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Recently, in a well written column in the Business 

Education section of Financial Times newspaper 

Didier Cossin, a professor of Finance at IMD talked 

about the famous Miller-Modigliani (MM) hypothesis 

that every business school finance student would 

know by heart. He ascribed our present day woes to 

this one grand and beautiful theorem of finance. He 

thinks that this theorem has seduced academics and 

practitioners alike with its sweeping dictum that 

financial markets are a substitute for the real world 

comprising the corporates, governments and 

regulatory authorities and has led to the widespread 

belief that the choices made in the financial markets 

by the various players ï bankers, traders, investors, 

and salesman ï can replace actual decision making by 

corporates. In other words, we have created a world 

where financial markets matter and reign supreme. 

The real economy with corporates and small 

businesses, the other stakeholders such as employees 

and the society at large do not matter.  

 

In a series of papers between 1958 and 1963 Merton 

Miller and Franco Modigliani, both Nobel Laureates 

in Economics, established four propositions or results 

which have collectively come to be known as the 

Miller -Modigliani theorem. These four results were 

the first attempt at modeling a firmôs capital structure 

decision making vis-à-vis the financial markets. It was 

also one of the first attempts, together with Harry 

Markowitz to introduce the concepts of ñequilibriumò 

and ñlinearityò to the field of financial economics. Of 

course, the concept of equilibrium, under its seductive mathematical garb of differential calculus, 

had already been integrated in the mainstream economic thought around seventy years before 

Messers Miller and Modigliani appeared on the scene. But the MM theorem was concerned with 

the micro level of the economy, the level at which the corporates and businesses operated, where 

economic thought needs to be merged with the nitty-gritty of corporate finance. A new discipline 

of financial economics was about to be born.   

 

Miller and Modigliani theorem (via its first two propositions) essentially argued, with 

mathematical precision, that the debt on a companyôs balance sheet is irrelevant and does not 
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affect the value of that company. MM theorem said that the debt-equity ratio of the firm was not 

relevant in establishing that firmôs market value. In 1991 Miller explained the crux of the MM 

theorem with the following analogy* 

 

ñThink of the firm as a gigantic tub of whole milk. The farmer can sell the whole milk as it is. Or 

he can separate out the cream, and sell it at a considerably higher price than the whole milk 

would bring.ò He continues, ñThe Modigliani-Miller proposition says that if there were no costs 

of separation, (and, of course, no government dairy support program), the cream plus the skim 

milk would bring the same price as the whole milk.ò 

 

Read carefully the above passage and youôll see that Miller is pointing towards the two pillars of 

modern financial theory: the concepts of equilibrium and linearity. We will talk more about these 

in other issues.  

 

Anne P. Villamil of the University of Illinois explains in The New Palgrave Dictionary of 

Economics, while interpreting the above passage likens the debt of a firm to ñcreamò and the 

equity to ñskimmed milkò; if one increases the amount of debt, i.e. cream, then the value of the 

outstanding equity, i.e. the skimmed milk, will be lowered. In other words, if the managers 

running the company were to sell off safe cash flows to debt-holders then the firm will be left 

with more lower valued equity thereby keeping the total value of the firm unchanged. Debt is 

almost always cheaper than equity and hence if managers want to profit from using cheaper debt, 

then that gain will be offset by the higher cost of equity which is more risky. The weighted 

average costs of the two sources of capital, the debt and the equity, remains unchanged for a 

fixed amount of total capital hence rendering any allocation between debt and equity irrelevant.  

 

And so, with that tub of milk, Messers Miller and Modigliani gave us the concept of weighted 

average cost of capital (WACC). The corporate mantra became: think of WACC and not how 

much debt you have. The financial analysts, the CFAs, the CFOs and the like would rejoice in 

the glory of this concept as if the electron has been discovered all over again. The investment 

bankers would see their nirvana in this concept. Corporate America would go nuts on debt and 

all through the decades of 1970s and 1980s there would be one debt-led party: junk bonds, 

LBOs, and what have you. Debt, debt and more debt, and when in the 1990s the corporate 

balance sheets can hold no more debt, just package it out as CDOs, CLOs, and the like. Today, 

the economy is busted, the job market is busted. Average Americans have problems sending their 

kids to school and keeping their mortgages. Today, there is so much financial pain all around.  

 

And, all because of that tub of milk! 

 

 Rahul Bhattacharya 
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In the last tutorial we looked at the Brenner-

Subrahmanyam closed form formula to estimate 

the implied volatility. Brenner-Subrahmanyam 

formula assumes a very specific case, where the 

option is at the money forward and the rates are 

almost zero (theoretically zero). There are some 

other closed form formulas which try to estimate 

implied volatility as a closed form solution, that is, 

in the form of a well-defined formula, in a more 

generalized setting than Brenner-Subrahmanyam 

formul by assuming out of the money or near the 

money strikes. Of course, these formulas only give 

approximations for the implied volatility and not 

any exact value. Two of these are the Corrado-

Miller approximations and Liôs approximations. 

We shall talk about them in the following tutorials.  

 

However, in all commercial valuation software 

that the banks use implied volatility of assets are 

estimated using numerical methods, and not by 

any closed form formulas. A theoretical closed 

form model for estimating the price of an option is 

the Black-Scholes formula. In this formula, 

volatility enters as a parameter (or a variable). To 

get an exact estimate of implied volatility of an 

asset, one has to match the theoretical option price 

that comes out of the Black-Scholes model with 

the observable price of the option that is traded in 

the market by adjusting the volatility parameter in 

the model. This adjustment of the volatility is done 

iteratively using numerical techniques.  

 

There are two main numerical techniques to back 

out the implied volatility from the option pricing 

formula: (i) Bisection method (ii) Newton-

Raphson method.  

 

Of the two methods, even though it is more 

complex mathematically, the Newton-Raphson 

method is most widely used in commercial 

software used by banks and financial institutions 

to estimate implied volatility. This is because 

Newton-Raphson is a very efficient mathematical 

method. In this method one solves for a one 

Implied Volatility Estimation 

 

Newton-Raphson Method: The Newton-

Raphson method solves a one dimensional non-

linear equation iteratively:  

 

  

In the above formula,  is the market price 

of a traded call option and  is the 

theoretical volatility (or the implied volatility 

estimate) of the underlying asset for the k th 

iteration,  is the implied volatility estimate 

for the k+1 iteration and  is the 

theoretical ï model dependent ï price of the 

call option for the k th iteration.  

 

The Newton-Raphson method is a very efficient 

numerical algorithm that requires the 

knowledge of the vega of the option.  

 

Manaster & Koehler have devised a formula 

for the Seed Value to start with in a Newton-

Raphson algorithm that more or less 

guarantees convergence to implied volatility. 
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dimensional non-linear equation using an iteration technique and the method is so efficient that 

within 3 to 4 iterations the theoretically adjusted volatility converges to the implied volatility. 

However, one needs to have knowledge about the vega ï the partial (mathematical) derivative of 

the option price with respect to the volatility ï of the option. Starting with a seed value of the 

theoretical volatility (the one that goes as an input in the Black-Schole formula) and comparing 

the market price of the option and the theoretical price of the option (using this seed volatility) 

one moves to the next value of the theoretical volatility that brings the convergence of the market 

value and the theoretical value closer. And so on with the iteration, till the two values converge. 

The iteration takes into account the vega of the option. Manaster and Koehler in 1982 developed 

an efficient seed value to start with in the Newton-Raphson method that more or less guarantees 

convergence for European style options valued using Black-Scholes formula. Espen Haugôs 

brilliant textbook, The Complete Guide to 

Option Pricing Formulas discusses this 

algorithm.  

 

Bisection method is much simpler than the 

Newton-Raphson method that any rookie 

trader or quant can use it within minutes 

using an Excel spreadsheet. Bisection 

method does not require the knowledge of 

vega of the option and hence its 

attractiveness. Many exotic options and 

American style options do not have analytic 

formulas for vega (like the one that exists 

for vanilla call and put options using a 

Black-Scholes formula) and therefore 

Newton-Raphson method cannot be used in 

such cases. In a bisection method two initial 

seed values for the theoretical volatility are 

assumed, one a low estimate of implied 

volatility and the other a high estimate of 

the implied volatility. The market price of 

the option will be between these two values 

of the estimated volatility. The exact 

estimate of the implied volatility is then 

found out using a linear interpolation 

between these two theoretical (estimated) 

volatility values. It is a simple method of 

linear interpolation    

 

 

Team Latte 

 

 

 

 

Implied Volatility Estimation 

 

Bisection Method: The Bisection method 

chooses two initial (seed) values for the 

estimated implied volatility, a high value, 

and a low value,  and then linearly 

interpolates between these two values to arrive 

at the correct estimate for the implied volatility:  

 

 

  

The Bisection method is much simpler to use 

and does not require the knowledge of the vega 

of the option. .   
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Of all the assets that we 

trade and invest in 

today, none is more 

esoteric and mysterious 

ï and if we made add, 

complex ï than 

ñvolatilityò. How did 

volatility become an 

asset from being a 

mathematical parameter 

in an option pricing formula?  

 

In 1994, Anthony Neuberger, then at the 

Institute of Finance and Accounting at the 

London Business School, introduced a 

simple, yet a very peculiar product, the Log 

contract. The publication of his paper, ñThe 

Log Contractò in the Journal of Portfolio 

Management has since then become a 

watershed event in the history of quantitative 

finance. This contract would forever change 

how we look at volatility and lay the 

foundation for the introduction of variance 

swaps in the late 1990s and the new volatility 

index, VIX by CBOE in 2003. Though 

Neuberger may not have realized it then but 

what he had done was initiated the process by 

which volatility would no longer remain a 

mathematical and an abstract concept but 

become a tangible ï well, almost tangible ï 

asset. Perhaps, the last frontier of quantitative 

finance was about to be conquered.  

 

Something was bothering Neuberger and it may have come as flash of imagination. In a recent 

interview he said to me, ñOne of the things that always bugged me about vanilla options was 

their kinked pay-off; the Black-Scholes approach to option pricing works with any non-linear 

pay-off, and it would surely be easier to work with smooth curved pay-offs which did not have 

infinite derivatives. From a mathematical perspective, the formulae would be simpler, and that is 

a great advantage because it focuses attention on what is fundamental. From a practical 

 

Using Logarithm to create an Asset: 

the Log Contract 

 

The Log contract was introduced by Anthony 

Neuberger in 1994.  

 

The Log contract pays the natural logarithm of 

the asset price (either spot or the forward).The 

payoff is given by: for spot and 

for the forward we have . 

 

The closed form solution for a Log contract on 

the spot price of an asset is given by: 

 

 

 

The Closed form solution for a Log contract on 

the forward price of an asset is given by: 

 

 



6 
 

Vanilla Times                                            www.risklatte.com                                              

perspective, it would get round the 

problem of buying a risk management 

instrument that will almost surely become 

either innocuous (if it ends up deep in or 

out of the money) or excessively risky (if it 

ends up close to the money). With a smooth 

curved pay-off, your option would remain 

close to the money whatever happens.ò 

 

Was such a simple product possible, which 

behaved like an option, retained all its 

derivatives like characteristics and yet was 

far simpler to manage in terms of its risk? 

The log contract was indeed such a 

product. In hindsight, it is truly amazing 

that none of the great minds in the field of 

Quantitative Finance never ever thought of 

this product. Even though it would be 

another five years before Emanuel Derman 

and his colleagues at Goldman Sachs 

would formalize the concept and theory of 

variance swaps by incorporating the notion 

of Log contract in their model, Neuberger 

had ushered in a silent revolution. Without 

the Log contract, there would be no 

variance or volatility swaps and no VIX, 

the volatility index.   

 

What Neuberger had done was to create a 

contract whose payoff was simply the 

natural logarithm of the spot price of the 

asset. If the underlying was the forward, 

instead of the spot, then the contract 

became a log forward, and it is the log 

forward that forms the backbone of a 

variance swap. The Log contract did not 

look like an option at all and yet retained 

all characteristics of an exotic option. Its payoff was a non-linear function of the underlying 

asset. As Neuberger explained to me in the same interview, ñThe obvious claim to look at is a 

power contract (that pays the nôth power of the terminal price). Of all power contracts, the one 

that looks most interesting is the limit case as the power goes to zero - which turns out to be the 

Log Contract.ò 

 

The delta or the hedge ratio of a log forward is simply the reciprocal of the forward price of the 

asset. Such is the simplicity of this derivative contract. If the forward price of an asset is $1.00 

then the investor trying to replicate the log forward would have to buy one forward contract. In 

 

Using Logarithm to create an Asset: 

the Log Contract 

 

The Delta and the Gamma of a Log contract are 

given by: 

 

             

 

The Log contract is truly unique as a financial 

derivative contract because unlike options or 

other financial derivatives is that its Delta, the 

hedge ratio, does not depend on the volatility.  

 

The Gamma and the Vega of a Log contract are 

far more stable and predictable than that of 

regular vanilla options.  

 

The Log contract forms the basic building block 

for the Variance Swaps and the Volatility index, 

VIX.  
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the next period if the forward price moves to $1.20 then she should reduce the hedge to 1/1.20 or 

0.8333 forward contracts. Apart from the simplicity of the hedge ratio what is striking about the 

log contract is that the delta of this contract, unlike a vanilla call or a put option, does not depend 

on the volatility of the asset. Any wrong estimation of the volatility ï or the future volatility ï 

will cause hedging errors in a call option. Not so in a log contract. The delta is no longer a 

complex function of time to maturity, future volatility and asset price. The delta is simply the 

inverse of the forward. As Neuberger further explained to me, ñI had also been doing some work 

on hedging errors with Black-Scholes, where it is easy to show that the hedge error is roughly 

proportional to the integral of the gamma times the difference between realized and forecast 

variance. So the Log Contract with its constant gamma had obvious potential as a risk 

management instrument.ò 

 

Further, the gamma and the vega of a log forward contract are also highly stable and predictable 

unlike options. This makes gamma hedging and volatility trading a much more tractable task for 

the investors. The Log contract is indeed a wonderful product, not just because it is so simple to 

understand in terms of its payoff and risks, but because underneath that veneer of simplicity lies 

a very complex and rich tapestry of  mathematics that has made creation of volatility swaps, the 

VIX index and the transformation of volatility into an asset possible. 

 

.Team Latte 

 

 

 

 

A Pay Later option is also known as a Contingent 

Premium option. It is a vanilla option whose 

premium is paid only if the option finishes in the 

money at maturity. If at maturity the option is out of 

the money then the buyer of the option pays nothing 

to the seller of the option. Given this kind of a 

payoff, a pay later option displays the characteristics 

of both a vanilla as well as digital (binary) option. 

Despite higher cost, a Pay Later option can be very 

appealing to some retail investors, especially now.  

 

A Pay Later option is a long Vanilla option and 

short  P  times a digital option, where P  is the price 

of the Pay Later option. In this respect the Pay Later 

option, even though a single option, behaves like a 

structured product (a combination of two financial 

derivatives). This is what makes this product so 

unique. In simple terms, one can think of the 

premium of a Pay Later option as related to the 

probability of the asset finishing in the money. 

Premium times the probability of the asset finishing 

in the money is equal to the Vanilla option.  

Product Idea 

Pay Later Option 

A Pay Later option can be constructed as:  

.  

Where, is the price (premium) of the Pay 

Later option. The above renders it a 

structured product. 

Using the cumulative Normal Distribution 

probability measure with Black-Scholes 

notation, a Pay Later option can be thought 

of as: 

 

Where, is the probability that the asset 

will finish in the money.  




