系统科学概论课程教学大纲

Introduction to Systems Science
一、 课程基本情况

课程名称：系统科学概论 

课程编号：11131732

课程总学时：32(其中，讲课：26，讨论及测验：6)

课程学分：2.0

课程分类：选修

开课学期：3春
开课单位：经济管理学院  工商管理系

适用专业：学院各专业

所需先修课：高等数学、数理统计、线性代数、运筹学

课程负责人：王卫华

二、课程内容简介

系统思想是进行分析和综合的辩证思维工具，它在辩证唯物主义那里取得了哲学表达形式，在运筹学和其它应用数学那里取得了定量表达形式，在系统工程那里取得了丰富的实践内容。20世纪中期现代科学技术的成就，为系统思维提供了定量方法和计算工具，从而使系统思想实现了从经验到哲学到科学，从思辨到定性到定量的跨越。

    系统科学作为一门普适性的综合性学科，其涉及领域是极其广泛的。本课程将通过对学科形成和发展过程的回顾，系统地介绍有关的概念和理论，结合大量应用实例的分析，使学生能够在较短的时间内对系统科学的性质和内容有一个全面的、准确的认识。

    主要内容包括：古代朴素的系统观，近代系统思想的形成与发展，系统科学的基本概念，一般系统论基本模型，自组织现象与基本概念，混沌学与分形学的基本理论，信息与控制的基本理论，系统模型化技术简介，等等。

    The systematic thought is a dialectical thinking tool for analysis and synthesis．It has made its philosophy expresses from dialectical materialism，made quantitative form from operations research and other applied mathematics made abundant practice content in the system engineering．The achievement of the modern science and technology in mid-20th century， offered the quantitative method and computational tool for systematic thinking，make it a great development that from practical to philosophical to scientific and from thinking to qualitative to quantitative．

    As a general and comprehensive discipline，the fields involved in systems science are extremely  extensive．This course will examine the discipline forming and evolution at first，then will  introduce relevant concept and theories systematically．Combining a large amount of case studies，the course will make the students have an overall and accurate understanding to its nature and content within relatively short time．

    Main content includes：The simple systematic view in ancient time，the forming and development of the systematic thought in modern times，the basic conception of systems science，the fundamental model in general systems theory, the phenomenon and basic conception of self-organizing theory, the basic theory of chaos，information and cybernetics，modeling of systems, games theory, etc．

1、 各部分教学纲要
（一）课堂讲授部分教学内容要点、基本要求及学时数等(26学时)

第一讲 　系统思想（4个学时）
1．中国古代系统思想：《周易》；阴阳五行学说；道家学说；孙子兵法；都江堰水利工程。
2．西方传统思想：古希腊；近代科学。
3．系统思想的产生与发展：十九世纪的科学发展；新的呼唤；运筹与管理；三论
4．阿波罗登月计划：背景；工程规模；后话；管理技术。
5．中国系统科学发展与应用：发展过程；钱学森语录
要点：了解朴素的系统思想及其随科学技术发展而升华为一门科学的过程和必然性。

第二讲　系统学基本原理（4个学时）
1．系统：定义；特征；类型划分。
2．系统工程：定义；系统工程步骤；系统工程方法。

3．系统科学体系：钱学森知识体系总图；钱学森系统科学体系。
4．一般系统论：背景；基本模型；系统整体性特征；系统同形性特征；M型领导模式
5．系统工程应用举例
要点：准确理解系统、系统工程及系统科学体系等概念；了解系统思想在实际工作中应用情况。

第三讲　自组织与混沌（6学时）
1．自组织现象：贝纳德花纹；激光；B－Z反应；涉及领域；理论发展。

2．自组织原理：突发原理；开放性原理；非线性原理；反馈原理；不稳定性原理；支配原理；涨落原理；环境选择原理。
3．自组织形式：自创生；自生长；自适应；自复制。
4．混沌现象（Chaos)：概念；典型系统；Lorenz方程；混沌系统特性。

5．分形（Fractal）：概述；分形实例；分数维；分形的特征；分形应用。

要点：了解自组织系统理论的基本内容、基本型态和主要分析方法；准确理解混沌与分形的概念，掌握基本的分析方法。

第四讲 　信息与控制（6学时）
1．什么是信息：Shannon定义；信息的特征；信息量公式；信息系统模型（通信模型）。
2．信源与信息熵：信源；离散信源的信息熵；条件熵。
3．互信息与剩余度：联合熵；互信息；有记忆信源的熵；效率；剩余度（冗长度）。

4．信道容量：信道；通信速度；信道容量。

5．信息论的应用：人际沟通的通信模型；管理机制设计与信息系统；博弈的信号传递模型。

6．什么是控制论：维纳的定义；一般理解；产生与发展；维纳生平；控制论的内容。

7．控制与控制系统：控制论系统；控制系统分类；关于控制；控制的种类。

8．系统辨识：系统辨识 System Identification；黑箱原理；系统辨识的步骤。
9．传递函数：拉氏变换；极点；拉氏逆变换；拉氏变换的主要性质；传递函数定义；传递函数的确定；例子。
10．状态空间模型：状态与状态变量；状态空间模型；例：Natchez印第安人社会结构。

要点：准确理解信息、信源、信道及编码等基本概念；准确理解控制、控制系统、状态、传递函数及黑箱原理等基本概念和理论；了解利用传递函数进行时域分析和应用状态空间模型进行动态分析的基本方法。

第五讲 　系统模型化技术（6学时）
1．系统模型举例：地缘政治学战略模型；诸葛亮“隆中对”；波士顿矩阵模型（企业环境评估）；SWOT战略分析模型 （企业环境评估）；管理过程平滑改进模型；新一代建模语言。
2．什么是模型：定义；模型分类；模型作用；建模步骤。
3．蒙特卡洛法　Monte Carlo Method：基本思想；实例：蒲耳投针试验求(值；实例：商店日均营业额；随机数的产生。
4．层次分析（AHP）法：多目标决策问题；目标层次结构；建立判断矩阵；求权重系数（特征向量）；求最大特征值；一致性检验；综合排序。
5. 系统思考模型：社会经济系统特征；基本元件；因果关系图；流图；系统基模；应用。

6．系统动力学System Dynamics：概述；增长的极限； SD建模步骤；参考网站； DYNOMO语言及仿真结果。
要点：准确理解系统模型的基本概念、建模的一般原则和思路；掌握应用Monte-Carlo法、层次分析法和系统动力学方法解决实际问题的基本步骤和方法。

（二）讨论及测验（6学时）

1. 啤酒游戏推演（2学时）；

2. 模型应用讨论（2学时）。

3. 课内测验（2学时）

（三）习题作业安排

1．啤酒游戏推演准备及总结报告：查阅有关资料；制作有关表格；小组成员分工；小组总结报告及PPT。

2．课程论文：应用系统模型分析企业管理某个过程或某个现象。

四、使用教材的名称、主编人、出版社、出版时间及版次及主要参考书名称：

教材：谭璐、姜璐：《系统科学导论》，北京师范大学出版社，2009。
参考书：

1．常绍舜：《系统科学方法概论》，中国政法大学出版社，2004。

2．杨博文：《社会系统工程概论》，石油工业出版社，2008。

3．汪应洛：《系统工程》，机械工业出版社，2008。

执笔人：王卫华

审定人：侯云先
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Introduction to Systems Science
1.The basic information of the course

Course title: Introduction to Systems Science

Course No.: 11131732
Total course hours: 32 (lecturing: 26, discussion and tests: 6)

Course credits: 2.0

Course category: optional

Semester: spring semester

Course institute: college of Economics and Management; Department of Business Administration

Suitable major: management, economics

Required Prerequisite: mathematics, mathematical statistics, linear algebra, operations research

Course Director: Weihua Wang

2.The brief Introduction of the Course

The systematic thought is a dialectical thinking tool for analysis and synthesis．It has made its philosophy expresses from dialectical materialism，made quantitative form from operations research and other applied mathematics made abundant practice content in the system engineering．The achievement of the modern science and technology in mid-20th century， offered the quantitative method and computational tool for systematic thinking，make it a great development that from practical to philosophical to scientific and from thinking to qualitative to quantitative．

As a general and comprehensive discipline，the fields involved in systems science are extremely  extensive．This course will examine the discipline forming and evolution at first，then will  introduce relevant concept and theories systematically．Combining a large amount of case studies，the course will make the students have an overall and accurate understanding to its nature and content within relatively short time．

Main content includes：The simple systematic view in ancient time，the forming and development of the systematic thought in modern times，the basic conception of systems science，the fundamental model in general systems theory, the phenomenon and basic conception of self-organizing theory, the basic theory of chaos，information and cybernetics，modeling of systems, games theory, etc．

3.Teaching Outline

（1）Course instruction includes content points, basic requirement, teaching hours etc.(26)

Chapter 1  system thought（4）
1.system thought of ancient china：《zhouyi》;Theory of Yin and Yang as well as Elements; Theory of Taoism; Sun Zi Warcraft; Dujiangyan Dams hydraulic engineering.
2. Traditional western thought; ancient Greece; modern science.

3. Emergence and development of traditional western thought: science development of the 19th century; new vocation; operations research and management science; the third discussion.

4. Apollo Program: background; project scale; techniques of management; development and application of system science in china: developmental process; quotation from Xuesen Qian.
Key points: learn the unvarnished system thought and understand the process and necessity of the development of science technology.

Chapter 2  basic principle of science（4）

1. System definition; characteristics; type classification.

2. System engineering: definition; stages of system engineering; method of system engineering.

3. System science system: the whole map of Xuesen Qian knowledge system; Xuesen Qian knowledge system.

4. General system theory: background; basic model; characters of integrality of system; characters of homomorphy of system; M type leadership model.

5. Examples of application of system engineering

Key words: understand the concepts of system, system engineering and the system of system science precisely; understand applied situation of system thought in practical work.

Chapter 3 self-organizing process and chaos（6）

1. Self-organizing phenomenon: Bernard pattern; laser; B-Z reaction; rang over fields; theory development.
2. self-organizing principle: attack principle; opening principle; nonlinear principle; feedback principle; instability principle; control principle; rise and fall principle; selection of environment principle.

3. Self-organizing form: self-creation; self-growth; self-adaptation; self-reproduction.

4. Chaos phenomenon: concept; classical system; Lorenz foundation; characters of chaos system.

5. Fractal: introduction; examples of fractal; fractal dimension; characters of fractal; fractal application.

Key words: learn the basic content, basic morphology and main methods of analysis of self-organizing theory; understand concepts and basic methods of analysis of chaos and fractal.

Chapter 4 information and control (6)

1. What’s information?: Shannon definition; characters of information; amount of information formula; information system model.

2. Information source and information entropy: information source; information entropy of discrete information source; conditional entropy of information.

3. Mutual information and redundancy: joint entropy; mutual information; information source entropy with memory; efficiency; redundancy.
4. Channel capacity: communication channel; communication speed; channel capacity.
5. Application of information theory:  communication model of interpersonal communication; mechanism design of management and information system; signal transfer model of game.

6. What is system control: Wiener’s deification; ordinary understanding; emergence and development; content of system control.

7. Control and control system: control system; classification of control system; about control; variety of control.

8. System identification: system identification; black box theory; stages of system identification.

9. Transfer function: Laplace transform; pole; Laplace inverse transform; characters of Laplace transform; definition of transfer function; determination of transfer function; example.
10. State space model: state; state variable; state space model; example: Natchez India society structure.

Key points: understand the concepts of information, information source, and information channel and code precisely; understand the concepts and theory of control, control system, state, transfer function and black box theory precisely; learn the basic method of analyzing time with transfer function and dynamic with state-space model.
Chapter 5 techniques of system model (6)

1. examples of system model: geopolitics strategy model; longzhongdui of zhugeliang; Boston matrix; SWOT strategy analysis model; management process smoothing improvement model; new generation modeling language。
2. What is model: definition; classification of model; model application; stages of modeling?
3. Monte Carlo method: basic thought; example: poole throw needle; turnover per day; generation of random number.

4. AHP: multiple decision-making problem; goal class-hierarchy structure; construct judgment matrix；The method of how weights are; the method of how the largest eigenvalue; consistency; synthetically arrangement.

5. System thought model: characters of society economy system; basic elements；Causality chart; flow chart; system basic model; application.

6. System dynamics: introduction; the limit of growth; stages of SD modeling; reference sites: DYNOMO language and simulation result.
Key points: understand the basic concepts of system model and the general principal and route of modeling precisely; learn the basic stages and method of how to solve practical problems using Monte Carlo method, AHP and system dynamic method.

(2) discuss and test (6)

1. Beer game deduction (2)

2. Model application discuss (2)

3. Test in course (2)

(3) exercises arrangement

1. Preparation and conclusion report of beer game deduction: check reference files; make tables; work distribution in team; conclude report as team.

2. Course paper: analyze some process or phenomenon of management in enterprise with applied system model.

(4) reference

Teaching material

1. Tan Lu, Jiang Lu: 《introduction of system science》,Beijing normal university press,2009.

2. Shaoxun Chang: 《outline of system science method》,china university of political science and law press,2004.

3. Yang Bowen: 《outline of society system engineering》，petroleum industry press, 2008.

4. Wang Yingluo: 《system engineering》, engineering industry, 2008
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