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The development of a networked, multi-user cooperative
3D editor is a great challenge due to the need of
consistency control in a multi-user environment.
The management of multiple scenes, copy and paste and
“undo”  are clear examples of operations that need to be
redefined and redesigned for cooperative systems.
The management of multiple 3D scenes allows the user
to visualise and work with different designs at a time.
This is especially useful when using the 3D editing tool
to combine designs from different specialities.
Clipboard operations can support rapid prototyping and
editing by allowing the user to copy existing entities,
paste them to another position of the document and
change its properties.
The undo is a natural operation for any editing tool that
gives the user the chance to correct errors and test some
operations.
These operations are natural in a single user
environment in which only one user is able to change

                                                          
  e-mail: { david,toni,gallir,yuhua} @m3d.uib.es

the attributes at a given time. However, when coming to
an on-line cooperative, multi-user, networked
environment, they become a lot more complicated. The
reason is that there are more than one user acting in the
shared virtual environment, the scope of their operations
must be clearly limited to avoid inconsistency in the
distributed database.
In this paper, we present the implementation of these
three mechanisms in a cooperative concurrent 3D design
and visualisation tool. The tool is the central part of a
multi-site, multi-user cooperative 3D design system for
architecture connected by long distance communication
networks. These mechanisms have been implemented
using an underlying application protocol, called the
Mu3D [Gall00], and techniques of mutual exclusion.
Section 2 of the paper briefly describes the structure of
the 3D cooperative design and visualisation tool, the
Mu3D protocol, and the mutual exclusion policies to
implement the concurrency control.
Sections 3 to 5 introduce the implemented mechanisms:
multiple scene management, cooperative clipboards and
cooperative undo. Finally, Section 6 gives the
conclusions and a description of future works.
The system described in this paper has been developed
using the programming language C++, along with the
Open Inventor 3D toolkit, on both SGI and Windows
NT platforms.
This work has been funded by the ESPRIT 26287
project, M3D and the Spanish national funding CICYT,
TIC-98-1530-CE.
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The concurrent 3D design and visualisation tool is
depicted in Figure 1. The users can open different scenes
from files or databases and edit them in separate
windows. The tool allows multiple users editing the
same scene or the same set of scenes simultaneously.
The change of the scene will appear on other user’s
window immediately. The users can “copy”  and “paste”
using the cooperative clipboards. They can also undo
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any operation. As we can see in this situation, a control
of concurrency is necessary to ensure the consistency of
the global design.
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Since three-dimensional rendering at interactive rates
requires fast access to the geometric database, we
decided to replicate the scene data on each site. Every
replica of the data can be seen as a local copy of a
persistent database. The VRML file format is used for
data interchange. The three-dimensional design data are
stored in a tree-like structure. Every element of the
three-dimensional scene is represented by a node of the
scene tree.
The cooperative 3D design tool runs on top of a
distributed multi-user communications platform, called
JESP [Alme95]. An overall scheme of the architecture
of the system is shown in Figure 2. More detailed
information about the architecture of the system can be
found in [Gall97a, Luo99, Benn99, Sanc99].
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Maintaining the persistent database consistent is a
crucial task in the cooperative working session. If the
users are working with different replicas of the same

data, they expect the replicas to be consistent.
Modifications to the persistent database are sent to all
the sites using aÿ�� � ��� � � � � � � ÿ	��
 � � � � � � , called ��
 � �
[Galli00]. This protocol is composed of small messages
specifying session events and data changes. Every site is
responsible of sending local modifications encapsulated
in Mu3D messages to the other sites. When a site
receives a message, the remote event is recreated
locally.
Mu3D messages are classified into � � � � � � ��� � � � � � �� � � � � ��� � � � � � � � � � � � � � � � � ��� � � � � � � �	� � � � � � � � � � � � ��� � �
and ! " # $ # % &(')! * * + &�! * ,
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Concurrency control is necessary in cooperative
working to resolve conflicts between participants, and to
allow them to perform tightly coupled activities. The
major concurrency control is realised via the < = > = ? @ A B C
B DE= F G @ A B C . By this method, most operations that require
concurrent control can be performed only on selected
objects.
Every time the user selects an object, he becomes theH I J K L  of this object until it’s deselected by him. Users
cannot select an object if another user has already
selected it. In other words, only one user can modify a
given object at a time. This selection policy assures the
consistency in the persistent database effectively by the
implementation of the Mu3D protocol. Every selection
and deselection is notified to the other sites by sending
Mu3D messages.
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Management of multiple scenes is an important
mechanism in a multi-user, multi-site cooperative 3D
Editor. It increases the productivity by allowing the
individual user to work on multiple designs at a time.
The term “scene”  is defined as a subset of interrelated
geometrical data that can be rendered, visualised and
modified by the user. Each scene can be composed of
one or more objects, which will be added to it.
The user has to be able to load and unload scenes. The
cooperative 3D editing tool will keep them in memory,
so that the user can switch from one scene to another.
This “scene switching”  has to be reproduced in all the
other users in the cooperative session, as well as the
adding and removal of scenes. The implementation of
the Scene Manager is described in the following
sections.
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The data structures for the scene management are based
on the concept of Scene Graphm n o p q	r s�t uEp sXv s w p s x y z{ s q}| ~O�[� . A scene graph is a Directed Acyclic Graph
that organises all the data related to the scene



(geometrical data, properties, illumination...). All these
data are modelled as � � � � � of the graph. Editing the
scene consists in modifying the parameters of the nodes
or the graph topology (see [Wern94] for details).
As depicted in Figure 3, the editor maintains a � � � � � � � � �� � �)� � ��� � � � � � � � � �  The tree is connected to the
application viewer window, so that all the data displayed
is stored by the editor will be beneath the tree.
The root of each scene is a Selection node that catches
all the selection events. The first level of root
descendants is composed of the following branches:

• A Lights Subtree, that handles all the lights in
the scene.

• A Viewpoints Subtree, containing points of
view attached to the scene.

• A group with common elements, such as the
axes, and callback nodes, that are internally
used by the application.

• A list of Avatars, this is, geometrical
information that represents the position of
remote users running the editing tool on their
machines.

• A group of Sections, containing information to
visualise a “cut”  of the scene.

• A list of Worlds, parts in which the active
scene is divided. These worlds contain all the
geometry in the scene, and can be inserted into
and deleted from the scene.

In addition to the scene data, the main tree contains also
special internal data: a ��� � ��� � � � � �)�   � ¡ � ¢ ¢ and a £ ¤ ¥ ¦ §¨E© ª ¦�« ¬ ­ ® ¤ ¯ ¯ .
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As described above, the scene is the basic entity for
cooperative working. There is always one active scene,

if the user wants to edit a non-active scene, then he must
switch it to become the active one.
The following three basic operations are defined on the
Scene Manager:

• Insertion of a scene. It is implemented adding
an empty subtree under the Scene Manager
Tree. This new scene becomes the active one.

• Removal of a scene. It is done removing the
subtree from the Scene Manager Tree. If the
removed scene is the active one, then another
scene must be activated first. If there are no
more scenes, then most operations are disabled
until there is at least one scene.

• Switching the active scene. It is implemented
detaching the root of the old scene from the
viewer, and attaching the new one to it.

During a session, users can work in different scenes
simultaneously. When the user performs an operation on
a scene, the application broadcasts a message to the
other participants. They will modify their local copy of
the same scene.
Every scene is identified by a unique ID. Every message
encompasses the Scene ID, so that changes are applied
to the right scene.
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The clipboard paradigm allows users to duplicate, move
and interchange data within an application. A memory
buffer, called æ ç è é�ê ë ì í î , is used as intermediate storage.
Data can be copied or moved (“cut”  operation) to this
buffer and then pasted into the scene.
Two clipboard operations are presented: cï ð ñ  and òEó ô õ ö .
Note that the ÷ ø ù operation is no more than a copy
followed by a deletion, and its description and
implementation are trivial.
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Mu3D PASTE message
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As explained in previous section, � � �  "! # $ % & '(' ) ! * % + +  is
stored as a child of the Scene Manager Tree. The scene
manager tree contains the clipboards of every session
participant. These clipboards are identified by a member
ID. Any modification to the clipboards is sent to all
members via Mu3D messages.



The messages , -/. - 0 contain the actual contents of the
clipboard1. Instead, they contain the pointer to the
original object that has to be copied or pasted. This
information, along with the type of the message and the
identification of the sender, assures that the clipboards
are up-to-date.
When an user requests to 1 2 3 4 the selected object to the
clipboard, the local instance of the editor copies the
object to the local clipboard and then a message is
broadcast to the session members. When a site receives
the message, the editor looks for the clipboard
corresponding to the identifier of the sender, and copies
the object to the appropriate clipboard.
When the user requests to 5�6 7 8 9 the object in the local
clipboard to the active scene, the local instance of the
editor inserts a copy of the object and a message is
broadcast to the other members. When a site receives the
message, the editor searches for the clipboard
corresponding to the member identifier of the sender,
and puts a copy of this clipboard into the active scene.
An example can be seen in Figure 4.
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To reverse (undo) an operation in a cooperative
environment is not a trivial issue. Every change (forward
or reverse) should be propagated to the other session
participants with the extra constraint that changes made
by a user could not be superseded or “ reversed”  by
others.
We present in this section the implementation of the
undo mechanism in the cooperative 3D editing tool. We
also explain how the behaviour of undo operations has
been restricted to allow it to work cooperatively. Our
goal was to solve a concrete problem, we did not aim to
develop a complete framework collaborative undo
operations (as shown in [Prak92] and in [Prak94]). To
implement the collaborative undo mechanism, we
exploited the P Q R Q S T U V W  policy concept. We also defined
several restrictions:

1. Users cannot undo someone else modifications.
This is, the editor does not provide global undo.
It is not desirable, indeed it can be very
annoying, allowing a user to undo someone
else operation.

2. Users must not be allowed to undo their
modifications on an object that was later
modified by someone else.

3. Any user has to be able to undo at least a
significant subset of the last changes done to
the scene by him.

                                                          
1 The network load is keep minimum because the 3D object data is
actually not sent for clipboard operations.

4. Finally, the consistency has to be maintained in
all the replicas of the persistent database, and
must not be lost when a change is reversed.
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To implement an undo mechanism that fits the above
restrictions, a new concept has been developed, called
Scopes of Undo. We define the scope as the set of
operations that can be reversed, at a given time. This
way, in each moment users are able to undo only those
actions that belong to the scope. A scheme showing the
conceptual model of a scope of undo is depicted in
Figure 5.
Actions subjected to undo include modifications in theg h i j k lnm l k i o p q l rek m h q i

, the s t u v t s w u xny�z s z {et | t s } , and~ � � � � � � �G� � � � � � � � � � � , � � � � � � � � � and � � � � � � � � of an object.
These actions can be divided in two groups, each one
associated with one scope:

• The first scope is inside a selection. Users can
undo and redo any action that takes place after
the object has been selected, and before it is
deselected.

• The second scope is the last action. Actions
outside of an object selection policy belong to
this scope, such as inserting or deleting objects.

Set of operations

Entry
conditions

Exit
conditions
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When an object is selected, several lists are created to
store the state of the object before the changes. Each list
contains a part of the current state of the selected object,
according to the type of the editing operation. This part
of the state includes linear ± ² ³ ´ µ ¶ · ² ¸e³ ± ¹ · ´/¸e³ ± ² ¹ º » µ , the
current ¼ ½ ¾ ¿ ½ ¼ À ¾ Á�Â�Ã ¼ Ã Äe½ Å ½ ¼ Æ , or the set of Ç È É Ê Ë Ì È Í that
compose the object.
These lists are reset every time the user makes a new
selection, therefore the lists of states are always local to
the current selection.
Before every atomic change is applied, a new element is
added to the appropriate list. The following atomic
changes are considered:

• When the user starts using an interactive
manipulator (when he clicks on the manipulator
to start changing the object).

• When the user changes any value of the
transformation matrix of the object (via a
numerical menu).



• When the user starts editing the rendering
parameters (when he activates the material
editor).

Other operations that are “out”  of the selection scope
(last action scope) are:

• Object deletion. The program will backup the
deleted object to be able to restore it, when the
user requests it.

• Object insertion. The program will save a
pointer to the inserted object, so that it can be
deleted if the user asks for it.

The scope for this kind of actions will be restricted to
the Î Ï Ð Ñ�Ò Ó Ï Ô Õ�Ö . Changes prior to the last insertion or
deletion cannot be reversed.
An undo condition has been specified for every recent
modification on the scene. This condition will define
when this modification can be reversed. It applies to
modifications inside the last action scope, and it can be
specified as follows:
An insertion can be undone only if the following
conditions are true:

• The inserted object has not been ×eØ Ù Ú Û Ú Ü Ù (local
or remotely).

• There have been no Ý Þ ßeà á Þ?â ã ä Þ Ý á â à ã ä between
the insertion and its corresponding undo.

• There have been no å æ çeè é æEê æ ë æ é ì è í î between
the insertion and its corresponding undo.

In a similar way, a deletion can be undone only if the
following conditions are true:

• There have been no ï ð ñeò ó ð?ô õ ö ð ï ó ô ò õ ö  between
the deletion and its corresponding undo.

• There have been no ÷ ø ùeú û øEü ø ý ø û þ ú ÿ �  between
the deletion and its corresponding undo.
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Some data structures are maintained to save information
about the actions to undo inside a selection. We describe
them briefly.
Several State Lists are maintained by every local replica,
one for each type of modification to undo. Therefore,
there is a list of the previous linear transformations,
another list with the previous rendering parameters, and
another containing the vertices of the object. These lists
are updated every time the user is about to modify the
selection.
Since there is more than one single list, the application
must know which type was the last modification to be
able to access the appropriate list. Another Master List is
maintained, containing the types of the last changes
performed.
When the user requests to undo the last modification to
the selected object, the program queries the master list,
checks the last change type, and restores the values from
the appropriate list.
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A set of data is maintained to check if a reversible
change (an insertion or a deletion) was performed. These
data will be reset if the user performs some operation
that invalidates the undo operation.
The application maintains a pointer to the 3 4 5 6�7 8 5 9 : 6 9 ;< = > 9 ? 6  to delete it again if the user requests an undo. A
backup of the @ A B C.D E @ E C E D1F G H E I C is saved in an alternate
scene tree (named “Trash”). To undo this deletion, theJ�K L M N M K O of this object and its previous P Q R S T U Q V  are
maintained.
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Every time the user makes a new selection, the state lists
and the master list are emptied.
Every time the user is about to make a change inside the
Selection Scope, the data structures described above are
updated, adding the previous state. These updates are
done when:

• The user starts dragging on an interactive
manipulator.

• The user is about to change the geometrical
transform values, via a numerical dialog.

• The user starts an interactive material editor.
• The user is about to change a set of vertices of

the selected object.
In these cases, the following steps are followed:

• The previous state is added to the appropriate
list (the previous rendering parameters to the
rendering parameters list, or the previous linear
matrix to the transform list).

• The type of change is added to the master list.
Before the user inserts a new object into the scene, the
path pointing to the new object is stored in memory.
Before the user deletes an object from the scene, a copy
of the object is stored in a special place in memory
(named the Trash Bin). All sites have a local copy of the
trash bins of the other sites. If the deletion is done
locally, the object will be stored in the own trash bin. If
the deletion is done remotely, the object will be stored in
another trash bin.

l m l[n�o p q r p sgt u v�w x o�y�u{z r�|g} o p ~ w t r u
When the user chooses to undo into the Selection Scope,
the following actions take place:

1. Check the type of the last change.
2. Restore the old values from the appropriate list

to the appropriate attribute of the selected
object.

3. Remove the old state from the list.
4. Send the modification to the remote sites.
5. Remove the type of the last action from the

master list.



When the user wants to undo an insertion, the following
actions are performed:

1. Select the last inserted object.
2. Delete it (the deletion is already sent to the

remote users).
3. Reset the pointer to the last inserted object.

When the user chooses to undo a deletion:
1. Restore the object from the own trash bin in the

location previously stored.
2. Send the appropriate message to the remote

sites to restore the object from their local
copies of our local trash bin.

3. Reset the location values.

� � ����� � � � � ��� � ����� � �
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When an event prevents further undo of previous
operations, the following steps are carried up:

• When an object is deselected, all the state lists
and the master list are emptied and reset.

• When the event invalidates the undo of an� � � � � � � � �
, the pointer to the object that was

inserted is reset.
• Similarly, when the event invalidates the undo

of a � � � � � � � � , the trash bin is emptied, and the
position of the deleted object is reset.
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We have presented in this paper the implementation of
three mechanisms for a 3D cooperative design and
visualisation tool: Management of multiple scenes,
cooperative clipboards and undo. Our implementation
maintains the consistency between all the replicas of the
scene, and minimises the network traffic. The Scene
Manager also allows us to implement mechanisms such
as the “undelete”  and the “clipboard operations”  in a
simple and elegant way.
Further work can be applied to make the undo
mechanism more general, and to further exploit the
scene management module to allow the editor to deal
with other common editing operations.
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