Formulas
Future Value and Present Value:

Future value of uneven or irregular cash flows:
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where 
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 is the future value interest factor (with $1 at 0)

Present value of uneven or irregular cash flows:
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where 
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 is the present value interest factor (with $1 at time n).
For Ordinary annuity of $1, i.e., the first $1 at time 1 and the last $1 at time n: 
the future value is called as the Future Value Interest Factor of Annuity, denoted as: 
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The present value is called the Present Value of Interest Factor of Annuity, denoted as 
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For Annuity due of $A, i.e., the first $A at time 0 and the last $A at time n-1, 

FV of annuity due = (1+r) ×A×FVIFA(r, n)
PV of annuity due = (1+r) ×A×PVIFA (r, n)
Present value of perpetuity: 
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Amortized loan:

Payment of amortized loan:
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Mortgage Balance at the end of period t: 
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Interest portion of the (t+1)th mortgage payment = 
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Principal portion of the (t+1)th mortgage payment = PMT – Interest portion

Interest rate quote and conversion:
The quoted annual rate is called the nominal rate or the annual percentage rate (APR), which must be first converted to the effective annual rate (EAR) before seeking for the interest rate per period as required by the application.

The nominal rate is often quoted as annual percentage rate (APR), which is defined as APR = m×rperiod. It is often referred to as the simple interest rate, because the interests earned are added, not compounded. It is legal if and only if the quoted rate clearly indicates its compounding assumption. If an APR quote indicates semiannual compounding, m = 2. Denote rperiod = rs. This quote can only be interpreted as 
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. If it indicates monthly compounding, m = 12. Denote rperiod = rmonth. In this case, the quote can only be interpreted as 
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This relationship is valid if and only if the m is consistent with the compounding assumption of the APR quote. 

Denote 
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 as the interest rate per period of the application which requires k times compounding per year. This rate can be found by taking the kth root:
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For example, the semiannual rate is 
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The monthly rate is 
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The 
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 can be solved directly from the APR quote as
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In a special case where the m value of the compounding assumption coincides with the compounding requirement of the application, i.e., k = m, the above is simplified to
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This formula is valid if and only if k = m. 
Canadian Mortgage Rate Calculation: The nominal mortgage rate is quoted as APR with semiannual compounding. To find the effective interest rate per month, denoted as 
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Bond Pricing and Yield
Denote F as the par or face value of the bond, i as the annual coupon rate, N as the maturity (in years). The annual coupon interest payment is calculated as 
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If the bond pays annual coupon interest (i.e., once a year), the price or value of the bond is the present value of the future cash flows:
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where 
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 is called the yield to maturity (YTM) or just the yield, which is quoted as the EAR. If the bond price is known (e.g., observed), the YTM is a trial value that satisfies the above equation. 

Denote 
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 as a trial value on the yield. Find a trial price by the above formula as
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If the pricing error is within an acceptable range, i.e.,
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 can be accepted as the yield or the YTM. The trial value can be approximated as
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If the bond is callable in 
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where 
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 is the calling price. The YTC can also be approximated as
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The pricing error is defined the same way as the above.
Because the North American bonds pay coupon interests semiannually, the bond yield or YTM, denoted as y, is quoted as APR with the semiannual compounding assumption. The standard bond pricing formula for semiannual payment bond is 
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where 
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If the bond price P is known or observed, the yield to maturity (YTM) can be found by trial and error on 
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 such that the above equation is satisfied. The YTM is reported as 
[image: image41.wmf]s

r

y

2

=

, which is an APR quote based on the semiannual compounding assumption. The trial value can be approximated as
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If the bond is callable, the YTC is defined as 
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The YTC can be approximated as
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Current yield = 
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Capital Asset Pricing Model and Security Market Line

Holding Period Return (HPR): 
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Capital gain yield = 
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Forward Dividend yield = 
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Portfolio return: 
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Security Market Line (SML): 
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where 
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 is the required return on firm i’s equity, 
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Portfolio beta: 
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SML on stock portfolio: 
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Dividend Discount Model

Constant dividend growth assumption: 
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In this formula, the dividend is paid at the end of each year.

The Gordon Dividend Discount Model (constant growth): 
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Notice that time zero is both the end of Year 0 and the beginning of Year 1, and time 1 is the end of year 1. However, D0 is paid to the investor who held the stock at the end of Year 0, not to the investor who just bought the stock at the beginning of year 1.
Two‑stage model assuming that the constant dividend growth will start in year N:
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, where 
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Note: 
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 is the dividend paid at the end of Year N+1. 
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 is the value of the stock at the beginning of year N+1, which does not include the dividend at the end of year N. 
Price of preferred share: 
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ps

ps

r

D

P

=

. 
Weighted Average Cost of Capital (WACC)

After‑tax cost of debt = 
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Cost of preferred shares: 
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 is the price of the preferred share, and F is the floatation cost (in percentage) of issuing new preferred shares.

Cost of equity:
(1) by the SML, 
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(2) by the DDM, 
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Value of the firm: 
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Capital structure Weights:
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The weighted average cost of capital (WACC)
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Capital Budgeting

Net Present Value (Treating the initial investment outlay 
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, where r =WACC

Internal Rate of Return (IRR) is the trial and error discount rate such that NPV=0, i.e.,
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Payback Rule: The payback is year N*≤N such that
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The Discount Payback is year N*≤N such that 
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Profitability index (PI) = 
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Equivalent Annual Annuity (EAA) = 
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For mutually exclusive, repetitive projects with unequal lives, choose the one with the highest EAA.
The initial cost of the project CF0:

CF0 = Cost of depreciable asset (including installation cost) – Net Salvage (if any)

+ Initial addition of NOWC

The Operating Cash Flow (OCF) in year t is defined as
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The CFt (t<N) is 
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The CFN is
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where R is the sales revenue, OC is the operating cost, T is the corporate tax rate, CCA is the capital cost allowance (i.e., the depreciation rule of the Canadian Revenue Agency), 
[image: image97.wmf]NOWC

 the net change in the net operating working capital. 
The NOWC recovered at the end of the project, i.e., year N, is equal to the sum of all the additional NOWC added to the project over the life of the project. 
The PV of future tax shield after the salvage in year N is calculated as
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The CCA (Capital Cost Allowance) is calculated as follows:

CCA1 = UCC0×d/2, (half-year rule), 

UCC1 = UCC0 – CCA1,

CCA2 = UCC1×d,

UCC2 = UCC1 – CCA2,

Etc.
UCC stands for Undepreciated Capital Cost.

The Tax‑Shield Approach (assuming that the capital class remains open):
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The closed‑form formula for the Present Value of CCA Tax Shield is
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where d is the CCA rate of the capital class, SN is the salvage value of the capital asset at year N. 
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