	课程大纲

COURSE SYLLABUS

	1.
	课程代码/名称

Course Code/Title
	MAT7025连续时间马氏链

Continuous Time Markov Chains & Their Applications 

	2.
	课程性质

Compulsory/Elective
	选修Elective

	3.
	课程学分/学时
Course Credit/Hours
	3/48

	4.
	授课语言

Teaching Language
	英语，辅以部分中文解释

English with some explanations in Chinese

	5.
	授课教师Instructor(s) 
	陈安岳教授
Anyue Chen, Professor

	6.
	先修要求

Pre-requisites 
	MA215概率论，MA302泛函分析，MA313随机过程基础，MAT8002测度论与积分

MA215 Probability theory，MA302 Functional Analysis，MA313 Stochastic Analysis，MAT8002 Measure Theory&Integration


	7.
	教学目标Course Objectives

	
	学习本课程后，学生应能够掌握连续时间马氏链的基本理论，能够对现实生活中的某些随机问题建立相应的马氏链模型。熟练掌握在Q矩阵给定的条件下，解决马氏链的存在性、唯一性以及过程的构造等问题的一般性研究方法。能够使用本课程中的基本方法来分析Q过程的概率性质，包括常返性、遍历性、衰减性以及灭绝概率等。
After learning this course, the students should master the fundamental concepts and conclusions of continuous time Markov chains as well as the basic methods and techniques in analyzing such kind of stochastic processes. Students should be able, after studying and practicing, to apply these conclusions and methods in practical problems. In particular, they should be able to solve the existence, uniqueness and construction problems when the infinitesimal generator, the so-called q-matrix Q is given. They should also be able to analyzing the properties of the related Q-processes including to reveal the extinction, delay, and/or, ergodic properties when certain conditions are satisfied.


	8.
	教学方法Teaching Methods 

	
	教学过程中，会特别突出理论与实践相结合，注重由实际问题推导出相应的随机数学模型，给学生以清晰的背景解释。着重分析几类重要的连续时间马氏链模型，如生灭过程、分枝过程及排队论等，增强学生对随机过程的认识。课程讲授过程中，教会学生能综合使用概率和分析的方法来处理问题，使学生既能深刻理解概率直观含义，又能给出分析上的严格证明。
In the teaching process, the emphases will be put to the application aspect, i.e. the main approach will be application-oriented. The very useful sub-classes of Continuous Time Markov Chains including  birth-death processes, branching processes and the queuing theory will be detailed analyzed. For some difficult points, the strict proofs could be postponed for a while but must be given later when the students have got enough experience and knowledge. 
Also, we shall combine the two approaches, the analytic and probabilistic, closely so that, on the one hand, students should be able to get the conclusions strictly by using analytic approach and , on the other hand, they should clearly aware of the intuitive probabilistic ideas.

	9.
	教学内容Course Contents

	
	Section 1
	Chapter 1 Introduction (4h): Stochastic Processes; Discrete-Markov Chain, Continuous-time Markov Chains. 

	
	Section 2
	Chapter 2 Transition Probability and Rate-matrix (6h): Properties of Transition Probabilities, Chaperman-Kolmogorov Equations, Kolmogorov Backward Equations, Kolmogorov Forward Equations; Resolvents; Rate-matrix, q-processes, Examples.

	
	Section 3
	Chapter 3 Existence and Uniqueness of q-processes (10h): Construction of Feller Minimal Processes, Properties of Feller Minimal Processes, Uniqueness I (Conservative case),  Uniqueness II (Non-conservative case),  Reuter Lemma, Examples, Applications.

	
	Section 4
	Chapter 4 Classification of States (10h): Communications between states; Recurrence, Positive-Recurrence, Embedded Markov Chains; Jump-Chains, Ergodicity, Equilibrium Distributions, Examples. 

	
	Section 5
	Chapter 5 Decay Parameter and Invariant Measures (10h): Communications Sub-invariant Measures & Sub-invariant Functions, Invariant Measures & Invariant Functions, Decay Parameters, Quasi-Limit-Distributions,  Applications.

	
	Section 6
	Chapter 6 Birth-Death Processes (10h): Reversibility of Birth-Death Processes, Duality of Birth-Death Processes, Boundaries of Birth-Death Processes, Examples, Applications. 

	10.
	课程考核Course Assessment

	
	1. Assignments: 20%

2. Mid-term test: 30%

3. Final Exam (2h): 50%

	11.
	教材及其它参考资料Textbook and Supplementary Readings

	
	Textbook: W. Anderson: Continuous-Time Markov Chains, Springer, Berlin 1991


