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Abstract

In this paper we informally explain a new Trellis model
that incorporates colored tokens into the previously�
described timed�Petri�net�based de�nition� We give ex�
amples of using Trellis to de�ne protocols for Computer
Supported Cooperative Work �CSCW��We then explain
an interesting analog to procedure call we have devel�
oped for subdocument invocation in collaborative hy�
perdocuments� Trellis prototype implementations are
based around a client�server architecture and interpret
their speci�cations� Consequently they provide an envi�
ronment for the rapid prototyping and incremental de�
velopment of multi�user distributed protocols�
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Introduction
In this paper we explain an unusual analog to procedure
call we are developing for subdocument invocation in
collaborative hyperdocuments� The di�erences arise due
to the way in which users are mapped into the workings
of a group� The work is presented in the context of
the Trellis hypermedia model and our current Trellis
implementation�

For clarity of discussion� we include an informal descrip�
tion of the extended Trellis model� based on colored
timed Petri nets� This model is more expressive than
that of earlier Trellis models �	
� �� 	�� 	�
� and can

�This work is based upon work supported by the National
Science Foundation under grants IRI��������� IRI������	�
and IRI������
�� as well as the Texas Advanced Research
Program under Grant No� �����	�����

now used for specifying collaboration protocols �speci��
cations of how group members interact in a collabora�
tion�� We have shown how to use collaborative protocols
and other process speci�cations in Trellis for software
process de�nition �	�
� prototyping CSCW systems ��
�
and multi�behavior image browsing indexes �

�

Hypertext has been suggested as an important com�
ponent of systems supporting the software engineering
process ��
 and computer�supported cooperative work
�CSCW� ��
� Hypertext can be generalized even further�
systems such as Apple�s HyperCard �	� �
 are used to
implement general�purpose computer applications� we
call such hyperdocuments hyperprograms� In Trellis� the
functionality of a hyperprogram is attained via encoding
state machines in the hyperdocument link structure� in
other systems� a scripting language is used�

In the CSCW domain� the coordination of the interac�
tions among humans and between human and computer
can be formalized and re�ned through the expression
of protocols �	�� �
� With Trellis� we have formally ex�
pressed such actions in a hypermedia model� and pro�
vided a client�server implementation for experimenta�
tion�

In section following we explain the details of the Trel�
lis model� this material is not all new� but we include
it for complete understanding of the later material� In
section we discuss how the colored tokens in a Trellis
model a�ect the group interface of a CSCW application�
We conclude in section with an explanation of the sub�
tle issues we have uncovered in subdocument invocation
when a collaborating group is using a hypermedia doc�
ument�

Trellis hypermedia model
The Trellis project is an ongoing e�ort to create interac�
tive systems that have a formal basis and that support
analytical techniques� The �rst such e�ort was a hyper�
text model �	

� with a followup framework for highly�
interactive time�based programming �termed temporal
hyperprogramming �	�
�� The model we present here
is an extension of these earlier designs that explicitly
distinguishes the various agents acting within a linked
structure� and that provide an analyzable mechanism



with which agents may exchange data� This new model
basically follows the Trellis framework of annotating a
form of Petri net� and using both graph analysis and
state�space analysis to exploit the naturally�dual for�
malism�

We brie�y discussed the Trellis model inWETICE ��
 �	�
�
in the context of a VR project using the model� In this
paper� we are interested in some technical aspects of the
model itself� so we will present a more thorough expla�
nation of its components and its execution semantics �
particularly in how Trellis encodes group collaborative
activity�

Annotated nets
The Trellis model is an annotated place�transition net
�Petri net��� We annotate the places� transitions� arcs�
and net as a whole with control information and with
information specifying the contents and characteristics
of nodes in a hypertext� Annotations include Unix �le
names �on places� for basic document contents�� link
anchor names �on transitions�� timing information �on
transitions�� display control �on arcs�� and color expres�
sions for group control �on arcs��

Timing on links
Most execution in a hyperdocument is caused by the
browsing actions �link selections� of the users� Timing
is used to give some behavior to the document without
requiring user input� We employ a time structure very
similar to that of Merlin�s Time Petri nets �	�
� in which
two time values � a delay� and a time�out � are associated
with each transition� Either can range from � time units
to �� as long as the delay is not greater than the time�
out� Time values in Trellis are thought of as de�ning
ranges for the availability of a link or an event� After a
transition becomes enabled �one or more tokens in each
input place�� the amount of time indicated by the delay
must pass before the net will allow the transition to �re�
If a transition is enabled but the user continually fails to
select it for �ring� then the net will �re it automatically
after an amount of time equal to the time�out goes by�

Browsing a net
The current Trellis prototype� �Trellis� is written for X�
windows and has a client�server distributed architecture
�as described in ��
�� A central server process �the en�
gine� implements the semantics of the colored net� pro�
viding the speci�cation of the collaboration protocol�
but it has no user�visible interface of its own� One or
more �possibly distributed� client processes must com�
municate with the server to give users some visible �or
consumable� representation of the informationannotated
on the net engine�

The net and its annotations are interpreted by interface
clients as the links and node contents of a hypermedia
document� Each place in the net that is marked with

�We assume some familiarity with basic net theory� an
overview can be found in Murata
s survey ���� or Peterson
s
survey �����

a token is said to have active content� for each such
place� the client takes several actions� First� the client
will query the net engine to get the content annotation
on the marked place� that �le �text� graphics� audio�
etc�� will be rendered appropriately for user consump�
tion� The client further will query the engine to get the
names of all transitions that are enabled leading out the
marked place� These transitions represent links to other
content nodes� and they are displayed appropriately in
the interface as selectable anchors �in a link menu� as
highlighted words in the text� etc��� When the user se�
lects a link anchor by clicking with the mouse� the client
requests the net engine to �re the associated transition�
Tokens move around� and the client again renders the
active contents�

Colors on tokens
Colors are associated with tokens� giving a simple typing
system� colors can be used to distinguish one individual
from another� one group from another� one task from
another� or for other distinctions� A color expression
appears on each arc entering and leaving a transition�
when the transition is to be �red� the tokens in the in�
put places are examined to see if their colors satisfy the
color expressions� An appropriate set of input tokens
is chosen� the transition is �red� and tokens with colors
matching the output arc expressions are generated into
the output places�

Consider the example shown in Figure 	� The color
expression a � b on the left arc speci�es two tokens of
arbitrary colors� with the two colors being di�erent� The
expression �b on the right arc requires two tokens of one
color� and it must be the same color as selected for �b�
from the left place� The expression �a indicates that
when �red� the transition will place � tokens of the color
selected for �a� into its output place� Given the colors
shown in the input places� there are two possible color
substitutions�

substitution 	� a is red� b is green
substitution �� a is blue� b is green

Figure � shows a Trellis net for directing a moderated
meeting� This protocol is discussed in detail in an earlier
paper ��
� so the current discussion will just touch on
some general points for complete understanding�

In this collaboration protocol� we use colors to distin�
guish individual participants �as opposed to classes of
participant�� The moderator has one color token� and
each other participant has a di�erent color token� There
is a pool of new colors to select from when new partic�
ipants are added by the moderator� In addition� one
color �di�erent from all participants� is used for mutual
exclusion in �oor control�

The meeting protocol is designed to limit some opera�
tions to the moderator and to permit the moderator to
override participants if desired� It even has a section
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Figure 1: How colored place/transition nets work.

that implements swapping the moderator job with one
of the current participants� Notice that a moderator�
colored token appears in both the �moderator� place
and the �listen� place� thus� in this protocol� the mod�
erator is also a participant in the discussion�

Dynamic protocols
Since Trellis protocols are interpreted� dynamic modi�
�cations can be made to the net� If the functionality
already programmed in a net is not su�cient� a per�
son editing the speci�cation �on the �y� can add new
functionality without terminating the current use of the
net� For example� if a meeting is going on under control
of the previously examined protocol� and if it is decided
that two people should be able to get the �oor and speak
at one time ������ the Trellis editor can be used to drop
another token �of the correct color� into the �mutex�
place without ending the meeting� Further� if voting
needs to be added to the activities participants can per�
form �along with �listen� and �speak��� the proper net
links to create a voting function can be edited together
and linked into the protocol structure while the meet�
ing progresses� In addition to human editing� changes
can be made through the actions of a decision�making
program �a �silent� client� so to speak�� Any process
written to communicate with the engine via its RPC in�
terface can request that its actions �like �add arc� or
��re transition�� be executed�

Colors, group interfaces, and subdocuments
In this section we will explain how colors in the net
protocol a�ect or determine the view of the document
speci�c users get when browsing�

A single user�s interface may be produced by the coor�
dinated actions of one or many client processes� Many
client processes may be required� for example� when
multimediamaterial is presented to the user�one client
may be responsible for delivering audio� another for video�

a third for graphics� and a fourth for text� Alternately�
separate clients may produce di�erent �views� of the
information space� for the bene�t of the reader�

The colored net model and collaboration protocols have
been developed primarily to support the coordinated ef�
forts of multiple users� These applications also are im�
plemented with multiple clients� where each user invokes
separate instances from a set of relevant clients� Cer�
tainly a particular user may invoke a collection of clients
intended to tailor the information space display� but in
most cases there will be separate instances of the same
client process� homed on separate workstations but com�
municating with the same server process� Communica�
tion and coordination in this case is managed through
the intermediary of the single server process�

Color�speci�c browsing clients
Figure � shows a color�speci�c view of the net from Fig�
ure 	� In this example� we see the tokens that are of
concern to a browser run for color �green�� In part
�a�� the green browser would display contents for places
p	 and p�� since those are marked with green tokens�
The engine will still report that transition t	 is enabled�
since all colors are considered in the engine� so the green
browser will present a link in its interface for t	� After
�ring with substitution �� part �b� results� The green
browser will now display only content for place p�� since
the green token in p	 was consumed in �ring t	�

Browsers for other colors will be generating similar con�
strained views of the hyperdocuments� Each di�erent
user� or users of each di�erent class� will run browsers
of the appropriate di�erent colors�

Figure 
 shows the xTrellis system browser running on
green tokens for the moderated meeting net from Fig�
ure �� The xTed editor is also running� visible in the
background� Notice that the green participant sees an
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Figure 2: Meeting protocol implementation

explanation of the listening function� and has one action
�getFloor� to choose in the link menu to the left of the
text window��

In contrast� Figure � shows for the same meeting pro�
tocol the xTrellis browser running on red tokens � the
Moderator color in this case� The Moderator sees two
browser windows� since two places are marked with red
tokens� One window shows the same �listen� contents
the green participant sees� The other window shows
the contents of the �moderate� place� Note that from
this window� the Moderator can select several meeting�
controlling actions like �addp�� �delp�� and �swapMod��
since only the red browser will show this window� only
the Moderator will be able to invoke the control func�
tions�

Consider what happens if Green clicks on the �getFLoor�

�The �SELECTOR� window to the left of the �listen�
window is where the browser places buttons that have no
content place� In this case� we see only a �done� button to
end execution of the browser� if the browser were displaying
images with an external viewer �like xv� the buttons leading
out of the image places would be put in the �SELECTOR�
window�

button in his interface �Figure 
�� In the meeting proto�
col �Figure �� we see that the green token will move to
the �speaking� place� Green will then see the browser
interface shown in Figure �� Green now has the option
of selecting �releaseFloor� to stop speaking and return
to listening� Figure � shows the view the Red view of
the document when Green gets the �oor� Notice that
the Red �listen� window shows no selectable links� since
Green has the �oor� Red �in the listener role� is limited
to listening �the protocol exforces one�at�a�time mutual
exclusion on the �oor�� However� in the Moderator role�
Red can still perform control functions� Note that in
this case� since there are only two colors participating�
when Green has the �oor� the Moderator cannot remove
anyone from the meeting� so the �delp� link does not ap�
pear in the Moderator window� This happens due to the
semantics of color expressions� The color expressions on
the arcs coming into the �delp� transition in the net
�Figure �� are �d� and �m� indicating that two di�er�
ent colors must be involved� the Moderator� therefore�
cannot remove himself from the meeting�

Subdocument hierarchy

We use subdocuments as a means of controlling the com�
plexity of a Trellis hyperdocument� A hierarchy is ob�
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tained by allowing the content of a place to be another
Trellis hyperdocument� We will speak of a net being in�
voked as a subdocument as a subnet� A net containing
a place whose content is a subnet is termed the parent
net� Browsing a parent net may cause a subnet to be
invoked� this happens when a token in the parent net
moves into a place that has a subnet as content�

In the older Trellis model �without token colors� the se�
mantics of invoking a subnet was straightforward� When
the subnet place in the parent net �rst became marked
with a token� a net process was started �for the subnet
structure� and a browser was invoked to interpret the
subnet for the user� Two browsers would then be con�
currently active �one for the parent net� one for the sub�
net� and the user could select links in either structure�
When browsing the parent net� if the place containing
the subnet lost all tokens� the subdocument browser was
terminated� The initial marking of the subnet was pre�
de�ned in its speci�cation�

Adding colored tokens to the model� though� has intro�
duced an ambiguity that is not present in the un�colored
case� How shall colors be mapped to the tokens of the
invoked subnet � that of the parent net or new� unused
color � � � or some mixture 

In Trellis� we treat subdocuments as independent docu�
ments� In other words� our data model �or� as is more
accurately the case� process model� does not distinguish
between documents and subdocuments� A subdocument
in one structure might be a main document on its own in
another context� Any Trellis document can be a subdoc�
ument of another� conversely� any Trellis subdocument
can be independently browsed outside the enclosing con�
text�

However� browsing a subdocument may not produce
the same run�time e�ects in a subdocument context as

it would when browsed independently� The di�erences
arise from the multi�reader semantics we have developed
for collaborative hypermedia� The addition of colors to
the Trellis model has led us to discover semantics of
subdocument invocation that are not evident in �nor�
mal� hypermedia systems �i�e�� non�collaborative or sin�
gle reader systems��

Invocation modes
We have identi�ed two ways to invoke a subdocument�
proxy� and join� When one proxys a subdocument�
one adds tokens to the net that are of some color already
active in the net� When one joins a subdocument� one
adds tokens that have colors not active in the net� The
di�erence is subtle� proxy allows a reader �by sharing
a token color� to �duplicate� some other reader� one
already using the subdocument� join requires that a
reader enter a document as a new entity� distinguished
with a new color� Thus proxy cannot alter the future
behavior of a subdocument� since any action that may
be taken by the proxy�reader could also be taken by the
original reader with the same color� Join can change the
future behavior of a subdocument� since join in essence
adds a new �and di�erent� participant to a group that
is executing the protocol of the subdocument�

We have also identi�ed two ways to classify a subdocu�
ment� new� and old� Old means that an existing copy
of the subdocument �embodied by a currently executing
engine� is involved in the invocation� New means that
a fresh engine is executed to embody the subdocument
net� We allow old to default to the behavior of new if
there are no existing active copies of the subdocument�

Crossing these properties gives us ostensibly four sub�
document invocation modes� though it turns out that
two modes have very similar semantics� We now discuss
the nuances of each mode�

� Join�old� Invoking reader gets tokens in an existing



Figure 4: xTrellis screen showing “Green” participant browser

Figure 5: xTrellis screen showing “Moderator” browser



Figure 6: “Green” after getting floor to speak

Figure 7: “Moderator” browser after “Green” gets floor



engine running a copy of the subdocument� Invoking
reader receives a token color not already represented in
the net� and so takes on the role of a new and di�er�
ent protocol participant� The presence of the invoking
participant may then alter the future behavior of the
subdocument�
� Join�new� This mode create a new engine to run
the subdocument �even if there are many currently ac�
tive copies of the document�� and the reader becomes
the �rst participant in the document protocol� Activity
starts at the initial places of the document� The invok�
ing reader is given a new token color� though this had
limited meaning since the engine is new and there are
no other participants in the document�
� Proxy�old� The invoking reader assumes the role of
some participant in an existing copy of the subdocu�
ment� The invoking reader must receive the same token
color as one of the active colors in the engine� In this
case� the reader �steps into the shoes� of an existing
participant� The invoking reader does not replace that
participant� but rather the protocol capabilities of that
participant are duplicated in two readers�
� Proxy�new� This mode is very similar to join�new�
in fact� for our experiments we have de�ned the seman�
tics to be the same� Another possibility would be to
de�ne proxy�new to be an error� Since the engine is
new� there are no current participants in the document�
One could argue that the invoking reader cannot �step
into the shoes� of a non�existent participant� We have
chosen instead to simply default this case to join�new�

We have identi�ed a third dimension of subdocument
invocation that is not yet fully explored� initial token
placement� or where to have the invoking reader begin
browsing� For our current experiments� both join and
proxy place new tokens in initial places� identi�ed as
special in the Trellis document de�nition� Other possi�
bilities include adding tokens to places that already have
tokens at invocation time �placement based on subdocu�
ment activity�� and adding tokens to places according to
some parameter speci�ed by the invoking reader at invo�
cation time �placement based on reader preferences�� In
future experiments we will be exploring these and other
variations on this dimension�

The speci�c invocation mode needed in a document de�
pends on how the creator of the protocol imagines the
group interaction naturally will progress� In cases where
colors are use to distinguish classes of actor� it makes
sense that a subdocument might be invoked so that the
browser uses a color already in use �one of the proxy
modes�� the speci�c color chosen would be the one ap�
propriate for the class of user trying to invoke the sub�
document� and that color would be determined by the
color of the parent browser�

If colors are used to distinguish individuals� then invok�
ing a subdocument might naturally require that a new
browser have a unique color� in this case� the parent
color could be used� but if it were already present a dif�
ferent one would be chosen�

Conclusions
We conclude that subdocument invocation in hyperme�
dia initially appears analogous to procedure call in pro�
gramming languages� In traditional single�user hyper�
documents� this simple analogy holds fairly well� be�
ing di�erent only in the question of where in a subdoc�
ument browsing should begin� In most programming
languages� procedures begin execution when invoked at
some speci�ed �rst instruction� This works well for sim�
ple single�user subdocuments as well� though it is not en�
tirely satisfactory as a metaphor� since it is sometimes
desirable to begin browsing a subdocument at places
other than �the beginning��

Complications arise with the procedure call metaphor
when hypermedia is considered in a multi�reader� col�
laboration context� as we do in Trellis� There are several
di�erent dimensions to the problem that arise from the
idea of the role of the reader in some group activity� The
Trellis model with colored Petri nets has a succinct for�
mal way to represent this situation� and we have devel�
oped so far the proxy and join invocation modes to deal
with the new semantics� We have also discovered that
collaboration semantics requires speci�cation �when a
subdocument is invoked� of whether the browser wishes
to read an existing copy of the document �that might
have other readers acting in it� or a fresh copy� in which
he would be sole reader �initially��
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