The Major Formulas for Present Value 

(these will reappear again and again):

· Present Value formulas (these are used in calculating project values, IRRs, and equivalent annual costs):

· PVP (Present Value of a Perpetuity):  
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· PVGP (Present Value of a Growing Perpetuity):  
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· PVA (Present Value of an Annuity):  
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· PVGA (Present Value of a Growing Annuity):   
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· Compounding (only use when there is "compounding" mentioned in the problem, e.g. "pay {receive} interest rate X, compounded monthly"):

· Discrete period compounding:  


· Continuous compounding:  
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Inflation Rates:  (1 + rreal)(1 + inflation) = (1 + rnominal)

Fixed Income

Bond Pricing:
PV(Bond) = PV (coupon payments ) + PV (final principal payment)
Two ways to price a bond:

1. Spot Rates are known:
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   (1.1)  on p.4 of Taggart

· Cash flows at different dates from the same bond are discounted at different spot rates.  You can obtain these spot rates from market quotes.  

· You should be able to derive spot rates from coupon bonds

Example: Problem Set #2, Q3 and Q7

2. Yield to Maturity is known:  


[image: image7.wmf]n

t

t

n

t

y

P

y

C

Bond

PV

)

1

(

)

1

(

)

(

1

+

+

+

=

å

=


· Yield to Maturity is the IRR of a bond. 

· Pay attention to the compounding period n, which may not be a year.  

· Use the yield to maturity, y, corresponding to the compounding period, which may not be the annual yield. 

· U.S. Treasury securities are all semi-annually compounded

· European fixed income securities are normally annually compounded.

· Know the difference between annualized yield and effective yield

Example: Problem Set #2, Q1, Q2, and Q7. 

Bond Arbitrage:

· If two cash flow streams are identical, assuming credit quality is the same for both, the present value of these two cash flows should be the same.

· Arbitrage opportunity implies that two or more cash flows at the same date are price at different spot rates.

· If cash flows at the same date are discounted at different spot rates, you can take advantage of the arbitrage opportunity by buying LOW and selling HIGH.  

· By arbitrage, you can either earn a positive cash flow today and incurring zero cash flow in the future or vis versa. 

Example: Problem Set #2, Q8

Two Term Structure Hypotheses:

Expectation Hypothesis:

· Forward rates are unbiased predictors of expected future spot rates – very useful for your calculation

· The slope of the term structure shows the market’s expectation of changes in future short-term interest rates.

Liquidity Preference Theory:

· Investors are generally risk averse.  Since long bonds are more risky than short ones, investors in long bonds expect and on average receive higher rate of return than investors in shorts.

· One average, Forward Rates overpredicts future short-term rates.

· The term structure will slope upward even when future short-term rates are expected to be constant.  So, term structures reflect (i) expectations of interest rate changes and (ii) the risk premiums demanded by investors in long bonds.

Spot and Forward Rates:

· Given a term structure, we can derive the forward rates using the following formula:

(1 + rn)n = (1 + rn-t) n-t (1 + tfn) t


rn: spot rate for n periods


rn-t: spot rate for n-t periods


tfn: forward rate for t periods ends at n.  

· If t=1, the formula becomes:
(1 + rn)n = (1 + rn-1) n-1 (1 + fn)   


fn:  is the one period forward rate starts from n-1, and ends at n.

Examples:  Problem Set #2, Q4, Q7, and Q14.

Covered Interest Rate Parity:

The current spot FX rate, forward FX rate between two countries, and their interest rates should satisfy the following relationship to prevent any arbitrage opportunities:
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rf: foreign country’s interest rate


rd: domestic interest rate


FX rate: is denominated in terms of the domestic currency

Example: 
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See Problem Set #2, Q11.

Duration:

As a measure of a bond’s interest rate sensitivity, it is a weight average of the maturities of individual cash flows.  The weights are proportional to the cash flows’ present values.
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· Duration assumes flat term structure

· Again, pay attention to the compounding periods.

Example: Problem Set #2, Q12.

Duration for a Perpetuity:



D  = 

Duration for an annuity:
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Modified Duration:  It measures the sensitivity of bond price to change in interest rate, or yield to maturity.  More specifically, it gives the percentage change in bond price due to 1% change in interest rate.



D* = 




D* is also called Volatility.
Example:  Problem Set #2, Q 13.

Duration for Interest Rate Hedges:

To hedge A with B:



Delta = 



   =


Delta gives the number of bond B needed to hedge A. 

The Major Formulas and Terms For Common Stock:

1. Formulas :

1) Denote rt-1 the company’s capitalization rate (required rate of return, cost of equity capital) at Year t: 
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The price of a stock today is the discounted value of the dividends expected in the next year plus its forecast price 1 year before. 

2) DIV Discount Model: 
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In most applications rt is assumed to be equal across t, i.e., the term structure is flat.

The value of a company’s stock is equal to the discounted stream of all future dividends paid on that existing stock. 

3) The Constant-growth Model: 

If dividends are expected to grow at a constant rate g, then, 
[image: image14.wmf]g

r

DIV

P

-

=

1

0

 (Provided g < r)

Conversely, the market capitalization rate r is the dividend yield plus the rate of dividend growth: 

· 
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· Notice: 

· Growth stage: rapidly expanding sales, high profit margins, high growth in EPS, many new investment opportunities, low pay out ratio

· Transition stage: growth rate and profit margin reduced by competition, fewer investment opportunities, high pay out ratio

· Maturity stage: earnings growth, pay out ratio and average return on equity stabilize

· Assume different stages with different growth rates

4) Growth Opportunities: 

Investment projects that earn expected return higher than the appropriate discount rates represent growth opportunities. 
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· Rearranging gives 
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· Meaning of P/E ratio: 

· A high P/E ratio doesn’t indicate a low market capitalization rate r. 

· A higher P/E ratio can be led by the following factors:  

A low market capitalization rate r

A temporary decline in earnings 

More valuable growth opportunities  

5. Certainty equivalent
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(1)

and we often write 

CEQt = a t C t,


(2)

So solving from (1) and (2) we have, 
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which is less than 1 since rf <= r, and we have a t = a1t

That is, the appropriate adjustment factor (a t) is a geometric sequence, growing at rate 
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2. Terms: 

1)  Earnings Per Share (EPS) = 
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2) Dividend Per Share (DPS) =
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3) Retained Earnings = Earnings – Dividends

4) Book Value (BV) = Cumulative Retained earnings

5) Return on Equity (ROE) = 
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6) Pay out Ratio (p) = 
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7) Plow back ratio (earnings retention ratio, b) = 1- p 

8) = 
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9) Dividend Yield = 
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10) Holding Period Return = Capital Gain Yield + Dividend Yield = 
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Capital Budgeting

Basic Principles:
· Value depends on after-tax cash flows

· Incremental cash flows related to the project is what we care about

· A Dollar today is worth more than a Dollar tomorrow – time value of money

· A safe Dollar is worth more than a risky Dollar – Risk and return

· After tax incremental cash flows should be discounted at the opportunity cost of capital of the project
Decision Rules:

· Accept when expected, incremental, after tax cash flows are worth than the project costs

Accept when NPV > 0

· Separate financing decision from investing decision, i.e. treat the project as if it is 100% equity financed

· Free Cash Flow to the Firm should be calculated as follows:

Revenue

-  COGS

= Gross Margin

-  S, G &A

-  Depreciation

= EBIT

-  EBIT x t  (t is the effective tax rate)

= EBIAT

+ Depreciation

-  Increase in Working Capital (WC = A/R + Inv. – A/P)

-  Capex

=  FCF to the Firm



Example: Problem Set #4, Q4.

Note: Sometimes you are not given enough information to construct the whole thing above, so you only need to worry about all those incremental cash flows.  Remember to tax effect any operating cash flows before calculate NPV.  For a detailed example, see Q5 of Problem Set #4.

Equivalent Annual Costs:

When we compare or choose between cash flow streams of different lengths, EAC should be used.

Steps: 
1.    Calculate Projects’ NPVs

3. 2.    Calculate level real annuity based on the NPV and number of periods of each project

4. Choose the project with the lower EAC

Example: Problem Set #4, Q 6.

Mistakes to Avoid:

· Do not use IRR

· Be consistent with the treatment of inflation

· Do not forget tax effect on operating items

· Do Include any Opportunity Costs

· Do Not Include Sunk Costs

· Use ACRS  tax depreciation schedule, not the company’s own financial reporting one

Example: Problem Set #4, Q1. 

Choosing Projects Under Budget Constraints:

Decision Rule:  We must pick the projects that offer the highest NPV per dollar invested.


Profitability Index = 

Example: Problem Set #4, Q8.

Book Profitability v.s. Economic Profitability:
The major difference between the two is depreciation.

Book Profitability:  



Book Value = Historical cost of assets – Book Depreciation

Change in Book Value during the year = Book Depreciation

Book Income = Cash Flow + Change in Book Value

Book ROI = Book Income / Book Value at the Beginning of the year

Economic Profitability:



Economic Value = NPV of all future cash flows discounted at opportunity cost of capital



Change in Economic Value during the year = Economic Depreciation (could be negative)



Economic Income = Cash Flow – Economic Depreciation



Rate of Return = Economic Income / Economic Value at the Beginning of the year

Example, Problem Set #4, Q7.
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