


Method

[

] Function

connect(in Address serverHost, in int serverPort, in int localPort)

connect to distributor

disconnect()

disconnect from distributor

createService(in String serviceName, out Serviceld aService)

create service

deleteService(in Serviceld aService)

delete service

subscribe(in Serviceld aService, in RoleType role)

subscribe to service (as publisher, subscriber)

unsubscribe(in Serviceld aService)

unsubscribe from service

publish(in Serviceld aService, in Message aMsg)

publish data for a service

getServiceList(out ServiceldList services)

get list of available services

getGroupList(out GroupldList groups)

get list of available peer groups

Table 2: Corona Publish/Subscribe Service Interface

Method

[ Function [

connect(in Address serverHost, in int serverPort, in int localPort)

connect to primary distributor

disconnect()

disconnect from distributor

createGroup(in String groupName, out Groupld aGroup)

create peer group

groupMaulticast(in Groupld aGroup, in Message aMsg)

multicast a message to the group

joinGroup(in Groupld aGroup, in RoleType role, in callback AwarenessUpdate)

join a peer group

leaveGroup(in Groupld aGroup)

leave a peer group

getGroupList(in GroupIdList groups)

get list of available groups

getMembersOf(in Groupld aGroup, in RoleType role)

find out membership of group

Table 3: Corona Peer Group Interface

Reliability/Awareness Cost in the Peer Group Service

The peer group service ensures strong awareness and reliabil-
ity amongst the principals. The cost to achieve this is of the
order of 3p, where p is the number of principals. Since the
number of principals in a peer group is typically small, this
cost will be reasonable.

Example Usage Scenarios

We describe below some scenarios that illustrate how the
above interfaces can be used by collaborative applications.
The first collaboration scenario pertains to a group where a
source is disseminating data to users who view the data but do
not interact or change this data. We describe how a publish-
subscribe group is created, subscribed to, and published to
by publishers and subscribers. The second collaboration sce-
nario pertains to a collaboration group where participants can
collaborate on the data, interacting and changing the data. We
describe how a peer group is created, how members join it,
messages are sent, and view changes and failures are handled.

Within the context of UARC, we describe a publish-
subscribe group for the IRIS magnetometer data. The
magnetometer data source application (the publisher) first
uses the connect() call to establish a connection to its pri-
mary distributor. After connecting, the publisher uses the
createService() method to create a new service, “iris-data”.
From this call it gets back an identifier for this service. The
primary distributor of this publisher then publicizes the new
group to other distributors. Users of client applications,
such as the UARC 2-D data viewer for viewing the data,
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would join the collaboration by first using connect(), then
the getServicesList() method to get a list of known services.
From this list, they would choose the identifier for “iris-
data” and use subscribe() to join “iris-data” in the role of
subscriber. Note that since this is a publish-subscribe group,
other subscribers and publishers would be unaware of such
joins. The use of a publish-subscribe group is reasonable
for this application; because the users are privately viewing
data.

We next describe a scenario where a peer group is formed
for the purpose of annotating the IRIS data. Assume that the
subscribers of the IRIS service decide to form a peer group
to annotate the IRIS data displays. A user application can
use the createGroup() method to create the peer group “iris-
annotation”, The primary distributor will distribute this new
group information to all distributors. After connecting and
getting the list of groups, users can join the collaboration
by executing joinGroup(). They can choose the role of a
principal—they will be able to create, edit and delete anno-
tations, or the role of an observer, capable of only seeing the
annotated data, but not modifying it. Who can join as a prin-
cipal and who can join as an observer is left to the using appli-
cation. When another principal joins (or leaves the group by
executing the leaveGroup()), the distributors will notify all
other principals in “iris-annotation” via the awareness noti-
fication mechanism using each principal’s AwarenessUpdate
callback routine provided in joinGroup().

Note that the awareness levels are reasonable for this appli-
cation, because annotating is an interactive task, and each



principal will want to be aware of others annotating the data.
If an observer failed or left, the other observers in “iris-
annotation” would not be notified, nor would the principals,
unless they requested such notification.

How Corona Addresses Group Collaboration Require-
ments

We now return to the original group collaboration require-
ments outlined in the Group Collaboration Requirements sec-
tion and describe how they are addressed by Corona.

1. Different kinds of data require different levels of consis-
tency. Coronaprovides weaker consistency requirements and
stronger consistency requirements with the appropriate se-
mantics through the publish/subscribe and peer group ser-
vices, respectively. '

2. Different modes of collaboration require different kinds
of awareness. Corona provides weak awareness guarantees
to peer group observers and subscribers and strong aware-
ness guarantees to peer group principals by distinguishingbe-
tween them through differences in view management.

3. Dynamics in consistency and awareness requirements vary
upon usage. Corona provides for dynamic change in reli-
ability and awareness guarantees through the publish/sub-
scribe service’s interface for allowing subscribers to join peer
groups as observers and thus gain stronger awareness and
vice-versa.

4. Different participant roles imply different awareness re-
quirements. By providing the distinction between principals
and observers within a peer group collaboration, Corona pro-
vides different awareness guarantees for each type of peer
group member.

5. Different collaborative applications have different scala-
bility requirements. Corona provides data dissemination ca-
pability to large groups with weak reliability and awareness
guarantees with the publish/subscribeservice and peer shared
data capability to small groups with strong reliability and
awareness guarantees with the peer group service.

6. Failure notification. Corona provides failure notification
to principalsin a peer group collaboration as part of the strong
awareness guarantees provided to peer group principals.

CORONA PROTOCOLS AND IMPLEMENTATION
We describe briefly the protocolsused to implement the prim-
itives of the two classes of Corona services. There are two
main aspects to the protocols: view management and multi-
casting. View management ensures awareness of the various
users as well as performs failure notification. Multicasting
involves sending the message to one or more destinations and
ensuring reliable delivery.
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Message Management Protocol Dﬂa

Failure Manag View M )

Message Multicast Manager}

Message Delivery and
Stability Manager

Figure 4: Major Components of the Software Architecture

The main components used to implement the protocols are il-
lustrated in Figure 4. We describe each and their implemen-
tation below:

View Manager

The view manager component is responsible for ensuring that
a given user is aware of other users in the collaborative ses-
sions it is a part of. Depending on the role of the user in these
collaborative sessions, i.e., whether the user is a publisher,
subscriber, observer, or principal, the view manager executes
the appropriate protocols for ensuring that the user maintains
the level of awareness associated with its role.

Each distributor process maintains three views: the view
consisting of the other distributors in the system; the view
consisting of the set of local publish-subscribe clients;
and the view of peer groups and their members. In the
distributor implementation, these views are managed by
three components—a DistributorViewManager that uses a
strong group membership protocol [8] to maintain a con-
sistent view of active distributor processes; the PublishSub-
scribeClientViewManager which maintains a single distribu-
tor’s view of services and local publisher/subscriber clients,
and the PeerGroupViewManager which maintains a view of
known peer groups and their members—-observers and princi-
pals.

Message Multicast Manager

This component multicasts a message to a group of users. It
obtains from the ViewManager a list of destinations, and for
each destination, the timeout and retransmit values from the
Failure Manager. The message is then sent to each destina-
tion and retransmitted at the témeowut interval or until an ac-
knowledgment is received. If the number of retransmits ex-
ceeds some maximum, the Failure Manager is notified.

Failure Manager

The Failure Manager has several functions. It maintains
timeout and retransmit values for each destination that the
user wishes to send messages to, providing this information
to the Message Multicast Manager when it needs to multicast
a message to a group of users.

The Message Multicast Manager in turn informs the Failure
Manager when it does not receive an acknowledgment for a
particular message from a destination. The Failure Manager
then informs the appropriate view manager to initiate a view



change that would exclude the particular destination from the
view of this process. A further function, failure notification,
is carried out on behalf of the View Manager. For instance,
suppose a principal in a group is detected to have failed. After
being notified of the failure, the View Manager provides the
Failure Manager with a list of active principals for that group.
The Failure Manager then sends a failure notification to all
active principals.

Message Delivery and Stability Manager

This component is responsible for delivering received mes-
sages to the application. It also buffers the message until it
knows that all of the other users in the group have received
it. It thus helps to ensure the various forms of reliability sup-
ported by the services. Ordering (such as FIFO) and other
delivery rules are applied to messages here.

Message Management Protocol Driver

This component interprets each incoming message and inter-
acts with the appropriate component (View Manager, Mes-
sage Multicast Manager, Failure Manager) to take further ac-
tions based on that message type and content.

Implementation Status

The initial implementation of Corona provides the pub-
lisher/subscriber and peer group client libraries that provide
the interfaces itemized in Tables 2 and 3. Support for view
maintenance, reliable UDP-based multicast, failure detec-
tion, and awareness notification is provided by the distributor.
This C++ implementation has been tested on UNIX platforms
including SunOS 4.2, Solaris, HP-UX and NeXT.

The development of the Java-based CBE [10], which has a
Web-browser-based applet architecture of a Session Manager
coordinating multiple applets, each being a node in an ap-
plet group (a distributed chatbox, data viewer, shared editor,
or other collaborative application), is motivating the Corona
Java implementation. Corona will provide applet group com-
munication and awareness services by allowing Java applets
to communicate over the Internet via Corona’s distributors.
The Java implementation of Corona that is under way to sup-
port the CBE consists of the client publish-subscribe inter-
face, client peer group interface, and reliable multicast trans-
port layer that enables Java applet clients to communicate
with existing C++ distributors.

In both the C++ and Java implementation, each compo-
nent consists of one or more self-contained classes with
well-defined interfaces. The Java implementation is be-
ing developed on Solaris, and will likely be used on other
platforms that support Java. For more information on
the Java implementation, see the Corona Web Page at
http://www.eecs.umich.edu/"rhall/corona.html.

RELATED WORK

Many communications services providing group member-
ship and multicast have been developed, including Isis [2],
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Consul [12], Transis [1], Horus [15], and SRM [6]. Our
service, Corona, which is strongly motivated by the unique
needs of group collaboration systems, is different from these
services in a number of respects. Corona differentiates
amongst classes of users, and provides different users with
different levels of reliability and awareness information. In
earlier communication services, all users received the same
levels of reliability and awareness information. Further, in
Corona, reliability and awareness are traded-off with scala-
bility. So the peer group service in Corona provides strong
levels of reliability and awareness information in a non-
scalable way, to be used in small, synchronized groups, and
the publish/subscribe service provides weaker reliability and
awareness information, in a scalable way, to be used for
large-scale dissemination of data. Corona also supports dy-
namic transitions between the two classes of services.

CONCLUSIONS AND FUTURE WORK

In this paper, we have considered the problem of providing
communication protocol support for large-scale group col-
laboration systems for use in environments such as the Inter-
net which are subject to packet loss, wide variations in end-
to-end delays, and transient partitions. We identified a set
of requirements that are critical for the design of group col-
laboration systems. We presented a communication service,
Corona, that attempts to meet these requirements.

Corona supports two communication paradigms: the pub-
lish/subscribe paradigm and the peer group paradigm. In the
publish/subscribe paradigm one or more data sources or pub-
lishers send data to multiple subscribers. This paradigm is
characterized by the anonymous nature of communication,
where a publisher is aware of the service and the possibility of
a set of subscribers, but the subscribers are unaware of each
other and only aware about the service that they are receiv-
ing data from. In the peer group paradigm of communication
on the other hand, all the group members are aware of each
other, and can send and receive data to and from each other.

We presented the interfaces provided by Corona to group col-
laboration applications allowing them to utilize the above
communication paradigms. We described the semantics as-
sociated with each interface method and showed how it is
able to meet the requirements as identified. We described the
functionality of the components that provide these semantics
and their implementation status.

Future plans include integration with the CBE applets for
use by UARC’s scientists, exploration of further communi-
cation services, generalization of the two-level hierarchy to
n-levels, and exploration of various multicast semantics.
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