
System Science

(Discipline code: 071100, Master of Science degree)
I. Disciplines and Research Fields

The discipline, with transportation system as the research object, studies the basic nature and evolution mechanism of the complex system, the methods used for optimizing and regulating the system, and the means and methods of system reconstruction, for the purpose of providing a theoretical basis for development of the transportation system, and revealing the common law of the system, thus to form the general theories and methods of system science.
The key research fields:
01 Analysis and integration of transportation system
The research seeks function optimization of the transportation system is achieved through decomposition, coordination, synthesis, optimization and implementation of the system objectives, with the aid of system analysis and integration technology as a means based on system theory. It aims to study the complex mechanism of interaction between the network structure and functions of transportation systems (i.e. road transportation, rail transportation, integrated transportation); use big data, machine learning, large-scale computing and other methods to study the spatiotemporal complexity of travel behaviors in cities and urban agglomerations and further reveal the complex characteristics of the traffic network structure and flow of cities and urban agglomerations; study the network science and nonlinear system theory methodology; study the simulation theory and methods of complex transportation systems; and carry out integration research on the future transportation systems.
02 Modeling, optimization and analysis of complex systems
This part involves study on road traffic flow simulation models (covering autonomous vehicles, manually driven vehicles, non-motorized vehicles, pedestrians and their mixed traffic flow) and various dynamic complex characteristics of traffic flow such as chaos, phase change, and self-organization; and the model construction and optimization methods of complex transportation system in such new operating environments as big data, artificial intelligence, mobile Internet, autonomous driving and ride-sharing to reveal the evolution characteristics of the system; it also covers study on the traffic simulation model of urban multi-mode integrated transportation network to reveal the evolution and propagation mechanism of urban traffic congestions and explore the solutions to relieve congestion propagation and improve traffic efficiency; study on urban traffic network optimization design, optimization models and algorithms for traffic demand management.
03 Control theory and application of complex system 
In response to the digitization, networking and intelligence requirements of complex systems represented by modern transportation systems, based on modern control theory, it is necessary to study the theory and application of cooperative control and intelligent control of complex transportation systems; the control theory and methods of autonomous vehicles and connected fleets; also study traffic system control theory in the new operating environment to achieve safe and orderly operation of traffic systems; the stability, robustness and related control methods of the transportation systems; as well as data-driven real-time optimization control and decision-making methods of urban traffic systems, and advanced control theories and methods of rail transit systems.
II. Training objectives

The training is to cultivate senior specialists in the transportation system that have excellent abilities in knowledge acquisition, academic discrimination, scientific research, academic innovation, academic communication, cooperation, organization and coordination in the subject field.
1. Love the motherland, abide by the law, advocate science, and enjoy physical and mental health. Have high sense of professionalism and responsibility, have sound professional ethics and academic accomplishment, rigorous academic attitude, as well as good spirit of cooperation and innovation.
2. Master basic theories and systematic professional knowledge, have an in-depth understanding of the current status, development direction and international academic frontiers of the research fields related to the subject, and have the ability to engage in scientific research or independently work on specialized technical work.
3. Be able to skillfully use a foreign language to read the literature of the subject, have good listening, speaking and writing skills to enable international academic exchanges.
After graduation, the students can work on scientific research and teaching in the discipline and some relevant subjects, or work as senior specialists engaged in technology and management in related companies.
III. Training Methods and Academic System

1. Training methods

Supervisor responsibility system is applied for postgraduate students, and crossing of curriculum learning and scientific research is permitted. Curriculum studies applies credit system, and students are required to acquire the required credits before applying for defense.
2. Academic system

Full-time academic postgraduate students have a 3-year basic studies, not exceeding 5 academic years.
IV. Scientific Research and Practice
During the academic studies, students are required to participate in scientific research in addition to normal curriculum studies and the work required by the program. Scientific research is the main ways to train the postgraduate students in scientific research, cultivate their innovative abilities and solve practical engineering problems, which is deemed as a necessary condition for graduation. Specific requirements:
1. Participate in at least one research throughout the whole process.
2. Actively participate in academic conferences, lectures on frontier academics and other academic activities, including at least one international academic conference.
3. Encourage students to go to overseas universities for further study or assistant research by a variety of channels and funding, and ensure the further study highly relevant to the research work described in their thesis.
V. Thesis
Making scientific research and writing a thesis are the main way to train the scientific research abilities of postgraduate students and cultivate their innovative abilities, and also one of the important basis for measuring the qualification of masters students to obtain a degree. postgraduate students are required to complete the thesis links according to the specific content and requirements in "Regulations of Beijing Jiaotong University on Strengthening the Quality Control of the Postgraduate Education Process and Improving the Quality of Thesis". Thesis links are described below:
1. Thesis proposal
The topic selection for a master's degree thesis should be closely combined with the development of the discipline or the needs of economic construction and social development, and should be generally completed in the 3rd semester. The topic selection for thesis should be consistent with the subject, and the topic and research content should be determined on the basis of understanding the current situation and developments of the research field at home and abroad.
The thesis proposal should be formulated after the topic is selected, which should generally include:
(1) Source and basis of topic selection.
(2) Overview of the research status in the field of topic selection: the relevant literatures at home and abroad in recent years should be read, analyzed and summarized. A minimum of 60 and above academic journal papers or thesis related to the topic should be consulted and intensively read before preparing the proposal, including no less than 30 papers in English. The literature review and the thesis proposal will be assessed at the same time. If both are qualified in the assessment, 1 credit will be awarded.
(3) Research program: research objectives, research content, key issues and innovation points, research methods, technical routes, and experimental plans should be clarified.
(4) Research basis: the available research conditions, the difficulties and problems that may arise during the research, and the possible solutions and measures should be stated.
(5) Schedule for thesis research and writing.
For thesis proposal, an assessment team consisting of no less than 3 or more teachers with sensor professional titles or master's supervisors will have discussion over the scientificity of the selected topic, address the potential problems, and help the graduate students to rationally optimize scientific research and content of the thesis; and make an assessment on the comprehensive ability, and give a review comment on the qualification of the proposal. If the thesis proposal passes the review, the thesis research can be continued; if the proposal fails to pass, it should be resubmitted after amendments. The thesis proposal should be in accordance with the relevant regulations of the postgraduate School, in principle, the thesis defense can be applied one year after the proposal passes the review.
2. Mid-term thesis evaluation and professional practice evaluation
Mid-term evaluation of thesis is generally made in the 4th semester. the mid-term evaluation will be made half a year after the proposal passes the review. The evaluation team is generally made up of 3-5 teachers who are qualified as master’s supervisors.
3. Thesis defense links and requirements
(1) Postgraduate students are generally required to complete the thesis in 1 to 1.5 years. Thesis defense can only be applied after completing the thesis.
(2) The thesis should be reviewed by 2 teachers with senior professional titles or master's supervisors.
(3) The defense committee should be made up of 3 to 5 teachers with senior professional titles or master's supervisors.
Evaluation of the thesis level should focus on reviewing the student’s knowledge of basic theories related to the discipline and his/her ability to solve practical engineering problems by comprehensive application of and scientific theories, methods and technical means; the technical difficulty and workload of thesis work; the theoretical level of the research results obtained by the thesis; new ideas, new methods and new developments in solving practical engineering problems; the advancement and practicality of the new processes, new technologies and new designs adopted; the economic and social benefits thereby created. The thesises that meet the above requirements are qualified.
Postgraduate students for professional master's degree who pass the thesis defense, will be granted with a master's degree as approved by the degree evaluation committee of the School.
The thesis defense is implemented in accordance with the "Detailed Rules for Implementation of Degree Awarding in Beijing Jiaotong University".
4. Results requirements
Before applying for thesis defense, the postgraduate students are required to publish an academic thesis of class C or above related to the master’s thesis (classified according to thesis classification of the School's science and technology department and the classification of thesis published by PhD student), Class A and class B journal papers can be provided with acceptance notice; the conference thesis retrieved by EI and ISTP should have the retrieval certificate (if without retrieval certificate, it should be regarded as class C), and the class C thesis must be officially published. For signatures, the postgraduate student should be the first author or the supervisor be the first author, and the student be the second author, and the source of the author must be Beijing Jiaotong University.
VI. Other requirements

Other relevant requirements should be implemented in accordance with Provisions of Beijing Jiaotong University on Postgraduate Education, Regulations of Beijing Jiaotong University on Strengthening the Quality Control of the Postgraduate Education Process and Improving the Quality of Thesis and the relevant provisions of the School.
VII. Curriculum and credit requirements

The curriculum is divided into four parts: quality improvement, ability improvement, professional study, academic and practical innovation. The postgraduate students should have 32 credits at the minimum, of which no less than 28 credits for courses and 4 credits for training. See the attached table for curriculum and credit allocation.
1. Credit system
(1) Except foreign language and politics, students can get each credit per 16 hours. In principle, each course can have 4 credits.
(2) If the first foreign language is not English, English should be selected as the second foreign language; the first foreign language is English, and the second foreign language can be exempted.
(3) For postgraduate students who studies in other specialties during undergraduate study, their supervisors should require supplementation of some of the major undergraduate courses in the discipline. Supplementary courses are not counted in the total credits.
2. Curriculum studies requirements
During the studies, the "one training" and "three types of courses" should be addressed as below:
(1) Professional English training: academic postgraduates should complete at least 32-hour study of the International Courses of Transportation Engineering during their school studies to enhance their international vision and make international exchanges.
(2) Basic courses of mathematics and physics in combination with the subject: academic postgraduates should have the ability of mathematical modeling and solving basic problems in professional fields, and master the latest calculation tool software.
(3) Special seminar courses in combination with professional literature reading: Readings of literature in the core research field is the basis for improving the level of thesis research, and the training in this aspect should be strengthened in teaching.
(4) Study of research methodology seminar courses combined with projects and research fields: In addition to special lectures on research methodology, research methodology should be implemented throughout the teaching and learning process of specialized foundations and specialized curriculum.
Curriculum and credit requirements for master’s degree in system science (the total credits are not less than 32 points)
	Program category
	Program modules
	Program No.
	Program Title
	Credit
	Semester
	Credit requirements
	Remarks

	Quality improvement platform
	Political accomplishment
	A209002B
	Research on the Theory and Practice of Socialism with Chinese Characteristics
	2
	The Spring and Autumn
	3
	Required

	
	
	A209004B
	Introduction to Dialectics of Nature
	1
	The Spring and Autumn
	
	

	
	Comprehensive quality course
	A213001B
	Intellectual property
	1
	Autumn
	2
	Restricted selection

	
	
	A226001B
	Information retrieval
	1
	The Spring and Autumn
	
	

	
	
	A202032B
	Introduction to Confidential Knowledge
	1
	Autumn
	
	

	
	
	A204002B
	Engineering Ethics
	1
	Spring
	
	

	
	
	A204001B
	Career development guide and competency improvement of postgraduate students in transportation discipline
	1
	The Spring and Autumn
	
	

	
	Comprehensive quality practice
	H204008B
	According to the "Implementation Rules and Evaluation Methods of the Comprehensive Quality Practice Module for Master Candidates of the Transportation College"
	1
	The Spring and Autumn
	1
	Required

	Capacity improvement platform
	Language ability module
	C404002B
	Academic writing ability
	1
	The Spring and Autumn
	1
	Required

	
	
	C412004B
	Academic English communication
	3
	The Spring and Autumn
	3
	

	
	
	C412005B
	Academic English Writing
	3
	The Spring and Autumn
	
	

	
	Mathematical ability module
	C308102B
	Numerical analysis I
	2
	The Spring and Autumn
	4
	Optional

	
	
	C308103B
	Matrix analysis I
	2
	Autumn
	
	

	
	
	C308105B
	Statistical methods and calculations (original mathematical statistics)
	2
	Spring
	
	

	
	
	C308107B
	Statistical machine learning
	2
	The Spring and Autumn
	
	

	
	
	M504028B
	Models and algorithms
	2
	The Spring and Autumn
	
	

	
	Information capability module
	C302101B
	Big data technology foundation and application
	3
	Autumn
	
	

	
	
	C302105B
	Algorithm design and problem solving
	3
	The Spring and Autumn
	
	

	
	
	C402002B
	Deep learning
	2
	Summer vacation time
	
	

	Professional study platform
	Core courses of the subject
	M504058B
	Introduction to System Science
	2
	The Spring and Autumn
	9
	Restricted selection

	
	
	M504018B
	Optimization and Optimal Control
	2
	The Spring and Autumn
	
	

	
	
	M504019B
	System Identification and Adaptation
	2
	The Spring and Autumn
	
	

	
	
	M504017B
	Nonlinear System Theory
	2
	The Spring and Autumn
	
	

	
	
	M504016B
	Large Scale System Theory
	2
	The Spring and Autumn
	
	

	
	
	M504031B
	Traffic Flow Theory
	2
	The Spring and Autumn
	
	

	
	
	M504046B
	Complex network theory and its applications
	2
	The Spring and Autumn
	
	

	
	Specialty development courses
	M604021B
	Transportation Systems Model and Method
	2
	The Spring and Autumn
	4
	Optional

	
	
	M604024B
	Lectures on Frontiers of Modern Transportation Science II
	2
	The Spring and Autumn
	
	

	
	
	M604020B
	Uncertain System Analysis
	2
	The Spring and Autumn
	
	

	
	
	M504021B
	Prediction Theory and Method
	2
	The Spring and Autumn
	
	

	
	
	M504067B
	Data Analysis Methods and Software Applications
	2
	The Spring and Autumn
	
	

	
	
	M504003B
	Multi-agent Modeling and Simulation
	2
	The Spring and Autumn
	
	

	
	
	M504011B
	(System optimization modelling and applications)
	2
	The Spring and Autumn
	
	

	
	
	M504072B
	International Courses of Transportation Engineering I
	2
	The Spring and Autumn
	2
	

	
	
	M504073B
	International Courses of Transportation Engineering II
	2
	The Spring and Autumn
	
	

	
	
	M504074B
	International Courses of Transportation Engineering III
	1
	The Spring and Autumn
	
	

	
	
	M604019B
	International Courses of Transportation Engineering IV
	1
	The Spring and Autumn
	
	

	
	Specialized supplementary course
	
	Undergraduate courses in the specialty, will not be counted in the credit.
	0
	
	0
	Decisions made by the supervisor

	Academic and practical innovation platform
	Regular academic meeting
	H204001B
	
	1
	The Spring and Autumn
	3
	Required

	
	Thesis proposal
	H204003B
	
	1
	The Spring and Autumn
	
	

	
	Mid-term thesis evaluation
	H204004B
	
	1
	The Spring and Autumn
	
	


Note 1: Students should take at least 2-credit English courses (including the International Course of Transportation Engineering);
Note 2: The minimum credit of each module must be ensure the total score is not less than 32 credits. With regard to the courses in the language ability module, mathematical ability module, information ability module, and design ability module, students are allowed to choose other school courses in the same module according to the personal training plan made by the supervisor in addition to the ones listed in the program, and all the courses will be counted as valid credits.

