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We are building the Kende~vous 
language and architecture to assist in 
the development and study of shared 
computer applications which may be 
used as conversational props in tete- 
conferencing situations. We have 
used the Rendezvous system m build 
prototype applications in several 
domains, including entertainment 
and games, multiuser drawing, edu- 
cation, and cooperative user inter- 
face design. Feedback from apptica- 
tion developers has been generally 
positive and they have all empha- 
sized the importance of the advanced 
programming features in the Ren- 
dezvous language to the implemen- 
tation of multiuser applications. 

Prototypes that have been devet- 
oped with the Rendezvous system 
include: 

l the CardTable, a multiuser card 
table that supports (almost) any card 
game with up to four players [7] (Fig- 
ure 1) 
l the Conversation Board, a mul- 
tiperson whiteboard that supports 
structured graphics, including 
sketching, typing, and still images [l] 
(Figure 2) 
l a concept demonstration of an in- 
structional system for telephone in- 
stallers 
l a tool for remote collaborative user 
interface design [8] 

Several of these applications have 
been integrated with the Cn&r envi- 
ronment so they can be easily added 
to an existing video teleconference. 
By making our applications available 
through the Cruiser system, we will 
make it relatively easy for the Cruiser 
community of over one hundred 
users within Bellcore to use our ap- 
plications as part of desktop telecon- 
ferences. By doing this, we hope to 
learn about real users’ reactions to 
our applications and gain an under- 
standing of the use of computerized 
conversational props in desktop tele- 
conferencing. 

The RendezvOuS Archltecture 
The Rendezvous architecture for 
multiuser applications [4, 61 is based 
on a centralized nhstm&on that col- 
lects information common m all 
users into a single place (Figure 3). 
Each user has his or her own view (or 
views) to this information. A view is 
normally a manipulable presentation 
of the information in the abstraction. 
There is a link between each view 
and the abstraction. Each link is an 
object that consists primarily of con- 
straints between variables in the ab- 
straction and variables in the view. 
The links are responsible for main- 
taining consistency between each 
view and the abstraction. A user’s 
view may be the same as all other 
users’ views, or different (i.e., cus- 
tomized to the needs of the user). 

The links are primarily responsi- 
ble for maintaining the consistency 
of values, but they are also used for 
maintaining structural consistency. 
We say that a view and abstraction 
are structurally consistent if, for 
every significant object in the ab- 
straction, there is a corresponding 
object in the view, and vice versa. 
The Rendezvous library of basic link 
types mcludes TreeMaintenance, a 
link that is capable of maintaining 
both structural and value consis- 
tency. The TreeMaintenance link 
greatly simplifies the creation of 
multiuser applications, such as 
graphical editors, where objects are 
frequently created and destroyed. 

The centralized design of the Ren- 
dezvous architecture implies that it is 
not necessary for all users to have 
compatible hardware and software 
environments, as is the case with rep- 
licated architectures (e.g., [Z]). With 
the Rendezvous system, the only re- 
quirement is that all users have a tcr- 
minal or workstation that supports 
the XWindow System.l 

The Rendezvous language 
The Rendezvous language [3] ia an 
object-oriented language which has 
been extended with features that 
simplify the construction of multi- 

user mtrrtacca using the Kcndr~voua 
architecture. It has many features in 
common with other advanced uw 
interface development tools and lank 
guagrr such as Garnet [9], PICASSO 
[lo], and Interviews [5]. 

‘I’he Rendezvous language is based 
on Common Lisp and the Commcm 
Lisp Object System (CLOS). ‘This 
base provides a powerful objects 
oriented programming language and 
development environmrnt with 
many features necessary for user in- 
terface development, such as multi- 
ple inheritance and dynamic loading. 
Unlike most programming lan- 
guages, CLOS was explicitly de- 
signed to be extensible. This allowa 
the syntactic and semantic integra- 
tion of the two key features of thr 
Rendezvous programming language: 
conrtraints and event handlen. Mosr 
programming in the Rendezvous 
language is done with constrainta 
and event handlers. The structure of 
the major Rendezvous language 
components, including the interface 
to the XWindow System via CLX (the 
Common Lisp X interface) is shown 
in Figure 4. 

Two key tacks of programmers 
implementing interactive software 
are to maintain consistency between 
the information presented on th? 
display and the data stored in the 
underlying application, and to re- 
spond to user input. 

Building multiuser applicationa 
makes both of these tasks more diffi- 
cult. For example, each user’s view 
must be kept consistent with the oth- 
ers, and the underlying application, 
possibly in the presence of simulta- 
neous user activity. Input handling ia 
made more complex by the demands 
of servicing multiple users simutm- 
neously. For example, some widget 
sets for the XWindow System lock 
the application process while waiting 
for users to make selections from 
pop-up menus. In a multiuser appli- 
cation, this approach could Imk out 
all other users white one user is mak- 
ing a selection. 

To help programmers maintain 
consistency within views and between 
the multiple views and the abstrac- 
tion, the Rendezvous language pro- 
vides a fast, feature-rich constraint 
maintenance system. Like other con- 
straint systems, the Rendezvous con- 



atraint system can be used to main- 
tain consistency among values (e.g., 
keep object A beside object B). But in 
multiuser interfaces it is also neces- 

sary to maintain structural consis- 
tency-if one user creates a new ob- 

ject, WI rraponding objrcts must nancr of structural consistency by 
appear on all of the other users’ dis- safely supporting side effects that 
plays. Unlike most constraint systems create and destroy objects. 
used in other user interface con- To assist programmers with input 
struction tools, the Rendezvous con- handling, the Rendezvous even, 
straint system supports the mainte- mechanism delivers user input 
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events, such as nwusc motion and 
mouse button activity, directly t” the 
affected object (e.g., the objects 
under the mouse pointer). Prtlgram- 
mers write event-handlers in a simple 
event-handling language t” respond 

to the events. A library of standard 
event handlers that implement drag- 
ging, highlighting and other basic 
behaviors is also provided. 

Because users will want to interact 
with the multiuser applications si- 

multaneously, the Rendezvous lan- 
guage has built-in support for light- 
weight processes. The constraint and 
event mechanisms are carefully inte- 
grated with this process mechanism. 
The integration allows programmers 
to use the constraint and event mech- 
anism as interprocess communica- 

tion and synchronization mecha- 
nisms-there is no need to learn an 
additional language feature. In addi- 
tion, the design of the Rendezvous 
process system and its integration 
with the constraint and event systems 
eliminates deadlocks (by eliminating 
explicit blocking) and reduces the 
probability of writing code contain- 
ing unintended race conditions. 

Hence, programmers using rhe Ren- 
dezvous language have the power of 
a multiprocess system, with little of 
the difficulty usually associated with 
programming multiprocess systems. 

The RerNlezvOuS EnvirOMIent 
and Class Library 
The Rendezvous environment in- 
cludes a graphics system that auto- 
matically updates the display as 
needed. The graphics on the display 
are a collection of depth-ordered, 
color objects. The primitive graphic 
classes include the full range of 

drawing primitives available with the 

XWindow System, including lines, 

rectangles, polygons, arc, ovals, text, 
and both color and monochrome 
images. 

The graphics system uses the con- 
straint system to monitor graphical 
objects and detect when they must be 
redrawn. The redraw mechanism 
attempts to improve performance by 
redrawing as few objrctc as possible. 
Thus, programmers implementing 
graphically intensive applications 

with the Rendezvous system gener- 
ally get good display performance, 
with little or no effort. 

‘l’he graphics system includes a 
specialized sprite drawing mode for 
objects that are moving rapidly, such 
as ot$cts that are being dragged and 
t&pointers (pointers on a user’s dis- 
play that indicate where other users’ 
mice arc pointing). The graphics sys- 

tem, the constraint system, and the 
system clock have been combined to 
build a simple animation system. The 
animator only has to specify con- 

straints that relate the properties of 
objects to the Rendezvous real-time 
clock (for example, writing a con- 
straint that specifies the position of 
an object as a function of the current 
time). 

The current Rendezvous class li- 
brary includes more than 350 reuse- 
ble classes. These clasaea fall into sev- 
eral major groups: 
Shapes 
The basic graphical primitives (e.g., 

circle and line) 
Behavior and Style 
Clasrs that can be combined (via 
multiple inheritance) with shape 
classes t” add behavior (e.g., drag- 
ging or highlighting) or customize 
appearance (e.g., add a surrounding 
box or a drop shadow) 
Widgets 

Complete interface components 
(e.g., windows, buttons, menus, and 
dialog boxes) 
Multiuser Interface Components 
Interface components which explic- 

ri Personal 
View 

Graphical 
Classes 

Declarative 
Graphics 
System I 

Abstract 
Classes 

Common Lisp & CLOS 
(with multi-pmcess extensions) n 
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itly support multiuser mterattion 
(e.g., t&pointers, various forms of 
floor control, an “Add User” widget, 
multiuser undo/redo, multiuser text 

editing, and multiuser graphical ed- 
iting) 

Architecture Support 
Classes to implement the Rerrder- 
vous centralized architecture (e.g., 
link and tree maintenance) 

Support Services 
Miscellaneous support needed to 
work in a complex environment (e.g., 
support for communication with X, 
the Cruiser system, and a real-time 

clock) 

Status of the RenClezvOuS 
system 
The development of the Rendezvous 
language and architecture, and the 
use of Rendezvous to build applica- 
tions are ongoing projects. Our ex- 
perience has shown that the con- 

straint system and event distribution 
mechanism of the Rendezvous lan- 
guage are powerful tools that sim- 
plify and speed the implementation 
of multiuser applications. We have 
learned that our small library of wid- 
gets, that are specific to multiuser 
applications and are not found in 
traditional toolkits, is very important 

to the development of multiuser 
applications. Our centralized archi- 
tecture and our use of links based on 
constaints make it easy to build appli- 
cations that have different views for 
different users and to maintain con- 
sistency among the views. 

The following colleagues and stu- 
dents have helped us implement and 
refine the Rendezvous system and 
applications: Louis Gomez, Dave 
Miller, John Smith, Debbie Bloom, 
John Boyd, Celine Fung, and Kim- 
berly Passarella. q 
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