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Introduction
Under rapid technology development and continuous advancement in society, demands 
on information systems and related devices that consider properties such as flexibility, 
dependability, customizability, and adaptability have become increasingly vigorous [1]. 
The SAS, which is the primary component operating automatically in the framework of 
the system and interacting with the system on behalf of the user, plays an inevitable role 
in maintenance and configuration and is integrated into ubiquitous devices more than 
ever before [2, 3]. Therefore, several services at the inside of interactions between ubiq-
uitous devices and the application layer are provided by the SAS. Furthermore, it allows 
the services or applications of the system to use the context information to change their 
behaviors according to the situations of the device and user.

The contextual information around users, such as connections and devices, is changed 
due to their various locations. Hence, the user’s mobility in the design of the SAS should 
be considered. It means that the SAS, whose context model is required to cover all user 
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scenarios, must auto-adapt applications that can intelligently adjust to numerous environ-
ment changes [4]. However, the modeling context in the SAS based on predicting all user’s 
situations and application scenarios can increase the number of required concepts to descibe 
during the context modeling process. Moreover, the designer has to combine knowledge of 
different expert domains to design a single big context model, making the designer’s task 
highly complicated. It would be better if the single large context model is separated into mul-
tiple independent context models in which the designers utilize their knowledge to present 
the scenario of user and application in terms of their perspective. That work can help each 
designer’s task become simpler than before. In addition, the use of independent models also 
makes it easier to develop or reconfigure the context model system in the SAS.

Moreover, the data obtained after the modeling process based on the perspectives of vari-
ous experts have different data structures and types as a result of their implementation of 
dissimilar modeling techniques or tools. It is therefore essential that the data obtained needs 
to be standardized by standard formats for all views (e.g., the context-intermediate model 
(CIM)) [5]. The standardized data is then added to context-aware management (CAM) to 
help the SAS in context processing [6]. The CAM consists of two phases, i.e. the design time 
where the designer uses specific models to describe the views and the runtime for which 
all the special views are independently managed was used to manage all specific views and 
detect changes in context [7]. Each viewpoint in work at an observation cycle stores one 
state of adaptation that is defined by one predication and each state of the adaptation has its 
objective. Necessary implementation steps to fulfill the identified goals are defined by the 
objective of the state (OS). In particular, each OS with a defined action is specific and meas-
urable. At one moment, if the OS of one viewpoint contradicts or is incompatible with the 
OS of the others in a SAS, then there will be a conflict between the viewpoints that are not 
easily determined since it exists in many aspects of the response. Wang et al. presented that 
“conflict is a natural disagreement between different attitudes, beliefs, values or needs” [5]. 
The conflict between viewpoints also is a conflict between the OSs. The conflict between 
OS occurs when there is an incompatibility in desired end states or preferred outcomes. 
Hence, it is worth designing solutions for addressing the conflicts.

The works [6, 8–10], and [11] indicated that the present SASs are capable of detecting and 
resolving conflicts between adaptation rules at runtime. However, further enhancing SAS’s 
adaptive capacity requires a significant increase in the number of adaptive rules, resulting 
in determining solutions for the conflicts becoming more complex and consuming time. 
Moreover, since all user scenarios associated with context cannot be predicted, resolving the 
conflicts between viewpoints at design time is impossible. In addition, adding new perspec-
tives is mainly dependent on the user’s choice, causing the challenge and difficulty of using all 
of the viewpoints together in a system. For example, the CAM manages two viewpoints, and 
two objectives of the state in these viewpoints may remain conflicts in the same period and 
place, such as viewpoint 1 with increasing the light intensity and viewpoint 2 with decreasing 
the light intensity. It is not easy to solve this problem with the usual system. Thus, a mecha-
nism is needed to find and solve the conflicts between the semantics of viewpoints on the 
CAM before providing adaptation rules for the deployment process of the SAS [6].

Numerous studies have been conducted in the SAS using “Who, What, When, Where, 
Why, and How” (5W1H) questions to handle the problems of capturing the adaptation 
requirements. Salehie et al. use the 5W1H questions to elicit adaptation information: Where 
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must the change be implemented? When does an adaptation need to be implemented? 
What needs to be adapted in each situation? Why is the adaptation necessary (identify 
the goals of the adaptation)? Who must execute the adaptation? And how are the adapta-
tions implemented? [12]. Krupitzer et al. provided the taxonomy to answer the questions of 
adaptation [13]. They used the 5W1H question as the solution to describe their taxonomy. 
Answering each question provides an element of adaptation: “When?” is the time of adapta-
tion, “Why?” provides the reason for adapting, “Where?” shows the location of adaptation, 
and “What?” presents the technique of adaptation, “Who?” is the nature of the system leads 
to an automatic type of adaptation) and “How?” provides an adaptation control solution.

Many works, such as the works on [14, 15], have used the 5W1H approach or a part of 
it to model contexts. Kim et al. use 5W1H questions to define the model for contextual 
information named ontological context-aware model based on 5W1H (CA5W1Honto). 
They used three elements “Concept, instance and context” to define each object of the 
contextual information. Moreover, the authors of the CA5W1HOnto model separated 
ontologies and context information in the form of two independent modules. Therefore, 
this approach can provide a high level of recyclability and expandability of the context 
model and some formalism to contextual information through the web ontology language-
description logic (OWL-DL). They used six elements “goal, role, location, action, status, 
time” corresponding to six context modeling ontology elements (why, who, how, where, 
what, when) to define the context. Rathi et al. introduce a framework named “event and 
implied situation ontology” (ESO-5W1H) for adjudging the machine and human roles in 
their corresponding interaction [16]. The ESO-5W1H uses six classes: “Who”, “When”, 
“Where”, “Why”, “What” and “How” to build the basic decision process for the system’s 
adaption. The element “Who” is used to present the role (Device, Signboard, etc.); “When” 
is used to define causal chains; “Where” is used to describe Location; “Why” is used to 
describe Goal; “What” is used to describe Status; and “How” is used to describe Action.

From the works mentioned above, we can see that the 5W1H approach can describe 
the adaptation information. In addition, the ontology-based on 5W1H questions in [15] 
and [16] shows that the 5W1H framework can also be used to build a domain context 
ontology for the context model. It provides the ability to concepts and relations analyz-
ing and extracting within the discourse domain. In our approach, we propose using the 
OS to outline the “what, where, and how” of each state’s implementation steps to achieve 
the primary goal of the viewpoint’s state. So, we use also the 5W1H approach or a part 
of it to build our contextual ontology that is used to describe the OS. For this, we need 
to provide a standard definition of the OS, and then the designer will use the elements of 
contextual ontology to describe the OS from all viewpoints at design time.

In this study, we proposed a solution to add two new mechanisms to handle problems 
associated with detecting and solving conflicts between viewpoints on CAM. In our 
approach, CAM is independent of the SAS. While CAM can anticipate actions of per-
spectives to dismantle unnecessary adaptation rules, the SAS manages the adaptation 
rules without caring about their semantics of it. In particular, the SAS can tackle only 
the conflicts of access to components or devices. The SAS cannot operate with conflicts 
related to the semantics of each state in viewpoints. The details of the contextual ontology, 
objective of state, and conflict detection methodology are analyzed in the next section. 
Finally, a solution for solving the conflicts between designers’ viewpoints is also proposed.
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Methods
Contextual ontology and objective of state

In this section, our construction of a contextual ontology database (COD) that stores 
the essentials for describing the OS, based on the 5W1H conceptual modeling frame-
works. In our previous research [17], we used four elements including “What, where, 
how and priority” to describe the OS. However, if we have two OS with the same 
composite time, the CAM cannot choose a suitable adaptation for the state. In this 
case, the CAM needs more information related to the atomic time of OS. So, we pro-
posed an approach that requires five elements of the 5W1H: “what, where, when, who 
and how” [18–20]. In our methodology, “Why” is not used to describe the OS. The 
designers will explain their choice in the official language or human language (for bet-
ter understanding by the user and the system). This means that the reason for adapta-
tion corresponds to the designer’s choice.

Figure  1 presents the domain concept in our contextual ontology (CO) which is 
composed by the union of several sets. Each set stores five aspects of 4W1H ontology 
(what-where-when-who and how). The combination of 4W1H is given by:

where,  Cwhat represents the class of concepts related to objects which are impacted 
during the adaptation process of SAS (such as Humidity, temperature, etc.).  Cwhere 
shows the location of objects (Parking, Office, etc.) respectively.  Cwhen is used to 
describe the time of adaptation need.  Cwho is used as an entity to indicate the priority 
level of adaptation [15]. Chow denotes the set of concepts about the action that needs 
to be performed to reach the adaptation’s goal (Activate, deactivate, etc.).

Additionally, the designer can utilize the information obtained from the 4W1H data-
base to demonstrate the OS in the design time. With {O,L,T,P,A} being a set of concept 
names, the term O can be defined as O [o,l,t,p,a]. Where:

o ∈ O, with O as a class of concepts related to objects on “What element” (i.e., tem-
perature, light intensity).
l ∈ L, with L as a class of concepts related to places or locations on “Where elements” 
(i.e., Parking, Office).
t ∈ T, with T as a class of concepts related to times on “When elements” (i.e., daytime, 
nighttime).

(1)CO = Cwhat ∪ Cwhere ∪ Cwhen ∪ Cwho ∪ Chow

(2)With : Cn ∩ Cm = ∅(n#m�Cn, Cmǫ{Cwhat, Cwhere, Cwhen, Cwho, Chow})

Fig. 1 Contextual ontology 4W1H
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p ∈ P, with P as a class of concepts related to the position of the user on “Who ele-
ments” (i.e., manager, security).
a ∈ A, with A as a class of concepts related to actions on “How elements” (i.e., acti-
vate, turn of ).

Detecting and solving methods

CAM can handle states of multiple viewpoints at once, causing the possibility of conflict 
between any two objectives of the state under different viewpoints. Thus, detecting and 
solving conflicts between OSs on CAM pleasure a leading role in improving the respon-
siveness of the SAS. This section demonstrates detecting conflicts between the OSs in 
different viewpoints, and a solution to solve these conflicts problem.

Conflict detection

Figure 2 illustrates the structure of the SAS in our approach [17]. In the SAS as shown in 
Fig. 2, if there are n viewpoints used on one CAM system, at one moment, the CAM will 
manage n states corresponding with N viewpoints. This means that if the system has N 
states corresponding with the N viewpoint, the CAM has to manage N OS at once. It is 
required an OS merging process to find and solve the conflicts between them. In addi-
tion, it provides also incompatibility situations between conflicting OSs.

In our approach, the five elements “what, where, when, who and how” of the states’ 
objectives are employed to analyze situations of conflict between viewpoints. Of which, 
{o, l, t, p, a} are five concepts corresponding to the information used to define OS 
(included elements of “what, when, where, who and how” class) of two OSs:  O1(e) and 
 O2(e). Figure 3 presents the association between each element of two OSs  (O1 and  O2).

In terms of element “What,” with Oi(o) = oi (i = 1, 2, oi ∈ {CWhat}), there are four rela-
tion situations of O1(o) and O2(o) as shown in Fig. 3. As illustrated in Fig. 3(a), O1(o) and 
O2(o) have same object to be adjusted (i.e., O1(o) = O2 (o) = Light intensive), Fig.  3(b) 
show the totally different objects in O1 and O2 (i.e., O1(o) = Humidity, O2(o) = Devices). 
Meanwhile, in Fig. 3(c), O1(o) and O2(o) exist intersection relation (i.e., O1(o) =  (2000C 

Fig. 2 Self‑adaptive system (SAS) diagram
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to  3500C) and O1(o) =  (2500C to  4500C), and in Fig. 3(d), O2(o) is a subspace of O1(o) or 
O1(o) is a subspace of O2(o) (i.e., O1(o) =  (1500C to  4500C) and O1(o) =  (2500C to  3500C)).

Similarly, for the elements “Where” and “How”, there are also four relation situations of O(l) 
and O(a) corresponding to their cases. (O1(l) = O2(l) = Car parking) or (O1(a) = O2(a) = Deac-
tivate) is an example of the situation O1 and O2 have the same location or same action, 
respectively. In some other cases, O1 totally different to O2 both location and action (i.e. 
O1(l) = Department and O2(l) = Office or O1(a) = Deactivate and O2(a) = Turn On). There is 
even the existence of an intersection relation between O1 and O2 of the elements “Where” and 
“How”, for instance, O1(l) = Second floor of department and O2(l) = Corridor of department).

If two OSs have the same action, it is confirmed that they will never have conflict. In 
contrast, if two OSs have different actions, the CAM must check the relation of these 
actions to determine whether these actions conflict or not conflict. In the 4W1H con-
textual ontology database, the relationship (R) between section “O(a)” of two OSs can 
be easily constructed as presented in Fig. 4. In “How class” of contextual ontology, the 
relation of two actions Y and Z obtain two values a or a . We have R (Y, Z) = a if the 
action Y of  OS1 does not involve action Z of  OS2 (i.e., decrease and deactivate) and is 
R(Y, Z) = a if the action Y of  OS1 is opposite or incompatible with the action Z of  OS2 
(i.e., Increase and Decrease). The relationship between all elements of “How” class 
(including their subclass) is based on the rules:

If action Y conflicts with action Z:

If action Y does not involve action Z:

Conflict case definition: Objective (O1) CONFLICT objective (O2) (Table 1), if:

(3)R(Y, Z) = a → R ∀yǫY , (∀zǫZ) = a

(4)R(Y, Z) = a → R
((

∀yǫY
)

, (∀zǫZ)
)

= a

Fig. 3 The relationship between two elements  O1(e) and  O2(e) with different cases of a having the same 
object, b having different objects, c having an intersection relation, and d having a subspace in each object
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– Action of O1 incompatible with or opposite to action of O2

– These actions impact to same “object” in same “place” and same “time”

Example 1: As the conflict case mentioned in the introduction, if we have two 
application scenarios:

– Viewpoint 1: In the office: if it is daytime and “light intensity < M = yes”, then increase 
the light intensity.

– Viewpoint 2: In the office: if it is daytime and “experiment completed? = yes”, then 
decrease the light intensity.

Randomly during the daytime, the “experiment completed? = yes” and “light inten-
sity < M = yes”, we have:

From the analysis result in Table 2, we can conclude that  O1 conflicts  O2.

Solving conflicts between designers’ viewpoints

In this section, we present the solution for solving the conflicts between designers’ view-
points. If at least two viewpoints are applied, the CAM has to supervise at least two 
objectives of states at every moment. Each state of viewpoint has its own OS, hence, the 

Fig. 4 The relation properties between elements in “How class” of 4W1H ontology with R(x,y) = a when the 
action x does not affect action y and R(x,y) = h̅ when the action x is incompatible or opposite with action y 
[17]

Table 1 Objective of states conflict analysis results

No R1,2(.) Conflict analysis
“What, Where”

Conflict analysis
“When”

Relation of 
O1(a), O2(a)
“How”

OS
conflict

1 olta Same object,
same place

Same time Not affect Not conflict

2 olt a Same object,
same place

Same time Incompatible
opposite

Conflict

3 ol t  a Same object,
different place

Different time Not affect Not conflict

… … … … … …

16 olta Different object,
different place

Different time Incompatible
opposite

Not conflict
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CAM must find out the conflict situation of any two OSs by checking each pair of all 
OSs. Two OSs exist in conflict when four elements of these OSs have a relation as shown 
in Fig. 5.

SAS will do the action in each state of viewpoint following the adaptation rules 
(AR) built by the experts at design time. However, each expert designer has dif-
ferent ways to describe his adaptation rules following his concern. So, the CAM 
cannot work on the rules level [21] to find and solve the conflict between OSs. 
Nevertheless, the CAM cannot adjust the action through adaptation rules in 
each state of viewpoint; it can choose the best adaption rule to suit the needs 
for adaptation at one time. However, the problem here is: “How to find what is 
the best action for adaptation?”. In this case, all designers must provide addi-
tional information to support the CAM in choosing the adaptation rule of OS. 
Furthermore, one of the most used solutions is adding priority levels for all states 
of each viewpoint. The SAS can use priority levels from viewpoints as impor-
tant indexes to select more valuable adaptation rules when the CAM detected the 
conflicts between OSs.

Many researchers have used “Priority” as an important index for evaluating 
or choosing adaptation rules on research domains such as security, health care, 
management, etc. [22–24]. While Spicker proposes to use five priority levels 
(Lexical ordering, special status, precedence, relative value, and importance,) in 

Table 2 Conflict situation analysis from example 1

Scenarios Object (what) Place (where) When (time) Action (how)

Viewpoint 1 (Security) Light intensity office Daytime increase

Viewpoint 2 (Employee) Light intensity office Daytime decrease

Relation  (O1 and  O2) Same object Same place Same time Opposite action

Fig. 5 The diagram of the relationships of three elements of two OSs when there is a conflict situation 
between two OSs
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choosing adaptation rules [25]. Spicker agreed that the “priority” of something 
shows that it is more important than others. As a result, many approaches have 
used a level of priority to provide well services to adapt the versatile user situ-
ations. In the above approaches, the designer or user points out conflict situ-
ations, and then the CAM use the priority of the OS as an important index to 
support the SAS in selecting services or applications if the CAM find out the 
conflict situations. In this approach, we find the motivation to use the “Prior-
ity level” to describe each OS’s importance in viewpoints. Moreover, we believe 
that it is a well-suited solution to support the SAS in detecting and solving con-
flicts between OSs at run time. In our viewpoint, a SAS must provide the adapta-
tion rules based on four levels of user: manager, security guards, employees, and 
guests. So, in our approach, we use four elements of “Who class” including “Man-
ager, security, employee, and guest” corresponding with four objects of adapt, as 
shown in Table 3. The priority element of each OS shows the importance of the 
viewpoint’s states. Following that, the SAS can select the best adaptation rules in 
conflict cases.

With the addition of the priority element in the OS description, each OS will be 
established by five elements corresponding with concepts from five classes (what, 
where, when, who and how) of the contextual ontology database, as shown in Fig. 6.

All OSs that conflict with at least one other OS will be classified into four subclass 
PL1 to PL4 corresponding with four important levels of OSs. Next, the conflict-solving 
step is done by the CAM, as shown in Fig. 7.

Table 3 Priority levels used on 4W1H ontology database

Level Who Priority

PL1 Manager Very important

PL2 Security Important

PL3 Employee Normal

PL4 Guest or Device Low

Fig. 6 The Objective of state description with 4W1H with five elements: what‑where‑when‑who‑how



Page 10 of 16Do  Journal of Engineering and Applied Science           (2022) 69:75 

At time t, for an example, the observation predicate cycle of the CAM can detect n-OS 
(n is the total number of all OS at one time). The CAM will classify them into four levels, 
from PL1 to PL4 (corresponding with four levels of priority), as shown in algorithm 1:

Furthermore, the CAM compares all OSs at the same priority level (PLi) to find the 
same OSs in this priority level (two OSs is called the same if five elements them are 
the same (Oi (o) = Oj (o), Oi (l) = Oj (l), Oi (t) = Oj (t)), Oi (p) = Oj (p), Oi (a) = Oj (a)). 
Suppose the CAM has class PLi (i = 1 to 4) containing OSs with the same priority 
level. It can keep one of them and determine the number of viewpoints with identical 
OS in each class PLi following algorithm 2:
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Results and discussion
In the previous section, we proposed to use four priority levels in the “Who class” 
including “Manager, Security, Employee, Guest and Device” to point out the important 
level of each OS. Based on the priority level, the solution that solves conflicts between 
OSs can be expressed logically. This solution based on the proposed method can be 
illustrated in three following steps in some issues which can be happened in system.

Step I: Determine the number of designers’ viewpoints which has the same OS in each 

priority level

- Issue 1: After the classifying OS step (use algorithm  1), suppose we have nine OSs 
where each OS conflicts with at least one other OS, and  O2 =  O8, and the number of OS 
in each class of priority is shown in Table 4.

Table 5 presents the result of the calculation process (use algorithm 2) to determine 
the number of designers’ viewpoints which has the same OS in each priority level at 
runtime.

Step II: Find out the conflict between OSs in the same priority

The SAS examines the conflicts among OSs at the same level of priority (element “Who”) 
from PL1 to PL4. In the same  PLi, the CAM compares the number of conflicts between 
each OS with others. After that, the CAM ignores the OS has the highest number of 
conflicts. It updates the OS list in each class and checks again without ignoring OS. This 
process repeats until it has no conflict between viewpoints in all classes. If any two OSs 
 (Oi and  Oj) have the same conflict number compared to others; the CAM must check 
the number of viewpoints associated with them. It keeps the OS with a higher number 
of viewpoints related to that OS and ignores the other. If two OSs have the priority level 

Fig. 7 Schematic of classifying and solving conflict between multiple viewpoints
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and the number of viewpoints associated with them equally, it must keep randomly one 
of them for responding.

- Issue 2: With the previous example in Issue 1, at PL1 level, if O2 >  < O3 (we propose to 
use the symbol “ >  < ” to replace the conflict situation), and they do not conflict with any 
other OS. The result of step 2 shows in Table 6.

In the above example, the amount of conflict with other OS of O2 and O6 is equal. 
However, O2 is used by more than one viewpoint, while O6 is used by only one view-
point. Therefore, the CAM keeps O2 (ignore O6), then it has to update the situation of 
OSs as shown in Table 7.

In case of two OSs have the same viewpoints associated with them and there is a con-
flict between them, the CAM will examine the conflict between these OSs with other 
OSs in the lower priority level. Next, the CAM ignores the OS having the most conflict 
with others. In a special case, if these two OSs have the same amount of conflict as other 
OS in the lower level, the CAM has to keep randomly one of these OSs for responding.

Assuming that the conflict situations between OSs in the above example can be: 
{O4 >  <  O5;  O4 >  <  O1,  O4 >  <  O7 and  O5 >  <  O1}, the results of checking conflict in the PL2 
class can be illustrated in Table 8.

In the PL2 class, because the conflict number of  O4 =  O5 = 1, they have the same num-
ber of viewpoints associated with them (k[4] = k[5] = 1). The CAM has to check the 
conflict situation between them with OSs at the lower priority level. And the result of 
checking and solving conflict is presented in Table 9.

Step III: Checking the conflicts with OSs in the lower priority level

If the CAM cannot find out the conflict between OSs at the same priority level, it will 
check the conflicts between Oss at the highest priority level with other OSs at other 
lower levels:

Table 4 The priority of objective of the state

Who class OS

PL1 O2,  O3,  O6,  O8

PL2 O5,  O4

PL3 O1

PL4 O7,  O9

Table 5 The result of merging the same OSs in each priority level

Decision Merging results

PL1 Ignore  O8 because  O2 =  O8
Concatenate (2) with  O2 (a[2] = 2)

O2
(2),  O3,  O6

PL2 O4 #  O5 O4,  O5

PL3 ‑ O1

PL4 ‑ O7,  O9
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– If a conflict exists between OSs at the highest level and other OSs at the lower level, 
the CAM ignores the OS in the lower  PLi.

– If the CAM does not detect any conflict, it will check for the next lower level in the 
“Who class”.

The CAM will continue checking and solving the conflict process until not no con-
flict is detected; it will provide a new set of OSs without conflict for the deployment 
rules process. With the example above, the result of the solving conflict process can be 
expressed as O* = O2 + O3 + O5 + O7 + O9. This is the most suitable solution for giving 
the determination of the system based on the viewpoints.

Based on some mentioned issues and the solving process, the conflicts between view-
points at CAM before executing the adaptation rules for the SAS can be found and 
resolved by the proposed method in the paper. When we make an application using 
multiple viewpoints to model the context, the conflicts between the adaptation of the 
viewpoints can happen at run time. This disadvantage occurs because the viewpoints 
are designed by different designers. Each designer only cares about the purpose of their 
application scenario. So, when the CAM merges the viewpoints at runtime, the corre-
sponding adaptation rules of each viewpoint may conflict with each other. These con-
flicts can not be resolved at the design time because the designer does not have the 
instance information of the components which are impacted by the adaptation of the 
SAS at runtime. The goal of each viewpoint state by OS can become the key to solv-
ing the problem. It can be used to find out the potential conflict between designers’ 

Table 6 Conflict and result of conflict‑solving process

Table 7 The updated table of the OS list

OS Npi

PL1 O2
(2),  O3 2

PL2 O4,  O5 2

PL3 O1 1

PL4 O7,  O9 2

Table 8 The conflict number of OSs in class  PL2
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viewpoints. The conflicts between viewpoints at a time are also the conflicts between the 
OS of viewpoints. Therefore, the resolution is introduced to detect and solve the con-
flicts between the OS of viewpoints. This solution can reduce the number of conflicts 
between viewpoints that need to be solved in the SAS. However, this solution also has 
its disadvantage. It requires the system to spend a lot of time checking, selecting, and 
updating the OS situation during the adaptation process.

Conclusions
When we make an application using multiple viewpoints to model the context, the con-
flicts between the adaptation of the viewpoints can occur at run time. Detecting and 
resolving conflicts in CAM plays an important role in improving the adaptive capacity of 
the SAS. However, detecting conflicts between viewpoints through adaptive rules is not 
possible because there is no information at device instances. In the proposed method, 
the goal of each viewpoint state by the Objective ontology database is described and 
used to find out the potential of conflict of designers’ viewpoints. The contextual ontol-
ogy database composes of five classes: what, where, when, who and how. All designers 
can use the contextual ontology database (4W1H) to present the objective of state for 
each viewpoint at design time. The CAM detects the conflict between viewpoints by 
comparing five elements “what, where, when, who and how” of OS at runtime.

In addition, in our research, we propose to add “Who class” (on contextual ontology 
database) as the priority element of each OS for the conflict resolution process. The 
CAM uses the priority of OS to classify all OS into four levels corresponding from PL1 
to PL4. The priority level of OS is an essential index for choosing OS in case of a conflict. 
The result of detecting and solving conflict process is the list of OS without conflict and 
the CAM ready for deployment rules to SAS.

In the future, we want to build an observation mechanism to observe context auto-
matically without triggering an observation signal from the CAM. It can operate inde-
pendently with the CAM to provide useful contextual information for the system. This 
solution allows using the same observation mechanism for many CAM on the self-adap-
tive system.

Abbreviations
SAS  Self‑adaptive system
CIM  Context‑intermediate model
CAM  Context‑aware management
OS  The objective of the state
5W1H  Questions to elicit adaptation information

Table 9  The result of solving conflict
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