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ABSTRACT 
Consistency maintenance is a basic issue in computer-
supported cooperative editing systems. Aimed at providing 
a clear, appropriate and extended description on this issue, 
a new three-level consistency model is proposed: (1) 
Operation Consistency, which promises all operations are 
executed at the same order; (2) Content (Syntactic or 
Intention) Consistency, which promises the effects of all 
operations are the same at all sites; and (3) Semantic 
Consistency, which promises the user meanings are the 
same at all sites. Finally, evaluations on existing 
collaborative editing systems are discussed. 
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INTRODUCTION 
Collaborative editing systems are a special class of CSCW 
(Computer-Supported Cooperative Work) systems. They 
have many applications such as textile pattern design, 
electronic conference and collaborative documentation edit 
in order to shortening the time, reducing the cost, and 
improving the quality. There are two basic characteristics 
in these systems [1,6,13,14,15]: (1) real-time: the response 
for local operations is quick and the latency for remote 
operations is low; (2) distributed: users can use any 
machine connected by networks. 
To achieve good responsiveness, a replicated architecture 
should be adopted [15]: shared documents are replicated at 
the local storage of all collaborative sites. How to maintain 
the consistency of the shared documents is one of the most 
significant issues in these systems with a replicated 
architecture. In this architecture, operations generated at 
one site should be transferred to other sites to ensure that 
all sites have the same set of operations. There are two 
cases to cause inconsistency: (1) unordered operations: 
operations may be arrived at other sites unordered due to 
network’s unreliability, and (2) current operations: 
multiple operations seem to be generated at the same time 
due to the network’s latency. These cases should be well 
resolved, otherwise the shared documents will not be 
consistent, and the collaborative work cannot continue. 
We propose a new consistency model in this paper. this 
model has three levels: (1) Operation Consistency, which 

promises all operations are executed at the same order; (2) 
Content (Syntactic or Intention) Consistency, which 
promises the effects of all operations are the same at all 
sites; and (3) Semantic Consistency, which promises the 
user meanings are the same at all sites. Our goal is to make 
the consistency issue be represented more clear, suitable 
and complete. 
The rest of this paper is organized as follows. In the 
following section, the previous consistency model is 
analyzed and its deficiencies are discussed. Then in the 
next section, our new consistency model is given in detail. 
Then comparison with previous consistency model is 
proposed. Finally, our model is summarized in last section 

MOTIVATION 
Existing consistency model [14] separate the consistency 
issue into three parts: convergence, causality preservation 
and intention preservation, which is given as follows: 

A Consistency Model. A collaborative editing system is 
said to be consistency if it always maintains the following 
properties: 
(1) Convergence. When the same set of operations has 
been executed at all sites, all copies of the shared document 
are identical. 
(2) Causality preservation. For any pair of operations O1 
and O2, if O1 → O2, then O1 is executed before O2 at all 
sites. 
(3) Intention preservation. For any operation O, the effects 
of executing O at all sites are the same as the intention of 
O, and the effect of executing O does not change the 
effects of independent operations. 
Here we first discuss the three parts of the consistency 
model: 
Convergence. In collaborative editing systems, operations 
may arrive and be executed at different site in different 
order, resulting in different final result [15]. This problem 
is called divergence. To resolve the problem, serialization 
protocols are adopted to promise the same final result 
[1,2,10] by defining a total ordering relation of operations.  
Causality Preservation. A new operation is always 
generated depending on the previous executed operations, 
so the new one should be executed after all the previous 
ones have been executed. The relation can be called causal 



order. Due to unreliability of networks, operations may be 
received and executed out of causal order, so mechanism 
should be adopted to delay some operations to promise the 
right order [2,7,11,15]. 
Intention Preservation. Each operation has its own 
intention, which should not be violated. Since the same 
execution order of operations should be first promised, the 
concurrency operations may cause the intention of some 
operations to be violated [4,6,8,9,13,15]. 
From our point of view, this model is quite good to present 
the consistency issue in collaborative editing systems, but 
we also think it is not an ideal one and has the following 
deficiencies and ambiguities: 
(1) What does the convergence exactly mean? 
Can it be expressed as this: Whenever same set of 
operations has been executed at all sites, all the shared 
documents are identical? The consistency of final result 
cannot promise the consistency in the design procedure. 
We can easily design such case: the execution orders of a 
certain operation sequence are different at different sites, 
but the final result is the same. 
(2) Can convergence include causality preservation? 
According to real-time characteristic, operations are 
executed immediately at local site then transferred to other 
sites, so the local site must promise the causality 
preservation. In order to promising convergence, the 
execution order at other sites must be the same as at local 
site, and the causality preservation is promised naturally. 
(3) Is intention preservation independent of convergence 
and causality preservation? 
Convergence and causality preservation aim at the 
consistency of operations (providing the same execution 
order of operations), while intention preservation aims at 
the consistency of the content of operations (promising the 
user intention contained in the operations). 
(4) Does this model include all the ranges of consistency 
issue in collaborative editing systems? 
There is semantic consistency issue in collaborative editing 
systems, which may also be included in the consistency 
model. In text-editor, this issue is always related with 
syntax of certain language [3,15]. But it should be noted 
that: semantic consistency means some rules are defined on 
the content of collaborative work, and the languages’ 
syntax naturally become the rules in the text-editor. We can 
design rules other than languages’ syntax. 
Upon the deficiencies and ambiguities proposed above, we 
give our new consistency model to resolve it in next 
section. 

THE CONSISTENCY MODEL 
As we have discussed above, it seems there are three 
consistency issues: operation consistency, content 
consistency, and semantic consistency. Operation 

consistency is the basis of content consistency and content 
consistency is the basis of semantic consistency. In order to 
fitting the three issues, we propose a three-level 
consistency model, as shown in Fig. 1. 
 
 
 
 
 
 
 
 
 

Fig.1 Three-level consistency model 
This model is proposed as follows: 

Two Basic Definitions 
To propose the consistency model, here we first give two 
basic definitions:  
Definition 1. Causal relation 
Given two operations O1 and O2 generated at site i and j 
respectively. O1 is said to causally precede O2, denoted as 
O1 → O2, if and only if (1) i = j and O2 is generated after 
O1, (2) i ≠ j, and O2 is generated after O1 is executed at site 
j. 
Definition 2. Concurrent relation 
Given two operations O1 and O2, they are said to be 
concurrent or independent, denoted as O1 || O2, if and only 
if neither O1 → O2, nor O2 → O1. 
For any two operations O1 and O2, if the execution order is 
O1 → O2, we called it causal order. 
For any two operation O1 and O2 that satisfy O1 || O2, we 
can define an execution order on them. That is to say, we 
can define either O1 executes before O2 or O2 executes 
before O1 to keep consistency, as long as all sites promise 
the same execution order [11]. We call it concurrent order. 

Operation Consistency 
The first level of the consistency model is Operation 
Consistency, defined as follows: 
Definition 3. Operation Consistency 
When the same set of operations are executed according to 
causal order and concurrent order at all sites, all copies of 
the shared document are identical. 
Note that Operation Consistency is the same as the 
Convergence in previous consistency model, where the 
convergence is achieved by total order relations. When all 
the operations are executed at causal order and concurrent 
order, a total order of operations can be achieved. Here we 
have a theorem. 

Semantic Consistency 

Content Consistency 

Operation Consistency 



Theorem 1. A total order can be achieved by achieving 
both causal order and concurrent order. 
Prove: 
1. When there are only two operations O1 and O2 in 
operation sequence, if O1 and O2 are causal relation, then 
the causal order is the total order; if O1 and O2 are 
concurrent relation, then the concurrent order is the total 
order. 
2. Assume operation sequence O1, O2, …, On are ordered 
by a total order relation. To a new operation Oi, we can 
find operations Oj1 that right before Oi and Ojm that right 
after Oi according to causal order (causal order is 
transitive, so there must be a first one and a last one in the 
causal order). So Oj2, … , Ojm-1 must be concurrent with 
Oi. Since we have defined a concurrent order on these 
concurrent operations, so Oi must have a determined 
position in the operation sequence, and the new operation 
sequence also keeps a total order. 
End prove. 

Content Consistency 
Definition 4. Content Consistency 
For any operation O, the effects of executing O at all sites 
are the same as the intention of O. 
Note that Operation consistency is the basis of content 
consistency. Operation consistency promises the same 
execution order and result, and content consistency 
promises the result is what users expect. 
Here we give an example: In a text editor system, the origin 
text is “ABCDE”, operation O1 Ins[“H”,2] and operation 
O2 Ins[“P”,4] are concurrent operations generated at 
different sites. If the execution order is O1 precedes O2, 
then the final result is “ABHCPDE” under operation 
consistency, and “ABHCDPE” under content consistency. 

Semantic Consistency 
Definition 5. Semantic Consistency 
For any operation O, the effects of execution O at all sites 
abide by the rules defined before or during the 
collaborative work. 
Based on the operation consistency and content 
consistency, there exists semantic consistency issue. For 
example, in collaborative text editing systems, although the 
final result can be syntactically correct, but may be 
semantically incorrect because of grammatical error [3,15]. 
From our point of view, the occurrence of semantic 
inconsistency is that the collaborative work contains some 
rules. These rules can be grammar in text editor, restriction 
on color in graphics editor, user’s meanings contained in 
the operations [16], and etc. It should be noted that 
grammar is one kind of rules can be used on text editor; 
users can define new rules before or during the 
collaborative work. 

COMPARISON 
Previous consistency model divides the consistency issue 
into three parts: Convergence, Causal Preservation, and 
Intention Preservation, while our consistency model 
divides this model into three-level: Operation Consistency, 
Content Consistency and Semantic Consistency. 
As we have proved in Theorem 1, causal order and 
concurrent order can be combined to achieve a total order 
(Operation Consistency). So if the convergence means that: 
whenever the same set of operations has been executed at 
all sites, all copies of the shared document are identical, 
then the operation consistency equals to the convergence in 
previous model, and the causal preservation can be 
included in convergence. 
The intention preservation in previous model means the 
user’s intention should be kept, and equals to the content 
consistency in our model. 
There exist rules in collaborative work, such as grammar in 
text editor. Violating these rules may not cause any 
operation or content consistency problem, but the 
collaborative work can be low efficiency. We conclude it 
as semantic consistency in our model. 

CONCLUSION 
In this paper, we try to give a three-level consistency model 
to replace the previous consistency model proposed by 
[15]. As we have discussed above, the previous consistency 
model shows ambiguities and deficiencies, which may not 
the best suitable one for describing the consistency issue in 
collaborative editing systems. Aimed at giving a more 
clear, suitable and complete consistency model, we divide 
the consistency issue into three parts: operation 
consistency, content consistency and semantic consistency. 
Operation consistency promises the same execution order 
and result at all sites, content consistency promises the 
intentions of operations are kept, and semantic consistency 
promises the rules defined before or during the 
collaborative work are abided. The former consistency 
issue is the basis of the later one. This consistency model is 
first to be proposed. 
The consistency model given in this paper is far from 
maturity, we hope there can be further researches done on 
it to form a mature one. 
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