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Abstract—To the challenge entailed by the complexity and 
size of software systems, developers have to cooperate and work 
in parallel on software models. Models are changed separately, 
and they should be merged periodically to obtain an integrated 
single model. This leads to conflict in merging models. Therefore, 
several approaches have been proposed to detect such conflicts. 
For some conflict detection approaches, it is required to describe 
conflict constraints which are an open issue. In contribution to 
the solution of this problem, we present a UML profile for 
modeling conflict conditions which can be used for automatic 
generation of required constraints. This profile helps to build a 
conflict model by exploiting example of models which participate 
in the model merging process. Hence, software engineers are able 
to define conflicts via a concrete graphical syntax in a familiar 
UML editor. To evaluate the proposed profile, a case study 
consisting of two conflicts is performed that shows the usefulness 
of this profile. 

Keywords—modeling the conflicts; model merging; UML 
profile; model-driven software engineering; 

I.  INTRODUCTION 
Nowadays, some industrial software projects involve 

numerous requirements which increase the complexity and size 
of software systems [1]. Model-Driven Engineering (MDE) [2] 
approaches are being used to cope with the complexity by 
shifting from code-centric to model-centric software 
development. Models are the main artifacts of MDE which are 
created by software engineers and represent abstractions of 
real-phenomena tailored to a specific purpose. Also, to address 
the growing size of software systems, teams of developers have 
to cooperate and work in parallel on the same software models. 
Usually, developers modify these models separately creating 
different versions of them. When models are changed 
separately, they should be merged periodically to obtain an 
integrated single model. The merging process will produce a 
correct unified model if the input versions of the model are 
consistent [3]. Otherwise, a merging conflict may occur which 
will require conflict detection and resolution. A conflict is a 
condition, where part of a version interferes with part of 

another version which results in an invalid model when 
merging both versions of the model. 

Recently, several approaches have been proposed to 
address the task of conflict detection when merging two 
concurrently changed versions of a model. Some of these 
approaches [4]–[6] require conflict constraints to detect 
conflicts which should be defined by software engineers. These 
constraints describe conditions where merging conflicts may 
occur and must be written in the language that is used for each 
approach. Also, due to the syntax and semantics of models, a 
variety of conflicts may exist. Manually writing constraints for 
these conflicts seem to be too cumbersome and error-prone in 
practice. Therefore, comprehensive facilities need to offer 
support to define conflict modeling language that can be used 
to specify the conflict constraints for all conflict detection 
approaches. The conflict modeling language can be developed 
by a UML profile. A UML profile is an extension of the UML 
metamodel which contains specializations to fit the needs of a 
specific domain or purpose [7]. 

This paper introduces a novel UML profile for modeling 
the conflicts in model merging which helps software engineers 
define conditions of conflict by model examples. To this end, 
parts of subsequent versions of the model that interfere are 
used to represent the conflict between versions of a model. 
Therefore, conflicts are modeled according to the relations 
between example versions of a model which are represented in 
parallel in the conflict model. This model can be described 
only once and then used for generation of constraints which 
can be used in several conflict detection approaches. Our 
profile considers arbitrary syntactic and semantic conflicts 
which can be defined by model elements. The main purpose is 
to help structure the definition of merge conflicts and achieve a 
simple method to have a flexible conflict management. This 
approach is valuable for the merger which is responsible for the 
final merging process. 

This paper is organized as follows: section II outlines the 
main related work in literature. Section III presents a brief 
motivating example to illustrate conflicts arising from the 
merge of two concurrent modified versions. In Section IV, we 
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present the specification of conflict modeling profile. In section 
V, the applicability of the proposed profile is shown via several 
scenarios. Finally, conclusion and future works are discussed in 
Section VI. 

II. RELATED WORK 
In general, our work is in the field of model merging, an in 

particular it is in the context of conflict detection [8]. There 
exist several works in which the approaches of merging in 
model versioning are discussed. In this section, we divide the 
related work into two parts. First, we shortly review the most 
important researches on conflict detection and resolution in 
part A. Second, we discuss the works that have focused on 
modeling of conflicts in part B. 

A. Conflict detection approaches  
Koegel et al. [9] record the sequence of change operations 

in the modification process while working with modeling 
editors. They use operation commutatively to detect conflicts 
between the operations. Taentzer et al. [10] introduce notions 
for both state-based and operation-based conflicts in model 
merging. They introduced a syntactic conflict detection 
approach based on graph modifications for both notions. 
Westfechtel [4] presents a formal approach for merging models 
that is able to identify conflicts based on a set of well-defined 
conflict rules. Brosch et al. [6] present an approach to discover 

new conflict patterns, which can be encoded as rules for 
detection of conflicting merge scenarios. Gerth et al. [11] 
propose a formalism for business process models to identify 
both syntactic and semantic conflicts. Lastly, Dam et al. [5] 
define a model merging approach which considers arbitrary 
consistency constraints to notify conflicts.   

B. Conflict modeling approaches 
To the best of our knowledge, there are only two works on 

modeling of conflicts, which are discussed in the following. 

Cicchetti et al. [12] propose a domain-specific language 
that defines syntactic and semantic conflicts between two 
versions of a model. In this approach, conflicts are formalized 
regarding relations between two different models which are 
represented in parallel and show conflicting modifications. 
These models aim at representing the added, deleted and 
modified elements of a version. This approach can model some 
known syntactic and semantic conflicts. However, the 
definition of conflicts depends on the difference models [13], 
and some side effect conflicts cannot be detected. 

Brosch et al. [14] present a mechanism based on UML 
profiles to support the visualization of conflicts in the concrete 
syntax of UML models. They used information of the 
modeling language such as specifications of composite 
operations and metamodel constraints to automatically detect 
some types of conflicts. However, the purpose of this work is a 

 

Fig. 1. An example of conflict scenario 
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visualization of merge conflicts in the concrete syntax of UML 
models, and the definition of conflict has not addressed. 

III. MOTIVATION EXAMPLE 
In the following, we introduce a small example of classical 

model merging that is adapted from Brosch et al. [15]. In this 
example, we suppose that two software engineers, Harry and 
Sally, independently modify a common ancestor model. This 
model which is named V0 in Fig. 1, contains a UML class 
diagram that specifies an event management system. This 
model comprises two classes named Exhibition and Concert 
which are subclasses of Event and they contain a property 
called artist. Each event has a ticket that is specified by the 
class Ticket. Each ticket has a buyer who is shown by class 
Customer. Finally, there is a class called Person that does not 
have any relationship with other classes.    

Sally performs the following modifications. She introduces 
a generalization relationship from the class Person to the class 
Customer. Then, she decides to perform the refactoring 
pullUpField on the classes Concert and Exhibition by shifting 
the property artist to the superclass Event. Her modifications 
are depicted in version V1 of Fig. 1. 

While Sally works, Harry also checks out model V0 and 
unaware of Sally’s changes, does the following modifications. 
He introduces a generalization relationship between the class 
Customer and Person, such that Customer becomes the 
subclass of Person. He further adds a new class SoccerMatch 
and sets it as a subclass of Event. His modifications are 
depicted in version V2 of Fig. 1. 

The modifications of both engineers are incorporated in the 
Vm depicted in Fig. 1. When trying to natively merge these 
versions, some elements that are partly incompatible should be 
reported by the model merging system. A closer look at the 
merged version reveals two conflicts. The first obvious one is 
due to the class SoccerMatch that inherits field artist. 
Although, this has not been intended by Harry who has 
introduced this class in V2. Secondly, introducing the 
generalizations in Fig. 1, i.e., the inheritance from Customer to 
Person for Harry, and the inheritance from Person to Customer 
in Sally’s version results in an inheritance cycle when applied 
in combination. Thus, model merging process needs to warn 
about the conflicts, which should not happen when merge 
algorithms are applied. 

IV. A UML PROFILE FOR MODELING THE CONFLICTS 
A UML profile is a predefined set of extension mechanisms 

that researchers have used to adopt UML to their particular 
domain [7]. In this section, we use the UML profiling 
mechanism proposed by Selic [7] as a systematic approach to 
tailor UML for modeling the conflicts. The domain must be 
investigated, and then the recognized conflicts should be match 
with the UML metamodel. 

As the first step, we outline the conflict elements which are 
required to provide descriptions regarding when the conflicts 
have occurred. These elements are defined by a set of 
stereotypes to elegantly represent conflict concepts at the 
conceptual level. The goal is to follow the model-driven 
techniques and to use a model-based representation of conflicts 
by example. Also, we want to have a model of the concepts 
that are required for modeling conflicts in model merging. To 

 

Fig. 2. UML Profile for Conflict Modeling 
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model the conflicts in model merging, the proposed elements 
are created based on two main sources: three-way model 
merging principles and logical concepts. 

Three-way merging [16] is one of the model merging 
strategies which is a more powerful variant of other merging 
strategies, and it is possible to identify conflict detection more 
precisely. In addition to the two new versions, three-way 
merging includes the common ancestor version. A conflict 
occurs if the changes relative to the common ancestor version 
contradict each other. Regarding the three-way merging 
principles, we consider that every conflict model has a conflict 
part which should describe conflict conditions by three 
examples of model. In our conflict modeling profile depicted in 
Fig. 2, the <<ConflictParts>> stereotype extends the Class 
metaclass to describe this condition. Stereotypes are the main 
construct in a UML profile that are used to introduce additional 
modeling concepts to extend standard UML metaclasses. The 
<<ConflictParts>> element is composed of three blocks of 
patterns which describe the pattern that must exist in each 
model of three-way merging for occurring a conflict.  Each 
block of pattern is defined by the stereotype <<PatternBolck>> 
which extends the Class metaclass. An instance of 
<<PatternBlock>> includes one or more pattern examples, 
which are used to separately describe the state of ancestor or 
new versions of one model in a conflict condition. Moreover, 
two or more elements of the stereotype <<PatternBlock>> can 
be combined to support complex patterns. 

The stereotype <<PatternExample>> uses an element of 
stereotype <<ModelBlock>> to support defining this patterns by 
a simple model which has been created under the metamodel of 
models must be merged. For this purpose, the <<ModelBlock>> 
stereotype extends Model metaclass. Also, according to the 
Fig. 2, <<PatternExample>> can include some <<Quantifier>> 
concepts which can specify the quantity for each element in the 
patterns that are created by examples. The <<Quantifier>> 
provides stereotypes for each kind of model element. Thus, it 
extends the root metaclass Element of the UML metamodel.  
We defined the <<Quantifier>> as abstract and extended it to 
three types: <<Not>>, <<ForAll>> and <<Exists>>.  

Regarding the logical concepts, we defined stereotype 
<<Logic>> which extends Relationship metaclass and used to 
support the combination of pattern blocks. The <<Logic>> 
stereotype is abstract and two stereotypes <<AND>> and 
<<OR>> extend it. Therefore, it is possible to compose patterns 
by using <<AND>> and <<OR>> stereotypes that are used to 
mark the relationship between two patterns block.  

In addition to the <<ConflictParts>> element which is one 
of the main elements for defining a conflict, we also introduce 
the <<WeavingPart>> stereotype which is composed by 
<<WeavingElement>> stereotype to specify common elements 
of three patterns block. Each common element can be defined 
as an instance of stereotype <<WeavingElement>> which 

extends Property metaclass, and its attributes represent 
elements that are same or different. These attributes can be 
represented with tagged values. Tagged values are another 
construct in a UML profile which can define additional 
properties for stereotypes. Each element of the stereotype 
<<WeavingElement>> is decorated with four tagged values, 
namely Ancestor, Left, Right and Type, which are used to 
describe mapping between elements of three-way merging 
models. Finally, to define a conflict model, we should start 
modeling by adding a conflict entity which is the root concept 
for describing a conflict condition. The stereotype <<Conflict>> 
which extends the Class metaclass and composed by two 
element of <<ConflictParts>> and <<WeavingPart>>, is used to 
this purpose. 

We realized this approach for EMF based model which is 
conformed to the UML standard metamodel. For the 
implementation of our profile, we employ Papyrus1 which 
supports graphical editors for UML models and provides 
powerful specification techniques based on UML profiles. The 
implementation is available as a Github repository2. Also, a 
case study was developed to instantiate the proposed UML 
profile. The idea is to apply the conflict modeling profile to a 
realistic three-way model merging for defining any conflicts 
which are occurred. It will be addressed in the next section. 

V. CASE STUDY 
In the third section, we introduced a motivation example to 

represent merge conflicts in the three-way merging process. In 
this section, we demonstrate the application of our conflict 
modeling profile to define the merge conflicts for evolving 
UML models. To do this, we use the motivation example as 
case study to evaluate the feasibility of our modeling profile. 
This example has two syntactic and semantic merge conflicts 
which are recognized as InheritanceCycle and PullUPField. In 
the following, we define these two conflicts with our conflict 
modeling profile.  

A. Inheritance Cycle Conflict 
The InheritanceCycle is a syntactic conflict that has 

occurred for the merging models which are depicted in Fig. 1. 
Introducing the inheritance from Customer to Person by Harry, 
and the inheritance from Person to Customer in Sally’s version 
is the reason for the occurrence of the inheritance cycle when 
applied both of them. To describe this conflict condition, we 
define the conflict model which is shown in Fig. 4. According 
to this model, each inheritance cycle conflict has a conflict part 
which is composed of three pattern blocks, namely 
ancestorPart, rightPart, and leftPart. Each of these patterns is 
related to a model that specifies condition should exist to 
occurred inheritance cycle conflict.  

                                                           
1 https://eclipse.org/papyrus/ 
2 https://github.com/MSharbaf/CMProfile2017 
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Fig. 4. The conflict model for defining PullUpField conflict 

 

Fig. 3. The conflict model for defining Inheritance Cycle conflict 
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In this conflict, the desired condition, which is depicted by 
model blocks, is the addition of two inheritance relationships 
with opposite direction in new versions. The classes that 
inheritance relationships are introduced for them should be 
equivalent which are indicated by attributes of weaving class.  

B. Pull Up Field Conflict 
An example of semantic conflict is PullUpField conflict that 

occurred when an engineer performs the refactoring by 
removing the common attribute from all subclasses and adding 
it to the common superclass. In the meanwhile, other engineer 
adds new class without common attribute that extends common 
superclass. The Fig. 3 shows conflict model that are defined to 
describe this condition. It has to be noted that, similar to the 
conflict model of InheritanceCycle, this model has three 
conflict parts, but it used four pattern examples to defining 
expected condition in ancestor and two new versions of models 
which are involved in merging process. According to the Fig. 
3, we have two model blocks for left part of conflict model 
which are combined by AND concepts. Also, pattern example 
which is named patternL2, has a NOT quantifier. Consequently, 
if one of the new versions has patternL1 and does not contain 
patterL2, it is compatible with condition of left part in conflict 
model. In the same way, if other version covers right part and 
ancestor model contains ancestor part, we can say that the 
PullUpField conflict has occurred.  

VI. CONCLUSION AND DISCUSSION 
In this paper, we proposed a UML profile for modeling 

conflicts in merging all types of UML models. This profile can 
be easily integrated into existing tools that support UML. 
Using this, a software engineer is able to describe conflict 
conditions by the example of models which are involved in the 
merging process. The presented conflict modeling profile is 
distinguishable from any specific conflict detection approach 
such that it describes the condition of occurring conflicts in a 
structured manner. We implemented this approach within 
Papyrus tool which provides powerful specification and 
modeling techniques based on UML profiles. 

The presented case study has illustrated the feasibility of 
modeling the conflicts with the proposed UML profile. Here 
we discuss on the completeness of this profile, i.e., the ability 
of this profile to model all the conflicts in model merging, 
which are specified by model elements. According to the 
proposed profile, each conflict includes ancestor, left, and right 
parts that are represented by pattern blocks. Each pattern block 
is also composed of pattern examples that demonstrate 
examples of a UML model. Because there is an example for 
every known conflict in UML, this example can be used for 
modeling the conflicts, and the proposed profile can model all 
conflicts in merging versions of UML models. Therefore, the 

proposed conflict modeling profile is complete and supports all 
occurred conflicts for UML model merging.           

In future work, we will follow the model-driven 
transformations to generate code-centric constraints which can 
be used for several conflict detection approaches. Furthermore, 
we will extend our approach to support the conflict resolution 
process. We also plan to apply our approach to other Ecore-
base modeling languages. 
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