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(57) ABSTRACT 

The invention is a computer-implemented system and 
method, and a computer-readable medium for use with com 
puter means, that enables portfolio managers to price, on a 
risk-adjusted basis, any traded or underwritten risk vehicle in 
?nance and insurance that has a historically known or com 
puter-generated probability distribution. More importantly, 
the invention provides a universal approach to pricing assets 
and liabilities traded on an exchange or over-the-counter mar 

ket underwritten for direct risk-transfer, even if those assets 
and liabilities are grouped or segregated, or whose prospec 
tive outcomes may alternate between positive or negative 
values. 
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Figure 3 
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COMPUTER SYSTEM AND METHOD FOR 
PRICING FINANCIAL AND INSURANCE 

RISKS WITH HISTORICALLY- KNOWN OR 
COMPUTER-GENERATED PROBABILITY 

DISTRIBUTIONS 

FIELD OF THE INVENTION 

[0001] The invention provides a universal approach to pric 
ing assets and liabilities, Whether traded on an exchange or 
over-the-counter market, or underwritten for direct risk 
transfer, Whether grouped or segregated, or even positive or 
negative in value. More particularly, it relates to a computer 
implemented system and method, and a computer-readable 
medium for use With a computer means, for pricing ?nancial 
and insurance risks With historically-knoWn or computer 
generated probability distributions. The method can also be 
used to quantify the uncertainty of a variable Within any 
historically-knoWn of computer-generated distribution of 
outcomes. The invention can also be used to objectively 
assess the relative value of traded portfolios, and to assist the 
underWriting selection of managed accounts. 

BACKGROUND OF THE INVENTION 

[0002] An economic enterprise, particularly a ?nancial 
?rm, insurance company, or government agency, often faces 
uncertainty in the future ?nancial value of its assets and 
liabilities. These assets and liabilities can be brought to the 
enterprise via ?nancial trading, or via ?nancial or insurance 
underWriting, and then managed Within a portfolio. In the 
prior art, the uncertainty of these assets and liabilities Were 
evaluated differently, based on Whether they Were traded 
?nancial instruments, in a trading risk management environ 
ment, or, based on Whether they Were underWritten ?nancial 
obligations, in an underWriting risk environment. 
Pricing of Assets and Liabilities Within a Trading Environ 
ment 

[0003] When assets and liabilities are managed Within a 
trading environment, such as Where stocks, bonds, currencies, 
commodities, or other ?nancial instruments are exchanged, 
uncertainty can be expressed as a probability distribution of 
potential future market prices. For each instrument, a prob 
ability distribution assigns a probability to each potential 
future price, as a potential outcome. Some outcomes increase, 
and others decrease, the future value of a portfolio that holds, 
and trades, these ?nancial instruments. 
[0004] For example, a mutual fund trader faces uncertain 
ties in a stock portfolio because of volatilities in the underly 
ing stock price. A municipal bond issuer from city govem 
ment faces uncertainties in risk-free interest rates. A 
corporate treasurer faces uncertainties in strike prices for 
options issued to employees. A farmer faces uncertainties in 
soybean commodity futures prices before harvest time. 
[0005] For each trading portfolio, a probability distribution 
of future prices can be assigned to each individual instrument, 
or, to any grouping of instruments, or, to the entire portfolio of 
instruments. The shape, skeW, and other aspects of this prob 
ability distribution are ?tted to historical records of past price 
movements for those instruments. This “?tted distribution” 
can then be used in quantitative models to anticipate future 
price movements. 
[0006] Historical data for the price changes of stocks, 
bonds, currencies, commodities, and other ?nancial instru 
ments can be ?tted to different kinds of probability distribu 
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tions. These include parametric distributions generated by a 
simple mathematical function, such as normal, lognormal, 
gamma, Weibull, and Pareto distributions, and non-paramet 
ric distributions generated from a set of mathematical values, 
like those knoWn from historical tables, or those generated 
from computer simulations. 
[0007] In the prior art, computer-implemented systems and 
methods, and computer-readable media for use With com 
puter means, for pricing ?nancial instruments, Were de?cient 
because they could not accurately price, in a risk-neutral Way, 
the vast majority of ?nancial instruments Whose price 
changes did not ?t normal or lognorrnal probability distribu 
tions. 
Pricing of Assets and Liabilities Within an UnderWriting 
Environment 
[0008] Assets and liabilities can be managed Within an 
underWriting environment, Where, for example, credit, health 
care, pension, insurance, and other risks are assumed. Uncer 
tainty can be expressed as a probability distribution of antici 
pated contract obligations. A probability distribution assigns 
a probability to each contract obligation, as an outcome. 
Some outcomes increase, and others decrease, the future 
value of a portfolio holding these obligations. 
[0009] For example, a credit card issuer faces uncertainties 
because of customer delinquencies, defaults, reneWals, pre 
payments, and ?uctuations in outstanding balances. A utility 
company faces uncertainties in energy demand during 
extreme Weather conditions. A hospital faces uncertainties in 
patient receivables. An insurance company faces uncertain 
ties in premium receptions and claim payments. A reinsurer 
faces uncertainties of paying for hurricane and earthquake 
damages. A pension plan faces uncertainties of prolonged life 
expectancy. 
[0010] For each underWritten portfolio, a probability dis 
tribution of anticipated obligations can be assigned to each 
individual contract, or to any collection of contracts, or to the 
entire portfolio of contracts. A parametric probability distri 
bution can be ?tted to historical records of past experience for 
those contract obligations. This “?tted distribution” can then 
be used in quantitative models to anticipate future contract 
obligations. 
[0011] Historical data for contract obligations in credit, 
health care, pension, insurance, and other underWritten risks 
have been ?tted to different kinds of probability distributions. 
These include parametric distributions generated by a simple 
mathematical function, such as normal, lognormal, gamma, 
Weibull, and Pareto distributions, and non-parametric distri 
butions generated from a set of mathematical values, like 
those knoWn from historical tables, or those generated from 
computer simulations. 
[0012] In the prior art, computer-implemented systems and 
methods, and computer-readable media for use With com 
puter means, Were de?cient because they could not accurately 
price, in a risk-neutral Way, the vast majority of underWritten 
contract obligations Whose cash?oW outcomes did not ?t 
normal or lognorrnal probability distributions. This Was true 
even When portfolios Were expressly underwritten for imme 
diate transfer to another counterparty by true sale, trade, or 
even reinsurance. 

Pricing of Risk Vehicles, Regardless of Whether they are 
Assets or Liabilities, Traded or UnderWritten 

[0013] In the prior art, computer-implemented systems and 
methods, and computer-readable media for use With com 
puter means, Were de?cient because they could not accurately 



US 2008/0228605 A1 

price, in a risk-neutral way, the vast majority of ?nancial 
instruments whose price changes did not ?t normal or log 
normal probability distributions. 
[0014] Before this invention, computer-implemented sys 
tems and methods, and computer-readable media for use with 
computer means, were de?cient because they could not accu 
rately price, in a risk-neutral way, any managed portfolio of 
assets and liabilities whose entirety or parts were drifting 
from positive to negative value, or, from negative to positive 
value, over time. 
[0015] With the explosion in computer applications, reams 
of historical data for ?nancial instruments and contract obli 
gations can now be gathered and processed instantly. Many 
computer simulation models can generate a sample distribu 
tion of possible outcomes for these traded and underwritten 
portfolios. For example, a derivative modeling ?rm can 
anticipate a price distribution for an underlying stock for a 
?nancial option. A catastrophe-modeling ?rm can anticipate 
a loss distribution for a geographic area after a simulated 
hurricane or earthquake. 
[0016] Yet, with the increased availability of historically 
known or computer-generated data, there is no accurate 
method for pricing the underlying risk, except in two special 
cases, applicable only to rare instances of probability distri 
butions. 
[0017] The ?rst special case is the well-known Capital 
Asset Pricing Model, or CAPM, which relates the expected 
rate of return to the standard deviation of the rate of return. A 
standard assumption underlying the CAPM is that asset price 
movements have lognormal distributions, or, equivalently, 
that the rates of return for those asset price movements have 
normal distributions. The CAPM approach is de?cient, how 
ever, when the historical asset returns do not have normal 
distributions. 
[0018] The second special case is the Nobel PriZe winning 
Black-Scholes formula for pricing options. Financial trading 
and insurance underwriting researchers have noted the simi 
larity in the payoff function between a ?nancial option and a 
stop-loss insurance cover. Again, a standard assumption 
underlying the Black-Scholes formula is that asset price 
movements have normal or lognormal distributions. Again, 
the Black-Scholes approach is de?cient since the historical 
price movements of most capital assets do not have lognormal 
distributions. 
[0019] To summariZe, the historical data for traded and 
underwritten outcomes for assets and liabilities rarely 
resembles a normal or lognormal distribution. Most of the 
historical data ?ts other types of probability distributions. 
Most of the real-world traded and underwritten outcomes 
therefore cannot be effectively priced in a risk-neutral way by 
current valuation models, including those based on CAPM, 
Black-Scholes, or other implementations of modern options 
pricing theory. 
[0020] There is a demand for a computer-implemented sys 
tem and method, and a computer-readable medium for use 
with computer means, to effectively price all kinds of assets 
and liabilities, whether traded or underwritten, grouped or 
segregated, mixed or homogenized, in various and sundry 
ways, and whose probability distributions of uncertain out 
comes, for any positive or negative values, at any level of 
detail, may be ?tted, to any parametric type, including, but not 
limited to, normal, lognormal, gamma, Weibull, and Pareto 
distributions, as well as any nonparametric type, generated 
from any set of mathematical values, like from a computer. 

Sep. 18,2008 

[0021] In the United States in particular, the deregulation of 
banking, securities, and insurance, will encourage the inte 
gration of different portfolios of assets and liabilities, requir 
ing such a uni?ed approach. 

GLOSSARY 

Adjustment for Risk 

[0022] Risk refers to potential deviations of cash?ow out 
come from an expected mean value. An asset is de?ned as 

having a positive expected mean value. When evaluating a 
fair value for an asset, a prudent individual adjusts an asset for 
risk by in?ating the probability for the worst outcomes and 
de?ating the probability for the best outcomes. With adjusted 
new probabilities, the probability-weighted positive value for 
the asset is reduced. 

[0023] A liability is de?ned as having a negative expected 
mean value. When evaluating a fair value for a liability, a 
prudent individual adjusts a liability for risk by in?ating the 
probability for the largest losses and de?ating the probability 
for the lowest losses. With adjusted new probabilities, the 
probability-weighted negative value for the liability is 
increased. 

Catastrophe Bond 

[0024] A bond whose scheduled coupon or principal pay 
ments may be reduced in the event of a catastrophe. If the 
yield is high enough, an investor may be attracted to the bond, 
despite its default risk. 

Contingent Payoff 

[0025] A ?nancial payoff whose value at least partly 
depends on the future value for an underlying risk vehicle. For 
example, a call option is a ?nancial payoff whose value 
depends on the resulting price of an underlying stock at the 
end of the life of the option. One purpose of the present 
invention is to ?nd a price for a contingent payoff superposed 
upon the underlying variable X, as shown in FIG. 3, step 301, 
for a traded risk vehicle, and as shown in FIG. 5, step 501, for 
an underwritten risk vehicle. 

Cumulative Probabilities 

[0026] A more technical name for the individual probabil 
ity weights that, after a lowest-to-highest sort of cash?ow 
outcomes, are cumulated, one by one, in ascending order, so 
that the ?rst cumulation is the individual probability weight 
for the lowest cash?ow outcome, and the second cumulation 
is the combination of the individual probability weights for 
the two lowest cash?ow outcomes, and so on, until the last 
cumulation is the combination of the individual probability 
weights for all of the cash?ow outcomes. 

[0027] Concerning the uses, applications, and properties of 
the present invention, consider that, for any speci?c data 
value y of a variable X, the cumulative distribution function 
F(y) gives the probability that the outcome of variable X will 
be less than or equal to y. Consider an ascending sequence of 
all possible outcomes [x], x2, . . . , xN} with individual 

probability weights {f(xl), f(x2), . . . , f(xN)}, respectively. 
Now compute cumulative probabilities as follows: F(xn):f 
(x1)+f(x2)+ . . . +f(xn), for n:l, 2, . . . , N. Cumulative 












































