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Preview of talks 

● Introduction to mathematical modeling in contemporary financial markets 

● Derivatives,    Algorithmic Trading,   Risk Management 

● Week 1 - Focus on derivatives because of their widespread importance  

● Hour 1 - Derivatives 

– Introduction to derivatives concepts 

– A little math modeling applied to 

– Roulette, the stock market, baseball cards and options 

– Black-Scholes formula for value of stock option 

● Hour 2 - Financial crisis of 2008  

– Perspective 

– What role did derivatives play? 

– What role did math modeling play?  

 

 
 

 

●  

 

● What has happened to the markets and what role did math modeling play 



Week 2 

● More about math models in finance 

● More about derivatives and WHY they are used 

● Focus on risk management and the new regulatory climate  

 

Troubles on the Horizon 
 

● Algorithmic trading and the Flash Crash 

 

● The European Sovereign Debt Crisis 



Why is math relevant to markets? 

● Derivatives 

● Algorithmic trading and electronic markets 

● Risk management 

● Investment portfolio selection 

● Structuring of complicated financial instruments, 

loans and business deals 

● Increasingly important for strategic planning and 

making high level decisions 

 



Why are derivatives important? 

● Derivatives are everywhere. 

● Derivatives are the source for a lot of 

systematic risk in contemporary markets. 



Derivative Notional Value 

 Exceeds World GDP 

1/7/2012 4:51 PM 

   



Derivatives at root of 

“Too Big To Fail” 
● Large financial institutions are linked to each other through 

financial obligations involving derivatives. 

● If one large institution fails to meet its derivative obligations 

(AIG, Citigroup, Bank of America, Fannie Mae), the other 

large institutions will be unlikely to meet their obligations. 
 

● Why not just let a big institution fail and have the economy 

sort it out? 

– The Fed/Treasury tried that in 2008 with a medium size institution (Lehman Bros)  and 

the consequences scared them very badly.   

– Angela Merkel tried that in 2011 with Greek bonds (haircut). The bond markets in Italy 

and Spain started freezing and she just had to back down. 



Algorithmic Trading 

● Is the use of computer programs (algorithms) to trade in 

markets – not just what to buy, but when, where and how much. 

● Algorithms monitor markets, make trading decisions and 

execute orders in a fraction of a second—much quicker than a 

human trader can react. 

● High frequency trading firms account for more than 70% of US 

equity trading volume in 2009. 
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Risk Management 

● Is the use of math models to manage the risk associated with 

trading in markets, extending credit, providing financial 

services, etc.   

● Discuss next week! 

 

 



What is a derivative? 

● A derivative is a financial instrument that 

derives its value from another financial 

instrument. 

● Examples 

● An index like the S&P500 is a derivative 

● An option is a derivative 

● A “lock” on an interest rate is a derivative 

● An adjustable mortgage is a derivative 

● A futures contract on oil is a derivative 

● A variable annuity with guaranteed benefits is a derivative 



● Classical example of a derivative is an option. 

Some of the first options you encountered 

An option is a financial claim that 

involves contingencies 



Essential math question 

How much is an option worth? 

● Last Friday IBM closed at $182.54/share. 

● Suppose you own a call option to buy (call on) 

100 shares of IBM at $180/share, good for 1 

year. 

● Today it is worth 100 x $2.54 = $254. 

● You present the option along with $18000 and “call for” (receive) 

100 shares of IBM. 

● You sell the 100 shares for $18254. 

● You net $254. 

● But there is a whole year before the option expires. The opportunity 

represented by that time is worth something. 



How much is an option worth? 

● Some common sense 

● An option to buy IBM for $180 a share is worth 

more than an option to buy for $190 a share. 

● An option valid for a year is worth more than an 

option valid for one month. 

● An option on a volatile stock is worth more than an 

option on a stodgy stock. 

● An option depends (a little bit) on the cost of money, 

i.e. the interest rate. 



A seminal event in 1973 

● The Pricing of Options and Corporate Liabilities, 

Fischer Black and Myron Scholes (also Robert 

Merton). 

 



Black-Scholes Formula 



Black-Scholes and Physics 

● The Black-Scholes formula is the solution of a 

partial differential equation 

 

 

 

● This equation can be rearranged to look like 

 

● But this is the equation for the diffusion of heat 

in a solid (a physics problem solved long ago). 



New finance but old physics! 

● This led to the swarming of physicists and applied 

mathematicians to Wall Street   (including me) 

● These people are called quants (short for quantitative 

analysts) or rocket scientists or geeks. 

● Quants love to build, analyze and extend mathematical 

models. 

● The theory and practice of valuing and managing the risk 

associated with options has advanced substantially over the 

past 35 years. 

● In actuality, it is the combination of trader intuition “Brooklyn 

smarts” and quant modeling “MIT smarts” that is effective. 



Let's play roulette 

● Bet $1 on red 

● If the ball ends on a 

red number you win 

another $1 

● If the ball ends on a 

black (or green) 

number you lose $1. 



How did you do? 



Now let's consider stocks 

Math model for stock price changes is  



Distribution of Stock Price Changes 

Math model not bad – but not as good as for roulette. 
Leptokurtic -  fat tails 



And next baseball cards 

● Question: What is an arbitrage? 

 

● Answer: A sure fire, no risk way of making 

money.  



And finally options 

Combine the idea of  

● Geometric Brownian Motion model for stock 

price changes 

With the idea of 

●  No possibility of arbitrage 

And you get 

● Black-Scholes formula for value of an option 

Plus great wealth and a Nobel prize! 

 

 

 



An amazing fact 

● Option dealers do not care whether a stock is about to go up or down! 

● They make their money by selling an option for slightly more than its fair 

value, or by buying an option for slightly less than its fair value. 

● They are not betting against you. They make their money by charging a fee 

for providing a financial service. 

● The Black-Scholes formalism allows dealers to almost completely hedge 

away the stock price risk. 

 

 

● As long as the market is sufficiently liquid that they can trade stocks and 

options, they accrue very small risk in buying and selling options. 

 

 

● That is why the derivative business has gotten so large. 

 

 



What happened in 2008? 

● A great recession/credit crunch occurred in 

2008, from which we have still not recovered. 

● Real estate debt was a core factor 

● Derivatives and math models were involved 



The great recession 

● Perspective 

● Comparisons with the great depression. 

● The “scariest chart ever”. 

● Why did it happen? 

● Guide to books, movies, etc.  

 

● What kind of derivatives were involved 

● How was math modeling involved 

 



The great depression was worse 



“Scariest chart ever” 



Housing bubble 



Extraordinary government actions 



Why did this happen? 

● Dozens of books 

● Movies, documentaries, TV shows 

● Papers, PhD theses, talking heads 

● Investigations and official reports 



Books 



Movies 



Movies 



Books on math and markets 



Government report 



Real Estate and Credit were major 

factors in the GR 

● Although not widely appreciated, derivative 

markets for stocks, fixed income, foreign 

exchange and commodities have functioned 

well during the GR. 

● Credit derivative markets developed serious 

problems. 

● Credit derivatives markets are the least mature 

of the various derivative markets. 



Types of Credit Derivatives 

● Mortgage backed securities 

(MBS, CMO, CMBS, PLMBS, IO, PO,...) 

● These involve fixed income risk, prepayment risk, default risk, rating 

downgrade risk, liquidity risk, … 

● These are what clobbered Bear Sterns, Lehman Brothers, Merrill Lynch, 

Fannie Mae, Freddie Mac, and others. 

 

● These constitute a lot of the instruments that TARP (Troubled Asset Relief 

Program) is intended to help. They are also known as  “Toxic Assets.” 

● It is probable that many of these (currently held by banks, credit unions, 

pensions, federal institutions, insurance companies, etc.) are worth zero. 

● Nobody wants to trade these securities so the market is very illiquid. Active 

markets are required to determine the parameters used in derivatives 

models. Else the models don't work! 

 



What is a MBS? 

 



Credit Default Swap 

● Form of insurance against the default of a 

corporation or other debt issuing institution. 

● These involve default risk, credit rating 

downgrade risk, liquidity risk, ... 

● This is what clobbered AIG and others. 

 



CDS is Relatively Simple Idea 

● Say you own a bond and get worried the company may default. 

● You buy a credit default swap as insurance. 

● It's like a bond but you make payments at higher interest rate than normal. 

The extra amount is called the credit spread. You pay a higher credit spread 

for a risky company than for a safe company. The market sets the credit 

spread. 

● If the company goes bankrupt, the court takes all the assets and pays the 

bond holders their legal share. The credit default swap then pays whatever 

extra is required to make you whole. 

 

● AIG is an insurance company. It sold CDS to bond owners looking for 

protection. 

● If AIG has only sold a modest amount of CDS they would have been OK. 

They sold a WHOLE LOT of CDS. 



Credit derivatives were new 

● Too many were sold too soon. 

● Not enough due diligence was done on the 

underlying credit risk 

● They were too complicated. Hard to value. Hard 

to understand. Hard to break into pieces that 

could be sold. 

● Lots of complicated interconnected holdings 

developed. 

● The credit markets were immature. When 

concerns developed, the markets froze up 



Were the Quants and Their Models 

Responsible? 

● Recipe for Disaster: The formula that Killed Wall 

Street, Wired Magazine, Feb 2009 

● After the Crash, Scientific American, Dec 2008 

● Nassim Taleb  (The Black Swan) 

 

● Nice balanced article 

They Tried to Outsmart Wall Street, NYTimes, 

Mar 9, 2009. 



Gaussian Copula 

 



In My Opinion - No! 

● Quants have no power on Wall Street. 

● Decisions about what products to sell, what markets to trade, how much 

leverage to use are made by salesmen, traders and higher management. 

● Almost none of the key players in the GR has ever built a model, nor is 

particularly mathematically adept. Math skills are not what advances you at a 

Wall Street firm. 

● Quants and their models are an enabling technology for Wall Street 

decision makers. 

● When it served their purpose to use mathematical models to expand areas 

of risky business, they did. 

● When it served their purpose to ignore the growing risks indicated by those 

models, they did. 



A pattern repeats over and over 

● A few firms use mathematical models and/or 

new technology to make noticeable amounts of 

money 

● More and more firms copy the successful ones 

without really understanding what they are 

doing. 

● The bets get bigger, the parade of copycats 

gets bigger and bigger till 

● The whole herd of lemmings runs off the cliff. 



Be Wary of Financial Models 

● Models in mathematics are justified by a long tradition of self-consistency 

and intellectual rigor 

● Models in physics are justified by their success in describing reproducible 

natural phenomena. 

 

 

● Models in finance are approximate descriptions of collective 

human behavior 

● When people are acting normally the models do well. 

● When people go crazy, the models fail miserably. 



I can calculate the movement of the stars, 

 but not the madness of men. 

-Isaac Newton 

 
After losing a fortune in the South Seas Bubble, 1720. 

 

 

There is no intoxicant more dangerous than 

 cheap money and excessive credit. 

 
Benjamin M. Anderson, economist, 1929 


