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Abstract— The last few decades proves to be an era of booming 
communication and information disciplines, bringing about 
profound influence on people’s life and every socio-economic 
sector. In this dramatically changed world, it is being found that 
many of the systems engineering principles and business 
practices that some industries have purposely pursued no 
longer function effectively in a System of Systems environment. 
This paper is inspired by the embedded, “system of systems 
(SoS) thinking” in the context of military programming. The 
purpose of this paper is to draw a conceptual framework for a 
smart tourism industry information system in responding to 
competitive challenges. The approach here is to illustrate how 
this SoS thinking and corresponding SoS engineering (SoSE) 
may be applied through the top-level design for the smart 
system. For designing a policy maker-responsive, informative 
system, an emerging complex spatial information approach, 
geographical simulation, is introduced. This holistic means 
includes: 1) simulation of the tourism SoS’ architecture and 
evolution process through cellular automata (CA) and multi-
agent systems (MAS) techniques, based on remote sensing data 
and GIS instrument; 2) illustration of the mechanism of 
industrial evolution by scale-free network analysis and social 
influence network with dynamic Bayesian network theory. This 
paper calls for a particular attention of communication 
specialists to concern the forefront of information (esp. spatial 
information) and systems engineering disciplines. 
 
Keywords— System of systems (SoS), System of systems 
engineering (SoSE), geographical simulation, tourism, smart 
industry information system 

I. INTRODUCTION 
Currently, the vast majority of countries in the world have 

concerned tourism as a powerful tool for improving national 
economy and people life. Therefore, the advancement of 
tourism results in not only its internal systems increasingly 
expanding, but generation of more complex interconnected 
systems through composite penetration with other socio-
economic sectors. Due to the enhanced significance of the 
tourism industry and its wide range of ecological, 
environmental, socio-cultural and economic impacts, the 
community pays more attention to the rational and healthy 
development of the  industry; whereas complex behaviours 

like industrial integration make analysis of tourism 
phenomenon facing enormous challenges, original numerical 
or systems analysis are no longer sufficient to describe the 
spatial architecture of the industry and its internal 
relationships, or to explain the mechanism of the industrial 
effect caused by systems evolution, namely, tourism suffered 
a new issue of “system of systems” problem. 

It is a prevalent problem in modern times. The last few 
decades proves to be an era of booming communication and 
information disciplines, bringing about profound influence 
on people’s life and every socio-economic sector. In this 
dramatically changed world, it is being found that many of 
the system engineering principles and business practices that 
some industries have purposely pursued no longer function 
effectively in a System of Systems environment.  

Smart or virtual communication is widely used in micro-
management (e.g., corporate or profession administration), 
but when it comes to macro-management on industrial or 
regional level, due to the need of both large-scale 
geographical information and diverse simulation models, 
government oriented intelligent decision support system 
(DSS) is rare in existence. Therefore, inspired by the 
embedded “system of systems (SoS) thinking” in the text of 
military programming, this paper aims to propose a 
conceptual framework for a policy maker-responsive smart 
tourism industry information system. Approaches of system 
of systems engineering (SoSE) and geographical simulation 
with intelligent computing will be introduced as well.  

II. SOS AND TOURISM ANALYTICAL MODELS 

A. System of Systems 
System of systems (SoS) is a large system combined of 

multiple systems or complex systems. It is ubiquitous in most 
large-scale integration (such as natural environment and 
ecological system). As the rapid development of high and 
new technology, contact and interaction between the systems 
become more frequent and closer, therefore, at the beginning 
of the 21st century, with increasing needs for solving the 
multi-system integration and interaction problems, the 
concept of “system of systems”, which was controversial in 
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the late 20th century, became widely accepted by scientists 
[1], and served as an new emerging field and direction 
following the system science branches such as cybernetics, 
information theory, systems theory, and theory of self-
organization emerged in the 1960s including dissipative 
structure theory, synergetics, catastrophe theory, super-cycle 
theory, and chaos theory which is increasingly active since 
the 1980s. SoS belongs to the discipline of complexity [2]. In 
recent years, the difference between SoS and system has 
been recognized by many scholars, and confrontation of, 
measurement and performance evaluation for SoS has 
become forefront of the academic field and new research 
focus in military, transportation, information, energy, 
environment, aerospace, national security, management 
science, etc. [1].  

B. Tourism Analytical Models 
Tourism industrial analysis is one of the mainstreams of 

the tourism research [3]. Overseas researchers concentrate 
more on theoretical models [4], whereas Chinese counterpart 
focuses on the spatial morphology and the structural 
evolution mode of tourism [5]. Zhang and Xia conducted an 
empirical study on Anhui Province’s tourism spatial structure 
from a perspective of the relationship between tourist 
centrality and tourism economy [5]. However, equation-
based models encountered unprecedented challenges in study 
of the geospatial complex systems [6]: the ability of purely 
spatial economics analysis framework and associated 
interpretation models to interpret regional complex spatial 
structure was limited; equilibrium models and comparative 
static analysis methods could not express the dynamic 
spatial-temporal evolution of the industry; and the 
mathematical treatment difficulties become severe test for 
the further development of such interpretation models [7], 
Therefore, both domestic and foreign scholars began to 
explore new research paradigms. 

As information science and computer technology advance, 
systems science and geo-spatial information science become 
the most prominent technical support for tourism study. 
Systems science has become a hot point in tourism spatial or 
industrial research, theories of complex systems (complexity) 
and dissipative structures are particularly concerned in recent 
years. Gao et al proposed a Tourism System Evolutionary 
Trend Model (TSEM) which observed the tourism system 
from a global perspective. The model contains conceptual 
model and system evolution trend quantitatively analytical 
model, applied to the identification of the “real” tourism 
trends and fluctuations in tourism and the impact of 
important tourist events [8]. Liu found that the behaviour 
mode of tourism industrial cluster network shared common 
characteristics with that of complex network, thereby 
introduced the complex networks theory into the analysis of 
World-Expo-induced development pattern of Shanghai’s 
tourism industry clusters [9]. By applying industry system 
evolution and collaborative dynamic mechanism theories, 
and through empirical analysis, Ma et al verified the 
assumption that “environment-induced tourism industry 
regulation can promote the development performance of 

Chinese tourism industry” [10]. Li et al presented a concept 
of geographical simulation system based on geographical 
cellular automata (CA) with multi-agent system (MAS), and 
applied it to fields of urban simulation etc. [6]. 

However, many industrial growth mode studies only 
emphasized the static architectures, but ignored the dynamic 
mechanism for achieving the expected goal [10]. To 
overcome the limitation, industry researchers began to focus 
on ways to realize industrial optimization through spatial 
analysis of the associated elements. Yang analysed the 
tourism industry network and its evolution, and pointed out 
that the formation and evolution of the networks were driven 
by internal heterogeneity and external uncertainty [11]. Xue 
and Weng suggested a research path for regional tourism 
spatial layout which combined the economics deductive 
model and the agent-based calculation experiment. The 
microscopic foundation, influence factors and dynamic 
process of tourism spatial architecture changes could be 
“dynamically” observed through the interaction of a large 
number of micro agents in terms of tourism enterprises, 
consumers etc., therefore proved “spatial economics 
modelling and deduction → agent-based geocomputation → 
empirical analysis and econometric test” a technical route 
worth exploring [12]. 

III. TECHNOLOGIES SUPPORTING SYSTEM CONSTRUCTION 
For constructing the smart information system, integration 

of information and communication technologies is needed. 
The fundamental work includes: geographical simulation 
based on remote sensing data, GIS instrument and intelligent 
computation (e.g. cellular automata and multi-agent systems); 
SoS evolution description through scale-free network 
analysis and dynamic Bayesian network. 

A. Top-level Design for the Smart System  
First and foremost, the tourism SoS in real world should 

be properly converted into virtual property in the smart 
industry information system. The top-level design for the 
morphology and internal system composite of the SoS is 
shown in Figure 1: 
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Figure 1.  Conceptual model for the smart tourism industrial information 

system 
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The basic elements of the tourism SoS to be simulated 
include resource entity, SoS architecture, SoS process and 
environment. Each component system is a composite element. 
Primary task of the study is to identify the basic units and the 
consequently assembled component systems, as well as the 
structural relationships between the overall SoS and the 
component systems. The smart information system consists 
of tourist geographical system, landscape system, industrial 
layout system and social System. 

B. Geographical Simulation: Kernel Fisher Nonlinear 
Discriminant Cellular Automata with Geographical 
Multi-agent 

The core of geographical simulation is to establish 
scientific geospatial systems model using appropriate 
research methodologies, based on application of complexity 
theory combined with the inherent law of geography. 
Cellular automata (CA) and multi-agent systems (MAS) are 
fit for the simulation of the complex geographic phenomenon 
[7: 15]. 

CA is a grid dynamics model that is discrete in time, space 
and state, and is local in spatial interaction and temporal 
causal relationship. It is an important research tool and 
theoretical method branch of artificial life. As many studies 
shown, the kernel Fisher nonlinear discriminant learning 
machine is superior to other methods in automatic extraction 
of the CA transition rules. However, CA cell is unmovable, 
thus has limitations in dynamic environment and inter-cell 
communication. Therefore, introduction of MAS modelling 
proves useful. MAS stems from a complex adaptive system, 
it is composed of multiple computing units (agent) mutually 
interacting. Spatial MAS resolves the macro space pattern 
formation though the interaction among microscopic 
individuals (cells) or agents, sharing great similarity to the 
real geographical world. And it is able to reflect the complex 
system characteristics in terms of emergence, chaos and 
evolution, so that has more analog advantage. Being a SoSE 
method, MAS can ensure the coherence of SoSE applications 
in tourism geographical simulation. Meanwhile, to better 
express and analog geospatial systems, the simulation system 
must also utilize remote sensing, GIS and computer science, 
demonstrating simulation results through GIS graphics 
display functions. 

C. SoS Evolution Description: Scale-free Network and 
Dynamic Bayesian Network 

System network approaches such as small-world network 
and scale-free network analysis, and social influence network 
theory (SINT) with dynamic Bayesian network, can be 
employed to simulate the generation and evolution of the 
tourism industry SoS architecture, and to describe the fuzzy 
boundary and interactive relationship among the system 
components. 

1)  Small-world Network Analysis:  A network in the real 
world usually has both certain rules and some randomness. 
To describe the transition from a network of rules to a 
random one, Watts and Strogatz introduced an interesting 

Small-world Network Model in 1998 [13]. The model can be 
used for analog of the generation and evolution of a newborn 
or a simple component system in the tourism SoS. 

2)  Scale-free Network Analysis: Unlike the degree 
distribution for the exponent network, that of many large-
scale complex network is a descending curve, following a 
power law distribution ( ) ~P k k γ− . As explanation of this 
power-law distribution, Barabási and Albert proposed the 
Scale-free Network Model [14, 15]. The evolution of BA 
scale-free network mainly has two aspects, namely growth 
and preferential attachment. New nodes are constantly added 
into the network, and it is with high probability for the new 
nodes to connect to the existing node with larger number of 
connections. The generation algorithm is as follows: 

• growth: Initially there are 0m  nodes in the network, 
and one new node is added at each step, the node is 
connected to one of the existing 0m m≤  nodes, 

• preferential attachment: When selecting the node to 
which the new node attached in the network, choice is 
made according to Π  probability. If the degree of the 
node i  is ik , then the probability of the existing node 

to be selected is defined as ( ) i
i

j
j

k
k

k
=∏ ∑

.  

In this way, after t steps, a network with 0N t m= +  nodes 
and mt  edges is generated. In such a network, there are a 
few nodes having a very high degree (i.e., the number of 
nodes connected to it), while the majority of the nodes show 
relatively low degree. Tourism SoS is open, elements (nodes) 
are constantly added and the attachment features unequal 
probability. Therefore, when the tourism SoS and its 
component systems have evolved into the near mature or 
mature stage of the life cycle, the application of scale-free 
network model will produce more realistic descriptions. 

3)  Social Influence Network and Dynamic Bayesian 
networks: To achieve the desired objective for the smart 
tourism industry information system, the SoSE program 
guiding the SoS evolution should make clear how to 
configure the SoS and achieve the best SoS configuration 
through circulated SoS measurements. The Social Influence 
Network Theory (SINT), combined with Dynamic Bayesian 
Networks (DBN), can fulfil this dynamic process. The SINT 
depends on the individual’s coordination processing on the 
conflict viewpoints, stances and attitudes. But the output of 
the conflict processing results depends on the structural 
relationship between the individuals, such as post, influence 
of interaction and one’s sensibility (that is, to what extent can 
an individual be influenced) to it. Its expression is as follows: 

( 1) ( ) ( ) ( ) (1)
1 1 2 2( ) (1 )t t t t

i i i i iN N i iy a w y w y w y a y+ = + + + + −      (1)  

Where, t is period of time; y represents the viewpoint, 
position or attitude of the individual i  ( 1,2, ,i N= , N is 
the number of individuals in the group) in time period t , its 
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initial value is (1)
iy ; ijw  is the weight for the influence of 

individual i upon  individual j  ( 0 1ijw≤ ≤ ), and 
1

1
N

ij
j

w
=

=∑ ; 

individual i ’s sensibility 
1,

N

i ij
j j i

a w
= ≠

= ∑ . 

One of the methods to estimate ijw  is DBN. Bayesian 
network is a product of the combination of probability theory 
and graph theory, and is composed by network structure and 
conditional probability distribution. Its specific applicative 
architecture is determined based on knowledge principle and 
variable relationship structure. For a Bayesian network with 
total number of N  nodes, its network architecture depends 
on the following set of conditional independence 
assumptions: 

1 1 1( , , , ) ( ( ))i i i N i iP v v v v v p v parent v− + =                   (2) 

Where, 1,2, ,i N= ; ( )iparent v is the parent node 

corresponding to node iv . Thus, it can be inferred from the 
chain rule of probability that, the joint probability 
distribution for the node set V  is:  

1 1 1
1 1

( ) ( , , , ) ( ( ))
N N

i i i N i i
i i

P V p v v v v v p v parent v− +
= =

= =∏ ∏     (3) 

DBN provides a strong support for the extraction of the 
complex interactions between systems or elements within the 
tourism SoS. Therefore, it can be used in overall analysis of 
the SoS, producing in the smart tourism industry information 
system a resource allocation program conducive to industrial 
optimization. 

IV. CONCLUSIONS 
Benefited from modern communication and information 

technologies, socio-economic sectors are enabled to conduct 
smarter decision-making process using intelligent 
instruments. In the emerging system of systems environment, 
a particular attention of communication should be paid to 
concern the frontiers of information (esp. spatial information) 
and systems engineering disciplines.  

Targeting the rareness of government oriented intelligent 
decision support system (DSS), and inspired by the 
embedded “system of systems thinking” in the context of 
military programming, this paper presents a conceptual 
framework for a policy maker-responsive smart tourism 
industry information system.  

System of systems engineering and geographical 
simulation with intelligent computing are focused during the 
visualization of the smart system. The holistic approach 
includes: 1) simulation of the tourism SoS’ architecture and 
evolution process through cellular automata (CA) and multi-
agent systems (MAS) techniques, based on remote sensing 
data and GIS instrument; 2) illustration of the mechanism of 
industrial evolution by scale-free network analysis and 
dynamic Bayesian network theory. Further study could be 

the application of this design in specific area, for instance, 
Northern Gulf Economic Zone of Guangxi Zhuang 
Autonomous Region, China. 
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