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T.2.1 Multimodelling in an integrated enterprise 

 
Complexity characterizes modern manufacturing systems and business processes. Complex 
systems performance, evaluation and analysis is performed through modeling and 
simulation. Modeling and simulation techniques are continuously developing and they 
exploit the steadily increasing availability of the always greater computational power of new 
computers. This means that more or less any new modeling and simulation method does not 
have to care about its computational complexity.  
Although, there is a continuous development and appearance of new simulation tools and 
methods, there is a difficulty in building and testing the simulation model. In addition to this, 
modeling of complex systems aims to create an integrated view of the whole enterprise. 
 
Modeling methods of a generic manufacturing system has to include the following 
capacities: 

 Description of product process planning 
 Description of information exchange between system’s objects 
 Description of physical structure 
 Description of behavior of the human component 

 
Simulation methods and tools can be divided in the following categories: 

 Business process simulation 
 Manufacturing systems simulation 
 Information systems simulation 

 
The new methods and tools to support complex manufacturing systems are going to come 
from the integration between modeling and simulation techniques. Especially the following 
have to be taken under consideration: 

 In order to develop a modeling approach for a whole enterprise or supply chain, great 
power from the corresponding tools is required 

 Developing of a global tool for simulation modeling is quite unrealistic 
 A possible solution may be the integration of different tools from the various points 

of view of enterprises (vertical and/or horizontal) 
 The integration of different modeling methods is required. 
 Integration between simulation tools could be achieved through the use of 

communication standards  
 



Next generation modeling and simulation tools and methods will be based on the integration 
and interoperation that will improve capability of virtual design for complex manufacturing 
systems 
 
Future 
The future of modeling and simulation requires the development of modeling and 
methodologies for:  

 
 Multi-aspect, multi-stage, multi-perspective, multi-resolution, and multi-paradigm 

modeling  
Multiaspect, multistage, multiperspective, and multiresolution, and multiparadigm 
modelling: A multi-aspect model is special case of a multi-model where the condition of 
having only one model module active at a given time is relaxed. More than one model 
module can exist simultaneously with flow of an entity such as energy, material, or capital 
between them. The model modules can be expressed in a multitude of modelling formalisms.  

 
 Variable structure models 

Variable structure models: So far as model behavior is concerned, there are two types of 
simulation: trajectory simulation and structural simulation. In structural simulation, one can 
study the evolution of the structure of a system, e.g., crystal growth, growth of plants 
expressed as L-systems , cellular automata, variable-boundary system simulation, etc. In 
trajectory simulation the focus is on the computation of the trajectories of some descriptive 
variables. In trajectory simulation, the model used in the study may have a variable structure. 
In adaptive system simulation, the system may need to change its structure (adopt itself) to 
satisfy its goal of existence. Evolutionary system studies require mutations of the simulation 
models.  

 
  Mixed formalism simulation  

Mixed formalism modelling: Mixing simulation with other types of knowledge processing 
can be useful. An example is to use a preprocessor which can scan a set of ordinary 
differential equations and replace with known analytical solutions, with their solutions.  

 
Multisimulation: This is a new concept. In multisimulation one can experiment with several 
aspects of reality simultaneously. Under emerging conditions, one can add emerging 
successor models to existing models to explore behavior of alternative system models.   

 
 Concurrent simulation 

Concurrent simulation: Concurrent simulation is execution of simulation in parallel with 
the running of the real-world system. It can be used for predictive displays, for  
 human-in-the-loop systems and for on-line diagnostic systems.  

 
  Goal processing in modelling and simulation 

Goal processing in modelling and simulation: It would be useful to express explicitly 
goals of simulation studies. Goal processing algorithms or heuristics associated with 
simulation environments may be helpful in advanced simulation environments.  

 
 Agent-directed simulation 

Automation of design of experiments: Simulation environments can be enhanced by 
having computer-aided experimental design abilities. A shell can use the experimental 
design to activate the simulation with appropriate values of decision parameters and to 
observe the outcomes. Later an analysis module can perform the statistical analysis to advise 
the user.   



Agent-directed simulation: Software agents are maturing and agent-directed simulation is 
gaining acceptance. However, in agent-directed simulation, there are still very challenging 
areas such as controlling the autonomy of agents to assure their trustworthiness. 
  

 Soft Computing based methodologies 
Soft Computing techniques are dedicated to model and simulate particular complex real 
world problems using methodologies suitable for each specific problem. Soft Computing 
Techniques are compromised of Fuzzy Logic, Neural Networks, Probabilistic Reasoning, 
Knowledge Based Systems and Fuzzy Cognitive Maps. Soft Computing creates a quiver of 
flexible tools that can perform approximate reasoning technologies that can handle 
information in the form of empirical prior knowledge and Input/output representing 
instances.  Soft Computing techniques are adequate to cope with problems and systems 
dealing with imprecision, uncertainty and learning and they construct simple, applicable and 
user-friendly models and systems. 

 
 Holonic agent simulation (for cooperative systems) 

Holonic agent simulation: “A holonic system is composed of autonomous entities (called 
holons) that can deliberately reduce their autonomy, when need arise, to collectively achieve 
a goal. A holonic agent is a multi-agent system where each agent (called a holon) acts with 
deliberately reduced autonomy to assure harmony in its cooperation in order to collectively 
achieve a common goal. Holonic agent simulation can be the basis for application areas 
involving cooperation, conflict management, and peace support operations.  

 
 Specification languages and environments for interoperability 

Specification languages and environments for interoperability: Interoperability is a very 
important and desirable feature to integrate several simulation studies –each called a 
federate– into a federation. It is argued that combining existing systems is much more 
efficient than building newer, more complex replacements. 
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T.2.2 Global Control/Diagnostics 
 
Modeling of heterogeneous processes encompasses a wide area of interests. Among them the 
theme of “diagnostics” and its dependence on the “global control” aspect is quite popular 
and controversial, since it has been used quite differently from researchers in various 
disciplines. 
 
In general, the modeling aspect of heterogeneous mission-critical consumer and business 
processes and applications (i.e. e-commerce, multimedia streaming) necessitate the 
development of an environment to account for the goals of diagnostics and reliability. 
Accounting for the increased complexity of these processes, this environment should be 
general enough to account for all interpretations of a fault and its relevant diagnostics. 
 
In the typical “classical” process operations layer-structure, 

Planning 
Scheduling 
Supervisory Control 
Modeling and Diagnosis 
Regulatory Control 
Data Acquisition 
PROCESS 

the modeling and diagnosis layer needs to process signals from the regulatory control and 
selectively update the supervisory control layer. In this area, the seamless integration is of 
primary importance to classical “process-control” engineers. 
 
In the network area, http://www.research.att.com/projects/falcon/, there is a general trend to 
classify the diagnostics-research into:  

Component-based (behavioral)  
Deterministic 

Model-based 
System model (structural) 

Stochastic 
Expert system (deductive)  
Abductive  

Rule-based 

Consistency  
Procedural   

On the contrary, according to the ACM-taxonomy, http://www.computer.org/mc/keywords/ 
ACMtaxonomy.htm, the term diagnostics refers to: 1) the reliability, testing and fault-
tolerance of the hardware components, and 2) the testing and debugging on the software 
engineering side. 
 
In Software-Enabled Control, diagnostics (and prognostics) is closely tied to the sensing, 
computation and communication aspects under the control umbrella. Recently, there have 
been reported on-going efforts to link the diagnosis of complex systems to: a) its model 
credibility and validation, b) uncertainty in modeling and variance reduction, c) verification, 
d) qualitative simulation and reasoning, and e) tractability. 
 
Overall, a common language (jargon) needs to be developed to account for the peculiarities 
involved in the interpretations of diagnostics by different disciplines (i.e., biomedical, 
network, process). Semantics should be adopted as metaphors from various disciplines to tie 
up these interpretations. A generalized model regarding the diagnostics research (similar to 
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the one presented by the network-area) coupled with standard languages is of paramount 
importance to the progress of global control and diagnostics. 
 
 

T.2.3 Features and Properties of Hybrid/Heterogeneous model 
 
Complex, large scale and embedded systems are the backbone of many of the products and 
critical infrastructures that define the modern society and economy. Because of their 
importance, the development and analysis of such systems has to be carried out in a 
systematic manner. Modelling and simulation play a key role in this process, since they 
provide the foundations for quantitative design and analysis techniques.  
 
By their nature, large scale, complex, embedded systems involve a variety of physical 
phenomena and technological components. As a consequence, their modelling and 
simulation requires the integration of diverse model types. For example, the models used to 
capture different parts, or attributes of the system may involve, among other things, 
• Different data types, for example finite or countably valued states, real valued states, 

complex data structures, etc. 
• Different notions of time, for example continuous time, discrete time, event based 

systems, etc. 
• Different notions of computation, for example, standard computation on Turing 

machines or other finite state structures, solutions of differential equations, etc. 
• Different notions of uncertainty, for example non-deterministic, stochastic, or 

uncertainty captured by fuzzy logic. 
• Different notions of communication and synchronization: synchronous or asynchronous 

subsystems, event or data based communications, etc. 
 
This widely recognised need for heterogeneous modelling has led to a number of attempts to 
develop theoretical frameworks and computational tools to allow one to integrate models 
with at least some of these characteristics. For example, the modelling frameworks of 
[1],[2],[3],[4],[5],[7],[11],[12],[14] and the modelling and simulation tools of 
[6],[8],[9],[10],[13] can all be thought of in this light. 
 
 

 

Common Semantic Platform 

Tool A 
Simulation 

Tool B 
Simulation 

Tool C 
Verification 

Modelling 
Language A 

Modelling 
Language B 

Modelling 
Language C 

Tool D 
Design 

 
 
 
 
 



 
 
 
What is to a large extent missing, however, is a common semantic platform for the seamless 
integration of the different types models and tools necessary for the design of complex, large 
scale or embedded systems. One can think of such a semantic platform as a backbone that 
would allow different modelling environments and tools to communicate. 
 
Such a platform would enable, among other things theoretical results developed in one 
framework to be extended to different frameworks relatively painlessly. It would also allow 
engineers to code systems in an appropriate format and then, through the common 
underlying semantic platform, be able to make use of a wide range of tools for simulation, 
analysis, verification or design. Even though this holy grail of heterogeneous modelling is 
still a long way away, some efforts in this direction are beginning to emerge. For example, in 
the area of hybrid systems, the search for the so-called hybrid system interchange formats is 
a step in this direction [6],[15],[16]. A summary of the requirements for such a format can be 
found in [17]. 
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T.2.4 Management infra-structures to enable access integration 
and automated diagnostics 

 
In present day technological processes, such as the modern factory or a typical integrated 
access service, the relevant computational processes possess constantly increasing 
complexity. Along with the increase in structural complexity, a large percentage of processes 
are or have become data intensive and require special ways for handling massive amounts of 
data. The imposition of a hierarchical structure over a heterogeneous, in general, mixture of 
entities has been in the line of the classical Data-Information-Knowledge pyramid. This has 
usually taken the form of data storage management for the data level; metadata (“data about 
data”) management and integration for the information level; and domain specific tools that 
integrate everything below to handle things at the knowledge level and support discovery or 
simple management tasks. The large number of possibilities available for setting up this 
structure can indeed render the whole effort inefficient or ineffective while it allows the 
possibility for deeply entrenched conflicts and errors that cannot be discovered easily.  
 
To combat the complexity of processes the use of higher level (formal) concepts and 
frameworks has been introduced. These encompass a whole range of tools such as the 
Storage Resource Broker and Global Access to Secondary Storage (GASS) at the data level, 
Resource Description Framework (RDF), Semantic Nets, Entity-Relationship models 
(combined perhaps with UML) at the information level all the way to the conceptualization 
through ontologies (e.g. domain ontologies) at the knowledge level. A typical application 
that makes heavy use of the above is the development and management of Web services, 
such as locating specific services and performing an efficient search operation among them 
in a scalable way. To achieve this, automated discovery algorithms need to be developed 
while the discovery mechanisms will be based on metadata profiles of Web services that can 
be efficiently processed. 
 
The development and use of concepts, structures and tools such as the above has eased 
considerably the work of professionals and practitioners. Still, there is a need for accurately 
predicting the behavior and eventually the performance of the final product. So, although the 
requirements of everyday work may have been met to a considerable degree, the true 
engineering issues (e.g. efficient design, compliance and performance tests, maintenance) 
have not been covered yet. Such issues can be resolved in a decisive manner only through 
the use of formal models that will capture at least the essentials of the system in question.  
 
The use of formal models has always been controversial. This is not due to the need for a 
formal analysis (this has never been doubted) but to the limitations and restricted capabilities 
of formal models in dealing with real world systems. The relation between formal models 
and what has been discussed so far is clear when we realize that an ontology is actually just 
an explicit vocabulary (possibly dynamically controlled) together with relationships and 
assumptions regarding meaning that is used to represent reality. It is clear that the (formal) 
language nature of the discrete event systems models, such as finite state machines and Petri 
nets, is well suited for interfacing reality (modeled via ontologies and the structure below 
them) to a mathematical representation that can be exploited (in principle) for investigating 
crucial issues.     
 
Strongly related and possessing a seminal role in current developments is XML, a markup 
language in the middle ground between HTML and SGML (an ISO standard since 1986) 
with crucial features of standardization, simplicity, built-in self-description, wide acceptance 
and the resultant tool development. XML already appears to be the lingua franca at this stage 
of evolution in the information technologies and its influence will remain strong for a long 



time, in all probability. It is natural then to establish and exploit a relation between XML 
(especially XML Schema or DSD) and formal models. This line of work has recently begun 
and is building up significant momentum presently. 
 
From its own nature, XML can represent actual as well as structural information. In the latter 
case, a simple tree over a finite alphabet would be a sufficient model. Specialized models 
have also been proposed, unranked tree automata and hedge automata (hedge formalism, 
more generally) being the most innovative. There is a close connection between hedges and 
trees since it has been established that regular hedge languages can be considered as 
extensions of regular tree languages. Because of the use of tags, XML has a natural tree 
structure, so tree languages and grammars are more appropriate and more powerful as 
models. Finally, Statecharts is a strong contender too, with the advantage of its being 
adopted as the preferred discrete event formalism in widely available engineering tools such 
as Matlab.  
 
One more thing is worth noting: while formal models provide the basis for constructing 
analysis tools for XML, the language itself can be used as a basis for establishing 
interchange formats that can help the development and handling of those formal models. 
PNML, the Petri Net Markup Language based on XML/SGML, is a case in point. 
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T.2.5 Multi-layer Organisations 
 
No substantial material has been found on this topic. Modeling in this context does not 
usually refer to a formal model but to an organizational schema, related more to 
management and sociological issues rather than dynamics in the continuous or discrete event 
sense. Naturally, all formal models can be used if necessary, including agent-based 
approaches. Most relevant activity in this area is the workflow process modeling research 
carried out by van der Aalst (e.g. W.M.P. van der Aalst. The Application of Petri Nets to 
Workflow Management, Journal of Circuits, Systems and Computers, 8(1):21, 66, 1998). 
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CONCLUSIONS 
 
 
Most technological systems operating nowadays have a heterogeneous nature, which can at 
last be modeled in a formal way. Heterogeneous systems are being modeled through the use 
of combinations or extensions of already existing models while efforts have been made to 
extend such models to cover more aspects of a system, such as uncertainty, frequently 
encountered special cases, etc. The continuous models that used to capture the dynamics of 
the lower level technological processes in industrial environments have now been extended 
or enriched to include supervisory loops, networking, and software. Failure detection and 
diagnosis as well as maintenance can also be modeled reliably. Furthermore, most, if not all, 
informatics aspects of any process can be modeled. Many of the models developed so far, 
are accompanied by software tools that facilitate and streamline modeling procedures and 
help non-expert users to produce useful results in little time. Of course, when a model is 
available, simulation becomes possible. Alongside, successes in modeling and simulation, 
allowed better control of the processes by making use of the numerous strong results put 
forth by the control theory and control engineering communities. New developments in this 
direction are sought and expected. However, all of the above are true in principle only. The 
extent of applicability of models is directly related to the complexity of the process. A model 
that is ideal for a small system can quickly become useless when the scale of the target 
system changes drastically. Therefore, after all, one may expect that most of the modeling 
efforts of the next few decades will concentrate most likely on the handling and reduction of 
complexity while the number of entirely new models will not be great. By the same token, 
one can expect that models will come hand in hand, perhaps even unified, with 
corresponding languages or software components, in general. 
 


