When collaborators perform concurrent accesses on shared synchronous collaboration application, floor control is necessary.  No single floor control mechanism is appropriate for all collaboration applications.  There are many different mechanisms for floor control as shown in literatures above.  Also, many different mechanisms for floor control of a collaborative application can be considered according to the size of group in the number of participants, individual preferences of participants in group, collaboration style (presentation, brainstorming, design meeting, and so on) or some other reasons. 
By combining different parameters (group size, human considerations, technical implementation considerations, and so on) with our shared whiteboard application, many different floor control mechanisms can be considered.  A few example scenarios are:
·    Floor control mechanism in small group size.  When participants want to send drawing event messages in a collaboration system, to do so may be satisfactory in small group size since the possibility of direct conflicts in manipulating shared synchronous collaboration application may be rare [46, 118].  If there are conflicts that may introduce inconsistency, the conflicts can be solved by the participants themselves who coordinate the concurrency conflicts by social protocols.  If computer-mediated floor control is used, the conflicts can be avoided or resolved by synchronizing them through the computer-mediated control mechanism.  Then the computer-mediated floor control can be strict or relaxed mechanism according to the degree of the mitigation of race conditions to ensure consistent state to participants, where strict or non-optimistic floor control mechanism means to avoid conflicts and relaxed or optimistic floor control mechanism means to allow updates by any host (or user) on any object (or data) and to resolve the uncoordinated updates [20].  An example is Tivoli 1.0 which is shared whiteboard system designed for supporting small group size meetings in collocated place [118].  All the participants in the meeting with Tivoli 1.0 can have access to the shared whiteboard without official moderator.  The Tivoli 1.0 does not provide a mechanism for coordinating the actions among participants.  The mechanism for coordinating actions among geographically-separated multiple users is implemented in Tivoli 2.0 with the human and technical considerations in disseminating a new shared object so that each host can have consistent shared object and each user can work on the disseminated object copy [119]. 
·   
Floor control mechanism in large group size.  In small group size, to achieve the agreement of social protocols among participants may be not difficult.  Free-for-all which allows participants to send drawing event messages in a collaboration system when they wish may be satisfactory in small group sizes by following the social protocols.  In large group size, to achieve the agreement of social protocols among participants may be difficult when hosts are heterogeneous, network has high latency, shared tools are more complex, or social protocols are misunderstood [117].  In these cases, if all participants send drawing event messages at the same time, the messages may race, leading to inconsistent state to participants.  Also, Gray [120] in a modeled system showed that as a system scales up in the number of hosts (or participants), the system that performs well on a few hosts with simple transactions may become unstable since the number of conflicts in an optimistic mechanism grows quadratic with the number of hosts and transactions in the system.  Therefore, to solve the conflict problems in large group size may be inefficient without floor control.  Due to more conflicts of the drawing event messages from different participants in large group size as compared with those in the small group size, some form of floor controls in large group size have to be used to ensure consistent state among hosts (or participants) if inconsistency matters.  The choice of a floor control mechanism for the conflict management can depend on human considerations since the interactions for shared synchronous collaboration applications include people as well as computers, and technical implementation considerations [46].       
· Human considerations.  Individual preferences of the participants in group for choosing floor control mechanisms may have to be considered even though people’s preferences often do not match with performance [10].  Also, locking, serialization, and the latency of interactions over networks for the selection of a floor control may have to be considered according to people’s preferences in group [46].  
· Technical implementation considerations.  The complexity for implementing optimistic locking and serialization, and network transactions (undo/redo) may have to be considered [46].  Many different floor control mechanisms for shared whiteboard application in large group size can be considered using the mechanisms recommended by Dommel [20] – negotiation, token passing, token asking, time stamping, two-phase locking, blocking, activity sensing, reservation, and dependency detection.
Our collaboration framework is designed to support the construction of heterogeneous collaboration applications on our collaboration domains – heterogeneous community collaboration as well as synchronous and ubiquitous collaboration.  The choice of a floor control mechanism for coordinating concurrent actions among participants on shared whiteboard application built on the collaboration framework is considered from the three different collaboration domains.

1. Considerations for a selection of a floor control in heterogeneous community collaboration domain  
The heterogeneous community collaboration means to integrate different collaboration communities into a global collaboration community.  Our hypothesis for the number of participants in the heterogeneous community collaboration is that there may be a number of participants linked with disparate access devices in heterogeneous communities as compared with small number of participants in a community.  In the hypothesis, if the possibility of direct conflicts among a number of participants linked together for collaboration is small, the floor control mechanism for their concurrent activities may be relaxed.  Otherwise, the floor control may have to be a strict mechanism.  As Gray [120] predicted through a modeled system, if the number of hosts or participants in a collaboration system with a relaxed or lazy (optimistic) consistency control scheme increases, the scaled system may have consistency problems due to the occurrence of more concurrent conflicts which introduce the increase of transaction operations.  In replication schemes, as a system scales up, master copy replication (primary copy) schemes can reduce the problems [120].  Therefore, for a selection of a floor control for shared whiteboard application in the heterogeneous community collaboration which may be increasingly scaled up, we will need to consider the possibility of the concurrent conflicts with the growing number of hosts or participants in the heterogeneous communities.
2. Considerations for a selection of a floor control in ubiquitous collaboration domain  
The ubiquitous collaboration means capability of multiple users to link together with disparate access devices in anytime and anywhere.  The relaxed or strict floor control mechanism in the ubiquitous collaboration domain can be considered differently according to network latency.  Since the wireless cellular network has high latency as shown in section 2.6.1, the selection of a floor control mechanism in the collaboration linked with cell phone devices has to consider overheads – the number of network transactions for undo/redo operations in optimistic mechanism and the waiting time for turn-taking among participants in non-optimistic mechanism.  
If the concurrency conflicts increase or are not small in optimistic mechanism, then the number of the network transactions (undo/redo) will increase, leading to the increase of complexity for managing the transactions and transformations of objects on shared whiteboard, and the increase of processing overhead time for them in cell phone devices which have low computing performance.  In non-optimistic mechanism, the turn-taking waiting time to provide a turn for only one participant at a time may increase.  If the conflicts are small, the number of the network transactions for the undo/reo operations will be small in optimistic mechanism and the waiting time for turn-taking may decrease in non-optimistic mechanism.  
Therefore, for the selection of a floor control for shared whiteboard application run on wireless cell phone devices which have high latency and low computing performance in ubiquitous collaboration domain, we will need to consider the effects of network transactions and operations in optimistic mechanism vs. the waiting time for turn-taking among participants in non-optimistic mechanism according to the occurrence of the increasing or decreasing number of concurrent conflicts. 
3. Considerations for a selection of a floor control in synchronous collaboration domain  
The synchronous collaboration means to allow all participants in collaboration to have the same views and data at all times in real time.  The relaxed or strict floor control mechanism in the synchronous collaboration domain may have to be considered differently according to intermittent network disconnection of mobile devices as well.  Mobile hosts may be disconnected from the collaboration for arbitrary periods of time until reconnected into the collaboration.  During the disconnected periods of time, connected users may generate new objects on the shared whiteboard, or some objects in the whiteboard might be removed or transformed, and hence disconnected hosts (or participants) may have inconsistent state information different from other hosts connecting (or joining) to the collaboration.  Therefore, we need a scheme to provide consistent state information to disconnected users as reconnected – for example, when a disconnected host (or participant) joins a collaboration session, a moderator or an agent which is responsible for maintaining the consistent state information of the shared whiteboard application in collaboration needs to send the host all up-to-date updates since the host was disconnected.  
Also, in optimistic mechanism, as a disconnected host is reconnected while connected other hosts do redo/undo operations or transformations, the reconnected host may have an inconsistent view with the need of the additional computation for the operations and transformations, leading to the increase of computational complexity on cell phone device for managing them, and having the performance of the cell phone device degraded as well.  In non-optimistic mechanism, a disconnected user may also have an inconsistent view with some degree of delay as reconnected while a connected single host does actions for update, but with less complexity as compared with the optimistic mechanism.  
Therefore, for the selection of a floor control for shared whiteboard application in synchronous collaboration domain, we will need to consider intermittent network disconnection of cell phone devices with the effects of network transactions and operations, and the computational complexity for managing them on the cell phone devices in optimistic mechanism as well as non-optimistic mechanism.
The two distinct relaxed and strict floor control mechanisms exemplified with our collaboration domains how the decision for the selection of a floor control mechanism with shared whiteboard application can be made with the following considerations:  
· the possibility of the concurrent conflicts among the growing number of hosts or participants in the heterogeneous communities in heterogeneous community collaboration domain
· the effects of network transactions and operations in optimistic mechanism vs. the waiting time for turn-taking among participants in non-optimistic mechanism according to the occurrence of the increasing or decreasing number of concurrent conflicts in ubiquitous collaboration domain
· the intermittent network disconnection of cell phone devices with the effects of network transactions and operations, and the computational complexity for managing them on the cell phone devices in optimistic mechanism as well as non-optimistic mechanism in synchronous collaboration domain
In this thesis we focus on moderator-mediated floor control with non-optimistic mechanism using conflict detection function and non-optimistic locking for coordinating concurrent accesses on the shared whiteboard in our collaboration domain of large group size with a number of participants.  The moderator mediates concurrent accesses on the shared whiteboard application among participants, and sends disconnected or newly joining hosts (or users) all up-to-date updates when the disconnected or new hosts join a collaboration session.  The non-optimistic floor control mechanism is used for reducing the number of network transactions and the complexity of the operations occurred from the network transactions in our collaboration involved with cell phone devices which have slow network and low computing performance.  But, the non-optimistic mechanism in our collaboration may increase the waiting time for turn-taking among participants if the number of concurrent conflicts increases.  In the future work we will apply the moderator-mediated floor control mechanism to synchronous collaborative media applications such as audio and video applications, and consider different floor control mechanisms with different parameters for floor control of the shared whiteboard application in our collaboration domains – heterogeneous community collaboration as well as synchronous and ubiquitous collaboration.
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