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1 INTRODUCTION 

Recent advancements in computer and communication technologies have 
revolutionized how computers are used.  One of the application domains that are gaining 
increasing usage and visib ility is computer-supported cooperative work  or CSCW1.  One 
of the goals of CSCW research is to allow geographically dispersed users to effectively 
collaborate on common goals using networked computers.  The computer systems 
designed to support this are commonly known as groupware or collaborative systems 
[Ellis et al., 1991].  This type of systems usually provides an interface to a shared 
environment.  Comparing to traditional multi-user systems such as distributed file 
systems and distributed databases, the focus of collaborative systems is to support human 
requirements in a group work scenario [Mandviwalla and Olfman, 1994].  In addition to 
system requirements such as data consistency, robustness, and scalability, collaborative 
systems deal with awareness, sharing paradigm, interactivity, and other human-centric 
requirements. 

The entire shared work environment in a collaborative system usually contains 
enormous information that requires simultaneous access by a group of users.  The amount 
of information that needs to be handled by user interface of collaborative systems is often 
larger than that of their counterpart single-user systems due to multiple information 
sources. This imposes severe challenges to the collaborative system developers.  UARC 
(Upper Atmospheric Research Collaboratory) is one of the system development efforts 
that faces this kind of challenges [Olson et al., 1998].  Consider a group of space 
scientists try to work together, without traveling to a common place, on shared data 
gathered from various constantly running instruments located in different places. To 
support collaborative work like this, some reliable and scalable ways of supplying real-
time data over heterogeneous network are required, and some responsive and flexible 
mechanisms of supporting real-time sharing and communication are essential.  This work 
is an effort to explore the design space of the real-time collaborative systems. 

With a large amount of data, finding effective ways to organize data into some 
tractable visual representations is a challenge for interface developers. Observation in 
UARC project shows that the users are demanding on the amount of information that is 
visually accessible from the user interface.  However, the available visual presentation 
resource, the screen, has only limited size.  This is known as small-screen problem.  For 
instance, the space scientists like to bring up many graphs for comparison and analysis of 
data.  In order to make these graphs simultaneously visible, some scientists have to work 
with several monitors. 

In UARC system, based on room metaphor, the current solution to the small-screen 
problem is to organize graphs into categories, so they can be accessed via a nested menu 

                                                 
1 See CSCW’98: http://www.acm.org/sigchi/cscw98/ 
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system [Lee et al., 1996].  Each graph has its own window.  When the number of graphs 
becomes very large, coping with the large nested menu and window system becomes a 
major usability problem due to excessive screen clutter and window overlap.  This 
suggests that traditional window/icon/menu/pointer (WIMP) interface may not be a 
scalable solution.  Exploring alternative user interface paradigm becomes an important 
research area.  This project follows this research agenda and explores the design space of 
using alternative user interface paradigm in a real- time collaborative system.  

There are not many ready-to-use alternatives to WIMP interface diagram.  For more 
than a decade there have been efforts to devise alternative solutions that are sufficient to 
cope with a very large information world (see, for example, [Leung and Apperley, 
1994]).  The exploration of virtual 3D worlds is one alternative (for example, [Osborn 
and Agogino]; [Sutcliffe and Patel, 1996]).  Although the 3D interface has rich 
representational power and great intuitiveness, it still follows traditional metaphor 
approach, in which the developers may devote scarce system resource to mimic physical 
worlds, therefore, under-utilize the power of the computer system.  Meanwhile, there are 
many efforts that use 2D techniques to address the large information space problem (for 
example, [Furnas, 1986; Mackinlay, 1991; Robertson and Mackinlay, 1993; Bederson 
and Hollan, 1994;]).  Central to most of these techniques is a notion of multi-scale 
viewing, whose interaction properties have been characterized by Furnas and Bederson 
[1995] in space-scale diagram.  In interfaces employing this class of techniques, the 
information objects can be displayed at many different magnifications, or scales.  By 
moving around and changing scale, the users can get integrated context and content of the 
large information space.  Zooming technique is often used to change object scale over 
time, while distortion techniques like fisheye view [Furnas, 1986] are used to change 
object scale in a single view.  Interfaces that use zooming as a primary interaction means 
are often called Zoomable User Interface (ZUI).  In this paper, an approach of using ZUI 
in collaborative systems will be described. 

Specifically, the ZUI system discussed in this paper is a popular implementation called 
Pad++2 [Bederson et al., 1995].  The system is designed as a widget for Tcl/Tk script 
language [Ousterhout, 1994], which provides a set of simple yet powerful programming 
abstractions for creating zooming-based applications.  Although it was originally 
intended to be used as a general-purpose substrate for exploring visualizations of 
graphical data, Pad++ has now been used in a wild variety of situations, ranging from 
presentation to Web browsing.  The Pad++ system consists of four types of software 
components: windows, views, surfaces, and objects.  Surfaces represent the data space 
that objects reside on, where objects are graphical entities that have a visible 
representation and often support human interaction.  Views represent a way to look at a 
particular part of the surface.  Windows is the top- level operating system window that 
associated with a view and a surface.  In addition, one special kind of object called a 
portal can have a view onto any surface. 

Pad++ is considered by its creator as well suited to a collaborative work environment, 
since it places the user at a floating location in an information geography [Bederson et al., 
1996].  Multi-user share one Pad surface is a very natural extension of Pad diagram.  The 
detailed benefits of Pad++ collaborative application will be discussed in the next section.  
However, until now, there is neither publication that explicitly discusses the application 
                                                 
2 Available from http://www.cs.umd.edu/hcil/pad++ 
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of ZUI as the primary user interface of a collaborative system, nor discussion on ZUI-
specific collaborative infrastructure.  However, there has been ongoing work in this area. 
Jonathan Meyer, one of the implementers of Pad++, is currently developing a low-level 
network protocol for Pad++ at Media Research Laboratory of New York University3.  
The details of the implementation are not available yet.  Gutwin and Greenberg [1998a] 
used Pad++ in a collaborative concept map authoring tool to demonstrate some of the 
collaborative awareness techniques.  The purpose of Pad++’s being used here is mainly 
to ease the implementation of various awareness techniques, and no ZUI-specific 
collaborative features were discussed.  As we will discuss at section 2.2, Pad++ is 
equiped with a rich set of graphic primitives that would facilitate the implementation of 
some of the collaborative awareness techniques.  Another related work is called KidPad, 
which is a single display, multiply input device Pad++ application [Druin et al. 1997].  It 
runs on a single workstation and allows several users work on a single Pad surface at the 
same time, and each user has their own input device that is connected to the same 
machine.  This study experiments a distributed version of Pad++ that works over the 
Internet and hopefully informs on-going work on Pad++ collaboration.  

The structure of user interface and its relationship with the underlying share data is an 
important aspect of collaborative system architectures [Ellis, 1994].   When Pad++ is 
used in a collaborative environment, due to its unique interaction paradigm, some unique 
advantages and disadvantages will emerge.  One of the goals of this paper is to identify 
these properties and to exploit the benefits while compensating the shortcomings. 

Using Groupkit 4, a groupware toolkit [Roseman and Greenberg, 1996], I implemented 
a collaborative layer for Pad++, which I have called GroupPad++.  Based on this 
infrastructure, a sample drawing application included within Pad++ distribution called 
PadDraw has been transferred into a collaborative drawing program. This paper discussed 
the design principles of collaborative application of ZUI, using concrete example from 
GroupPad++ and the drawing program.  This works was originally motivated by UARC 
project.  To accomplish part of similar functionality of UARC system, a simple data 
dissemination mechanism has also been implemented within this infrastructure.  

The rest of the paper is organized as follows.  Section 2 details the design of a 
collaborative system using ZUI.  The system architecture, data dissemination, sharing 
paradigm, concurrency and awareness features will be discussed in the context of 
previous related work.  This paper also discussed the advantages and shortcomings of 
ZUI application in these areas.  Section 3 describes the implementation of GroupPad++, 
and its limitations.  Finally, the directions for future work are suggested. 

 
2 DESIGN OF COLLABORATIVE APPLICATION OF ZOOMABLE 

INTERFACE 

2.1 System Architecture 
The architecture of a software system characterizes the components of the application, 

the function of each component, and the interaction among these components.  It is an 
important issue in the design of the system since it influences the performance, ease of 
                                                 
3 http://www.mrl.nyu.edu/ 
4 Available from http://www.cpsc.ucalgary.ca/grouplab/groupkit/ 
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modification, and other properties desired by users and developers [Shaw and Garlan, 

1996].  Most of the collaborative applications follow an editing-based collaboration 
model [Dewan et al., 1994].  In this model, the feedback users received in response to 
commands entered by themselves is determined by single-user semantics, while the 
feedback users receive in response to commands entered by others is determined by 
collaborative semantics.  As shown in Figure 0, the generic architecture of this type of 
collaborative applications assumes that a user’s input/output is processed by a hierarchy 
of layers.  Some layers are shared while others are replicated.  Events allow different 
layers work together. 

Within this model, Dewan [1997] further presented a framework that defined the 
design space of the collaboration architectures.   Collaborative systems differ in the way 
of how they deal with these important issues: 1) Single-user architecture: how application 
semantics are implemented and what kinds of user- interface layers are assumed? 2) 
Collaboration awareness: which layer implemented the collaborative semantics?  3) 
Replication: which components of application are replicated; 4) Concurrency: which of 
these components can execute concurrently and how to solve the conflicts; 5) 

Layer L 
(Semantics) 

Layer R+1 
(Base) 

Layer 2 
 

Layer R 
(Branch Point) 

Layer 1 
(Workstation) 

Layer 1 
(Workstation) 

Layer 2 
 

Layer R 
(Branch Point) 

User 1 User 2 

Figure 0 Generic architecture of collaborative systems  
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Distribution: which of these component can execute on separate hosts.  To make Pad++ 
collaboration-aware, one must make all of these design decisions.  

2.1.1 Collaboration Awareness 
There are generally two approaches to transform a single-user application into a multi-

user one.  One is the sharing of legacy single-user applications, wherein multiple users 
simultaneously interact with a single-user application.  This is called collaboration 
transparency [Begole et al., 1997].  The idea is to keep the same set of layers existed in a 
single-user application, and add collaborative functions to one or more of these layers by 
modifying them.  Examples of this method include Suite [Dewan, 1992], Shared X 
[Garfinkel et al., 1994] and JAMM [Begole et al., 1997].  Microsoft NetMeeting also 
belongs to this category.  The benefit of this approach is that when the runtime 
environment supports collaboration transparency, an application developer need not write 
any code to make an application collaborative.  From user’s point of view, they need not 
to learn a new interface of collaborative application.  However, this approach requires 
modifications to the layers that are made collaborative. Sometimes it is difficult to 
modify a layer that implements both the single-user and the collaborative semantics.  
Finally, it is not viable if the source code of the layer to be changed is not available.   

Another approach is to put a pseudo-layer between two existing single-user layers to 
support collaboration. To each of these two layers, the pseudo- layer provides an 
extension of the interface the other one provided.  Depending on the nature of interface 
between the two existing layers, the addition of the pseudo-layer may require recompiling 
and/or relinking of the existing layers.  However, this approach does not require changes 
to the existing layers.  Moreover, the added layer will always be valid even if the 
implementations of other layers have been changed, as long as these implementations 
provide the same set of interfaces.  Examples of this approach include XTV [Abdel-
Wahab and Feit, 1991], COLA [Trevor et al., 1994] and DistView [Prakash and Shim, 
1994].  Since Pad++ is a third-party program, and it is subject to implementation changes 
out of our control, this pseudo- layer approach is reasonable for this study.  The 
GroupPad++ implemented here is built upon Pad++ and uses its APIs.  Collaborative 
applications of Pad++ are in turn built upon GroupPad++.  This way, GroupPad++ serves 
as a middle layer between Pad++ infrastructure and its applications.  Due to this nature, it 
needs not to be changed when new implementation of Pad++ comes along, as long as the 
Pad++ APIs keep consistency.  Similarly, applications built upon GroupPad++ need not 
to be changed when the GroupPad++ implementation has been modified.   

Moreover, this approach can provide a more flexible coupling schema, because what 
have been shared are high level abstractions of visual representations, not visual 
representation themselves.  Users can apply different transformations to the shared 
abstractions, resulting to different views of the shared objects.  This is particular 
important for Pad++ since one of its key features is to have different views for a single 
object.  In general, by adding collaboration support at a higher level, concurrency control, 
coupling, access control and other collaboration functions can operate on a more 
meaningful granularity, therefore it is easier to implement application semantics. 
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2.1.2 Replication 
The replication architectural dimension determines the base and branch points in the 

generic architecture as shown in Figure 0.  All layers below a base are replicated.  Two 
extreme approaches to replication are called centralized and replicated approaches, the 
former has no replicated layers while the later has no base layer. Groupkit is an example 
of systems that support full replication.  MMM [Bier, 1992] is an example of centralized 
approach.  Most of other collaborative systems support the hybrid architecture, but the 
degree of replication varies dramatically.  Examples are Weasel [Graham and Urnes, 
1992] and Rendezvous [Hill et al., 1994].  A more replicated approach has some 
important advantages that are critical to collaborative user interface.  Since every site 
keep a local copy of the shared states, replicated approach achieves better responsiveness 
and is less vulnerable to network bottleneck.  Moreover, replicated approach allows more 
divergence in the users’ states, resulting to more flexible views of the shared data.  
However, it is a challenge to keep these distributed replicas consistent.  On the other 
hand, it is easier to achieve consistency in a centralized approach, since only one copy of 
shared state exists.  But this also suggests a severe efficiency problem if the operations on 
the shared state are expensive, since every operation has to be queued on central site.  An 
expensive operation can delay other operations’ execution. 

In ZUI systems, users zoom in, zoom out and pan around the large information space 
very quickly.  If the required transformation must be executed at a centralized server and 
then sent back to the action originated site, it is very possible that the latency makes these 
ZUI-specific actions useless.  Because of these considerations, GroupPad++ adopted the 
replicated approach.  In GroupPad++, each site keeps a copy of the shared Pad, and users 
interact with the shared Pad locally.  Handling of interactions and screen updates occurs 
in parallel at each replica.  Users' activities are processed immediately.  However, to fully 
exploit the unique feature of ZUI, a dynamic partial replicated approach might be better 
than fully replicated approach.  Since the information space in Pad++ is theoretically 
infinite large, it is not efficient to keep all of the shared states in every sites.  Moreover, 
users usually focus only on part of the information space at a time, it is unnecessary to 
always keep a full copy of the large collaborative data space.  Aura, a concept originally 
developed in DIVE [Fahlen et al., 1993], a 3D virtual environment system, and later 
extended by MASSIVE [Geenhalgh and Benford, 1995], a collaborative virtual 
environment, might be instructive here.  In these systems, each object has an aura in 
which it can interact.    Interaction between two objects only becomes possible when their 
auras collide or overlap.  This leads to better performance than a full interaction model.  
By analogy, every participant of Pad++ collaboration has an aura, only the objects that 
reside within the participant’s aura should be copied to the site where the participant 
takes part in the collaboration.  The participant’s aura changes as her viewpoint changes, 
the underlying data structures should also be updated correspondingly.  This way, 
unnecessary data transportation is saved. 

Additional benefit of this approach is that the collaborative awareness now is tightly 
coupled with the sharing schema.  Information of the two modules can be inferred from 
each other, resulting to more efficient implementation in both parts.  This approach has 
more awareness and access control implication.  In addition to the notion of focused 
attention of participants, there is a concept of visibility of participants’ aura to other 
participants.  Participant can either be granted control over the accessibility of objects 
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within her aura, or be granted control over the visibility of her aura.  It is a new type of 
access control policy (see [Dewan and Shen, 1998] for a review of access control).  The 
drawback of this dynamic partial replicated approach is increased complexity.  In this 
study, this feature is not implemented due to the limitations of shared data structure. 

2.1.3 Monitoring 
So far, the general structure of the shared states of GroupPad++ has been covered, but 

the unique feature of the Pad++ collaboration lies in its graphic representation of these 
shared data structures.  To exploit the unique set of visual components of the Pad++ 
system, such as surfaces, views and portals, a Pad++ specific collaborative workspace 
and its interaction model are devised.  Following common user interface model 
originated from Smalltalk, a Model-View-Controller like (see [Hill et al., 1992]) 
approach is used to deal with the mapping between the shared data structure and the 
graphic view that the user interact with.  Figure 1 shows the overall architecture of the 
GroupPad++.  In this structure, two types of objects are defined.  The view objects are 
native Pad++ objects.  The model objects are underlying data structures of Pad++ objects 
that are implemented in GroupPad++ layer.  A model object holds attributes of a Pad++ 
object, such as its ID number, position, or scale.  According to the replicated sharing 
schema described above, the model objects are shared among participated sites and are 
eventually kept consistency among these sites.   

Figure 0 The architecture of GroupPad++ 
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As can be seen, the centerpiece of this collaborative system is the model object being 
manipulated by users through the user interface.  Depending on the semantics of the 
application, the model objects and their structures can be either very simple or very 
complex and containing a hierarchy of nested objects.  Mapping between the view objects 
and the model objects are achieved through notification and request mechanisms.  This is 
one instance of the monitoring issues that are pervasive in collaborative systems 
[Rodham and Olsen, 1997].  System modules such as an interface module or a 
concurrency module need to monitor the shared data structures for changes made by 
other system components so that they can respond to those changes.  A monitoring 
system should be able to detect all changes in a monitored data structure and report these 
changes to interested watcher modules.  When data structure becomes complicated, 
monitoring becomes a challenge, since it become hard to determine which part of the data 
structure has changed and which watcher module should be called upon to handle the 
change.  On the other hand, the watcher module needs not response to irrelevant changes 
of the data structure.  For example, the view module should not be called upon when non-
visual attributes of an object have changed.  As we will discuss in the GroupPad++ 
implementation section, the monitoring problem is largely determined by the constraint 
of the underlying data structures and its notification mechanism. 

2.1.4 Coupling and Access Control 
A collaborative system creates multiple user interfaces allowing multiple users to 

interact with the program.  The program must couple its user interfaces in some ways, i.e. 
allow these interfaces share some states, so that the users can collaborate with each other 
[Dewan and Choudhary, 1995].  For example, WYSIWIS is a coupling policy that shares 
entire interface among users; DistView toolkit supports a window-level sharing; and 
Rendezvous system support a flexible interface sharing schema.  A good coupling model 
is one that is flexible, easy for user to specify, and easy for developer to implement.  

 Pad++ interface has some powerful graphic primitives that are suitable for the design 
of a flexible coupling schema.  The basic idea of a GroupPad++ coupling schema is that 
users look onto some shared Pad surfaces through portals that are located on their private 
Pad surfaces.  The shared Pad surfaces can be any Pad surface created by any participants 
and running on any machines, as long as the appropriate access control requirements are 
satisfied.   

As shown in Figure 2, both of the users, “Huahai” and “Qiping”, have their own Pad 
surface, on which a portal looks onto a shared Pad surface.  “Huahai” loads an image on 
to the shared Pad surface and it is sent to all participants of this session.  Both users have 
control over their own views of the shared Pad surface.  In figure 2, the same objects 
display different magnifications on the two users’ interface, but the scale properties of the 
objects are identical in these two sites, the different view is achieved by looking through 
different portals.   

In principle, the users can not only view the same objects in different scales, but also 
in different graphic presentations by applying various lenses on the portals.  Since object 
manipulation events can pass through these portals, the users can interact with shared 
Pad++ objects collaboratively.  Moreover, the users can use their private Pad surfaces the 
same way as using the single-user Pad++ interfaces.  In Figure 2, user “Qiping” drew a 
cartoon on her private surface, which is not currently visible for user “Huahai”. 
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However, if she likes to share her private Pad surface with “Huahai”, she can set its 
access level to “Public” and tell him, so that he can create another portal on his Pad 
surface to look onto her private surface.  GroupPad++ supports a simple access control 
schema, in which the Pad surface is identified as either “Public” or “Private”.  A private 
Pad surface can only be accessed by its creator.  Notice that Pad surface can be created 
but not be actually drawn on the GUI.  In Figure 2, the shared Pad surface is hidden, even 
though the objects resided on the surface are visible through portals. 

2.1.5 Concurrency 
Replicated approach brings about the complexity of concurrency control.  Achieving 

consistency among replicas is a major technical challenge for the collaborative system 

Figure 1 Group PadDraw Interface 
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development.  Since the users interact with their own local copies of shared data 
simultaneously and then propagate the actions to remote sites, the final result of users’ 
actions tends to be inconsistent among different sites.   

Three independent major inconsistency problems were identified by [Sun et al., 1998].  
They are divergence, causality violation, and intention violation problems.  Divergence 
problem is resulted from different orders the operations arrive and be executed at 
different sites.  This problem can be solved by serialization, which ensures operations are 
executed in the same total order at all sites.  However, this total order can be out of the 
natural cause-effect order of these operations and leads to unexpected results, this is the 
causality violation problem.  Based on timestamps methods, this problem can be solved 
by selectively delaying the executions of some operations to enforce correct causal order.  
The most challenging problem is the intention violation problem, which concerns with 
the effect difference between the executions of an operation at operation-generating time 
and at actually execution time.   

In addition to the methods mentioned above, there are generally two approaches to 
ensure consistency among replicas [Prakash, 1997]. One approach requires the 
acquisition of a lock of the object before changing an object’s shared data structure 
(Pessimistic approach).  Another approach is to commit the operation locally first, then 
undo or transform operations that have been incorrectly done when appropriate operation 
arrives from remote sites (Optimistic approach).  The optimistic approach is considered to 
be a better approach in text editing task domain because of its responsiveness benefit and 
its mathematical rigorous.  For example, one recent optimistic approach demonstrated in 
REDUCE system can solve all of these three problems [Sun et al., 1997].  However, in 
graphic editing task domain, together with optimistic methods, various pessimistic 
methods were used.  For example, Emsenble [Newman-Wolfe et al., 1992] uses 
implicitly placed write locks for concurrency control, with locks placed when an object is 
selected and removed when it is deselected; DistView uses a token-based locking 
algorithm.  As Greenberg [1994] argued, there is no general applicable concurrency 
control methods that is effective in all situations.   

Considering most of objects in Pad++ are graphic items, to achieve the efficiency of 
implementation, a hybrid approach is devised to achieve consistency in GroupPad++.  
This method applies different concurrency control methods for different operations.  
While creating an object, a serialized method is used because the users usually can 
tolerance some delay at this moment, and the causal order of object additions does not 
influence final results too much.  When modifying an object, an optimistic locking 
method is used.  Modification on the view object is committed first locally to give a 
quick feedback to users, a lock on the model object is then requested by asking all sites 
for the token of the object.  The token of an object can only be held by one of the 
participated sites.  If the site that currently holds the token need not to lock the object any 
more, the token will be transferred to the requesting site.  Once the site gets the token, 
change on the model object will be committed and propagated to all of the participated 
sites, resulting to identical model objects in all sites.  However, if the token is not 
released by current-holding site, the locally committed changes on view object may be 
undone to keep consistency with corresponding model object, resulting to unexpected 
disturbing for the users.  Since the users rarely work on the same object at the same time 
due to social norms, this situation is rarely happened.  The lock request is serialized to 
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preserve causal order.  And the token is cached locally, if the site has already hold the 
token, any lock request to this object will be skipped for quick response.  For deleting 
operation, a pessimistic locking method is used to prevent data lose.  However, this 
approach is sometimes still problematic, especially after the users join or leave the 
session.  Improvement on this hybrid concurrency approach should be pursued further. 

2.2 Collaborative Awareness 
Many kinds of collaborative work require participants maintain a sense of other’s 

activities because they are working on the same shared workspace.  The awareness of 
others in a collaborative setting is called collaborative awareness. It involves support 
users’ knowledge of who is present, where are they working, and what they are doing.   
Collaborative systems with awareness support have better usability than those without  
[Gutwin and Greenberg, 1998b].   

Several techniques have been developed to address the collaborative awareness 
requirement.  For example, in Figure 3, one participant’s view port is shown as a 
rectangle labeled with user name in another participant’s workspace on GroupPad++, this 
give a sense of where others are working on.  To achieve both users’ focus on their own 
work and their awareness for others’ work, Gutwin and Greenberg [1998a] implemented 
four awareness techniques in Pad++ and made comparisons among them.  These 
techniques are radar view, fisheye view, dragmag view, and two-level view.  Pad++ 
makes the implementation of these techniques much easier than the traditional interface.  
All of these techniques involve separated view of the workspace, this can be achieved 
using separated portals.  For example, radar overviews shrink the entire workspace to fit 
within a single window, a portal with a view onto the entire workspace will achieve the 
effect.  To put different view of the workspace together, layering is a useful technique, 
which is supported natively in Pad++.  Layering is also useful for implementation of 
telepointer, a collaborative awareness feature used in a wild variety of collaborative 

Figure 1 Viewpoint of others  
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systems.  On the other hand, the use of collaborative awareness techniques in ZUI may 
help alleviate some of the ZUI-specific navigation problems such as “desert fog” problem 
[Jul and Furnas, 1998], since they provides additional cues for navigation.   

 
3 GROUP PAD++ IMPLEMENTATION 

3.1 Groupkit and its limitations 
Building collaborative system on top of some groupware toolkits is much easier than 

building everything from scratch.  In this study, Groupkit is used in the development of 
GroupPad++.  There are four reasons.  First, Groupkit follows a replicated architecture, 
as we discussed before, this architecture is well suitable for the collaborative application 
of Pad++.  Second, Groupkit has a set of programming abstracts built on top of Tcl/Tk 
language, which is the same language as of Pad++ programming interface.  Using these 
programming primitives, one can build new groupware widgets or applications relatively 
easier.  Third, Groupkit support separation of view objects and model objects by 
providing an underlying data structure and a set of notification mechanisms.  Finally, 
along with several session managers supplied in the distribution, it also supports flexible 
mechanisms of building customized session manager.  These can be utilized to help 
establish a collaborative system rather quickly.  

The shared data structure in the Groupkit environment is called environment. 
Basically, environments are hierarchically structured dictionaries.  Information in the 
environments is accessed via a key, which specifies where within the environment 
information is stored.   Keys use a period as the hierarchy delimiter.  For example, as 
shown in “Model objects” of Figure 1, “Remote.1.obj1” specify the location of a shared 
object’s information within the data structure, which has at least three depth levels.  In 
GroupPad++, the identification number of an object on a shared Pad surface is accessible 
as “Remote.Pad1.obj1.padid”.   

As can be seen, as object attributes become complex, the data structure becomes 
deeper and larger.  A powerful monitoring mechanism is needed to keep other system 
modules aware of changes in the data structure.  Groupkit supports monitoring by 
generating events in response to environments changes.  The event type, (add, change, or 
delete) and the environment key are returned whenever events are generated.  However, 
other information about the changes is missing.  For example, it is useful to know from 
which site a change is originated.  Currently, the programmers have to encode this 
additional information into environment themselves.   

Another limitation is concerned with rather fixed granularity of the environment.  For 
example, a set of points’ coordinates specifies the shape of a polygon.  Developers have 
to decide which environment representation is better, either “poly.coordinates” or 
“poly.coords.point1”.  The former packs the coordinates of all points in one environment, 
while the latter creates a separated environment for each point.  The problem with the 
former is the unnecessary information transfer over the network if only a few points 
change occur.  The later has divergent causal-order problem, because environment events 
are invoked separately while changes are made at the same time.  A desired environment 
is one that has fine-grained notification mechanism, and allowing flexible monitoring. 

In general, this restricted hierarchy data structure does not has sufficient flexibility to 
support large-scale collaborations that may be critical for ZUI collaboration.  The 
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promise of ZUI collaboration is its potential to support large shared information space.  
As we discussed before, support for dynamic partial replication schema is critical for the 
scalability of the ZUI collaboration.  This can not be easily achieved in current state of 
collaborative infrastructure.   

There is also a general problem with groupware toolkits in that they are usually forced 
to impose fixed models of programming abstractions.  This follows directly from the 
traditional structuring techniques in software development, which hide implementation 
details behind the abstraction, out of reach of application developer.  The value of this 
approach is that it relieves developers from low lever details, so that they can focus on 
those areas specific to application.  The cost is that the range of applications that are 
suitable for development within the toolkit is restricted, since the implementation 
decisions within the toolkit constrain the kinds of interactions that can be supported in 
applications.  In the future, the ZUI specific collaborative layer should be built to best 
exploit its potential. 

3.2 GroupPad++ 
As described in section 2.1.1, pseudo- layer approach of collaborative awareness needs 

recompile or relinking of existing system.  Currently, GroupPad++ needs recompile of 
Tcl/Tk shell, because Pad++ and GroupKit use different Tcl/Tk shell programs.  The 
former uses ‘padwish’, the later uses ‘gwish’.  An integrated shell enables Groupkit 
commands in Pad++ environment.  When a ZUI specific collaborative layer is developed, 
dynamic linking method can be used. 

A set of commands tha t used to turn a single user Pad++ application into a multi-user 
version is developed.  These commands should be placed before appropriate Pad++ 
commands.  Use some searches and replaces, an existing single user Pad++ application 
written in Tcl can be turn to a multi-user version.  Below is a list of these commands. 
gp_init  

Initiate GroupPad++. 
gp_newobj <Pad++ create item command>  

Create new Pad++ object. 
e.g. gp_newobj .pad create line 10 10 10 10 -pen red 

gp_chgobj <Pad++ item configure command>  
Change attribute of Pad++ object. 
e.g. gp_chgobj .pad coords line 10 10 110 310 

gp_delobj <Pad++ delete item command>  
Delete Pad++ object 

PadDraw, a Pad++ drawing program, has been turned into collaborative version using 
these commands.  It proves to be a workable solution.  A small number of PadDraw 
functions are not preserved because they do not fall into the command categories as 
shown above.  However, the suitable commands for them can be developed under 
GroupPad++ as well. 
 
4 FUTURE WORK 

A lot of room left for improvements on the collaborative application of ZUI.  Many 
have been mentioned before, such as a ZUI specific shared data structure, a more 
elaborated access control model, a better concurrency control algorithm, exploring novel 
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collaborative awareness techniques in ZUI and user specified interface coupling schema.  
One of the major shortcomings of this paper is that empirical study has not been carried 
out. Using ZUI in collaboration generate new possibilities such as very large-scale 
collaboration.  However, new problems must exist that should be identified and solved 
through empirical studies.  This should be one of the focuses of the future work.  And the 
potentials of this approach can not be realized without being put into a real-world 
situation.  In order to prove the design concepts described in this paper, a UARC like 
prototype may be developed later. 
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