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Delta-neutral position only holds for very small 
changes in value of underlying stock. 
Delta-neutral portfolio must be frequently 
rebalanced to maintain hedge (dynamic hedge). 
Gamma
Measures rate of change in delta as stock price 
changes; largest when option is at-the-money.
Options on futures: There is a benefit to early 
exercise of deep-in-the-money options on futures, as 
early exercise generates cash which earns interest.

American options on •	 futures are more valuable 
than comparable European options.
With no mark to market, the value of American •	
and European options on forwards are the same.

Currency Swaps
Parties swap payments in two currencies at fixed or 
floating rates. 
Interest Rate Swaps
Plain vanilla interest rate swap: trading fixed 
interest rate payments for floating rate payments. 
Equity Swaps
Return on stock, portfolio, or stock index is paid 
each period by one party in return for a fixed 
payment. Return can be capital appreciation or 
total return including dividends.
Swap Pricing and Valuation

Swap rate is set so PV of floating rate payments = •	
PV of fixed rate payments; swap value is zero to 
both parties:
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Value to fixed-pay side = PV of floating – PV of •	
fixed; value increases when rates increase.
Value to floating-pay side = PV of fixed – PV of •	
floating; value increases when rates decrease.

Credit Default Swap (CDS)
Protection buyer makes quarterly credit spread •	
payments to seller in exchange for protection. 

CDS Settlement Methods in Event of Default
Cash settlement:•	  Protection seller pays the difference 
between face value of debt and its post-event value.
Physical settlement:•	  Protection seller pays face value 
in return for delivery of the bonds. 

CDS Counterparty Risk
Buyer exposed to double default or replacement •	
risk.
Protection seller is also exposed to counterparty •	
risk.

Total return swaps: Interest plus change in value 
on a debt security is exchanged for a fixed or 
floating rate.
Asset swap: Fixed-rate bond, plus pay-fixed interest 
rate swap. Margin above LIBOR = credit spread.
Uses of CDS
Hedge exposure to credit risk: Long position in a debt 
security (reference entity) hedged by buying a CDS.
Act on a negative credit view: Buy credit protection. 
And profit if there is a credit event.
Seek arbitrage profit: If CDS spread < asset swap 
spread, buy both an asset swap and a CDS. 
CDS spread: % of bond face value so PV(expected 
spread payments) = PV(expected default payments) 
Credit Derivative Dealers

Must manage counterparty risk for their portfolio.•	
Hedge credit exposure by taking offsetting •	
positions: (1) with customers, (2) with other 
dealers (3) in an index CDS, or (4) in the cash 
market with bonds.
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QUANTITATIVE METHODS
Simple Linear Regression
Correlation: 
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SST = RSS + SSE.•	
MSR = RSS / k.•	
MSE = SSE / (n – k – 1).•	
Test statistical significance of regression: •	
F = MSR / MSE with k and n – k – 1 df (1-tail).

Standard error of estimate•	  (SEE = √MSE).  
Smaller SEE means better fit.
Coefficient of determination (R•	 2 = RSS / SST).  
% of variability of Y explained by X’s; higher R2 
means better fit.

Regression Analysis—Problems 
Heteroskedasticity. Non-constant error variance. •	
Detect with Breusch-Pagan test. Correct with 
White-corrected standard errors.
Autocorrelation•	 . Correlation among error 
terms. Detect with Durbin-Watson test; positive 
autocorrelation if DW < dl. Correct by adjusting 
standard errors using Hansen method.
Multicollinearity. High correlation among Xs. •	
Detect if F-test significant, t-tests insignificant. 
Correct by dropping X variables.

Model Misspecification
Omitting a variable.•	
Variable should be transformed.•	
Incorrectly pooling data.•	
Using lagged dependent vbl. as independent vbl.•	
Forecasting the past.•	
Measuring independent variables with error.•	

Effects of Misspecification
Regression coefficients are biased and inconsistent, 
lack of confidence in hypothesis tests of the 
coefficients or in the model predictions.
Linear trend model: y  = b  + b t + t 0 1 tε
Log-linear trend model: ln(y ) = b  + b t +  t 0 1 tε
Covariance stationary: mean and var. don’t 
change over time. To determine if a time series is 
covariance stationary, (1) plot data, (2) run an AR 
model and test correlations, and/or (3) perform 
Dickey Fuller test. 
Unit root: coefficient on lagged dep. vbl. = 1. Series 
with unit root is not covariance stationary. First 
differencing will often eliminate the unit root.
Autoregressive (AR) model: specified correctly if 
autocorrelation of residuals not significant.
Mean reverting level for AR(1):
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RMSE: square root of avg. squared error. 
Random Walk Time Series:

x  = x  + t t 1 t– ε
  

Seasonality: indicated by statistically significant 
lagged err. term. Correct by adding lagged term. 
ARCH: detected by estimating: 
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Economics
bid-ask spread = ask quote – bid quote
Cross rates with bid-ask spreads:
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Currency arbitrage: “Up the bid and down the ask.”

Forward premium = (forward price) – (spot price) 
= F – S
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Value of fwd currency contract prior to expiration:
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Relative Purchasing Power Parity: High inflation 
rates leads to currency depreciation.
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Profit on FX Carry Trade = interest differential – 
change in the spot rate of investment currency.
Mundell-Fleming model: Impact of monetary 
and fiscal policies on interest rates & exchange 
rates. Under high capital mobility, expansionary 
monetary policy/restrictive fiscal policy → low 
interest rates → currency depreciation. Under low 
capital mobility, expansionary monetary policy/
expansionary fiscal policy → current account 
deficits → currency depreciation.
Dornbusch overshooting model: Restrictive 
monetary policy → short-term appreciation of 
currency, then slow depreciation to PPP value.
Labor Productivity: 

output per worker Y/L = T(K/L)α

Growth Accounting:
growth rate in potential GDP  
  = �long-term growth rate of technology  

+ α (long-term growth rate of capital)  
+ (1 – α) (long-term growth rate of labor)

growth rate in potential GDP  
  = �long-term growth rate of labor force  

+ long-term growth rate in labor productivity
Classical Growth Theory

Real GDP/person reverts to subsistence level.•	
Neoclassical Growth Theory

Sustainable growth rate is a function of •	
population growth, labor’s share of income, and 
the rate of technological advancement.

Call = noncallable bond – callable bond
Put = putable bond – nonputable bond

Option Adjusted Spread
“Option-removed spread.”•	
Compensation for liquidity and credit risk relative •	
to benchmark.
Spread that forces model price = market price.•	
OAS + option cost= Z-spread.•	

Relative Valuation Analysis
If benchmark is Treasuries or higher-rated bond 
sector: 

Bond is undervalued if OAS > required OAS.•	
Bond is overvalued if OAS < required OAS.•	

If benchmark is issuer-specific:
Bond is undervalued if OAS > 0.•	
Bond is overvalued if OAS < 0.•	

Convertible Bonds
Conversion value = stock price × conversion ratio.•	
Minimum value = max (straight value, conversion •	
value).
Market conversion premium = conversion price – •	
market price.
Callable convertible bond = straight bond + call •	
on stock – call on bond.

Conditional prepayment rate: Assumed annual 
rate at which a mortgage pool balance is prepaid.
CPR vs. single monthly mortality (SMM) rate: 
SMM = 1 – (1 – CPR)1/12

SMM is % of beginning-of-month balance, less •	
scheduled payments, prepaid during month.

PSA benchmark: Assumes monthly prepayment 
rate for a mortgage pool increases as it ages.
100 PSA: CPR = 0.2% for the first month, 
increasing by 0.2% per month up to 30 months. 
CPR = 6% for months 30 to 360.
MBS Prepayment Risk
Prepayment Speed Factors

Spread of current vs. original mortgage rates.•	
Mortgage rate path (refinancing burnout).•	
Housing turnover.•	
Loan seasoning and property location.•	

Contraction risk occurs as rates fall, prepayments 
rise, average life falls.
Extension risk occurs as rates rise, prepayments fall 
(slow), average life rises.
CMO Prepayment Risk

PAC I tranches: low contraction and extension •	
risk (due to PAC collar).
PAC II tranches: somewhat higher contraction •	
and extension risk.
Support tranches: higher contraction and •	
extension risk.
IO strips: value positively related to interest rates •	
at low current rates.
PO strips: negative convexity at low rates, high •	
interest rate sensitivity.

Commercial MBS
Non-recourse, so focus on property credit risk.•	
Loan-level call protection: prepayment •	
lockout; defeasance; prepayment penalty; yield 
maintenance charge.
Pool-level call protection: senior and subordinated •	
tranches.

ABS Credit Enhancement
External: corporate guarantees, letters of credit, •	
bond insurance.
Internal: reserve funds, overcollateralization, •	
senior/sub structure.

ABS Prepayment Risk
Closed-end HEL: prepayments also affected by •	
borrower credit traits.
Manufactured housing loan: low prepayment risk; •	
small balances, high depreciation, low borrower 
credit ratings.

Auto loan: low prepayment risk; small balances, •	
high depreciation.
Student loan: prepayments from default, loan •	
consolidation.
Credit card receivable: low prepayment risk; •	
lockout period, no prepayment on credit cards.

Collateralized Debt Obligation (CDO)
Structure: senior tranche(s), mezzanine tranches, •	
equity tranche.
Arbitrage-driven cash CDO: use interest rate swap.•	
Cash flow CDO: actively managed, no short-term •	
trading.
Synthetic CDO: bondholders take on economic •	
risks of assets but not legal ownership of them; 
link contingent payments to reference asset (e.g., 
a bond index).
Advantages of synthetic CDO: no funding, •	
shorter ramp-up period, acquire exposure more 
cheaply through credit-default swap.

MBS/ABS Spread Analysis
Plain-vanilla corporate: use Z-spread.•	
Callable corporate: use OAS (binomial model).•	
MBS: use OAS (Monte Carlo model).•	
Credit card/auto ABS: use Z-spread.•	
High-quality home equity ABS: use OAS.•	

Derivatives
Forwards: No Arbitrage Pricing
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Forward on Fixed Income Securities
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Forward Rate Agreement (FRA)
FRA is forward contract on interest rate; long •	
wins when rates increase, loses when rates 
decrease.
FRA •	 price is implied forward interest rate for 
period beginning when FRA expires to underlying 
loan maturity.
FRA value at maturity is interest savings at •	
maturity of loan discounted back to FRA 
expiration at current LIBOR.
FRA value prior to maturity is interest savings •	
estimated by implied forward rate discounted 
back to valuation date at current LIBOR.

Currency Forward (Interest Rate Parity)
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Futures Price
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Futures > forward when rates and asset values •	
positively correlated.
Futures < forward when rates and asset values •	
negatively correlated.

Futures Arbitrage
Cash and carry: borrow, buy spot, sell futures today; 
deliver asset, repay loan at end.
Reverse cash and carry: short spot, invest, buy 
futures today; collect loan, buy asset under futures 
contract, deliver to cover short sale.
Costs and Non-Monetary Benefits

Holding costs increase futures price; nonmonetary •	
benefits reduce futures price.
Backwardation: futures price < spot price.•	
Contango: futures price > spot price.•	
Normal backwardation: futures price < expected •	
spot price.
Normal contango: futures price > expected spot.•	

Treasury Bond Futures
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Eurodollar Futures
Priced as discount yield; LIBOR-based deposits •	
priced as add-on yield ⇒ deposit value not 
perfectly hedged by Eurodollar contract.
Can’t price Eurodollar futures using no-arb. •	
framework.

Put-Call Parity
call + RF bond = put + underlying
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Caps and Floors
Cap = portfolio of calls on LIBOR.•	
Floor = portfolio of puts on LIBOR.•	
Collar = buy cap and sell floor, or sell cap and buy •	
floor.

Binomial Option Pricing Model
Step 1: 	Calculate option payoffs at end in all states.
Step 2: 	Calculate expected value using probabilities.
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Step 3: 	Discount to today at risk-free rate.
BSM Assumptions & Limitations

Assumptions: price of underlying follows •	
lognormal distribution; (continuous) risk-free 
rate constant and known; s of underlying 
asset constant and known; frictionless markets; 
underlying asset has no CF; European options.
Limitations: not useful for pricing options on •	
bond prices/interest rates; s must be estimated; 
s not constant over time; frictionless markets 
assumption not realistic. 

Effect of Each Variable on a Call Option
Asset price (S): positively related. •	
Volatility (•	 s): positively related.
Risk-free rate (r): positively related.•	
Time to expiration (T): value •	 → $0 as call → 
maturity.
Exercise price (X): negatively related.•	

Delta
Estimates the change in value of option for a one-
unit change in stock price.

Call delta between 0 and 1; increases as stock •	
price increases.
Call delta close to 0 for far out-of-the-money •	
calls; close to 1 for far in-the-money calls. 
Put delta between –1 and 0; increases from –1 to •	
0 as stock price increases.
Put delta = call delta – 1 (all else equal).•	
Delta close to 0 for far out-of-the-money puts; •	
close to –1 for far in-the-money puts. 

Portfolio Management
CAL: eff. frontier with R
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Market price of risk = Sharpe ratio of market 
portfolio = slope of CML = mkt. risk premium per 
unit of market risk. 
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Market Model: R a b Ri i i M i= + +ε
Multifactor Model: extension of a 1-factor 
mkt. model. 3 types: macroeconomic factor, 
fundamental factor, and statistical factor. 
APT: E(R
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Factor Portfolio: has sensitivity of one to particular 
factor and zero to all other factors.
Tracking Portfolio: portfolio with specific set of 
factor sensitivities.
Treynor Black Model

Develop capital market expectations for passively 1.	
managed market index portfolio (M).
Identify a limited number of mispriced securities 2.	
with large + or – alphas. 
Determine weighting (w) across mispriced 3.	
securities to form actively managed port. (A). 
Weight (w) large for high α, low unsyst. risk. 
Determine w to A & M to form optimal portfolio 4.	
P, using Sharpe ratio (P has highest Sharpe ratio): 

E RP( )−RF

Ps

Determine the appropriate allocation to R5.	
F
 & P 

that satisfies investor risk aversion.
Portfolio Management Planning Process

Analyze risk and return objectives.•	
Analyze constraints: liquidity, time horizon, legal •	
and regulatory, taxes, unique circumstances.
Develop IPS: client description, purpose, duties, •	
objectives and constraints, performance review 
schedule, modification policy, rebalancing 
guidelines.
Determine investment strategy: passive, active, •	
semi-active.
Select strategic asset allocation: asset class. •	
weightings based on capital market expectations.
Investor time horizons can be short-term, •	
long-term, or multistage. Longer time horizons 
indicate a greater ability to take risk and influence 
the appropriate asset allocation by allowing the 
investor to invest in longer-term, less liquid, 
higher-risk securities. 

continued on next page... continued on next page...

DERIVATIVES continued...

Fixed Income
Credit Analysis

default risk = probability of default
loss severity = loss given default = % lost
expected loss = default risk × loss severity
recovery rate = 1 – expected loss

Corporate family rating (CFR): issuer.
Corporate credit rating (CCR): issue.
“Four Cs”: capacity, collateral, covenants, character.

yield spread = liquidity premium + credit spread
Return impact of spread changes:

return impact

duration spread convexity ( spread

≈

− ×∆ + × ∆
1

2
2)

Theories of the Term Structure
Pure (unbiased) expectations. Forward rates (F) 
function of expected future spot rates E(S). 

If up sloping, short-term spot rates rise.•	
If down sloping, short-term rate spot rates fall.•	
If flat, short-term spot rates constant.•	

Liquidity theory: Forward rates reflect expectations 
of E(S) plus liquidity premium.
Preferred Habitat Theory: Imbalance between 
fund supply/demand at maturity range induces 
lenders to shift from preferred habitats to one with 
opposite imbalance.
Key Rate Duration

%•	 ∆value from 100 bps ∆ in key rate.
Have several key rates (5-yr, 10-yr).•	
Estimate effect of non-parallel yield curve shift on •	
bond portfolio value.

Valuing Option Free Bonds 
To value option free bond with the binomial tree, 
start at end and discount back through the tree 
(backwards induction method).
Value 2-year, option-free bond:
Step 1:	 Find the time one up-node value:
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Step 2:	 Find time one down-node value.
Step 3:	 Find time zero value:
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Valuing a Bond with an Embedded Option
For bonds with embedded options, assess whether 
option will be exercised at each node. New Step 3 is:
Step 3:	 (callable bond).  Find time 0 value 

assuming year 1 down‑node calculated 
value > than call price:
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Hedge Funds
Vs. mutual funds: Hedge funds use more leverage, •	
have lower regulation and lower liquidity. 
Biases in hedge fund index performance: Selection •	
bias, backfill bias, and survivorship bias. 
HF return distributions not normal: Negative •	
skewness and high kurtosis (both undesirable).
Standard deviation as a measure of risk is flawed. •	
Factor-based replication strategies aim to separate •	
beta return from alpha return. 
Replication strategies seek to counter HF’s •	
high fees, lack of alpha, illiquidity and poor 
transparency. 
Funds of funds add a second layer of fees but •	
deliver average returns. Less risky vs. single 
manager funds.

Alternative Investments continued...
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