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ABSTRACT

While most of researches focus on resolving the syntactic
consistency problem in real-time collaborative graphics
designing system, the semantic preservation problem
should not be neglected. Graphics are created with user’s
meanings. These meanings should be notified to other users
and should not be arbitrarily modified by others. In this
paper, we resolve the semantic preservation problem by
first classifying it into two categories: static semantic
preservation and dynamic semantic preservation. Then a
semantic preservation model is proposed. In this model,
first we design semantic expressions to express user’s
meanings, and then we give the semantic preservation and
conflict resolution approaches based on semantic
expressions in detail. This model has been tested in the
CoDesign system.
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INTRODUCTION

Real-time collaborative graphics designing system is a sub-
class of Computer-Supported Collaborative Work (CSCW)
system, which allows users to view and design same
graphic document simultaneously from geographically
dispersed sites connected by networks. It requires that local
site’s operations should be executed immediately and the
latency for reflecting other sites’ operations should be low.
To achieve high responsiveness in these systems, a
replicated architecture is often adopted, and operations are
replicated to all sites.

While the syntactic preservation problem caused by the
replicated architecture has been well resolved by many
works [3, 4, 6, 9], the semantic preservation problem also
should be considered. The collaborative work may be less
efficient if user’s meanings cannot be clearly understood by
other users. Considered the following situation, as shown
in Figure 1. Initially, there is a yellow circle on the drawing
area (Figure la). User A regards the circle as a blank face,
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and draws two small black circles on it, which are regarded
as eyes (Figure 1b). However, if user B does not catch on
this meaning and erases one black circle, then user A’s
meaning is violated (Figure 1c). Of course, this situation
can be resolved through the following steps: (1) user A
undoes user B’s operation, (2) user A tells his meaning to
user B through other channels such as chat. But what if a
latecomer C joins the collaborative group, or user B just
ignores user A’s chat content.

(a) Initial Drawing (b) User A adds two

black circles as eyes.

(c) User B erases a circle, and
violates user A’s semantic
intention.

Figure 1. Example of semantic violation

This paper analyzes semantic preservation problem and
proposes a semantic model to resolve this problem. The
semantic model includes definition of semantic
expressions, usage of semantic expressions, and semantic
conflict resolution approach. Our goal is to integrate this
model into the collaborative graphics designing system and
enhance the efficiency of collaborative work. We have
tested the model in the CoDesign prototype system. The
CoDesign prototype system is a multi-level collaborative
graphics designing system [1, 2], which supports both
object-based and bitmap-based collaborative design. This
paper discusses the object-based collaborative design only.
Graphics are composed by objects, such as rectangle,
polyline, etc. Objects are created with attributes, such as
position, color, angle, etc., and are modified by changing
one or more attributes.

The rest of this paper is organized as follows. First, the
semantic preservation problem is discussed and a



classification of the problem is represented. Then, a
semantic preservation model are given, includes semantic
expression definition, semantic preservation, and semantic
conflict resolution. Our work is compared to related works
in Comparison Section. Finally, major achievements of our
work and remaining challenges are discussed.

SEMANTIC PRESERVATION PROBLEM

Syntactic preservation is wildly used in real-time
collaborative graphics designing system. It aims at
promising the same operation execution order and the same
result of all users’ operations at all sites. But user’s
meanings may not be clearly understood by other users
only through viewing the execution of operations. Things
may even be worse when users’ operations are interleaved
with each other and difficult to distinguish. We call this
problem as semantic preservation problem. Because
misunderstanding of user’s meanings may cause confusion
among users and low efficiency in collaborative work,
additional measures should be adopted to share these
meanings in the group.

In collaborative text editing systems, the problem is not
serious. User’s meanings can easily be understood with
each other if all users comply with certain language’s
syntax. That is to say, semantic preservation can be
achieved through complying language syntax in
collaborative text editing systems. But things are not the
same in collaborative graphics designing systems. It is
almost impossible to devise completed designing rules and
ask users to comply them.

Now we analyze the semantic preservation problem in
detail. We classify this problem into two categories: static
semantic preservation and dynamic semantic preservation,
and discuss them as follows:

Static semantic preservation

Objects are created and modified with user’s meanings. For
example, if a user wants to draw a face, he may draw a big
circle as face, two small circles as eyes, a curve as mouth
and etc., thus all these objects are created with user’s
meanings (i.e. a facial feature). When these meanings are
preserved, we call it static semantic preservation. Since
these meanings can be related with one or more objects, we
further classify the static semantic preservation as single
object semantic preservation and object-object semantic
preservation:

Single object semantic preservation

Single object, such as line, circle, contains user’s meanings.
These meanings can be expressed as object attributes, such
as color, size, etc. For example, as shown in Figure 1b, user
A draws two black circles as eyes, and color attribute of the
circles contains user A’s meanings (black eyes). If user B
modifies the color of that circle, user A’s meaning is
violated (Figure 1c). We call this type of semantic
preservation situations as single object semantic
preservation. If user does not want other users to modify

these attributes (i.e. meanings) arbitrarily, measure should
be adopted to protect them, and other users can operate the
object with certain considerations.

Unlike the lock of the object, when promising the single
object semantic preservation, users need only restrict
operating some attributes of the object but not prohibit
operating the whole object. For example, if user A fixes the
small circles’ color (black color denotes eyes) in Figure 1b,
other users can still change position attribute of circles
without violating user A’s meaning. Furthermore, the
restrictions on object are not imperative, and other users
can still modify these restrictions through certain
mechanisms. We will discuss it in Section 3.

Object-object semantic preservation

There also contains user’s meanings among objects. These
meanings can be expressed as object relations, such as
relative position, overlap order, etc. For example, also
shown in Figure 1b, user A regards the big yellow circle as
a blank face, and two small black circles as eyes. Then the
relative position of the three circles contains user A’s
meaning (i.e. a face with only eyes on it). We call this type
of semantic preservation situations as object-object
semantic preservation. These meanings can also be
preserved and notified to other users if user A wants to, so
other users cannot modify the related objects arbitrarily.

Note that object-object semantic preservation is unlike
group operation. Objects are grouped and changed the
same attributes in the group operation. After the operation
is finished, these objects are ungrouped. In object-object
semantic preservation, the restrictions on the objects are
always available, and the unrestricted attributes of these
objects can be modified freely. For example, if user A fixes
the position and layer attributes of the three circles in Fig.
1b, users can change the color of any circle without
violating the meanings of user A.

Dynamic semantic preservation

Besides the static semantic preservation, there also exists
dynamic semantic preservation problem. For example, as
shown in Figure la, user A regards the big yellow circle as
a blank face, and intends to draw facial features on it. If he
does not want other users to break it, his meanings on the
object should be preserved and notified to other users.
Another example, if user A wants to draw a flower picture
and does not want to use black or gray color, these
meanings should also be preserved and notified to other
users. We call this type of semantic preservation situations
as dynamic semantic preservation. It means users plan to
do something but not actually do. Measure should also be
adopted to broadcast these meanings to other users.

In above semantic preservation problems, user’s meanings
are preserved only when he intends to preserve them. User
can also choose not to preserve them. The static semantic
preservation focuses on preserving the existed meanings
contained in the objects, and the dynamic semantic



preservation focuses on preserving user’s purpose. Both of
them may be useful when we want to achieve reciprocal
understanding of all users, reduce misunderstanding, and
enhance efficiency of collaborative work.

SEMANTIC PRESERVATION MODEL

We propose the semantic preservation model in this
section. First we propose two semantic expressions to
express the static and dynamic semantic preservations.
Then how to use the semantic expressions to achieve
semantic preservation is discussed. Finally the semantic
conflict problem is discussed and resolved.

Semantic expression definition

As we have shown above, the static semantic preservations
acts on the attributes of objects, so we can use the
combination of object attributes to express them. Here is
the Static Semantic Expression (SSE):

Definition 1: Static Semantic Expression

The Static Semantic Expression (SSE) is expressed as
follows:

SSE = (SV, (Objld1, Comment, (Attribl, Value), [(Attrib2,
Value)], ... ), [(Objld2, Comment, (Attribl,
value), ... )], ..., SE1, SE2, ...). (1)

SV denotes the state vector [5], which is used to record the
uniqueness of the SSE and the causal relations with other
SSEs and operations. Objld denotes the unique
identification of a certain object in the document. Comment
denotes the description user want to give for the SSE.
Attrib denotes the attribute of the object, such as COLOR,
POSITION, etc. Value denotes the certain attribute value.
For example, if Attrib is COLOR, then Value can be RED,
BLUE, etc. SE denotes the semantic expression defined
previously, includes both Static Semantic Expression (SSE)
and Dynamic Semantic Expression (DSE). It means new
SE can define on other SEs. The square brackets mean the
elements in it are optional.

When expressing user’s meanings of a single object, the
expression is reduced as follows:

SSE = (SV, (Objld1, Comment, (Attribl, Value), [(Attrib2,
Value)], ... ), ..., SE1, SE2, ...). 2)

For example, user A’s meanings on the two small circles
(eyes) in Figure 1b can be expressed as follows:

SSEl = (SV, (SmallCircleldl, “left eye”, (COLOR,
BLACK))).

SSE2 = (SV, (SmallCircleld2, “right eye”, (COLOR,
BLACK))).

Now see an example of object-object semantic preservation,
in Figure 1b, user A’s meaning on the three circles (face)
can be expressed as follows (Note that all the three circles
have the position and layer restriction):

SSE3 = (SV, (BigCircleld, “face”, (POSITION, Value),
(LAYER, Value)), (SmallCircleldl, “left eye”, (POSITION,
Value), (LAYER, Value)), (SmallCircleld2, “right eye”,
(POSITION, Value), (LAYER, Value)))

The dynamic semantic preservation acts on the attributes of
objects as well as graphic document itself and attributes are
not fixed on certain values, so the expression is more
complex than SSE. Here we give the Dynamic Semantic
Expression (DSE).

Definition 2: Dynamic Semantic Expression
The Dynamic Semantic Expression is expressed as follows:

DSE = (SV, (Objld1 | NULL, Comment, [(Attribl, Value

Range)], [(Attrib2, Value Range)] , ), [(Objld2,
Comment, (Attribl, Value Range) , ... )], ..., SEl,
SE2, ...). 3)

We use Value Range in DSE instead of using Value as in
SSE, because these meanings cannot be expressed clearly
by a certain attribute value. The Value Range contains
many data formats, like Boolean expression, enumeration
expression, etc. For example, if user A plans to draw a
flower with other users and does not want to use black or
gray color in the graphic document, the expression can be
expressed as follows (Note that the semantic expression is
only related with graphic document itself, so there is no
Objld in the expression):

DSE1 = (SV, (NULL, “draw a flower”, (COLOR, NOT
BLACK AND NOT GRAY))).

Another example, if user A wants to draw facial features on
the big yellow circle, as shown in Figure la. The DSE is as
follows:

DSE2 = (SV, (BigCircleld, “I plan to draw a face on it”,
(COLOR, YELLOW)))

It should be pointed out that the semantic expressions are
progressive. For example, as shown in Figure 1, if user A
want to define the face, first he can define three SSEs
(single object) on each of the three circles: the big yellow
circle as blank face, the two small black circle as eyes, then
he can further define a SSE (object-object) on the three
circles as a whole (i.e. a face). The four expressions are
shown as follows:

SSE4 = (SV, (BigCircleld, “blank face”, (COLOR,
YELLOW))).

SSE5 = (SV, (SmallCircleldl, “left eye”, (COLOR,
BLACK))).

SSE6 = (SV, (SmallCircleld2, “right eye”, (COLOR,
BLACK))).

SSE7 = (SV, (BigCircleld, “face”, (POSITION, Value),
(LAYER, Value)), (SmallCircleldl, “left eye”, (POSITION,
Value), (LAYER, Value)), (SmallCircleld2, “right eye”,



(POSITION, Value), (LAYER, Value)), SSE4, SSES5,
SSE6).

After a semantic expression has been defined, it should be
transferred to other sites as an operation (with state vector).
We called this type of operations as semantic expression
operation (SO), which is separated from those original
operations, called normal operation (NO). The difference
between SOs and NOs is: SOs do not change any attributes
of any objects, it just defines some non-imperative
restrictions on objects to express user’s meanings.

Note that the semantic expressions discussed above are
given for description purpose. Users need not write these
expressions; instead they can just choose the semantic
expression type, select the required objects, and set the
required attributes, then the semantic expression is
automatically generated by the system. For example, if user
wants to preserve his meanings on the three circles (face) in
Figure 1b, he just chooses semantic expression type (SSE),
the three circles, and the POSITION and LAYER attributes
of three circles, then the proper semantic expression is
automatically generated.

Semantic preservation

The common goal of collaborative work may easily be
departed during the collaborative process, so when the
semantic expressions have been transmitted to other sites,
they should be active during the following collaborative
process to coordinate collaborative works. We use the
following rules to determine when to use these expressions:

* Rule 1: System displays the semantic expressions in the
window when receiving them from other sites.

* Rule 2: When user selects or checks the objects, the
semantic expressions related with these objects are shown
in the window.

* Rule 3: When user violates the semantic expressions of
certain objects, warning messages will display, and then
user should decide whether to violate these meanings.

The above three rules are independent. When generating
semantic expressions, they are immediately transferred to
other sites. In order to keep the collaborative process
smoothly, the received semantic expressions should not
interrupt user’s normal designing works, so we use a
semantic display window to show these received
expressions (rule 1). Also we link all semantic expressions
with objects. If user selects or checks objects, semantic
expressions related with them will be displayed (rule 2).
When user operates on the objects, the system checks
whether there are related semantic expressions for these
objects, if does, then the system checks whether these
expressions are violated and gives the warning messages
(rule 3).

It should be noted that the semantic expressions could be
violated. If user intends to violate it, the violated semantic

expressions will be deleted, and a delete operation will be
transferred to other users. We take the semantic
expressions as a support mechanism to enhance reciprocal
comprehensions in collaborative group, but not as a
coercive mechanism.

Semantic conflict resolution

Similar to NOs, SOs can also cause conflicting problem.
When two or more concurrent operations including SOs act
on the same object, conflicting situation may occurs. For
example, in Figure 2, user A defines a static semantic
expression (SSE) to group the three circles as a face, while
user B moves a black circle at the same time. If both sites
execute the operation immediately after receiving it, the
graphics is not consistent (Figure 2a).

To resolve the conflict situation, we first separate the
relations of NOs and SOs as conflicting and compatible,
defined as follows:

Definition 3: Conflicting relation

Given two operations O; and O, including at least one SO,
O, and O, are called conflicting, denoted as O; ® O,, if
and only if: (1) O, and O, are concurrent, (2) O, and O, act
on the same attribute of the same object with different
values.

Definition 4: Compatible relation

Given two operations O; and O, including at least one SO,
O, and O, are called compatible, denote as O; © O,, if and
only if O, and O, are not conflicting.

Note that semantic conflict problem is caused at attribute
level, but not at object level. Users can modify other
attributes of the object without causing conflict. For
example, in Figure 2, if the expression defined by user A
does not include color attributes, then the user B can
change the color attributes of those circles without causing
conflict.

We resolve this conflict problem by adopting semantic-
precedence approach. When a SO conflicts with a NO, we
simply preserve the SO and remove the NO. SO is always
related with some NOs and SOs executed before, and SO
can be regarded as a confirmation for previous related
operations, so it is better to keep the SO and remove the
NO. The correct result of above example is shown in
Figure 2b. Another case, when two or more SOs conflict,
we preserve the first SO and remove other SOs according
to the SV. There also exist more complicated conflict
situations. For example, O; and O,, O, and O; are
conflicting, but O, and O; are compatible. This situation
can occur because SOs may be related with many objects
and attributes. Here we give an algorithm to insert both SO
and NO operations:
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(b) Conflict resolved by semantic-precedence.
Figure 2. Example of semantic conflict
Algorithm 1: Assume O; will be inserted and we maintain
two operation sequences (operations in it are ordered

according to the SV): Inserted Operation Sequence (IOS)
and Discarded Operation Sequence (DOS).

(1) If O; O NO, and there exists O; 0 SO and O; O 108 that
satisties O; ® O;, we put the O; into DOS.

(2) If O, O SO:

(a) If there exists O; 0 NO and O; O IOS that satisfies O;
® O;, we put those NOs into DOS;

(b) If there exists Oj O SO and O; O I0S that satisfies O;
® O; and SV; < SV;, we put O; into DOS, then retrieve the

operations that exist in DOS, conflict with O; and
compatible with O;. If SV; > SV;, we put O; into DOS.

For example, assume O, and O3 are NOs, O, and O, are
SOs, and SV, < SV,, the relations among these operations
shown as Table. 1:

Relation 01 02 03 04
O, ® O] ®
0O, ® ® ®
0, ©) ® 0
Oy ® ® O]

If these operations are inserted as Oy, O,, O3, Oy, then the
I0S and DOS will be:

After inserting O;: IOS = {O,}, DOS = NULL.

After inserting O,: I0S = {O,}, DOS = {O,}.

After inserting O3: IOS = {02}, DOS = {O1, O3}.
After inserting O4: 10S = {03, 04}, DOS = {01, 02}.

Operations in DOS can be removed if they no longer cause
conflict situation according to the SV [11], so we only keep
those operations that may still cause conflicting.

COMPARISON

In order to achieving mutual awareness in collaborative
works, additional video channels are implemented in some
systems, such as VideoDraw [7], TeamWorkStation [10],
and VideoWhiteboard [12]. In these systems, a video
recorder is installed on each user’s place, and user’s work
is transmitted to others through video. Therefore, Other
users’ works can be viewed simultaneously. But this type
of systems can only support 2 ~ 3 people working together,
and user’s meanings may not be clearly understood by
others only through observing the video. The cost of
hardware is also a problem for these systems.

Access rights have been used in Intermezzo [8], COCA [13]
to prohibit the unwanted operations on the objects.
Intermezzo uses policies combined by a set of access rights
to describe the collaborative context. User roles are used to
denote users’ categories under certain policies, and user’s
role can be evaluated dynamically at runtime. COCA
proposes integrity constraints on objects. Constraints are
defined on a set of objects and transactions are used to
prevent the interrupts from others. But the problem is:
access rights restrict the number of qualified users to
operate certain objects, and user’s meanings cannot be
clearly expressed only through access rights.

Active rules are also used in COCA. An operation may
cause the execution of another operation through
recursively triggering rules. Active rules have been wildly
used in database systems [14], but there are defections
when adopting them in collaborative graphics designing
system. Defining rules is difficult because of the dynamic
characteristic of the collaborative work, only a few



activities can be explicitly expressed by active rules, and
users may not easily understand these rules (the rules may
also contain user’s meanings). Furthermore, the
descriptions of user’s meanings cannot be expressed by
active rules.

Comparing to related works, the semantic preservation
model proposed in this paper has the following
characteristics:

* User’s meanings can be expressed fully. User’s meanings
are always related with attributes of objects and can be
expressed by semantic expressions. We also provide the
Description field to express those meanings unrelated with
attributes.

* User’s meanings are expressed easily. When user
chooses the objects, semantic expression type, and
attributes, and writes the description, the semantic
expression is done.

» User’s meanings can be understood clearly. User can
select objects and check the semantic expressions related
with them. Also user can be notified when semantic
violation situation occurs.

» Semantic expressions are used as a measure to express
the user’s meanings, but not compulsory measure. Each
user has his comprehension on the collaborative drawing,
and collaborative process is also a communion process with
each other. Constraint rules cannot obtain this goal.

* Collaborative works can be more efficiency. Obviously,
user’s meanings can be understood by others through
semantic expressions, so the efficiency of collaborative
work will be enhanced.

To our knowledge, the CoDesign system is the only one
that achieves the semantic preservation, and the semantic
preservation model proposed in this paper has never been
addressed by other works.

CONCLUSION AND FUTURE WORK

In this paper, we have discussed the semantic preservation
problem and proposed a semantic preservation model
including semantic expression definition, semantic
preservation and semantic conflict resolution to resolve this
problem in real-time collaborative graphics designing
system. Main contributions of this paper include the
partition of the semantic preservation situations (static
semantic preservation and dynamic semantic preservation),
the semantic expressions (SSE and DSE), the approach of
implementing semantic  preservation, and conflict
resolutions. It is the first time to propose the semantic
preservation in real-time collaborative graphics designing
system.

The semantic preservation model proposed in this paper
has been implemented in the CoDesign prototype system.
The CoDesign prototype system is used to test the

feasibility of our model and research for other issues
associated with the collaborative graphics design.

Our goal is to make the collaborative graphics design more
smoothly and more efficiently. Now we are looking for
further steps beyond this model, such as understanding
user’s meanings automatically, forecasting user behavior
and so on.
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