Operations Research Syllabus
1. Basic information

Course code: 11110580

Total teaching hours: 48

Credit ：3
Type of the course:  compulsory / optional

Teaching terms: Autumn/Spring

Owner of the course: Business Administration Department, College of Economics & Management
Majors applicable:  for all majored in Economics & Management
Prerequisites: Calculus, linear algebra, Statistics, Probability, Computer Person in charge of the course:  Dr. Ling-Yun HE 
2. Course description 
Operations Research (OR) mainly deals with the sciences of modeling and optimization, which is one of the most important theoretical and methodological foundations of modern sciences of economics and management. It allows the students to analyze the real-world problems, to find the suitable models to describe them, and then to solve the problems by means of mathematics, statistics, and computer programming. OR provides the students quantitative tools and theories to solve these real-world problems, finds the optimal solutions to the models, which subject to constraints of time, labor, resource, material, and institutional settings. With Operations Research, the students make intelligent (sometimes even optimal) decisions to cope with the real world problems they may encounter on a daily basis in the businesses, managerial issues or even daily lives.
Operations Research is composed of the following five areas:

· linear programming
· dual problem
· transportation problem
· goal programming
· integer programming
· dynamic programming
· graph and network analysis
· queuing problem
· storage problem
· decision making problem
· game theory
· etc.
3. Design of each teaching section
(1) The main contents of each teaching section, basic requirements, and teaching hours 
Course Objective
OR defines various theories and techniques for modeling real-world problems and tools to find their optimal (or feasible) solutions. Therefore, we focus on both the theories and the exercises, with the multi-media aid. The final scores will be given according to the performances of the students from homework and final exam. The course emphasizes the application of Operations Research for solving real world business and economic problems. Students will develop modeling and solving skills and learn how to make feasible or optimal business decisions from the point of view of optimization.
Lecture Arrangement
· Introduction (2 lectures): 
· History of OR
· Branches of OR

· How to build an OR model: Ideas, methodology and solutions

· Why we should learn OR

· How we can benefit from OR

· Linear Programming (4 lectures): 
· Understand terms: Decision variable, objective functions, constraints

· Acquire the skills to formulate LP problem

· Identify feasible regions

· Obtain Graphical Solutions

· Acquire General idea of the Simplex method

· Understand the terms slack variables

· Understand basic variables, non-basic variables

· Obtain Initial Basic feasible solution

· Represent Initial solution in a tableau form

· Stepwise improvement using pivot operation to obtain optimal solution

· Identify unique, multiple solution and unbounded solution 

· Solve General LP problems using two-phased and Big M methods

· Understand the terms of surplus variables, artificial variables, and pseudo objective function

· Identify infeasibility

· Duality theory and Sensitivity Analysis (4 lectures):
· Existence of Dual of a LP problem 

· Duality theory: Theorems and Proofs

· Primal Dual relationships in formulation and their solutions
· Solve dual problems using simplex method: Dual Simplex Method
· The Economics Interpretation of Duality

· Sensitivity analyses or Post Optimality Analysis 

· Changes affecting feasibility 

· Changes affecting optimality 

· Transportation Problem (4 lectures):
· Identify TP problem as an LP problem

· Find the initial solution using North West Conner rule, Least Cost Method, Vogel Method, etc.
· Find optimal solution using Stepping Stone method, Modified Distribution Method

· Understand multiple solutions, degeneracy condition

· Solve unbalanced transportation problem using fictitious origins or destination

· Understand Assignment problem as a transportation model

· Apply Hungarian method to solve assignment problem

· Goal Programming (4 lectures):
· Understand the GP as a special LP problems and the characteristics of GP

· Acquire basic definitions of GP

· Formulate a real world problem using GP

· Simplex Method to solve a GP

· Sensitivity analysis of a change which affects the solution

· Integer Programming (4 lectures):
· Understand the IP as a special LP problems and the characteristics of IP

· Cite many Real-World IP issues: capital budgeting, set covering, traveling salesman, fixed charge, either-or constraints, if-then constraints, etc.

· Implementation of MIP models

· Use the Simplex method

· Branch and bound method

· Implicit enumeration

· Cutting plane algorithm
· dynamic programming (4 lectures):
· Identify the main features of a dynamical programming problem  

· Understand the recursive nature of computations in DP  

· Perform forward and backward recursion

· Describe the real world problems using DP, such as cargo loading models, workforce size model, equipment models, etc.
· graph and network analysis (4 lectures):
· What is graph

· Basic definitions, theorems and proofs of graphs

· Identify the situation in which minimum spanning tree algorithm can be used

· Identify the situation in which shortest path algorithm can be used  

· Identify the situation in which maximal flow algorithm can be used  

· Draw network diagram

· Analyze the network using Earliest Start Time (ES) Latest Start Time (LS) , Earliest Event Time(ET), Latest Event Time(LT) 

· Identify critical path by calculating Total Float (TF) of each activity

· Apply PERT using Optimistic, Most likely, pessimistic times of activities 

· Find the probability of completing the project  

· Identify the simple rules of crashing the projects with cost consideration
· queuing problem (4 lectures):
· Identify the structure and the components of a queuing process
· Understand different queue discipline

· Identify service patterns and arrival pattern

· Define the state of the queuing system

· Understand the Poisson process

· Understand the probability of no occurrences ,single occurrence and multi-occurrence in a very small time interval

· Understand the probability that the system is in different states

· Discuss single and multi-channel queuing models and the notations

· Understand the concept of steady state conditions

· Derive related formulae under steady state condition

· Storage Problem (4 lectures):
· Definitions of SP

· Understand different storage discipline

· Understand the process and strategies of SP

· Derive related formulae under different conditions

· Solve the SP models

· Game Theory (4 lectures):
· Formulate finite two-person zero-sum game  

· Solve a simple game

· Solve mixed strategy games using graphical method and LP
· Describe reduction using dominated strategy

· Introduce saddle point condition

· Introduce the definition of Nash equilibrium

· Recent developments of GT

· Decision Making Problem (4 lectures):
· Understand basic definitions of DM
· Acquire different decision criteria and strategies

· Decision spanning tree analysis and examples

· Utility functions and relevant theorems (proofs)

· DM methods under uncertainty and risk

· Bayesian methods and examples

· Heuristic DM methods and applications

· computational methods and computer programming (2 lectures): 
· Use available software to solve OR problems, such as MS Excel, MatLab, etc.

· Use certain advanced programming languages to model and solve OR problems, such as Fortran, C/C++, etc.
(2) The contents and requirements of the sections of experiments and internship:
Short quizzes will be given frequently in this course, which will consist of questions on the assigned text readings or assignment-like problems. After each lecture, the students will be assigned homework and be expected to turn in their answers in the following lecture. One announced final exam will be given at the end of all lectures. In general, we will grade the students based on the performance of the Final Test (60-70%), Quizzes and Homework (30-40%).
4. Teaching materials or references: 
· Textbook: Yun-Quan HU, Operations Research (the 3rd Edition). Beijing: Tsinghua University Press, 2007.

· Reference: Bo-Tung HAN, Managerial Operations Research (the 2nd Edition). Beijing: Advanced Education Press, 2004. 
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