators. Collaborators are exchanging social behavior-
al elements, sending typed meta-data and acting, in a given role. Exchange of social
behavioral  elements causes  the evolution of the group in  which  collaborators are
working: each sent social behavioral element causes a transition of the group from a
past state to a new state.

Transition A transition is a triplet  (SocialBehavioralElement, SourceState, Des-
tinationState).

It is now possible to define collaboration protocols, which may be used to structure
collaboration processes.

Collaboration protocol A collaboration protocol consists of a set of transitions, a
start state, and a set of terminating states.



One may notice that a protocol is a variant of finite state machines. A finite state
machine (FSM) is usually defined as “a model of computation consisting of a set of
states, a start state, an input alphabet, and a transition function that maps input sym-
bols and current states to a next state”. The set of states of the FSM can be easily de-
duced from the set of transitions of the protocol. The start state occurs in both the
FSM and the protocol. The input alphabet of the FSM is the set of social behavioral
elements which appear in all transitions of the protocols. Finally, the transition func-
tion of the FSM is defined by the set of transitions of the protocol. The only difference
between FSMs and collaboration protocols is the existence of terminating states for
protocols.

A collaboration protocol is  a  template definition for a  set of collaboration pro-
cesses. Using an analogy with object-oriented programming, one may say that a col-
laboration protocol is to a protocol instance what a class is to an object. In a given
group, a given protocol instance regulates collaboration among group members/col-
laborators. 

Protocol  instance  A  protocol  instance  is  a  tuple  (Protocol,  CurrentState,
UserToRoleMapping).  The  UserToRoleMapping is  a  function  which  associates  a
UserRole with a given user. 

2.2 Group Dynamics

In non-monolithic collaborative processes, groups evolve: a collaborator may join or
leave an existing group, a group may split in two or more groups, two or more groups
may merge into a single group. Group dynamics may be modeled by a set of group ac-
tions. The following group actions have been identified:
– create action: creates a new group;
– join action: adds an author to the set of collaborators of an existing group;
– merge action: creates a new group consisting of the union of the set of collaborat-

ors of at least two groups;
– end action: deletes an existing group;
– leave action: removes a collaborator from the set of collaborators of an existing

group;
– split action: creates at least two groups from an existing group and the union of the

sets of collaborators of the created groups equals the set of collaborators of the ex-
isting group.

Group actions are illustrated on Figure 1. Dots represent collaborators while circles
represent groups. One may notice that, as shown on Figure 1 for the split and merge
actions, a given collaborator may participate at a given time in many groups.

Figure 1. Group actions



3. FORMAL MODEL

Let's first define the concepts of behavioral element and roles, which are the funda-
mental bricks of group protocols in the proposed model. The concept of behavioral
element is required to model relationships between actions and meta-data types. 

Behavioral  element A  behavioral  element  is  defined  as  a  couple  (Action,
Meta_data_type)

The relationship between actions and meta-data types is a n-to-n relationship. First,
a 1-to-n relationship between action and meta-data types may exists: in an electronic
negotiations case, one action – the Ieave action, triggered by a negotiator which wants
to leave an existing group – may be associated with various meta-data types, such as a
rejectOffer , when a negotiator wants to send a message concerning offer rejection, or
a logout when a negotiator wants to log out the system. Reciprocally, a 1-to-n relation-
ship between meta-data type and actions may exists: a meta-data type – the rejectOffer
meta-data type, triggered by a negotiator which does not accept a previously proposed
offer – may be associated with various actions, such as a leave action to leave an ex-
isting group or an end action to delete an existing group. The concept of behavioral
element enables n-to-n relationships between actions and meta-data types.

Role A Role r consists of a set of behavioral elements, denoted rbe, and a role name,
e.g. buyer, seller, or moderator.

The relationship between behavioral elements and roles is a n-to-n relationship, as
presented in Figure 2. First, in the presented example, one role – the moderator role –
may be associated with various behavioral elements, such as “send message”, “accept
message”, or “reject message”. Second, on the same example, the behavioral element
“send message” is associated with many roles, such as moderator or normal negotiat-
or.

Figure 2. Example of n-to-n relationship between behavioral elements and roles

Social Behavioral Element For a given role  r, the set of pairs  (role_name; be),
with be∈rbe  is denoted rsbe. A pair  (role_name; be) is called a  social behavioral
element.

Using the example presented in Figure 2, the social behavioral element (moderator,
accept message) is defined, while the social behavioral element (normal user, accept
message) is not defined. For the role moderator, rsbe is a set containing the following
social  behavioral  elements:  (moderator,  accept  message),  (moderator,  send mes-
sage), (moderator, reject message).

Group Protocol A group protocol p consists of:
– a set of states S,
– one starting state s0∈S ,



– a set of ending states S ending⊂S , with s0∉S ending ,
– a set of roles R,
– a transition function t from S−S ending×S×∪r∈R r sbe  to {true, false}.

4. VALIDITY OF COLLABORATION PROTOCOLS

The former definition specifies the basic requirements for collaboration protocols. It
links the notions of states, roles, and behavioral elements. However, the former defini-
tion does not ensure that such protocols are valid, neither structurally, nor semantic-
ally.

Structural validity A protocol is structurally valid iff: 
1) there is a path from the starting state to all states,
2) there is a path from every state to an ending state.
3) from a given state, there is only one transition associate with a given social be-

havioral element. 

The two first conditions ensure that no state are neither non-accessible (and there-
fore should be suppressed from the protocol), nor leading to a lock in the negotiation
process, i.e. forbids the negotiation process to be finished.

The third condition ensures that no ambiguity exists in a group protocol. An ambi-
guity may occur when two or more transitions associated with one social behavioral
element sbe may lead to two or more states from a single state s. In this case, it is not
possible to decide to which state the social behavioral element sbe leads to. Formally,
the last condition for structural validity may be formulated as follows: 

∀ s∈S−S ending ,∃si , s j∈S 2 , sbe∈∪r∈R r sbe ,
t s , si , sbe =t s , s j , sbe =true⇒ si=s j

Semantical validity A protocol is semantically valid iff: 
1) all transitions to ending states are associated with social behavioral elements

containing an ending action,
2) social behavioral elements containing an ending action are associated only with

transitions leading to ending states,

An action a is an ending action iff the life of the group g ends when action a is
called in group g. The life of a group g ends when no more message can be sent to
group g. The set of ending actions of a given protocol is denoted EndingActions. One
may notice that the group action end is obviously an ending action.

The first condition ensures that a transition leading to an ending state really ends
the life of the group. The second condition ensures that the group protocol cannot be
“interrupted” by a transition associated with an ending action. 

Formally, the first condition for semantical validity may be formulated as follows:

∀si , s j , sbe k∈S−S ending×S ending×∪r∈R r sbe ,
t si , s j , sbe k=true⇒ak∈EndingActions

where ak is the action associated with the social behavioral element sbek. 



The second condition for semantical validity may be formulated as follows:

∀si , s j , sbe k∈S−S ending×S−S ending×∪r∈R r sbe ,
t si , s j , sbe k=true⇒ak∉EndingActions

The concepts of structural validity and semantical validity are illustrated on Figure
3. The case a) is an example of a valid group protocol, while the cases b) and c) are re-
spectively examples of structurally and semantically invalid group protocols. In the
case b), the group protocol is structurally invalid for two reasons: first, there is no path
from the starting state to the state s2. Second, there is no path from the state s1 to the
ending state s4. In the case c), the group protocol is semantically invalid for two reas-
ons: first, the transition t1, which is not associated with an ending action, leads from
the state s1 to the ending state s4. Second, the transition t2, which is associated with an
ending action, leads from the state s2 to the state s3, which is not ending state.

Figure 3. Examples of a) valid, b) structurally invalid , c) semantically invalid group
protocols, where s0, s1, ..., s4 are states, s4 being the only ending state, and t1, t2,  ... , t5

are transitions, t2 and t6 being the only transitions associated with an ending action

5. CONCLUSIONS

The introduction of collaboration protocols and group actions allows to provide com-
puter support to non-monolithic collaboration processes. To our best knowledge, it is
the first model for electronic support for non-monolithic collaborative processes ad-
dressing the issues of group dynamics, meta-data management and protocol validity.

It would be possible to build complex support systems for complex collaborative
processes using the model presented in this paper. The design of systems for non-
monolithic collaboration processes may be resumed in the following steps: first, the
roles involved in the collaboration process have to be identified. Next, the required ac-
tions have to be implemented. Then, meta-data types should be defined. Therefore, so-
cial behavioral elements may be defined. Finally, collaboration protocol(s) may be
specified and their validity may be checked.

The presented model could be used in a broad spectrum of potential applications.
The presented model may for instance be applied to non-monolithic negotiations, such
as international negotiations or business-to-business contract establishment. Another
field of applications is the legislative process in which various political parties, poten-
tially presenting various opinions, are (or should) collaborate in order to establish laws
in form of new or modified legal acts. The presented model could also be used to
design support systems for collaborative documentation edition processes that often
takes place between business actors.

Among future works, it would be interesting to investigate the possibilities to em-



bed a protocol instance into another protocol instance. This would allow to modular-
ize protocols, to design protocols using smaller protocols, to develop protocol librar-
ies. Another field which could be the object of future works is the concept of role. The
addition of relationships between various roles, such as inheritance or composition,
would be an interesting work to be done. A prototype has already been implemented
[9] and it would be interesting to evaluate the usability of the proposed solution in
real-world cases.
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