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Review of Part 1 

● Introduction to Math and the Markets 

● Introduction to derivatives 

● Models for roulette, stocks and options 

● Great recession 

● What happened and continues to happen 

● Role of derivatives supported by math models 

● Be wary of models for markets 

 

 



Part 2 

● Hour1 - More math and derivatives 

● What is a model? 

● How are derivatives used? 

– Risk management 

– Leveraged bets 
 

● Hour 2 – What is happening now? 

● Electronic trading is becoming hugely important 

● Regulation and institutional risk management changes are occurring 

● European sovereign debt crisis is upon us 
 

● Wrapping up 



This is a train 



This is a model of a train 



This is another model of a train 



This is model of a woman 



This is another model of a woman 



What is a mathematical model? 

The sciences do not try to explain, they hardly 
even try to interpret, they mainly make models. 
By a model is meant a mathematical construct 
which, with the addition of certain verbal 
interpretations, describes observed 
phenomena. The justification of such a 
mathematical construct is solely and precisely 
that it is expected to work. 
 
-John Von Neumann 



This is a financial market 



This is a financial market 



This is a financial market 

A SUBSTANTIAL part of all stock trading in the 
United States takes place in a warehouse in a 
nondescript business park just off the New 
Jersey Turnpike.  
 
Few humans are present in this vast 
technological sanctum, known as New York 
Four. Instead, the building, nearly the size of 
three football fields, is filled with long avenues 
of computer servers illuminated by energy-
efficient blue phosphorescent light.  
 
Article in New York Times, Jan 2, 2011. 



Mathematical models of a financial 
market  

dS𝑡

𝑆𝑡
= 𝑟 − 𝑞  dt + 𝜎 dz𝑡 

This is a simple but important model of stock prices 

This is a better model of stock prices 

dS𝑡

𝑆𝑡
= 𝑟 − 𝑞  dt + 𝑉𝑡 dz𝑆.𝑡 

dV𝑡 = 𝜆 𝑉∞ − 𝑉𝑡  dt + 𝜂 𝑉𝑡 dz𝑉.𝑡 

< dS𝑡 dV𝑡 >= 𝜌 dt 



Mathematical models in finance 
should be judged on the basis of how 

useful they are for their intended 
purpose 

Models that make more money than they 
lose are useful 



How are derivatives used? 

● To manage risk 

● To make leveraged bets 

● To tell the future and keep people honest 



Managing Risk 

● Suppose you inherit 3000 shares of AAPL 

stock -- $1,259,430 as of Friday ($419.81) 

● But you can’t sell it for 6 months!!! 



APPL stock behavior last year 



Expected behavior of APPL 



Let’s take away that downside risk 



Don’t have any spare cash? 



Managing risk is about shaping the 
distribution of profits and losses 

● Derivatives allow you to change profit and 

loss distributions at relatively low cost. 

● The Black Scholes model (and many 

others) are useful for the purpose of 

allowing such transactions to be priced. 



Derivatives and leveraged bets 

Suppose you have $10000 and you “know” that APPL 
stock will increase from $419.81 to  $500.00 in one 
month.   
 
• Buy the stock (23 shares), sell at 500 and make $1844 or 18.4% on 

the trade (not bad). 
 

• Buy the stock in a margin account (46 shares), sell at 500 and make 
$3688 or 36.8%. 
 

• A one-month call option on AAPL struck at 420 costs $14.41. You 
buy options on 694 shares. Option expires and you make $500 – 
$420 – $14.41  = $65.59 on each share. You make $45524 or 454%.  



Stock trading is about taking views 
on the direction of stock prices 

● Derivatives allow you to leverage your 

capital to benefit from correct views 

● Derivatives also allow you to manage the 

risk associated with your trades. 

● Stock selection models and derivative 

models are useful for making bets. 



How can I learn about investing and 
derivatives? 

My advice is - don’t trade derivatives. 
 
• Invest in things you know something about. 
• Seek professional advice but watch out for sales pitches and 

arrange to have access to second opinions. 
 

• I have spent fifteen years studying derivatives and have 
experience in watching how derivatives are traded by 
professionals. I don’t trade derivatives except in very 
conservative ways.  

• Frankly, I just don’t think that I have any “edge” over the market.  
 

  



What to read 

• Read the Wall Street Journal. Watch Bloomberg on TV. 
 
Investing 
• The Intelligent Investor, Benjamin Graham (1973) 
• Common Stocks and Uncommon Profits, Philip Fisher (1996) 
• A Random Walk Down Wall Street, Burton Malkiel (1973) 
• The Essays of Warren Buffett, Warren Buffett (2nd Ed. 2008) 

 
Trading 
• Reminiscences of a Stock Operator, Edwin Lefevre  (1923) 
• Market Wizards: Interviews with Top Traders, I and II, Jack Schwager (1980s??) 
• Extraordinary Popular Delusions and the Madness of Crowds, Charles MacKay 

(1841) 
• Fooled by Randomness, The Black Swan, Nassim Taleb (2000s) 

 
  



What is happening now? 

● Much stronger government regulation is 

occurring 
 

● Electronic/algorithmic trading is becoming 

huge and there is much danger. 
  

● Sovereign debt crisis in Europe is upon us 

 



Stronger government regulation 

• Dodd/Frank 

– Many provisions but vague about details 

– Rules left up to agencies but they are acting slowly 

– Something of a paralyzing effect on financial 
institutions. 
 

• Basel 2.5 and 3 



Institutional Risk Management 



Types of Risk 

• Market Risk 

• Credit Risk 

• Regulatory Risk 

• Operational Risk 

• Legal Risk 

• Reputational Risk 

• … 



Risk Metrics 

• “Greeks” 

• Value at Risk   (VaR) 

• Stress tests 

• Various detailed reports 

• Ad hoc analyses 



Greeks – Delta Δ 



Hedging Risk 

Dealer sold you 694 options then also 
sold short 361 shares of stock and a 
few options 



Value at Risk VaR 



Citigroup 

• At the end of 2007, Citigroup reported that 
their VaR was $191 million. 

 

 



Citigroup 

• At the end of 2007, Citigroup reported that 
their VaR was $191 million. 

 

 

• On February 28, 2008, Citigroup announced 
that it had suffered more that $20 billion 
dollars in credit losses. 



Business 
Unitnitvz 

Market Risk 
     Credit Risknitvz 

Model Risk 
    Risk Metricsnitvz  

Complianceitvz 

Internal  
Audititvz 

BU Risk officersz 

Chief Risk 
Officeritvz 

Board 
Membernitvz 

Regulators 
OCC, SEC, Fed, 

…itvz 



 New Basel 2.5 Risk Metrics 

• Enhancements of VaR 

• Stressed value at risk  SVaR 

• Incremental Risk Charge (IRC) 

• Comprehensive Risk Measure (CRM) 

• Standardized Charge (SC) 

• Improved operational risk (AMA) 



European sovereign debt crisis 

- http://topics.nytimes.com/top/reference/timestopics/subjects/
e/european_sovereign_debt_crisis/index.html 



 Huge debts have been incurred 



 Increasingly difficult to renew loans 



 Problem is several times bigger than 
US debt crisis 

• $1+ trillion in debt comes due in 2012 
 

• Italy and Spain will have to renew loans worth 
$500 billion. 
 



 Questions 

• Who will loan money, and at what cost? 

• Will large European banks fail? 
Lehman failure cost $75 billion and dropped market by 500 points. 

• Will countries default on loans? 
Greece  Portugal   ITALY 

• Will countries leave the Euro? 
Even a voluntary departure would be very messy. 

• Will there be a great European recession with 
spill over into the US? 



Wrapping up 

● Mathematics and computer technology play an 
increasingly important roll in contemporary financial 
markets 

● Despite recent events, it seems that the trend to greater 
complexity of models will continue. 
 

● We live in interesting times and 2012 should be a doozy. 

● I first gave a talk in Oct 2009, when we were in the 
middle of the great recession. 

● Like to come back in a couple of years and discuss what 
happened with Math and the Markets.  

 


