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Abstract 

Model-based system engineering methodologies advocate using system models as the main 
vehicle in system engineering processes12. In this methodology, a system model represents the 
relationships and interaction between the entities being modelled. Figure 2 depicts an 
example of such abstraction of the interaction within and between two subsystems.  

 
(a) The first component network   (b) The second component network 

Legend:  Filled circles represent actors or agents  
Filled diamonds represents use cases or components 
Different colours are used to distinguish actors (agents) or use cases 
(components) in each subsystem. 

Figure 2 A sample component network of two subsystems 

As a result of the difficulty in understanding complex relationships within comprehensive 
systems models, there is a need for a systematic approach in assessing properties of such 
models13.  

                                                      
12 Estefan, J. (2008). Survey of model-based systems engineering (MBSE) methodologies. Pasadena, California. 
USA, Jet Propulsion Laboratory, California Institute of Technology 
13 Brooks, R. J. and A. M. Tobias (1996). Choosing the Best Model: Level of Detail, Complexity, &  Model 
Performance, Mathematical and Computer Modelling, Volume 24, Number 4, August 1996 , pp1-14 
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Lacking evaluation mechanism for system models presents three major problems:  

(1) difficulty in understanding fundamental properties of the model which are often 
attributed as a major reason for failure of the system;  

(2) lack of a systematic and efficient mechanism in ensuring consistency of the model 
through all stages of process, system, and product development14; and  

(3) difficulty in understanding which components perform critical functions, and which 
components serve as a bridge between sub-systems.  

This paper presents a two-step approach in assessing properties and consistency of the model. 
The definitions of the properties and consistency are briefly discussed below:  

 Properties are defined based on a set of network science measures15. To use the 
network science measures, the relationships between entities in the system model are 
represented as an entity network (see Figure 1 for a simple example). The network 
measures can be computed and the results of the computation can be explained 
meaningfully within the system engineering discipline.  

 Consistency refers to the congruent between entities or artefacts developed in the 
system development process. These measures can be quantitative or qualitative. 

Jiang et al16 have shown that, in the context of software development, analysing properties of 
a model provides meaningful feedback for the purpose of design and system verification 
processes.  

The proposed approach provides a practical mechanism for analysing properties of the 
system. The major contribution of this work is two folds:  

(1) properties of system models can be used at both network and node level, containing 
critical information on the overall entity network, and  

(2) consistency-assessment measures provide a mechanism to verify consistency of the 
system model.  

The implication and significance of using properties of nodes within the context of system 
engineering are also discussed. 

                                                      
14 Van Der Straeten, R., T. Mens, et al. (2003). Using description logic to maintain consistency between UML 
models. «UML» 2003-The Unified Modeling Language. Modeling Languages and Applications: 326-340. 
15 Wasserman, S. and K. Faust (1995). Social Network Analysis: Methods and Applications. Cambridge, 
University of Cambridge Press 
16 Jiang, L., K. M. Carley, et al. (2012). The Impact of Component Interconnections On Software Quality: A 
Network Analysis Approach. The 2012 IEEE International Conference on Systems, Man, and Cybernetics 
(IEEE SMC 2012) 
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