附件6．机械科学与工程学院国际一流水平 研究生课程简介
(中英文各一份)
	课程名称：不确定性系统分析
	课程代码：100.578

	课程类型：□一级学科基础课 □二级学科基础课 ■其它：硕士专修课 

	考核方式：  考查                            
	教学方式：讲授+研讨

	适用专业：        机械大类
	适用层次：■ 硕士  □  博士

	开课学期：  秋季         
	总学时：32
	学分：2

	先修课程要求：概率与数理统计、随机过程

	课程组教师姓名
	职  称
	专  业
	年  龄
	学术方向

	胡友民
	教授
	机械电子
	48
	故障诊断

	易朋兴
	副教授
	机械电子
	38
	数字化制造

	吴波
	教授
	机械电子
	50
	智能制造

	课程负责教师教育经历及学术成就简介：
1988.至今一直在高等学校从事教学与科研工作。

主要从事数控装备、智能制造与控制、机电设备状态监测、可靠性与安全性技术以及大型成套装备等的科研和教学。主讲本科《机械工程控制基础》（国家精品课程）、《计算机控制系统》和研究生《机电系统建模与仿真》等课程。研究成果曾获教育部科技进步二等奖。

	课程教学目标：

《不确定性系统分析》是培养学生具有运用不确定性理论与方法对复杂系统进行建模、仿真、分析的一门基础课程。通过本课程学习，使学生能够初步掌握应用广义区间概率理论解决复杂系统的不确定性及人类知识的不完备性问题的新思想和新方法，为研究复杂系统特别是大型工程系统提供一种新型有效手段。
(1) 通过本课程的学习，使学生对传统区间理论和概率理论有进一步理解。

(2) 通过本课程学习，使学生学习掌握广义区间和广义区间概率概念与理论。

(3)介绍基于广义区间概率的建模技术的发展现状，学习应用广义区间概率理论和方法对复杂系统进行建模与仿真方法。

（4）初步掌握应用广义区间概率理论和方法处理复杂系统不确定性和人类知识不完备问题的基本思想和方法。

（5）为今后能够对复杂系统的性能进行分析、仿真以及为今后从事具有不确定性复杂系统方面的科学研究及工程应用打下良好基础。

本课程作为机械学院的硕士和博士研究生基础理论课程，也可供工程技术其他专业的研究生或高年级大学生选修。
课程大纲：（章节目录）
1. Introduction to Modeling & Simulation (2 hrs)（简介）

2. Probability Theory and Interpretations (4 hrs)  （概率理论与解释） 

3. Markov Models (4 hrs)（Markov模型）

4. Generalizations of Markov Models (4 hrs) （广义Markov模型）

5. Interval Analysis and Applications (4 hrs) （区间分析与应用）

6. Theories of Interval Probability (6 hrs) （区间概率理论）

7. Generalized Interval Probability (6 hrs) （广义区间概率）

8. Applications in Control, Information Modeling, Data Fusion (2 hrs)（在控制、信息建模、数据融合方面应用）

	教材： 

自编讲义

	主要参考书：

1.课堂上提供与授课内容相关的国外最新研究进展课外阅读材料。

	本课程达到国际一流水平研究生课程水平的标志：

1、 师资方面：

本课程国际合作老师---佐治亚理工学院机械系王琰博士是国际上开创本研究领域的少数专家之一。
王琰，现任职于佐治亚理工学院机械工程学院。其研究领域涵盖计算机辅助设计、计算机辅助制造、多尺度系统、建模与仿真及不确定性量化与分析等等。已发表70多篇国际期刊和会议论文，曾获得过2007年工业工程大会最佳论文奖（the 2007 Industrial Engineering Research Conference Best Paper Award）和2009年国际CAD大会最佳论文奖（2009 International CAD Conference Best Paper Award）。2007年王教授还获得美国自然科学基金政府机构作专题报告。王教授的学术生涯始于2003年，作为主要创始人参与建立NSF的e-Design工业-大学合作研究中心,参与该中心的有全美五所主要大学和十几个制造业巨头。随着中心有关信息结构研究需要，他开始研究协同CAD系统诸如互操作性等方面问题并获得一些大型工程软件生产商如PTC, ANSYS和Dassault Systèmes的不断连续资助。对于设计和制造中的不确定性量化如误差分析和满足约束问题，是他的另外一个重要研究方向。他提出了一些关于不确定性量化的一些新的概念和算法如语义容错、定量区间约束补偿等等。在最近的2007年，他开拓了计算机辅助纳米设计研究领域，开发下一代几何建模工具和多尺度CAD方法以在纳米尺度上设计材料并与生产工程相结合，提出了新的几何和材料表示概念如周期表面模型和surfacelets。这个新兴研究领域为多尺度系统设计领域开创了全新的CAD市场。

目前，他还正在致力于一种新的概率理论—广义区间概率研究。广义区间概率理论克服了传统概率理论的局限性，可以同时反映事件的偶然性及人类认知的不完备性。这种新的概率理论对于未知随机系统的建模、改善决策过程中风险分析的鲁棒性等具有极其广泛应用前景
承担本课程的校内老师都是由具有多年丰富教学经验的长期从事教学与相关研究的老师。
2、 教学内容方面：

具有不确定性的系统是自然界普遍存在的客观系统，可以说自然界所有的系统均具有不确定性，加之人类对这类系统认知的不完备性，导致长期以来对于这类系统的研究十分的欠缺，国际上对于具有不确定性系统的研究也只是近年来逐步发展起来的。拟聘请的国外专家目前在不确定性系统的研究方面是国际上少数从事不确定性系统理论研究领域中较有影响力的专家之一，初步提出了一种较为全面完整的不确定性系统分析理论与方法。本课程内容就是以这种不确定性系统分析理论为核心，全面系统介绍不确定性系统的研究现状、理论、分析方法及其在工程中的应用。
本课程内容在目前国内研究生课程体系中少有涉及，通过本课程将国际上相关领域最新研究成果通过从事该领域研究的海外知名专家直接引入到我们的课堂，让学生直接接触国际最新研究动态及与海外高水平专家对话，对于培养学生的创新思维与动手能力，对于我校国际化课程体系建设具有重要作用
3、 教学方式方面：

本课程教学拟采用美国高校普高采用的知识讲授、问题研讨、领域最新发表论文研读、实际案例剖析的教学模式，让学习者主动参与教学各个环节，变教学过程为学习者主动参与的一种创造性研究能力与思维能力的训练过程
4、 教材方面：

由主要教师亲自准备教学参考资料，涵盖本课程的主要内容所涉及的理论与方法的直接创立者及本领域其它专家的最新研究成果
5、 其它：


附件6． 机械科学与工程学院国际一流水平 研究生课程简介
(中英文各一份)
	Course Name：Uncertainty Quantification & Analysis in Systems Modeling and Simulation
	Course Code：100.578

	Type of Course：□ Basic course of the first level discipline ( Basic course of the second level discipline□ Others：              

	Assessment Methods：  paper                        
	Teaching Methods:

Lecture & Discussion

	Applicable Fields：Mechanical Engineering
	Applicable Level：( Graduates  ( Ph.D Candidates 

	Semester：  Fall         
	Total Class Hours：32
	Credit：2

	Prerequisites：Probability and Mathematical Statistics, Stochastic Process

	Names of Instruction Group
	Title
	Fields
	Age
	Academic Specialties

	Youmin Hu
	Professor
	Mechatronics
	48
	Fault Diagnosis

	Pengxing Yi
	Associate professor
	Mechatronics
	38
	Digital Manufacturing

	Bo Wu
	Professor
	Mechatronics
	50
	Intelligent Manufacturing

	Profile of the educational experience and academic achievements of the teachers

Since 1988, Dr. Hu has been teaching and conducting research. 

Dr. Hu mainly works in the areas of CNC equipments, Intelligent Manufacturing and Control, Monitoring, Reliability and Security Technology. Hu teaches the undergraduate courses, Mechanical Engineering Control theory which was awarded as “National Excellent Courses”, and Computer Control Systems. He also teaches the graduate course, Electro-Mechanical Systems Modeling and Simulation. Hu won the Science and Technology Progress Award of Ministry of Education in China in 2006 for his research achievements. 

	Objectives：
This course, Uncertainty Quantification & Analysis in Systems Modeling and Simulation, is to enable students to develop the ability of modeling, simulation, and analysis using the uncertainty theories and methods for engineering systems. From this course, students will learn how to use the generalized interval probability theory to solve the problems under aleatory uncertainty because of randomness and epistemic uncertainty that is due to the lack of knowledge. The course provides an effective method to study complex systems, especially large engineering systems.  

(1) To further understand the traditional interval theory and probability theory.

(2) To understand the concepts and theories of generalized interval and generalized interval probability. 

(3) To comprehend the current status of the modeling methodology of generalized interval probability, and to use this theory to realize the modeling and simulation of complex systems.

(4) To familiarize with the basic theories and methods of generalized interval probability to solve problems under aleatory uncertainty and epistemic uncertainty. 

(5) To build a foundation for future research and application of the modeling, simulation, and analysis of the complex systems. 

This course is as the basic theoretical course for the graduates and Ph.D. candidates of school of mechanical science and engineering. It can also be used as an elective course for the graduate students of other majors and undergraduate students. 

Course Outline：（Contents of Chapters）
1. Introduction to Modeling & Simulation (2 hrs) 

2. Probability Theory and Interpretations (4 hrs)  

3. Markov Models (4 hrs) 

4. Generalizations of Markov Models (4 hrs) 

5. Interval Analysis and Applications (4 hrs) 

6. Theories of Interval Probability (6 hrs) 

7. Generalized Interval Probability (6 hrs) 

8. Applications in Control, Information Modeling, Data Fusion (2 hrs) 

	Teaching Materials： In-class handouts

	References：
1.The reading materials related to lectures will be provided in class

	Signs of this course to become one of the world-class level of postgraduate courses

1. Quality of teachers：
The cooperative instructor, Dr. Yan Wang, is one of few influential experts in the world who established this research area.  

Dr. Wang teaches at the School of Mechanical Engineering, Georgia Institute of Technology. His research expertise is in the areas of computer-aided design, computer-aided manufacturing, multiscale systems engineering, modeling and simulation, as well as uncertainty quantification and analysis. He has published over 70 peer-reviewed papers in international journals and conferences, including the ones with the 2007 Industrial Engineering Research Conference Best Paper Award in Design and Manufacturing, the 2009 International CAD Conference Best Paper Award, and the 2011 American Society of Mechanical Engineers (ASME) Computers & Information in Engineering Conference Best Paper Award. He is the recipient of 2007 U.S. National Science Foundation (NSF) CAREER Award, the most prestigious award NSF gives to junior teacher-scholar leaders.  Dr. Wang started his academic career in 2003 as a co-Principle Investigator to establish the NSF Industry-University Cooperate Research Center for e-Design which includes five major U.S. universities and dozens of manufacturing giants in U.S. As the Center's information infrastructure research thrust lead, he worked on various issues of product lifecycle management and collaborative CAD systems such as interoperability, naming persistency, and secured information sharing. His work has been continuously funded by major engineering software vendors including PTC, ANSYS, and Dassault Systèmes. More recently in 2007, he initiated a pioneering research area, computer-aided nano-design, which is to develop next-generation geometric modeling and multiscale CAD approaches to design materials at nanoscales and seamlessly integrate with product engineering. Novel structure and material representation concepts such as periodic surface model and surfacelets were developed. This new research domain potentially creates an emerging market of CAD for multiscale systems design.
Concurrently, Prof. Wang is also devoted to develop a new theory of probability, called generalized interval probability, which overcomes the limitations of the traditional probability theory in quantifying aleatory and epistemic uncertainties. This new interval probability theory provides efficient probabilistic calculus and has wide potentials to reliably model and simulate virtually all stochastic systems with incomplete knowledge, and to improve robustness of risk analysis,.

The teachers in Huazhong university of Science and Technology also have rich experiences in teaching and research.

2. Teaching Content：
Uncertainties are ubiquitous in natural or man-made systems. It can be said that all systems are inherently subject to uncertainty and the incompleteness of human knowledge is inevitable. There is a lack of research on such systems under both types of uncertainties. Studies of such uncertain systems were only developed in recent years. The invited foreign expert, Yan Wang, is one of the few influential experts engaged in the theoretical study of uncertainty in the world. He has developed a comprehensive theory and methods for the analysis of system uncertainties. The content of this course is to use this uncertainty theory as the core, and give a comprehensive and systematic introduction of uncertainty systems about research status, theory, analysis method and its application in engineering.

This course is rarely involved in the system of domestic postgraduate courses. Through this course, we directly introduce the latest international research results to our classroom by the well-known expert engaged in this field, so students can have an opportunity to contact with the latest international research achievements and talk with overseas high-level experts, and this chance plays an important role for developing creative thinking and practical ability of students and the internationalization of curriculum system of our university.

3. Teaching Methods：
This course intends to use the teaching methods generally accepted by universities in U.S., namely, the combination of the teachers’ lectures, the problem discussion, the latest published article study, and the actual case analysis. By this means, learners are encouraged to actively participate in all aspects of the teaching process. Therefore, the teaching process can become the training process for learners to actively develop the ability of creative research and thinking skills.

4. Teaching Materials：
The teachers will prepare reference materials, which will conclude the main content of the direct founder’s theories and methods and the latest research results of other experts in this field. 

5. Others：



