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This paper presents an approach to effective synchronous work support in the context
of large scale interconnected networks such as the Internet. We show how the current
technology limits influence synchronous cooperation. Distance-Adaptation is proposed to
tackle problems linked with high variance in communication delays and partial unreachability
between cooperating users. Low level support information and new feedback techniques
are combined to improve group awareness in synchronous large scale CSCW tools and
applications. We illustrate our claim using three cases of synchronous work mechanisms.
The objective is to contribute to the development of more robust and adaptative cooperative
applications.

I ntroduction

The rapid growth and availability of interconnected networked infrastructures such
as the Internet [3] have raised dramatically users expectations. Amongst the most
promising applications are those oriented towards multi-user interaction and col-
laboration. Papers on synchronous work have shown the importance and necessity
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of interactive applications such as talks, shared editing, presentation tools and tele-
conferencing [3,3]. Furthermore, applications classified as asynchronous often need
seamlesstransition from asynchronousto synchronous phases|[ 3] in order to achieve
progress.

Supporting synchronous work or synchronous interaction over today’s computer
networks is a difficult task. Distributed synchronized applications are known to
have the most stringent requirements [3], the main reason being that they rely
heavily on the communication subsystem. This raises complex problems since in
large scal e interconnected networks, communication suffers from high variance and
unpredictable transmission delays. Furthermore, such environments are also more
likely to exhibit partial unreachability between users, known as partition failures[3].
This means that current mechanisms and implementation techniques are partially
ill-suited to provide satisfactory functionality to the users in today’s large scale
networked environments.

Having surveyed anumber of synchronous groupware applications and platforms
[3], we found that little attention has been paid to scaling and end-to-end reliability
issues. Thisis clearly not acceptable if synchronized cooperation applications are
to become widely used over large scale networks.

Providing solutions to the design and implementation of large scale distributed
computing systems (L SDCYS) isthe main objective of the European partnersinvolved
in the Broadcast project [3]. The work presented here represents the results of the
combined efforts of two research groups at INESC involved in this project. One
group has focused on the systems aspects of cooperation while the other emphasized
the top-down approach to organizational computing. The common goa is to re-
search and develop new CSCW techniques taking into account both the underlying
technological restrictions and awareness of organizational and group work.

We have identified at least three possible types of approach to the problematic
of interaction in LSDCS. The first approach advocates the use of asynchronous
interaction between users[3] and avoidstheinherent inefficiency of communication
and distributed computations in large scale networks. A comparable approach by
[3] showed that progress could be achieved using semi-synchronous interaction
during collaborative editing sessions. However, there isaways aneed for intensive
interaction such as, for example, the start or the end of a cooperative session. For
this case, other facilities have to be provided.

The second type of approach is more dedicated to system support for continuous
media. Correct handling and use of continuous data requires a complete end-to-end
approach asboth communication (transmission between sites) and scheduling (at the
local site) guaranteesare needed [ 3,3]. Thisdynamic adjustment of quality of service
(QoS) enables some of the requirements of distributed multimedia applications to
be met. However, it requires having (partial) control over network protocols and
operating system scheduling policies, which we might not have in an Internet-like
environment. Furthermore, it does not provide solutions for cases of unreachability
betweens nodes.

Thethird relevant approach, which apparently has no direct link with cooperation



and LSDCS, isto befound in presentation degradation techniques. Thesetechniques
rely on time-elastic objects [ 3] which can self-adjust the quality of their presentation
according to the amount of system resources available. This best-effort approach
does not depend on the underlying implementation platform. Furthermore, the
model allows the application to specify the type of degradation to apply.

In order to tackle problems associated with synchronous cooperation in LSDCS,
we have combined concepts of end-to-end requirements satisfaction with presenta-
tion degradation concerns. We have assumed minimal control over the operating
system and the transport layer, as it is the case with environment offered by the
Internet infrastructure. We have aso tried to follow the system design argument as
exposed in [3] in other words we have tried to avoid duplicating support at different
layers of the system.

We have extended the concept of automatic smooth presentation to what we
call the “distance-adaptation” paradigm. The underlying support allows end-to-end
connectivity information to be tailored to the application’s needs. Collaborating
users can perceive the “distance” between them. Combined with new feedback
techniques, this changes group collaboration awareness dramatically . Furthermore,
when lower level layers cannot decide on system state, feedback is immediately
provided to users according to pre-defined policies (application dependent). Thisis
an innovative aspect: because users are kept informed and no longer suffer ad-hoc
system decisions, they can decide on whether to adapt to the current state, or proceed
indifferently. This offers a high level of flexibility and hence satisfies one of the
most important recommendations for the system design of cooperative tools.

The “distance-adaptation” paradigm is described in Section 2. We also briefly
explains how a group-based communication subsystem can be extended to provide
necessary support. We illustrate how this support can be used together with new
adaptative feedback techniques in Section 3. It is followed in Section 4 by a
discussion on the results and possible future work. Conclusionsare givenin Section
5.

The “Distance-Adaptation” paradigm

We explain the motivations behind the “ distance-adaptation” paradigm followed by
an overview of the services that are provided. The organization of the underlying
system support is also briefly described.

Design Issues

The " distance-adaptation” paradigm integrates adaptation at all levels of the system.
This means, we should be able to specify and detect the underlying system state.
In the context of synchronous applications we are mainly concerned with the level
of connectivity between users. Each participant can think of being separated from
the others by a certain “ distance”. Furthermore, we need to present thisinformation
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Figure 1: Unreachability: The Impossibility Result

dynamically to the cooperating users in a meaningful way. This should allow
them to make decision, i.e. to adapt, based on this “distance”’ information thus the
“distance-adaptation” paradigm.

Unfortunately, in asynchronous message-passing computing environments, it is
impossible to differentiate a slow node or link, from a crashed node or broken link
[3]. Thesituation isdepicted in Figure 1. This problem of not always knowing the
system’s state has been amajor concern of the“distance-adaptation” paradigm. This
constitutes oneitsinnovative aspect and has consequences on the degradation model.
The “distance” information is used whenever available to reflect the current system
state. However, dedicated service is provided during periods of unreachability
between some nodes of the system.

These requirements led us to adopt a two-level approach. We first detect degra-
dation and pass the information to the upper layers. Thisiswhat we call the Level
of Service (LoS). If after some pre-defined time the situation is still unknown, we
adopt a strategy on how to proceed with the synchronous cooperation. Thisis the
partition mode what is usually known as partition processing strategy. It is pro-
grammed as part of the application. Thisincludes defining policiesfor reconnection
once the underlying support is able to give distance measurements again. Further-
more, for extreme cases, i.e when no improvement is detected within an application
meaningful delay, we offer users the possibility to force decision to the system. A
summary of each service and its parametersis given below.

(1) Level of Service (LoS): the following parameters are programmed by the
applications designer.

¢ Distance measuring function: used to define the current connectivity
state i.e the “distance”.

e Unreliablethreshold: thisdefinesthe output below which thedistance
is considered too big for maintaining an interactive session.

e Unreachable threshold: this defines the output below which the dis-
tance is such that it should correspond either to a partition or a crash
failure.

Weavoid hereoverl oading theterm Quality of Service(QoS) usually used to describe adaptability
to the network and computing resources through reservation and scheduling mechanisms.



(2) Partition mode: This provides functionality as to maintain service during
unreachability periods and smooth reconnection on repair. The following
parameters are also application dependent.

e Splitting and merging rules: once some node are declared unreach-
able (or reachable again), we need agreement on the (un)reachability
status resulting in non-intersecting partitions (or rejoining).

e Partitionidentification: thisallowsto specify how to assign partition
types (e.g. main or secondary). Runtime partition type information
can be used by the application to discriminate the type of synchronous
operations allowed.

e User-level crash decision: thisfeatureis useful when the application
has been running in partition mode for a long period due to unre-
solved unreachability cases. By forcing a crash to be detected by the
system the application can then run again with arestricted number of
participants but without the restrictions of the partition mode.

Before illustrating the benefits of the “distance-paradigm” in the context of syn-
chronous cooperation, we now briefly describe the implementation platform.

Architectural Decisions

Research in distributed systems has led to the development of technologies which
also havetheir roleto play in groupware system support: replication management al-
gorithms, group communication protocols and group management tools [3]. Group
tools have shown their usefulnessin many projects and are considered to yield sim-
pler and more efficient implementations of a large class of distributed applications
[3].

By providing facilities for the management of replication and cooperation ac-
tivities, groups have the potential to ease the structuring of a number of future
distributed systems. Early experiments with groupware applications have shown
that a key issueis group activities management. This suggests a beneficial relation-
ship between what may be provided by a group-oriented system and the groupware
applications requirements. This has been confirmed by projects like COLA[3] and
Duplex [3] which have based their implementation on a group-oriented platform.

Group-oriented systems can be viewed as providing two key services. First, the
member ship service which maintain a consistent view of the nodes involved in the
distributed cooperation. It isbased on afailure suspector component which provides
information of basic connectivity situation. Second, the multicast service provides
various semantics of multicast communication, such asfor example causal and total
ordering, for information dissemination within a group.

Building support for the “distance-adaptation” paradigm services requires mod-
ifying our group-oriented platform. We need to integrate requirements specific to
the application domain into the system. The various modifications are listed below:
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Figure 2. Group-based “distance-adaptation” support

e Extend Failure Suspector functionality; by adding application-defined per-
formability tests to the mechanisms normally used to suspect failure. This
maintains connectivity metrics to be used by higher layers like the Level of
Service. Furthermore, the decision on unreachability is no longer a system
parameter but the unreachabl e threshold parameter.

e Extend Membership Services: The group-based communication subsystem
provides a strong-partial membership service[3]. Informally, this means that
at any time it is guaranteed that concurrent views are non-intersecting. This
property is useful for developing our partition functionality of splitting and
merging rules. A new featureisthe user-level crash decision facility. Thiscan
be implemented using an upcall| mechanism from the membership component.

e Customize Membership View; by adding extra partition status information to
the group membership view. This allows partitions identification.

A simplified view of the group-based supportisgiveninFigure2. It showsthetwo
main services offered by the “distance-adaptation” paradigm and their integration
with lower level layers. A more detailed description can be found in [3].

The Feedback during Synchronous Work Sessions

An important part of the validation path of the “distance-adaptation” paradigm was
to test its benefits from the end-users point of view. The major concernisto provide
sufficient awareness so that users can avoid disruptive effectson work sessions. The
answer isbased on several already tested solutionsthat rely on thefeedback delivered
by the infrastructure, asacounterpart to the lack of feedback delivered by end-users



[3,3]. Toillustrate our claim we selected three types of mechanisms frequently used
during synchronouswork sessions: group monitoring, gesture support (telepointer)
and a generic concurrency control mechanism.

Group Monitoring and “ Distance-Adaptation”

Group monitoring refers to the component used in most synchronous applications
to monitor the audience attendance. It corresponds to what is referred to as shared
feedback in [3]. Usually, it uses small pictures or even video frames of participants.
Our objective is to integrate the group monitoring information with the “distance-
adaptation” paradigm. Our experiences and knowledge of existing systems led us
to the following proposal, illustrated in Figure 3.
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All participants are identified by small pictures and user names. Participants are
divided in two groups: reliable and unreliable ones. The reliable participants are
the ones able to provide feedback with delays below the pre-defined unreliability
threshold. Unreliable participants are the ones unable to meet this threshold. A
second threshold of delayed feedback is established in order to identify participants
that are presumably unreachable.

The two thresholds clearly establish different effectiveness degrees for group
synchronous interactions. A user will find difficulties in interacting synchronously
with unreliable participants, but an estimate of the delayed feedback avoids the
immediate rejection of synchronous work. Furthermore, when effectiveness is
paramount, the user can request unreliable participants to leave the group. As for
the unreachabl e participants, the long feedback delays do not allow for any practical
synchronous interactions and therefore the application should smoothly switch to
partition mode without user intervention.

The Ul analogy for the group monitoring mechanism is inspired by an hill,
where people go up and down but always getting more distant from the viewer.
The distance between the viewer and the other participantsis represented by aline
going from left to right. The distance is measured vertically, i.e. lower participants



have small feedback delays and higher participants have large feedback delays.
Furthermore, participants are aligned by increasing magnitude from left to right.
Unreliable participants, which are displayed to the right of the sliding line, are also
aligned by increasing magnitude but the measurement is displayed inverted, i.e.
with aline that is decreasing for increasing distances. This design option also has
the benefit of saving display space.

A percentage value is also displayed on the top left corner of the Ul. Thisis
intended to represent aglobal distance measurement using asingle value and, there-
fore, isafunction of the feedback delays of both reliable and unreliable participants.
The unreachable participants are excluded from the measurement since they are
automatically excluded from synchronous interactions.

The overall function is specified by the application developer as part of the LoS
mechanism. Several strategies can then be adopted:

¢ Showtheworst casefeedback delay - Thisallowstheuser to perceivetheworst
case scenario. On the other hand, frequent changes of this value generate an
overemphasized impression of feedback delays.

e Show the average value - Does not reflect the conditions of wide area com-
muni cations when several participants are local.

¢ Show the average value of the participants with longer feedback delays - This
is a compromise between the two cases above: it reflects the worst case but
avoids frequent changes.

Finally, awindow with the historical data of the distance for a participant can be
displayed by clicking on the icon representing her/him.

We believe that the level of information provided by the mechanism described
above is sufficient to enable end-usersto confront the communications performance
with their requirements over working sessions. In situations like network partition,
are promptly detected and participants who are available for proceeding with syn-
chronous operations are identified. The selection by the application designer of the
two feedback delay thresholds described above is of critical importance. Values
that aretoo low lead to aripple phenomenon, which becomes excessively intrusive,
while too high values result in aless informative mechanism. This issue has to be
further studied.

Gesture Support Using Telepointers and “ Distance-Adaptation”

Telepointers have been designed to be manipulated by one participant at atime in
order to point or get attention on a specific area or item of the shared workspace.
Telepointer facilities are usually provided by many synchronous CSCW tools. In
the example below we assume that the shared workspace only has one telepointer
for al the participants. The issue of how one user grabs the telepointer (access
control) will not be considered. We rather concentrate on the manipulation issues
which relate to the “ distance-adaptation” criteria.
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Figure 4: The Telepointing mechanism

The principles adopted for the telepointer areillustrated on the top part of Figure
4. To avoid flooding the network with too many messages, the telepointer uses
a "Motion-stop" mechanism: the telepointer movement is recorded until the user
stops; the recorded movement is then sent to the group. The Motion-stop is dis-
tributed to other participants using the reliable multicast primitives provided by the
underlying group support.

Each participant’s site, when receiving a Motion-stop will execute a "Motion-
replay”, i.e. it will replay the movement, and broadcast the information that the
Motion-replay has been executed. A meter is displayed near the participant’s tele-
pointer after aMotion-stop or Motion-replay. The meter level will reflect the recep-
tion of feedback from the group participants. When feedback from al participants
isreceived, the meter is displayed full for a short period and then vanishes.

After a Motion-stop, the user should refrain from moving the telepointer until
knowing that al participants have had the gesture replayed (case middie left on
Figure 4). However, if the meter does not reach the top, due to one or severa
participants being unreliable, the user can still move the telepointer (case middie
right on Figure 4). In this case, the system will automatically enter the partition
mode and generate a sub-group excluding the unreliable participants. The users
will be notified immediately, seeing a shadowed telepointer. Note that if excluded
participants have not crashed they also have created their sub-group and enter
partition mode.

The functionality of the telepointer is maintained in partition mode but the par-
ticipants are notified that not all original group members are participating. Further



information on sub-group membership is available through the group monitoring
mechanism described above. When in partition mode the tel epointer manipulation
policies can use the partition identification information. This allows to decide what
happensin each type of partition. For example, one can defined rules such that there
isaunique main partition and possibility for many secondaries. The default policy
based on thisinformation can allow each side to possess its own telepointer so asto
preserve animation during partition mode.

When the participants who were excluded from the main sub-group become
reliable again, the system will terminate the partition mode and merge. We sketch
below few cases where the owner of the telepointer in the main regain control on
the others on merging (see Figure 4 bottom).

(1) Thetelepointer isowned by a user inthe main partition and the system decides
that it will continue to own it - The telepointer returns to its graphical aspect
and staysin location.

(2) The telepointer is not owned currently by the user - The telepointer changes
its graphical aspect. This concerns participants of both partition types. If a
telepointer had been moved in a secondary partition it moves (animation) to
the new owner’s location.

(3) The telepointer was owned by a user in a secondary partition and the system
will give to the owner in the main - The telepointer changes its aspect and
moves (animation) to the other participant’s telepointer location.

The functionality of the telepointer requires to be complemented with the group
monitoring mechanism. This is mostly due to the need to analyze the monitoring
information in the cases where the meter does not reach the top and adecision hasto
be made about how to carry on synchronous task. Providing partition identification
type users can proceed, smoothly, in partition mode. One arguable design decision
was whether all participants should see the meter or not. Our decision was to show
the meter to all participants, such that everyone be aware of the delaysin telepointer
gestures.

Concurrency control and “ Distance-Adaptation”

Concurrency control concerns to the problem of having several users trying to ma-
nipulate a shared resource concurrently. We will not discuss the different policies
[3] but rather focus on expliciting and expressing generic concurrency control mech-
anisms and integrate them with the appropriate awareness of “distance-adaptation”.

The first design issue to consider is that the displaying of concurrency control
actions is kept separated from the graphical representation of the resource. Al-
though this decision may result in more complex Uls, when many resources have
to be displayed in a shared workspace, this decision allows for a generic solution
independent from the possible resource representations.



Active participant @7 I @

/ Released Unavailable

Available Requested i I § ;
by other \ Deny Available Split Partition !

LR

Split Partition mode

Requesting participant g . ‘

Request Available

R TE ET

Unavailable Request Request Unavailable
d

~..

v 0

i Split Partition mode |

—

Unavailable

-8 ~F - 9@
=

i split Partition |
mode H

Passive participant

Unavailable Requested Unavailable i split Partition

R
by other \ mode

i split Partition mode |

Figure 5: Concurrency control

The basic concept is to use hands language code to represent control: the open
hand represents ownership; the pointing hand represents a request; the thumb up or
down represents acceptance and denial. Hands do also have colors: black means
"me", white means "other" and grey is a special color that means that the resource
is locked by more than one participant i.e. the resource isin partition mode. Note
that the convention is similar to the telepointer’s case described above.

Three types of participants are then discriminated: active (locking the resource),
requesting (to lock the resource) and passive (has interest in the resource but does
not lock or request it). From the above design decisions, it results that a white
pointing hand means that someone is requesting the resource, a black pointing hand
means that | am requesting the resource, and so on. These simple representations
are combined and sequenced in order to provide very expressive feedback on the
concurrency control actionsthat are performed over aparticular resource. SeeFigure
5 for and illustration of the the different cases as seen by each type of participant.

The “Distance-Adaptation” case to consider here is the unreachability of one or
several users, detected by the system when a participant crosses the discriminated
threshold of feedback delay. In thiscasethe system doesan automatic split operation
into partition mode and eliminates the unreachabl e participants from the created sub-
group. SeeFigure6for anillustration of thisprocedure. Any user, active, requesting
or passive, or the system itself, can decide to terminate partition mode and merge,
i.e. request a single locker for the resource (we will not discuss here the problem
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of consistency). The Figure 6 also describes the possible situations that may arise
when merging. When a participant requests to merge but there are unreachable
participants, the operation is aborted.

A common concurrency control policy used in asynchronous work consists in
relaxing resource locking and allowing multiple modifiable copies of the resource.
Such characteristic can beincorporated in the proposed concurrency control mecha-
nism usinf the system support for the partition mode. Thisisillustrated in the dotted
examples of Figure 5. An active user can explicitly request to split into the partition
mode after receiving arequest for locking. The requesting participant can also split
after receiving adenial for locking.

Thedescription of the concurrency control mechanism hasbeen overly smplified.
For example, the pictures do not describe the cases where unreachability follows
requests for locking. Also, several policies, which may be arguable, have been kept
out of the discussion. Another example, for simultaneous requests the system will
operate first come first serve. This caseisnot shown in the illustrations but the user
that does not get locking sees adenial followed by arequest by other and accepted.

Discussion

Our first comments address the Ul design of the techniques previously presented.
The overall objectiveis to provide good feedback to users over the actions that are
being executed during work sessions whether originated by the users themselves or
by the system. The pertinent question isif there is sufficient end-user acceptance of
the design options that were taken. In respect to thisissue, we haveinquired asmall
set of users and found several issues which have not yet been handled satisfactorily:

e Group monitoring: the representations of the participants in work sessions
could be more expressive and, preferably, should display a live picture of
the persons. Furthermore, users expected that the Ul specified for group
monitoring would also be used for managing the group composition. For
instance, to remove users from work sessions. The current group monitoring



mechanism was designed just to only provide feedback on group distance.
Our ideais that these services should be detached, since they have different
interaction and awareness requirements which must be fine tuned, but one
must then also think of the integration of the various solutions.

e Telepointer: an immediate question raised by users after analyzing the tele-
pointer specification, concernswhat happenswhen auser doesnot wait enough
time after a Motion-stop such that feedback from a significant number of par-
ticipants has not received. As defined, the system will maintain the origina
group as long as member do not exceed the unreachability threshold. Should
the user reiterate the operations repeatedly he will take the risk of creating his
own partition. Another question concerns the telepointer design itself, and
more specifically the associated meter: why is the feedback not displaying
user names or at least discriminate reliable from unreliable participants. This
issue will be corrected in further versions.

e Concurrency control: There is at least one ambiguity on the Ul of the con-
currency control mechanism. The colors of the split action do not conform
well with the definition that was proposed, i.e. black for “me” and white for
“other”. This can become a problem if the information presented to the user
becomes intrusive or even confusing.

We aretrying to integrate the mechanismsthat were presented in aunify way. An
example of therequired integration can be demonstrated by the usage of tel epointers.
Given that there is only one telepointer available in the workspace, it is a shared
resource for which users must compete. A tailored version of the concurrency
control mechanism could be associated to the locking of the telepointer. This
integration of different mechanisms provides a consistent approach to the design
of complex interaction processes and allows to seamlessly extend the notion of
“distance-adaptation” throughout the whole working environment.

Regarding the underlying support needed for building the current version of the
“distance-adaptation” paradigm, we can make the following three remarks:

¢ Difficulty of measurement: oneissue of thiswork ishow to define thedistance,
both in terms of its measurement, and in terms of its expression to the end-
users. System support for defining distancein measurabletermsisbased onthe
failure suspector component of the underlying group-based system. It ishard
from dynamic connectivity information to extract a stable measure to present
too the end-users. The choice of the thresholds is application dependent but
can also be topology dependent which complicates the programming task.

e Assumptions and coverage: the aim of our partition mode is more dedicated
towards support for short periods of unreachability rather than disconnected
operations. Processor or link crashes rarely hold for long. For example,
recent statistics on the T3 backbone show a tendency of 15 minutes or below
for outage duration. However, only experience will tell usif this assumption
holds.



e Findingtheright model: thisinitial work confirmsour intuition about modern
group-oriented systems in providing suitable functionality for this type of
synchronous applications over large. Early experiments with Isis shown the
need for a more flexible implementation platform [3]. Horus, the follow-up
project [3], has been selected as one possible target for further development
because its high configurability allows easier modifications.

Conclusions

The objectiveof thework reported in this paper isto design mechanismsthat provide
increased adaptiveness of synchronous and large scale CSCW applications. This
adaptiveness is the result of combining system information with rich interactive
feedback techniques. The described approach can be related to solutions proposed
in other areas of computing, namely media degradation approaches for multimedia
applications, and thus be considered as a useful contribution to solve the problem
of adaptiveness and degradation in computing environments.

Oneinnovative aspect isthe concern for unreachability which has beenintegrated
through all levels of the system. As opposed to system-level failure detection, we
proposed degradation composed of a new intermediate state (unreliable) between
reliable and unreachable. The degree of unreliability of users is calculated and
forwarded to upper layers of the system. Furthermore, history information can
aways be used for diagnostic purposes. When participants are unreachable, we
preserve potential for maximum animation by allowing multiple partitionsto operate
concurrently. Seamlesstransitions from full connection to partition operation mode
and vice-versa are achieved by defining appropriate splitting and merging rules.

A great deal of work remains to be done in order to generalize the approach
proposed by the * Distance-Adaptation” paradigm. We have concentrated our efforts
on preserving animation without dealing with the potential conflicting concurrent
updates when operating in partition mode. This is the concern of on-going work
and we are studying how we could integrate our work with existing approacheslike
active diffs[3].

The user interface techniques that were presented are meant to be general and
widely applicable to different cooperative applications. Furthermore, as mentioned
earlier, the expressive power of these interface mechanisms can be further enhanced
with multimedia facilities, from more sophisticated graphics to virtual reality fea
tures. In any case, the point we tried to make is that the distance notion can be
usefully expressed and transmitted to the users of CSCW applications. The con-
textual clues on underlying system state allow them to adjust their expectations and
define appropriate strategies throughout cooperative sessions.
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