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Preface 

The 2016 International Conference on Advanced Informatics: Concepts, Theory and 

Application (ICAICTA20l6) is jointly organized by the Informatics Research Group, School 

of Electrical Engineering and Informatics, Institut Teknologi Bandung (Indonesia), Toyohashi 

University of Technology (Japan), Faculty of Informatics, Burapha University and School of 

Computer Sciences, Universiti Sains Malaysia (Malaysia). ICAICTA2016 is the third 

conference to be held in the series after two previous successful ICAICTAs in Bandung, 

Indonesia in 2014 and Chonburi, Thailand in 2015. The ICAICTA conference aims to bring 

together international academicians, scientists and industrialists for knowledge sharing, 

exchange of ideas, collaborations and presentation of their research outcomes in the field of 

informatics. 

ICAICTA2016 is also authorised as an activity of the Institute for Global Network Innovation 

in Technology Education (IGNITE), Toyohashi University of Technology as the 4th IGNITE 

conference. IGNITE conferences are on-going conferences jointly organised by Universiti 

Sains Malaysia and Toyohashi University of Technology. 

This year, we called for papers on Computational Science and Engineering; Intelligent Systems 

and Data Sciences; and Media Technology and Information Systems. A total of 105 papers 

were submitted from 6 countries namely China, India, Indonesia, Japan, Thailand, and 

Malaysia. From the papers submitted, 65 were accepted for presentation (62% acceptance rate). 

We would like to thank Professor Prabhas Chongstitvatana, from the Department of Computer 

Engineering, Chulalongkorn University, Thailand, and Professor Shigeki Nakauchi, 

Presidential Advisor, Toyohashi University of Technology, Japan for delivering the keynote 

addresses. We also thank the reviewers and members of the program committee for reviewing 

and selecting the papers, as well as members of the local organising committee for their effort 

in making this conference a success. 

ICAICTA2016 is technically supported by the Institute of Electrical and Electronics Engineers 

(IEEE), and IEEE Computer Society Malaysia. We are grateful to Micron Technology, Inc., 

Emico Penang Sdn. Bhd., and Mini-Circuits Technologies Malaysia for sponsoring 

ICAICTA20l6. 

We wish all participants a fruitful and enjoyable conference, and we hope you will find time to 

explore Penang, the Pearl of the Orient. 
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Abstract—The trend in using information and communication 

technology as an engine of the current city management system 

has hypnotized various cities in the world, including Indonesia. 

Many terms appeared such as cyber city, smart city, intelligent 

city, or whatever it's called with the various developments of 

concepts that offer a wide range of sophistication and ease in 

managing any city needs. But behind the greatness of the 

proposed system, whether they are aware of how the 

characteristics of a city should be. In a city, there are so many 

diversities of the dynamic elements that make us must have an 

adaptive system to control it. This paper proposes an approach 

that has concern for the importance of adaptability to help the 

city management system. Two type of problems that become the 

main focus that make why the self-adaptive capability is 

important are deterministic and non-deterministic problems. The 

developed key strategy consists of two approaches. First, through 

series of modification for representing new problem space for 

solving a deterministic problem. Second, a non-deterministic 

problem is handled by a system that prepared automatically to 

search solution. The main objective of this paper is to depict a 

model to handle both types, through cyber city case illustration. 

Keywords—self-adaptive systems; intelligent systems, 

knowledge representation; rule-based systems, adaptive cyber city 

I. INTRODUCTION 

The growth of urban population in the world today, 
encourages the growth of needs level, which is increasingly out 
of control. This is based on the fact that the level of knowledge 
of the population continues to increase, so [1] causes the issues 
of social, economic, and environmental become connected with 
each other. This fact shows that the characteristics of a city 
have a multitude of interrelated elements, and ultimately led to 
various challenges and problems, related to the provision of 
public services. Therefore, cities are required to have an 
intelligent solution to creating sustainable environments, e.g., 
[1], the management of infrastructure resources, environmental 
management, city activities monitoring, and various other 
activities. All these activities will be connected to the city 
management system, such as transportation management 
systems, energy management, water management, waste 
management, management of municipal administration, health 
care management, and various other public service 
management. 

Nowadays, many cities in the world, including cities in 
Indonesia, have made efforts to tackle the problems. The 
initiative is by utilizing information and communication 
technology functions, in a concept called the cyber city, smart 
city, intelligent city and various other terms. Basically, these 
concepts aim to meet the needs of the city management, 
through the formulation of the system, which is packed with  
various facilities, such as the efficiency and effectiveness of 
implementation, the speed of access, accuracy of services, and 
others. Various advantages of the features developed will not 
make a significant contribution, if it is temporary. This is 
related to the ability of the concept that can be offered to meet 
the dynamic characteristics of growth in a city. 

The key strategies in this paper is the main contribution. 
We propose a self-adaptive framework for the city 
management system. The approach is divided into two models, 
the first is called (a) domain models, a representation of the 
variability in the context of the needs to be captured, and the 
environmental behavior of the system, and the second (b) 
control model, a formulation of the management and 
adaptation mechanisms which dealing with the growth of the 
system. The second section of this paper discusses about the 
concept of self-adaptive systems and cyber city, then on the 
third section we describe the proposed model, followed by a 
discussion of related work in section four, and we conclude this 
paper in section five.  

II. SELF-ADAPTIVE SYSTEMS AND CYBER CITY 

Self-adaptive systems (SAS) was present as an alternative 
solution to solve the problems related to the changes of features 
and complexity of the system. Including the demands of 
regional autonomy, automation, adaptability, flexibility, 
scalability, reliability, speed, and others [2]. Nowadays, there 
are various definitions of SAS, including SAS as a system that 
can automatically take appropriate action based on the 
knowledge of what is happening in the system, guided by the 
goals, and some users who are given access to the system [3]. 
SAS can modify the behavior of the system in order to respond 
to changes in the system itself, or in the system environment 
[4]. This definition shows that the system has its own 
knowledge, which makes it able to achieve its own objectives 
in several ways, and able to make changes in behavior based on 
events that occur in its environment. 

978-1-5090-1636-5/16/$31.00 © 2016 IEEE 
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The complexity in the environment of the city has forced 
the developers to manage all their resources. Some initiatives 
such as the concept of the cyber city, smart city, intelligent 
city, and others appeared. In this paper, we use the term "cyber 
city" with the assumption, the term of "self-adaptive" that we 
use, has been able to represent the meaning of smart or 
intelligent in a system. Some dimensions associated with the 
concept, consisting of the needed criteria [5] on competitive 
levels, mobility access and connectivity, sustainability of 
natural resources, development of human capital, the level of 
life quality, and government participation. Thereby, the used 
dimensions will be able to reflect the diversity of the elements 
contained in the urban environment. Besides the diversity of 
the elements, each of these dimensions has a life cycle that will 
continue to grow and evolve in order to fulfill its objectives, 
both for the purposes of any criteria or a common goal as a 
cyber city. 

The characteristics and behavior of each of these elements 
need a converter and synchronizer with a system that will be 
the main engine in achieving the goals in a city. So [6], all 
activities that happen in the system environment, need a 
mechanism that can represent the characteristics and behavior 
in the real world. The concept of self-adaptive systems were 
developed as a solution for this problem. This concept aims to 
establish a cyber city system that able to describe the 
requirements of each element in a city and able to adapt the 
environment changes.  

III. PROPOSED METHOD 

A. Self-Adaptive Framework 

The solution for the issue of the diversity and the growth of 
various elements in an urban environment will be related to the 
handling of deterministic and non-deterministic factors. 
Therefore, we developed a framework as shown in Figure 1, 
consists of two models: (a) The domain model is represented as 
a goal model, the domain model is the component that provides 
basic function and logic of the application, known as the target 
or managed system, this model was developed based on the 
goal approach oriented, to exploit human-oriented abstractions, 
such as the concept of agents and other concepts, it is necessary 
to represent the real conditions of the city environment, (b) The 
control model is represented as an inference engine, which is 
the component that controls or manages the target system using 
the logic of adaptation, called the controller or autonomic 
manager. This model uses real-time monitoring to detect the 
change in the environment and the target system. This model is 
also able to adapt themselves if necessary, e.g. reconfigure 
when there is a goal change, optimize themselves when the 
operation changes, handle certain types of errors, and others. 

Domain models are the requirements for the goal of the 
system that is mapped to the BDI (Belief-Desire-Intention) 
model, the mapping is intended to define the criteria of the goal 
to be achieved, determine the solution plan, and determine the 
needed elements that represented by the ADF (Agent-
Definition-File), and plan specification. The views of this agent 
represent a context of the system, which also represents the 
trusted fact, and as the environment class for the needs of the 
monitoring function [7]. This approach provides the ability of 
variability at run-time. But, in this approach, we extend it 
through assumptions domains from any knowledge. This 
approach is able to provide a better way to analyze the 

variability, which can help in detailing the behavior of the 
system to fulfill the goal and action adaptation. 

Figure 1.  Self-adaptive framework. 

Model control is a regulator of the system behavior, by 
using the pattern of monitoring, analysis, planning, execution 
results, and knowledge (MAPE-K) [8], explicitly and 
formalized as an action of the agent or transition rules. By 
considering the context-aware scenarios, MAPE-K implements 
an architectural pattern on the ECA (Event-Condition-Action) 
[9], ECA is one or more "event" refers to the state of the 
current system, where there are model changes in the 
application or the system environment. While one or several 
“conditions” refer to when a specific event occurs, the action of 
the rule is activated. So one or more “action” that might 
perform in these conditions will be created to adapt the 
changes, through some rule operation in determining of 
behavior the system adaptation. 

B. Structure of Knowledge Base 

Any changes in the system can be stated as the change in a 
series of node [10], which is any state is modeled into vertices 
and changes in circumstances described into an arc that 
connects two vertices. Therefore, the structure which is used to 
handle dependencies between the elements of knowledge is a 
directed graph. The motivation for the development of 
knowledge base structure is based on the fact that the rule-
based approach systems in most of its application, only focused 
on the settings of software behavior through a specially 
designed knowledge structure model. The problem that might 
arise from the specificity of these structures is the scope of the 
variance that can be served, so by formulating some model of a 
more general and more flexible structure, makes its application 
on a wide scope of variability can be expanded flexibly.  

 The developed model can represent a need to capture the 
various variability in the context and behavior of the system, 
and can establish guarantees criteria for the management of the 
system and its adaptation mechanisms. In the design of the 
developed structures, each node in the graph has some slot of 
categories, and each category has a number of attributes that 
can be increased, as shown in Figure 2. 

The developed knowledge management mechanism, are 
prepared to meet the scope of a life cycle system, such as birth 
(create), used (use), improved (update) and forgotten (delete).  
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Figure 2.  Structure of knowledge base. 

 So the developed management module consists of, the 
slots formation, slots expansion, slots adjustment, and slots 
inspection. Then, the tracking mechanism of a knowledge 
space, performed by using the slot-accessing modules, 
trajectory control, and the delayed search. At the same time, the 
mechanism for handling input of context information and 
updates, and the output in the form of behavioral adaptation 
actions are also formed into a module of sensors and actuators. 

C. Inference Engine Models 

In a formed knowledge structure, knowledge management 
modules perform a search at the elements that have a cause-
effect relationship correspond to the events occurring in the 
sensor module by using the searching modules of knowledge 
space. The sensor module will be associated with the context-
aware module. Context is information that can be used to 
characterize the situation of an entity [11]. Context-aware 
activity performed in two modeling categories called domain 
modeling context and inference modeling context. As shown in 
Figure 1, the modeling domain context will be formed by using 
a model of goal, with the logic-based modeling. This modeling 
using facts, expressions, and rules to represent the context. At 
the same time, the inference context modeling performed by 
using the rule-based approach in managing the knowledge.  

This mechanism begins with the agent performance in 
monitoring the situation or events that occur in system entities 
through the sensor modules. Event detection performed by the 
rule of ECA pattern, with the following basic structure: 

 

WHEN  <event> ; one or more transition state 

IF  <condition> ; the minimum conditions that 
must be met to trigger the action 

THEN  <action> ; one or more actions when the 
event takes place 

VALID-TIME <time period> ; specify the period of time 
during the applicable control action, such as 
how long the adaptation actions need to be 
applied 

The context information is used as the set of inputs to be 
monitored as the event and captured by context processor. 
Connection information contains facts of any context 
information. The component controller evaluates the condition 
in accordance with the specific events that occur in the set of 
the state. In the end, the evaluation results will trigger the 
action component performer to perform the adaptation action 
using the transition function in accordance with current  
conditions. In fact, the context information related to the event 
of a system entity can be categorized into two problems, the 
problems categories are the deterministic and non-deterministic 
problem [12], so the adaptation strategies must be developed to 
meet both these issues.  

Deterministic problems are fixed, so if entering one of the 
conditions will produce the same output whenever solving 
problems performed, in other words, the developer has to know 
what should the system do to adapt the changes and what steps 
of solutions that can be set before it is implemented. Whereas 
in the problem non-deterministic, the process of determining 
step is very difficult to perform, it is caused by too many 
options steps to be taken, and each selection step does not 
necessarily lead to the desired solution, in other words, 
developers do not have a specific solution to address the issue, 
but they want the system itself that determines its own 
alternative solutions. Therefore, the criteria for the decision 
must be able to determine the appropriate adaptation strategies 
with the category of problems that occur. The problem will be 
anticipated by using deterministic evolution strategies, where 
the solution can be designed and are encoded directly by series 
of developed modifications to represent the new issues space. 
And for the non-deterministic problems are anticipated by 
reconfiguration strategy, so the system is prepared to perform a 
search in the solution space as an alternative solution. 

In order to formulate the context inference based on the 
structure of ECA rule, it can be defined 3 tuple systems: (a) ∑ : 
context information (f1...fn), a fact that was captured from 
environmental events or initial state, (b) Q : system behavior 
(a1...an), the state system behavior under the conditions of the 
event or expected end state, both of them are state collections, 
(c) δ : transition function (t1...tn) as time action adaptation 
based on the evaluation of the condition for the expected 
behavior (state modifier function or operator), a collection of 
state and the operator is known as knowledge. The mechanism 
of management of knowledge through context inference, is 
basically related to the search space and search mechanism, so 
the description of this mechanism is shown in Figure 3. and 
Table I.  

Every time the system can detect the state based on the 
events that occur in the environment, a set of δ can be 
expressed as, δ = {tn = (fn, an) | n ≠ 0}, Where fn is the context 
and an are the expected action behavior for specific contextual 
n. The quality of the inference engine is very dependent on the 
selection of one state. The selected state as the adaptive action 
on the right-hand side (RHS) class, is determined by the 
expression on the left-hand side (LHS) class, which is declared 
a match between the rules and facts. For example, by 
comparing two or more collections of properties with a certain 
structure based on the required criteria. LHS is an expression 
that can be a fact, LHS is a single expression (pattern) which is 
characterized by a name and a collection of slots, or it can be a 
composite expression of conditional elements (and, or, not), 
which are used together to connect a single expression (facts) 
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or a composite expression. Class of facts has a containment 
reference, to the class slot, with attributes slotName and 
slotValue. The property of this slot is detected to determine the 
similarity of any elements contained in the facts. 

Figure 3.  Description of context inference. 

Nowadays, there are various algorithms that can be used to 
build a model selection, known as control strategies. These 
control strategies can be classified into a blind search, heuristic 
search, and soft computing. But, this various existing control 
strategies have their advantages, disadvantages, and 
consequences for each, so for the suitability control strategy for 
the issues will be solved is a very important thing to achieving 
efficiency. As a solution to this problem, we recommend the 
development of a search tree, this search tree can produce 
branches that lead us to find a quick solution (expander). 
Branch in this tree obtained from the operator that match the 
current conditions. At this point, the multi-control strategy has 
an opportunity to make improvements in operator voting 
patterns, so the system can get best search tree. A more detailed 
description of the multi-control strategy can be seen in our 
previous paper [12]. 

D. Case Study 

The proposed model has the objective to respond to any 
changes that occur within the system (domain model), so the 
system can continue to run normally through the mechanism of 
the process control (control model). The development of the 
cyber city system can be initiated through the domain 
modeling, and continued by identifying every entity in the 
system along with the achieved goal, in order to define the 
process and resources, and their relation to one another. Then 
each of these processes is connected to each interface that will 
be the executor of the system. And furthermore, every element 
of the system is mapped into the changing dimensions. This 
changing dimension consists of [13], the source or origin of the 
place, where the change occurred, the type of change or the 
functional and non-functional type, and frequency of 
occurrence time and how often change occurs. 

Figure 4 shows us the mapping of the element of the system 
to changes dimension (D). Entities are the constituent elements 
of a city, and for each entity has the process to associate with 
the other entities and interfaces. Identification of changes can 

be initiated by defining their origins, can be from an internal 
source (I) and / or external source (E). Internal sources include 
the associated changes to the application, middleware or 
infrastructure, and external sources is an environmental 
change, such as an external service provider. 

TABLE I.  PSEUDO CODE OF CONTEXT INFERENCE 

Algorithm : Context Inference 

begin 

     INIT  set WORK ( ∑ , Q ) 

     while δ : {tn = (fn , an) | n ≠ 0} do        

           δ  find that the LHS of the operator match with   

               WORK 

                say it FOUND  

           if FOUND is only one then  

                RHS  set WORK 

                else if WORK is equivqlent with TARGET then 

                STOP SUCCED 

          end 

          if FOUND is more then one then 

                FOUND  set WORK one of the FOUND 

                BACKS  put rest of FOUND 

          end 

          if FOUND is empty then 

                else if BACKS is empty then  

                STOP FAILD 

                else 

                BACKS  set WORK one of BACKS 

          end 

     end 

end 

 

Both of the source of these changes will create a causal 
relationship to each other, and will be associated with the type 
of change based on the nature of the changes, which consist of 
functional (F) and / or non-functional (NF). Each type of 
change would have a frequency of time (T) and number of 
occurrences. The source of changes will determine the 
adaptation strategies and associated to the information context, 
about the internal and external resources. The type of changes 
will affect the adaptation strategies to determine the behavior 
of the system in deciding the anticipation of changes towards 
the goals, and the quality of the system. The frequency of 
change will affect the response of the necessary adaptations. 
These processes will capture the requirements for adaptation 
strategies, both for the deterministic change (evolution), or 
non-the deterministic changes (reconfiguration).  

Based on the mapping, can be defined public service needs 
that are grouped into the service catalogue as shown in Table 
II. The service catalogue describes the details of the use of 
services by each user, and the descriptions of each service 
specification. The service time explains the length of time used 
during the service. Options in the catalogue is a category or 
service class which can be selected based on the level of 
interest or the effect on the goal (1 = primary, 2 = secondary, 3 
= support). The response is part of activities carried against the 
emergence of changes or incidents, the response is classified by 
level of seriousness of the incident or problem. The changes 
lead to incidents or problems in the service catalogue, which 
can be categorized as facts (fn) of the change, for example (a) 
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policy of the city (f1), the infrastructure changes and structural 
departments of the city, (b) the growth of activity (f2), the 
change in business processes of public services, and (c) the 
service provider (f3), the change of legalization. The 
emergence of the changes caused by the demand for new 
forms, new features, and new algorithms in the application of 
external services. 

Figure 4.   The mapping of the elements in cyber city system to the 

dimension of changes. 

The category of service changes can be considered to 
define the management strategies of the service catalogue and 
its recovery specification. The demand for a quick response to 
the changes performed by matching the changing dimensions 
with elements of the system. The service catalogue consists of 
public services in the business process service catalogue (PSn) 
and the technical specifications of the technology in the 
technical service catalogue (TSn). Figure 5 shows the 
mechanism of adaptation refers to information context, starting 
with the performance of agents in capturing the event of 
environmental facts (f1, f2, fn) , and also capturing the 
information context of the service catalogue (PSn, TSn).  

The event is the information of each context with the 
specifications of new environmental facts and the service 
catalogue (∑ = f1, f2 ... fn ; PSn, TSn). The conditions which 
discovered are used to evaluate the situation in certain events, 
including capturing characteristics of each service and change 

the service level agreement (SLA), to choose the most 
appropriate behavior. Based on the condition that occurs, we 
take action adaptation (δ = E-tn ; R-tn), which is a process of 
evolution (E-t1, E-t2, ... E-tn) at a certain time (t) with the 

consideration of the evaluation of the target of SLA 
achievement, and the action of reconfiguration (R-t1, R-t2, ... 
R-tn) or the change handling which not included in the SLA. 
Basically, this public service adaptation action dealing with the 
authorization of the portfolio service, such as when the service 
should be updated, replaced, maintained, refactored, dismissed, 
or rationalized, it must be based on indicators of system 
performance. 

TABLE II.  SERVICE CATALOGUE 

Public 

Service 

Description User 

Time Option Responds U1 U1 Un 

Service-1.1 24x7 2 2 √ - √ 

Service-1.2 24x7 2 1 √ - √ 

Service-1.n 24x7 1 1 - √ - 

Service-2.1 24x7 1 2 √ √ √ 

Service-2.2 08-16 3 4 - √ √ 

Service-2.n 08-16 1 1 √ √ - 

Service-N.n 24x7 3 3 - - √ 

 

Figure 5.   The dynamic behavior of the rule-based system. 

IV. RELATED AND FUTURE WORK 

Nowadays, there are various method of self-adaptive 
systems, such as the Tropos4AS model [14], this model 
provides the high ability of variability for the information 
needs at run-time by using the transition rule approach, but the 
behavior of this developed system, covers only the behavior of 
single agents, meanwhile our proposed model is constructed 
for the needs of multi-agent behavior. Other models such as 
Adaptive STSs [15], proposed a model of architecture with the 
ability of self-reconfiguration for the behavior of multi-agent, 
but when it comes to user preferences and the need for 
evolution, this model has not been covering it, and in the model 
we have provided this capability through the concept of context 
-aware and special rules models. CARE [16], exploiting the 
domain of ontology to anticipate changes in context and 
resources, but the mechanism of reasoning in this model 
actually can be improved. So, we propose a run-time dynamic 
rules model that makes the reasoning can be done 
automatically. ZANSHIN [17] and ASMs [18], emphasis on 
the generic function of a feedback loop for reasoning at run-
time, but the representation of entities of the problem domain 
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as domain models in both models are not reflected, while in our 
proposed model, it became one of our concerns. 

The proposed model in this paper is our early work that 
needs further research. So, our future work is to break down 
every specification formed, such as computation model 
development that stimulate cyber city system, So, the 
complexity of graph that proposed, depict through series of an 
experiment. Besides that, previous research that explained at 
first paragraph will be compared in more detail, So that 
obtained a result  of comparison that shows up the facts in 
more concrete, through scalability measurement of proposed 
model. The measurement planned target, related to execution 
time for amount of goal element and rule. 

V. CONCLUSION 

The main highlights of this paper include the provision of 
self-adaptive systems to meet the scope of a life cycle system, 
where the emerging problems associated with the deterministic 
and non-the deterministic problem types. There are two 
proposed adaptation strategies for these issues. First, the 
evolution strategy by a series of modifications which 
developed to represent a new problem space is packed to 
handle the deterministic problems. The second strategy is 
reconfiguration, where the system automatically is prepared to 
perform a search in the solution space as an alternative 
solution, so the non-deterministic problems can be solved by 
the application of the suitability with the control strategy. We 
believe the proposed concept in this paper will contribute to the 
provision of software systems in the context of a dynamic 
environment, and in particular, a manifestation of the cyber city 
system construction is expected to be able to accommodate the 
issue of diversity and dynamic nature of the elements. 
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