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ENMG 672: Decision and Risk Analysis
Course Syllabus
Instructor: John MacCarthy

Course Description:
This course provides an overview of decision and risk analysis techniques. It focuses on how to make rational decisions in the presence of uncertainty and conflicting objectives. It covers modeling uncertainty, the principles of rational decision-making, representing and solving decision problems using influence diagrams and decision trees, sensitivity analysis, Bayesian decision analysis, deductive and inductive reasoning, objective and subjective probabilities, probability distributions, regression analysis, defining and calculating the value of information, modeling risk attitudes and utility functions. Concepts will be illustrated through case studies and practiced by students through homework. Note: Students need permission from their Electrical Engineering advisor to apply this course to the MSEE degree.
Course Prerequisite:
Undergraduate course in Probability

· STAT 350 Statistics with applications in the Biological Sciences/Applied Statistics for Business and Economics

· or STAT 351 Introduction to Probability and Statistics for Scientists and Engineers

· or STAT 355 Introduction to Probability and Statistics for Scientists and Engineers

· or STAT 651 Basic Probability

Principal Course Objectives:

Upon completion of the course, the student will be able to:

· Build and use Influence Diagrams.

· Build and solve Decision Trees.

· Perform a sensitivity analysis to identify the most significant variables associated with making a decision.

· Use Bayes’ Theorem deductively to determine the likelihood of a consequence and inductively to determine the likelihood of a purported cause of a consequence.

· Identify and describe five types of probability distributions. 

· Perform a linear regression analysis on data and determine the equation for the expected value of the dependent variable as a function of the independent variable and determine the root mean square of the residuals.

· Generate and use a simple Monte Carlo simulation to test a hypothesis and do other “What if” analyses.

· Describe the difference between subjective and objective probabilities.

· Determine the value of information for a given Decision Tree.

· Construct a decision lottery and determine 1) the expected monetary value associated with a decision, 2) the certainty equivalent and risk premium for a given individual, and 3) the risk tolerance of the individual.

· Construct a Utility Function for an individual based on their response to a series of lotteries and determine the risk tolerance of the individual.

Course Outline:


Introduction

· Course Requirements and Overview

· Overview of Decision Analysis

· Decision Analysis, Trade Studies, and Risk Management

· Decision Analysis and Systems Engineering

· Decision Analysis and Project Management

Structuring Decisions

· Values, Objectives and Context

· Consequences, Uncertainty, Risk and Opportunity

· Time Value of Money

· Modeling Decisions, Uncertainty and Outcomes

· Building Influence Diagrams and Decision Trees

Making Choices

· Decision Trees and Expected Monetary Value

· Solving Influence Diagrams & Decision Trees

· Risk/Opportunity Profiles

· Decision Making with Multiple Objectives

Sensitivity Analysis

· Sensitivity Analysis and Identifying the High Impact Decision Variables
· Tornado Charts, Pareto Charts and Pareto’s Rule

· Developing Sensitivity Graphs and Decision Lines

· Trade Studies and Two-Way Sensitivity Analysis
· Using Sensitivity Graphs: How lucky do I feel?
Review of Probability and the Application of Bayes’ Theorem
· Conditional Probability
· Discrete and Continuous Probability Distributions
· Expected Value, Variance, & Standard Deviation
· Covariance, Correlation and Dependency
· Bayes’ Theorem and its Application
Theoretical Probability Models & Applications 

· Deductive Reasoning and the generation Probability Distributions from Theory

· Binomial Distribution

· Poisson Distribution

· Exponential Distribution

· Normal Distribution

· Beta Distribution

Using Data to Develop Probability Models

· Inductive Reasoning and the generation of Probability Distribution from Data

· Regression Analysis

· Dependent and Independent Variables

· Scatter Plots, Linear Modeling of the Expectation Value

· Measuring Relationship Uncertainty: Residuals and Probability Distribution Models

· Hypothesis Testing

· Mid-Term Review
Monte Carlo Simulation

· Selecting and Generating a Probability Distribution

· Running “What if” Scenarios

· Hypothesis Testing
Subjective Probability and Applications of Bayes’ Theorem

· Objective and Subjective Probability Assessments

· Intuition and Subjective Probabilities

· A Protocol for Integrating Expert Assessment

· Deductive and Inductive Reasoning

· Epistemology and Artificial Intelligence

Value of Information 

· Calculating the Expected Value of Perfect Information

· Calculating the Expected Value of Imperfect Information
Risk Attitudes and Utility Models

· Constructing and Using Lotteries

· Determining Certainty Equivalents and Risk Premiums

· Determining the Utility 

· Constructing and Using Utility Functions
· Attitudes towards Risk (Risk Seeking and Risk Averse behavior)

Conflicting Objectives & Simple Multiattribute Utility Models

· Objectives and Attributes

· Weighting Objectives

· Constructing and Assessing an Additive Utility Function

· Indifference Curves
Topics Decision Theory and Course Review

· Topics in Decision Theory
· Course Review

Required Text:
Making Hard Decisions: An Introduction to Decision Analysis, 2nd ed., Robert Clemen, Duxbury Press, 1997

Recommended Software: Microsoft Excel
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