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Abstract. In earlier collaborative annotation system, the details of all com-
ments were presented in the form of images and were marked directly on the
contents. This approach may cause visual confusion no matter what style people
choose to display annotations by overlaying contents or by overlapping other
comments. This article introduces a new annotation display model to separate
contents and annotations, and the MPSAC (Multi-processing and Separation of
Annotation and Content) strategy was presented to achieve the consistency
maintenance of different collaborative sites based on this model. With the
foundation of controlling executive operations’ effect and maintaining the
consistency of annotations, the strategy discovers and resolves the collision
problem among overlapped annotations and provide a better interactive expe-
rience for users. The feasibility and correctness of this strategy were verified by
case analysis and CoNote model system at the end of this paper.

Keywords: Collaborative annotation � Conflict resolution � Consistency
maintenance � MPSAC

1 Introduction

With the development of cooperative computing and network communication technol-
ogy, teamwork has been broadly applied to handle complex transactions. In collaborative
work, people have a higher demand for interactivity. Being a method to improve inter-
activity, collaborative annotation has been widely used in various fields such as decision
making, product design, doctor consultation, online classroom discussion, etc. [1–11].
Texts, tables and other comments were displayed in the form of images and the previous
collaborative annotation system distinguished comments by using different colors,
increased accuracy by using a stylus and stored comments according to their classification
to enhance the display effect of comments. However, none of these methods can abso-
lutely solve the problem of comments’ overlaying of the contents or the overlapping
among themselves. For example, Eppler and Pfister [1, 2] has proposed using different
colors to represent different identities and replacing different comments with different
symbols during the discussion of a meeting. This method improves interactivity in some
degree, but it can only be used in a small number of users with low mobility. The reasons
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are as follows: (1) The amounts of color limits the multi-level division of identities;
(2) Too many symbols may not be quickly accepted by the users which lead to bad
experience. Gorgan [3, 4] advanced using a stylus but not a mouse to select the part
accurately which is to be annotated and to comment on the original image. But when there
are too many comments, this method may affect the latecomers’ view of the original
content. Camba [6] described the collaborative annotations in the process of 3D design
and proposed to store annotations according to the classifications of the comments but
displayed them by hashing them in the original image. This raised a new problem—the
overlapping among comments. Coustaty [11] described the process of taking electronic
notes on the printed documents. Since different users use different sizes of the symbol
when annotating the same object, they may be ambiguous when selecting the annotated
object. Although there are varieties of collaborative annotation systems in the past, the
user experience was not perfect. The reasons are as follows: (1) All comments are showed
in the form of images. (2) All comments are stacked on the original image which leads to
the overlapping among themselves.

This article introduces a new model to show annotations which separates contents
and comments. And the content in a text form is taken as an example to be separated
into keywords and invalid parts. The keywords are chosen and annotated by users as an
annotation object and the consistency maintenance strategy MPSAC (Multi-processing
and Separation of Annotation and Content) is proposed based on the new model that
separates content and annotation. In MPSAC, each annotation added by the user will be
uniquely identified and recorded by a timestamp and site priority. Only the valid
annotation associated with a keyword which was generated earliest will be displayed
and other relevant annotations will be hidden. In order to ensure that annotations from
different sites are consistent and non-overlapping, algorithms like DeleteObject,
UndoObject and SetAL are proposed in this paper. The DeleteObject and InsertObject
algorithms ensure the consistency of all sites by controlling the executive effort of
delete and insert operations and SetAL algorithm is used to determine and resolve the
conflicts among annotations.

2 Annotation Document Model Supporting Separation
of Content and Annotation

The participants of the collaborative annotations such as annotated objects, annotations,
operations (Insert, Delete and Undo) and presentative annotations are re-modeled. The
representation of annotation is a new concept which is put forward in this article and
will be analyzed with text content in this article. The following gives the corresponding
definitions.

Definition 1: Content Column(Wd): The content column is used to store various
forms of content and the text content in different numbers of lines is presented
according to Wd.

Definition 2: Annotation Column(Zd): The annotation column is used to store
comments edited by users with a width of Zd. The annotation column provides a
separated comment area for each line of the text content and each area only displays
annotations of the corresponding line.

112 L. Gao et al.



Definition 3: Annotated Object(AO): AOij represents the j-th annotated object in the
i-th line. The line number and sequence number of one annotated object are unique,
even if an annotation object group which contains keywords in different lines can only
have one-line number.

Definition 4: Annotation(A): The annotation object is a square area containing
descriptive content defined by users. It can be described by A = [Lu, Rd, C], where C
is the content of the annotation, and Lu and Rd are both two-dimensional coordinates.
Lu Indicates the annotation coordinate which is described as [Lu.x, Lu.y] located in the
upper left and Rd indicates the annotation coordinate [Rd.x, Rd.y] located in the lower
right. The position of the annotation can be judged by Lu and Rd. There are four
conditions for the two annotation objects A1 and A2:

Condition 1(A1,A2): Indicates that there is an overlappingAngle betweenA1 andA2.
Condition 2(A1, A2): Indicates that two angles of A2 are contained in A1.
Condition3(A1, A2): Indicates that four angles of A2 are all contained in A1.
Condition4(A1, A2): Indicates A1 and A2 are not overlapped.

Definition 5. Operation Definition: The operations in this model is defined as: Ins(Ao,
A, T, S), Del (AO, A, T, S), and Undo (O, S), where AO indicates the annotated object, A
indicates the annotation, T indicates the generation timeof the operation, and S indicates the
status to record whether the execution effect of the operation is presented in the annotation
column. It should be noted that when Del and Undo operate on the same annotated object
after Ins, the Del operation has higher priority than the Undo operation, that is, the Del’s
status is stored in the operation sequence with the form of 1, and the Undo’s is 0.

Definition 6. Active Width of the Annotation(Md): Based on the upper left and
lower right vertices of the annotation, the left and right annotations which are the closest
to the annotation but not overlapped with each other are found and indicated as A1 and
A2. Then Md is defined as A2.Lu.x-A1.Rd.x. If there is no comment in the right of the
annotation, that’s is to say A2 doesn’t exist, Md is defined as the distance from the right
side of A1 to the right side of the annotation column, i.e. Md = Zd-A1.Rd.x.

Definition 7. Show Annotation(SA): Each annotated object AO has a series of
comments. In which the earliest comment is generated as a comment presented to the
user and this is the presentation annotation of the AO. There is at most one show
annotation for each comment.

Definition 8. Comment Sequence(LA): The SA for each annotated object was held in
the comment sequence. These comments are the earliest valid comments for the object
being annotated. LAi is an array whose length is the same as the number of annotated
objects in the ith line of the content column. When LAi[k] is not empty, it indicates the
show annotation of the kth annotated object in the ith line of the content column.

3 Consistency Maintenance Strategy

The new model puts forwards new requirement for the consistency of the collaborative
annotation process. It not only requires the same annotations to be displayed at each
site, but also requires annotations to be presented without overlapping. Therefore, the
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MPSAC strategy divides the process of consistency maintenance of each site into two
steps: 1. Control the execution process of various operations to ensure that annotation
sequence of each station and the status of the operation in the history sequence are the
same even if they are executed in different orders. 2. According to the same annotation
sequence provided in step one, the SetAL algorithm will be used to discover and
resolve the position conflict among annotations.

3.1 Processing of the Insert Operation

The process of the insert operation is relatively simple. When the operation O = Ins
(AOij, A, T, S) comes, only the earliest valid comment will be found in the relevant
annotation of the jth in the i-th line: A1. If the generation time of A1 is later than that of
A, A is selected as the show annotation of AOij and will be placed in LA, that is, LAi
[j] = A. While if the generation of A1 is earlier than the generation of A, there is no
effect on the A’s comment list. Finally, if the operation O is placed in the HB in the
order of generation time and placed in the HQ according to the execution time.

3.2 Processing of Delete Operation

When the delete operation O = Del(AOij, A, T, S) comes, the first two earliest valid
annotations of the j-th annotated object in the i line should be found: A1 and A2. If A1
is the same as A2, it means that the show annotation is deleted, then we should adjust
LAi[j] = A2 and set the flag S of the corresponding insert operation in HB to 0 at the
same time. If A1 and A2 are different, we only need is to set the S of the corresponding
operation to 0 and put the operation O into HQ. The corresponding algorithm is
detailed as follows.

3.3 Processing of Undo Operation

When an Undo operation Undo(O, S) comes, the execution of it is determined by
whether the target operation O is an Insert operation or a Delete operation. If O is an
Insert operation, HB is traversed to find the corresponding insert operation O1 and the
first two valid comments A1 and A2 which are corresponding to O.AOij. Then two
conditions may occur: (1) If the corresponding insert operation is valid and the corre-
sponding comment is a show annotation, that is, O1.S = 1 and O1.A = A1, the status of
operation O is set to 0 and A2 is set to show annotation of AOij and be put in LAi[j].
After that, Undo(O, S) is stored in HB and HQ; (2) If the corresponding insert operation
is valid but the corresponding comment is not a show annotation, ie O1.S = 1 and O1.
A 6¼ A1, change status of O1 to 0 and set HB and HQ. Then the operation O and Undo
(O, S) will comprise a do-undo-pair; (3) If the concurrent operation is executed firstly
which leads to the corresponding insertion operation to be invalid, that is, O1.S = 0. It
only needs to maintain the relationships of the do-undo-pair in the HB and save the
operation in the HQ. If O is a delete operation, it is necessary to find the corresponding
delete operation del1 and insert operation ins1 in HB, where del1 and ins1 are operations
aiming at annotation A in AOij, and the earliest valid annotation A1 which is corre-
sponding to AOij will be obtained. (1) If the executed comment is the previous show
annotation, ie A.T > A1.T, ins1.T is set to valid and the position of undo in HB is
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adjusted to guarantee the relationship of do-undo-pair and afterwards undo operation is
stored in HQ. (2) Otherwise if A == A1 or AT < A1.T, ins1.T is set to valid and A is
changed to the show annotation of AOij. At last the position of undo in HB is adjusted to
ensure the relationship of do-undo-pair and save the undo operation in HQ.

3.4 Case Analysis

Now we use the above control algorithm to illustrate the execution effect of each site.
When the HB and AL of all sites are the same, each site implements the consistency of
the show annotation. Assume that the initial state of the i-th line of the comment
column is ALi = {null, null …} and that O1*O5 all process the keywords of the i-th
line, where O1 = Ins(AOi1, A1, T1, 1), O2 = Ins(AOi1, A2, T2, 1), O3 = Ins(AOi1,
A3, T3, 1), O4 = Del(AOi1, A1, T4, 1), O5 = Undo(O2, 1), and T1 < T2 < T3 < T4.
The relationship among operations is shown in Fig. 1.

At Site 1, operation O1 is generated and executed immediately. Since A1 is the first
comment of AOi1, A1 is placed into AL as a show annotation, that is, ALi[0] = A1.
And O1 is placed into HB according to the order of generation time; When O2 arrives,
since the generation time of A2 is later than the generation time of A1, O2 is directly
put into HB in the order of generation time; the state and the execution mode of O3 and
O2 are the same, so the operation sequence of the i-th line is HBi = [O1, O2, O3], and
the comment sequence is ALi = [A1, null, …]; When O5 is executed, it is found that
the comment carried by the operation is not the show annotation A1 of the annotated
object AOi1, so it only needs to maintain the relationship between O5 and O2 of the
do-undo-pair in HBi. At this time, HBi = [O1, O2, O5, O3], ALi = [A3, null, …]; The
effect of O4 is to delete the show annotation of AOi1. Thus it is necessary to set the
second earliest annotation A3 to show annotation, and set the status of O1 to 0 in the
HBi to maintain the ins-del-pair relationship of O4 and O1. At this time in the
annotation column HBi = [O1, O4, O2, O5, O3], ALi = [A3, null, …].

At site 3, the operation O3 is generated and executed immediately, so A3 is set as
the show annotation of AOi1 and be put into the annotation sequence. When O2
arrives, since the generation time of the corresponding annotation A2 is earlier than A3,
the show annotation of AOi1 is replaced by A2. Since A1 which carried by O1 is

Fig. 1. Operation relationship
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generated earlier than the valid annotations in the AOi1, when O1 arrives at station 1,
A1 will be regarded as the show annotation and the operations in the HBi are main-
tained in chronological order; When O4 is generated, the two earliest comments A1 and
A2, which contain the comment A1 that is to be deleted by O4 should be found.
Therefore, it is necessary to set A2 as the show annotation of AOi1 and set the state of
O1 to invalid and maintain the ins-del-pair relationship in HBi. The status of the
comment column is HBi = [O1, O4, O2, O3], ALi = [A2, null, …]; When O5 arrives,
the comment A2 carried by the operation to undo O2 is a show annotation, so the
following valid annotation A3 is set to the show annotation, and the relationship of do-
undo-pair is maintained. Finally, the status of the comment column is HBi = [O1, O4,
O2, O5, O3], ALi = [A3, null, …].

By analyzing the execution status of the operations, it is found that each site has
maintained the consistency of the annotations presented in the annotation column. The
first part of the consistency in the collaborative annotation system is completed. The
second part of the work will be introduced below.

4 Conflict Resolution

When the annotations of which are presented at each site need to be consistent, the
follow-up of the collaborative annotation system is to present the annotations to the
user in a friendly manner. The SetAL algorithm is introduced to resolve conflicts
among show annotations to ensure that annotations are displayed in a non-overlapping
way. In order to handle the overlap among annotations, there are two situations that
need to be handled.

4.1 Conflict Analysis

4.1.1 Case 1: The Width of the Annotation Column Is Shorter Than Md
When the width of the annotation column is set as Zd = 945, there is an comment of
AOi4, that is A1 = [[10, 10], [90, 90]] in the annotation column. At this time, there is an
operation O1 which carriers the comment of AOi5, that is A2 = [[50, 50], [120, 120]].
Since A2 and A1 satisfy Condition1 (A2, A1), the result of directly executing O1 is that
A2 and A1 are overlapped—as shown below. By calculation, A3.Rd.x-A3.Lu.x = 70,
that is, the width of the annotation is 70 is shorter than Md, so simple translations can
avoid overlapping of two annotations, as shown in Fig. 2. Here we resolve the conflict
by translating the post-inserted comment horizontally to the right.

Fig. 2. Conflict resolution strategy in case that the width of the annotation column is shorter
than Md
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4.1.2 Case 2: The Width of the Annotation Column Is Longer Than Md
Suppose that the width of the annotation column is set to Zd = 945, and there are two
annotations in the comment column: A1 and A2, which belong to different keywords,
where A1 = [[10, 10], [90, 90]], A2 = [[150, 20], [230, 10]], there is a comment A3 =
[[50, 50], [120, 120]] for ALi6. Since A3 and A1 satisfy Condition1 (A3, A1), we
know that if A3 is inserted directly, overlap will be caused between A3 and A1. It is
found by calculation that A3.Rd.x-A3.Lu.x = 70 > Md, so the lateral translation cannot
eliminate the conflict. At this time the adjustment of width should be taken into
consideration. In the adjust process, we have to ensure that the area of the annotation
being adjusted does not change, so that it will not affect the content of the show
annotation and eliminates the overlap problem among annotations (Fig. 3).

4.2 Conflict Resolution Scheme

In order to avoid overlapping among annotations, the calculation of an annotation’s Md
should be done firstly before A is put into the annotation column. If Md is longer than
the width of A and there is no overlap, A is placed directly; if the annotation placed
previously has a position overlap with A and Md is longer than the width of A, the
placement position of the annotation A will be adjusted; if the annotation placed
previously has a position overlap with A and Md is shorter than the width of A, the
shape of A is adjusted under the condition that the area of annotation A will not be
unchanged. The corresponding implementation algorithm is as follows:

Function SetAL(ALi){
1 int Flag;
2 Al = Ar = null;
3 For(int i; i<ALi.size; i++){
4 Md = GetMd(ALi[i],ALi,Al,Ar);
5 IF(A = = null &&Ar = = null){
6 Set(AL[i]);
7 }ELSE{
8 Set(A` = TranAnnotation(ALi[i],Md)); //set transformed annotation A

Fig. 3. Conflict resolution strategy in case that the width of the annotation column is longer than
Md
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9 }
10 }
11}
//adjust the location and shape according to A’s Md and conflict annotation
Function TranAnnotation(A,Wid,Al,Ar){
1 IF(Wid > (A.Rd.x - A.Lu.x)){
2 IF(Al = = null){
3 int len =A.Rd.x - Ar.Lu.x;
4 A.Rd.x += len;
5 A.Lu.x +=len;
6 }ELSE{
7 int len = A.Lu.x - Al.Rd.x;
8 A.Rd.x += len;
9 A.Lu.x += len;
10 }
11 }ELSE{ //Step 1. Change the shape
12 int Area = (A.Rd.x - A.Lu.x)*(A.Lu.y - A.Rd.y);
13 int high = Area/Wid + 1;
14 A.Rd.x = A.Lu.x + Wid;
15 A.Rd.y = A.Lu.y + high; //Step 2. Change the location
16 int len = A.Lu.x - A1.Rd.x;
17 A.Rd.x += len;
18 A.Lu.x += len;
19 }
20 Return A;
21}
//Find annotation A’s Md
Function GetMd(A,ALi,Al,Ar){
1 int left = 0;
2 int right = Zd;
3 For(int i; i < ALi.size; i++){
4 IF(A≠ALi[i]){
5 IF(ALi[i].Rd.x < A.Rd.x &&Al.Lu.x < ALi[i].Lu.x){
6 left = ALi[i].Rd.x;
7 Al = ALi[i];
8 IF(ALi[i].Lu.x > A.Lu.x &&Ar.Lu.x > ALi[i].Lu.x){
9 right = ALi[i].Lu.x;
10 Ar = ALi[i];
11 }
12 }ELSE{
13 Break;
14 }
15 }
16 Return right - left;
17 }
18}
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4.3 Control Algorithm

As mentioned above, the MPSAC policy requires that each operation is performed
firstly. And then, under the premise of the consistency maintenance of the annotation
sequence, the selected annotations are placed without overlap, and finally the sites are
displayed identically.

Function Execute(O){
1 IF(TypeOf(O) = = ins){
2 InsertObject(O);
3 }ELSE IF(TypeOf(O) = = del){
4 DeleteObject(O);
5 }ELSE{
6 UndoObject(O);
7 }
8 SetAL[ALi];
9 }

5 CoNote Model System

In order to verify the correctness and feasibility of the proposed algorithm, a collab-
orative annotation system CoNote that supports separation of content and annotation
has been proposed. The goal of the system is to allow different users in distributed
locations to operate comments on the text content in real time. After performing the
same operation, the annotations of each site are not overlapped and displayed
identically.

The CoNote system is based on the full-duplex communication WebSocket pro-
tocol and is developed by using HTML, JavaScript, CSS, and Java. The CoNote system
is not a complete replication architecture. Each client in the CoNote system keeps a
copy of the document, and the operations generated by each client are sent to the
server. The server is regarded as a special client node, that is, the server will only
synchronize and transmit operations sent by other clients without generating new
operations.

On the client side, the system needs to complete three tasks. Firstly, it accepts
operations generated by the user and execute them. Secondly, it establishes a con-
nection to the server and receives the operation transmitted by the server and send to
the local operation to achieve data synchronization. Thirdly, it performs operations
synchronized from the server. The server serves as the end point of a data summary to
synchronize the operations between the local and current connected clients’ data.

The following figure shows the user interface of the CoNote system. Figure 4 is a
case where the user does not select the annotation space, where in the upper part is the
display space and the lower part is the user operation space; Fig. 5 is a show annotation
image in which the user selected the comment space.
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6 Conclusion

There are a lot of collaborative annotation systems in the past, but they don’t bring a
good user experience. This is because these systems didn’t notice the overlap problem
between content and comments and overlap among comments. In addition, Undo
functions are not supported by those collaborative systems. In response to the above
three questions, the participants of collaborative annotation systems are re-modeled and

Fig. 4. System status before user select

Fig. 5. System status when user select
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separation between content and annotation is put forward as well as the consistency
strategy MPSAC. To store content and annotation separately is to store content and
comments in two separate spaces and divide the content into keywords and irrelevant
content. The MPSAC strategy decomposes the process of the latter two problems into
maintain annotation sequence consistency and resolve annotation conflict. Maintaining
annotation consistency is ensuring the consistency of each site by preserve the con-
sistency by using generation time, insert, delete and undo algorithms under the con-
dition of only one show annotation of each annotation object is represent to the user.
Ins-del-pair, do-undo-pair and their priorities’ relationships are introduced in this paper
to simplify the maintenance process of the operation sequence. With the new anno-
tation model, the conflicts between annotations are mainly in two-dimensional space.
The conflict resolution among annotations is to use the SetAL algorithm to handle the
position conflict among annotations on the premise that the annotation sequences
selected by each site are consistent.

In the collaborative annotation environment, the MPSAC strategy can achieve the
site consistency within three types of operations and ensure the non-overlapping
placement among the annotations. However, the SetAL algorithm proposed in this
paper can only solve the problem of horizontal conflict among annotations. This
method of resolution does not guarantee that the annotations are compactly placed in
the comment column. In other words, there may be a vertical position between the
annotations presented wasted.

Collaborative annotations have brought great convenience to users in online dis-
cussions, but there are still many problems in collaborative annotation. It is believed
that with these problems optimized, the collaborative annotation system will play a
more important role in people’s work.
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