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1.  Title of Course, Course Number and Credits:

MATH4270 Mathematical Models in Finance II  - 3 credits

2.  Description of Course:

A course on the mathematical derivation, analysis, and interpretation of advanced mathematical models in finance and interest theory and is a continuation of course MATH3260.  Technology will be used to give students a hands-on experience in developing and solving their own models. The course will cover the more advanced topics needed for the second actuarial exam.  Applications to "real-world" problems in interest theory, including more complex analysis and applications of the models developed in MATH3260 will be studied. Although primary focus will be on the application of financial models developed in Kellison, the mathematical derivation and analysis of the formulae will also be covered. 
Financial models studied will include: Valuation of discrete and continuous streams of payments, including the case in which the interest conversion period differs from the payment period; determination of yield rates on  investments;  application of interest theory to fixed income securities, cash flow and portfolio models and additional financial models.   Derivation, analysis and applications of duration and convexity models for approximating changes in present value and for constructing investment portfolios for immunization and asset-liability management will also be studied.
3. Course Prerequisites:

MATH3260 Mathematical Models in Finance I 
4. Course Objectives:  

The student will obtain a practical knowledge of the basic theory of interest in both discrete and continuous time.  The student will apply the concepts of interest theory to develop appropriate mathematical models for solving a variety of more complex problems.  

1. The student will understand how these concepts are used in the various annuity functions.

2. The student will apply the concepts of present and accumulated value for the various streams of cash flows as a basis for use in reserving, valuation, pricing, asset/liability management, investment income, and derivative modeling.
3. Students will be able to define, recognize, and/or calculate any of the following: bond price, book value, amortization of premium, accumulation of discount, redemption value, par value/face value, yield rate, coupon, coupon rate, term of bond, callable/non-callable bonds, rate of return, dollar-weighted rate of return, time-weighted rate of return, forward rates, spot rates, current value, duration of a set of cash flows (both Macaulay and modified), convexity of a set of cash flows (both Macaulay and modified), portfolio, spot rate, forward rate, yield curve, stock price, stock dividend.  

4. Students will learn to calculate the price of a stock using the dividend discount model.  Students will learn how to use duration and convexity to approximate the change in present value due to a change in interest rate.
5.  Student Learning Outcomes:

Students will be able to :

1.  Locate and use given sufficient partial information about the following items to calculate the any of the remaining items: Price, book value, amortization of premium, accumulation of discount, redemption value, face value, yield rate, coupon, coupon rate, term of bond, amortization of premium, or accumulation of discount.  This will be assessed through quizzes, tests and a final exam.

2. Calculate the portfolio yield rate.  This will be assessed through quizzes, tests and a final exam.
3. Calculate the dollar-weighted and time-weighted rate of return.  This will be assessed through quizzes, tests and a final exam.

4. Calculate the Macaulay and/or modified duration and convexity of a set of cash flows.  This will be assessed through quizzes, tests and a final exam.
5. Understand the basic concepts of duration and convexity and apply these concepts to approximate the change in present value of an investment due to a change in interest rate. This will be assessed through quizzes, tests and a final exam.
6. Construct an investment portfolio to fully immunize a set of liability cash flows. This will be assessed through quizzes, tests and a final exam.
7. Construct an investment portfolio to match present value and duration of a set of liability cash flows.  This will be assessed through quizzes, tests and a final exam.
8. Construct an investment portfolio to exactly match a set of liability cash flows.  This will be assessed through quizzes, tests and a final exam.
9. Work effectively with others to complete homework and class projects.  This will be assessed through class projects. 

10. Effectively express themselves both orally and in writing using well constructed mathematical arguments.  This will be assessed through class projects, quizzes, and tests and a final exam.
11. Demonstrate ability to think critically and use appropriate techniques for solving a variety of immunization and liability matching problems.  This will be assessed through quizzes, tests and a final exam.

12. Demonstrate the ability to integrate knowledge and ideas in a coherent and meaningful manner and apply a variety of techniques for solving more mathematically complex cash flow problems. This will be assessed through homework, class quizzes and tests, and a final exam.

6. Topical Outline of the Course Content: 
Chapter 6  -  Bonds and other securities

6.1    Introduction

6.2    Types of securities 

6.3    Price of a bond 

6.4    Premium and discount 

6.5    Valuation between coupon payment dates 

6.6    Determination of yield rates

6.7    Callable and putable bonds

6.8    Serial bonds

6.9    Some generalizations 

6.10   Other securities 

Chapter 7  -  Yield rates 

7.1    Introduction

7.2    Discounted cash flow analysis 

7.3    Uniqueness of the yield rate 

7.4    Reinvestment rates

7.5    Interest measurement of a fund

7.6    Time-weighted rates of interest

7.7    Portfolio methods and investment year methods

7.8    Short sales

7.9    Capital budgeting - basic techniques

7.10   Capital budgeting - other techniques 

Chapter 9  -  More advanced financial analysis  

9.1    Introduction

9.2    An economic rationale for interest

9.3    Determinants of the level of interest rates 

9.4    Recognition of inflation 

Chapter 10  -  The term structure of interest rates  

10.1    Introduction

10.2    Yield curves 

10.3    Spot Rates
10.4    Relationship with bond yields
10.5    Forward rates
10.6    Arbitrage
10.7    A continuous model 

Chapter 11  -  Duration, Convexity and Immunization 
11.1    Introduction
11.2    Duration 

11.3    Convexity
11.4   Interest sensitive cash flows
11.5   Analysis of portfolios
11.6   Matching assets and liabilities
11.7   Immunization
11.8   Full immunization 

11.9   A more general model 
Chapter 13  -  Options and other derivatives*
13.1    Introduction
13.2    Definitions and concepts
13.3    Position and profit diagrams 

13.4    Determinants of option value 

13.5    Combination positions
13.6    Binomial lattices
13.7    Black-Scholes formula 

13.8    Some extensions 

* Selected topics on will be covered at the discretion of the instructor.
7.  Guidelines/Suggestions for Teaching Methods and Student Learning Activities:

The course will be a combination of formal lectures, calculator and/or computer laboratory exercises, and group projects.  Both calculators and computers will be used to illustrate and enhance concepts and to solve some of the more intricate financial models.  

8.  Guidelines/Suggestions for Methods of Student Assessment 

     (Student Learning Outcomes)

There will be regularly announced quizzes and/or projects, 2 tests and a final examination.  

9. Suggested Reading, Texts and Objects of Study:

Kellison, S., The Theory of Interest, Third Edition, Irwin Press, 2009 

Calculator: The BA-35 (Business Analyst) by Texas Instrument.

10.  Bibliography of Supportive Texts and Other Materials:

Broverman, S.A., Mathematics of Investment and Credit (Fifth Edition), 2010, ACTEX Publications

Ruckman, C.; and Francis, J., Financial Mathematics: A Practical Guide for Actuaries and other 

Business Professionals (Second Edition), 2005, BPP Professional Education
10. Preparer’s Name and Date:

Donna J. Cedio-Fengya - Spring 2015
11. Original Department Approval Date:
 
Fall 2015

