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This talk will be a short and elementary introduction to mathematical finance for fixed income products.  The fundamental objectives are to model the valuation process and trading strategy to realize this valuation for securities whose cashflows depend upon the joint dynamics of (often) visible prices of a defined set of market securities or contracts.  Time value of money is a central premise for fixed income models.  Simply stated, receiving monies early is preferable (and hence valued higher) than receiving the same amount at a later date.  Although simple to understand, this axiom generates subtleties in the presence of market conventions or contingent (stochastic) cashflows.  
The value today (at time t=0) of 1 unit to be delivered at time T is referred to as the discount rate d(T).  The time value of money axiom is equivalent to stating that d(t) is monotonically decreasing.   (There have been a few instances where this axiom has not held in the market.)  It frequently is more convenient to model yields rather than discounts.  There is a simple relation between the yield and discount rate.  The forward yield for period 
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.  We often model forward rates or the log of forward rates as the constraint on forward rates is simply that they must be positive.  If forward rates are modeled as continuously compounded rates, the relation between the discount factor and the instantaneous forward rates 
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d(t) = exp(-
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The modeling of the stochastic dynamics governing the forward rate curve is a fundamental component of most fixed income valuation models.
Optionality of cashflows introduces theoretical and computational complexity.  In the more intricate products, the cashflow structure at time t is contingent upon the realization of the joint dynamics up to time t of several market factors (two or more yield curves, foreign exchange rates, corporate defaults, equity index values…).  Different approaches to modeling are required for complete and incomplete markets.  A market (with several securities) is said to be complete when for each well behaved derivative security (set of contingent cash flows), there exists a dynamic trading strategy which, for a known cost up front, generates cash flows precisely equal to those of the derivative.  Whether or not a market is complete depends upon the stochastic dynamics (and absence of trading costs, continuous trading, and ability to borrow and invest…).  There are several very nice theorems describing the conditions for completeness.  When the market is complete, any two equivalent Laws for the dynamics will generate the same valuation for a structure.  For a complete market, one may, through a change of measure, represent discounted prices as a martingale and compute the value of the derivative as the expected discounted value of the future cash flows.  The expectation is taken under the measure that makes the discounted prices into a martingale.  A common fallacy is to confuse the martingale measure and the physical measure.  (Markets are complete and not arbitrage-able if the martingale measure exists and is unique.)
The problem becomes more complex when the markets are known to be incomplete.  One models valuations in an incomplete market by either introducing risk preferences or by adding in sufficient securities to complete the market.  The market will not admit arbitrage if there exist an equivalent martingale measure.  In the case of incomplete markets, this measure will not be unique.  Markets with price jumps are classic examples of incomplete markets.  
Analytical Tools of Energy Risk Management

Alexander Eydeland

In the last twenty years energy markets, particularly natural gas and power markets, have become deregulated. This immediately resulted in the need for development of analytical tools that would allow market participants to manage the new risks induced by the deregulated markets and to protect their energy assets, such as power plants, gas storage and pipelines, from exposure to market price fluctuations. This presentation describes various analytical methods developed for managing risk in energy markets. First, we focus on the stochastic processes designed to capture unique features of energy price evolution. Then, we describe complex optimization problems arising in energy applications. Finally, we introduce a novel and efficient algorithm for computing numerical solutions of risk management problems, which in general can be described as an algorithm for fast integration in functional spaces.

PCA and much much more
Vasily Strela

In this short talk, we are going to discuss applications of principal components analysis (PCA) in financial modeling. In particular, we will talk about the use of PCA for scenario analysis, hedge portfolio optimization, portfolio variance reduction, and for design of trading strategies.  We will point out a few open problems that are of interest to us.

The second topic which we are going to touch upon is model calibration (also know as inverse problem) and its numerous difficulties.

Finally, we will connect these two problems with the emerging markets modeling.
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