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1 Background and motivation

With the development of computer technology and simulation theory, people are able to employ exploratory analysis, decision support and other methods to study source systems which are highly uncertain, hierarchical and complex. We have to consider the levity of the environment and the effects of massive uncertain factors when modeling and simulating these systems. It’s unfeasible to use high resolution models fully to simulate such kinds of problems because of the difficulty in the model building, validation and the effective acquirements of the model data. Moreover, expertise and experiences are of vital importance in these problems and analytic models can work as useful reinforcements. To sum up, how to build low resolution models on the basis of simulation results, expertise and analytic models is a key issue in these problems.

Motivated Meta-model is a synthesis of cause-effect reasoning and Statistical Meta-modeling, which can imitate the I/O behaviour of the object model in a meaningful way (pure Statistical Meta-model can only in a statistical way, without any physical meaning). So it can meet the needs of building low resolution model in the problems mentioned above.On one hand, We need to employ cause-effect reasoning to simplify the causal relationship of the source system and the simulation model, and the author proposes a causal tree and variables relationship graph based methodology of model structure design. On the other hand, the object model and the source system of Motivated Meta-model have highly complex “innards” (or mechanisms), complicated behaviours, and plentiful I/O data which are of various types. So traditional Data Analysis methods are not able to supply us with enough insights which are essential in Motivated Meta-modeling process. As a knowledge discovery method, Data Mining is born in the last decades in order to help users in finding useful knowledge from the otherwise overwhelming amount of data available. In the present paper the authors try to propose a cross fertilizations between Motivated Meta-modeling and Data Mining techniques to do the Data Analysis job better.
Aiming at the requirements of building low resolution models to study high level simulation problems such as exploratory analysis, decision support and high level reasoning, this thesis proposes a modeling framework of motivated metamodel, and studies the key issue of the modeling framework—structure design of motivated metamodel. Metamodels built under this framework can meet the requirements of high level simulation and support high level simulation soundly. The major work of this thesis can be concluded as following three aspects.
2 Modeling framework and application framework of motivated metamodel

This thesis concludes the simulation metamodel theory and existing motivated metamodeling theory, and then proposes a modeling framework of motivated metamodel, which includes confirming the relationship between metamodel and simulation system, metamodel building, metamodel evaluation. And study the application framework in the high level simulation.

Motivated Meta-model is a kind of meta-model whose structure is motivated by the mechanism of the object model and the understandings of the source system. Motivated Meta-modeling is a synthesis of cause-effect reasoning and Statistical Meta-modeling. So Motivated Meta-model can not only imitate the I/O behaviour of the object model, but also reflect its “innards”. During the Motivated Meta-modeling process, on one hand, we can do cause-effect reasoning on the basis of the understandings of the “innards” of the object model to gain insights; on the other hand, we can use Data Analysis methods to analyze the data available to find data characteristics. Then we can design the meta-model structure with the help of the insights and data characteristics acquired. In a word, unlike Statistical Meta-models, Motivated Meta-models no longer treat object model as black boxes, and its I/O variables have physical connections.

The prime difference between Motivated Meta-model and pure Statistical Meta-model is that the model structure of Motivated Meta-model is motivated by the acquired understanding of the object model’s “innards” and I/O data characteristics, while pure statistic meta-modeling merely “choose” one of the fixed fitting methods (e.g. Response Surface Method, Kriging method, Radial Basis Functions, and Multivariate Adaptive Regression Splines) to build the model structure. In this way, it’s highly required to employ cause-effect reasoning and Data Analysis methods to acquire the motivating knowledge of the model structure, according to which we can design a Motivated Meta-model that reflects the “innards” of the object model. All in above, the Motivated Meta-modeling framework includes the following three steps: the ascertainment of the relationships between the simulation source system and the meta-model, the building and the validation of the meta-model. More details are shown in Figure 1.
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Figure 1 Process of the Motivated Meta-modeling
The application framework of motivated metamodels includes two aspects: application mode (how to use them) and application requirements (what requiremnets should be satisfied in a certain application mode). 
3 Structure design of motivated metamodel

This thesis analyzes the structure design process in detail: First, distill motivated knowledge from phenomenology by using cause-effect reasoning and data analysis. Then, simplify the object model on the base of motivated knowledge. Moreover, this thesis studies the two key technologies—cause-effect reasoning and data analysis.

Structure design of Motivated Meta-model is the key step of Motivated Meta-modeling framework, which incarnate the essential difference between Motivated Meta-modeling and pure Statistical Meta-modeling. The design process comprises of the following steps: firstly, we should make any effort to collect phenomenology knowledge including expert opinions, historical data, simulation experiment outcomes and understandings of the object model; secondly, basing on phenomenology knowledge we can employ cause-effect reasoning, Data Analysis and other methods to acquire motivating knowledge that can guide the model structure design process; lastly, we select and aggregate input variables to simplify the object model according to the principles and strategies of structure design, and then the mathematical expression of the Motivated Meta-model is gained. Figure 2 shows the whole process above.
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Figure 2  Process of Motivated Meta-model structure design

There are three key issues in the structure design process: 

1. Identify the critical components for the problem of interest. If the real-world system being analyzed with a model will fail if any of several components fail, it will be fruitful to view the problem from the perspective of ensuring that all of the critical components are present with enough numbers and effectiveness in the meta-model.
2. Identify important branches. If the object model has nonlinearities such as Solution = MIN [Solution 1, Solution 2], there will be data characteristic or I/O behaviour reflecting the nonlinearities. We can use Data Analysis and other methods to identify the branches and develop different meta-models for the two solution cases.
3. Identify natural composite variables (aggregation fragments). The object model usually has many variables, some of which are relevant to each other. It’s required to identify natural composite variables and aggregate the relevant variables to achieve the parsimony the meta-model.

Generally speaking, structure design of the meta-model is to postulate a structural form for the meta-model based on the three steps above and then validate the postulation using cause-effect reasoning and Data Analysis.
Figure 3 shows the Implementing process of Data Mining in structure design of Motivated Meta-model. Generally speaking, it can be divided into following 7 steps.

[image: image3.emf]Historical data and 

Object model data 

Simulation experiment 

database

Simulation data 

warehouse

Analytical model

Data characteritic

Motivating knowledge

Data collection 

and selection

Data 

pretreatment

Data conversion 

Data mining 

Result analysis and 

knowledge conclusion



Figure 3 Process of Data Mining in structure design of Motivated Meta-model

4 Case study
Finally the author does a case study in a industrial domain to construct a motivated metamodel by the integrative way of cause effect reasoning and data mining of the simulation system I/O data under the instruction of the modeling framework. And then employ the motivated metamodel to solve domain problems under the application framework. The results validate the proposed methodology and techniques.
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