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' FINANCIAL PRODUCTS HAVING DEMAND-BASED, ADJUSTABLE
RETURNS, AND TRADING EXCHANGE THEREFOR

COPYRIGHT NOTICE
_ This document contains material which is subject to copyright protection. The
applicant has no objection to the facsimile reproduction of this patent document, as it
appears in the U.S. Patent and Trademark Office (PTO) patent file or records or in any
publication by the PTO or counterpart foreign or international instrumentalities. The
applicant otherwise reserves all copyright rights whatsoever.
_ FIELD OF THE INVENTION

This invention relates fo systems and methods for demand-based trading. More
specifically, this invention relates to methods and systems for trading financial products
having demand-based adJustable returns, and systems and methods for determining those
returns.

BACKGROUND OF THE INVENTION

With the rapid increase in usage and popularity of the public Internet, the growth
of electronic Internet-based trading of securities has been dramatic. In the first part of
1999, online trading via the Internet was estimated to make up hppmximately 15% of all
sto_ck trades. This volume has been growing at an annual rate of approximately 50%.
High growth rates are projected to continue for the next few years, as increasing volumes
of Internet users use online trading accounts.

Online trading firms such as E-Trade Group, Charles Schwab, and Ameritrade
have all experienced significant growth in revenues due to increases in online trading
activity. These companies ctn'rently offer Internet-based stock trading services, which
provide greater convenience and lower commission rates for many retail investors,
compared to traditional securities brokerage services. Many expect online trading to
expand to financial products other than equities, such as bonds, foreign exchange, and
financial instrument derivatives.

Financial products such as stocks, bonds, foreign exchange contracts, exchange
traded futures and options, as well as contractual assets or liabilities such as reinsurance
contracts or interest-rate swaps, all involve some measure of risk. The risks inherent in
such products are 2 function of many factors, including the uncertainty of events, such as
the Federal Reserve's determination to increase the discount rate, a sudden increase in
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commodity prices, the change in value of an underlying index such as the Dow Jones
Industrial Average, or an overall increase in investor risk aversion. In order to better
analyze the nature of such risks, financial economists often treat the real-world financial
products as if they were co_mbinetions of simpler, hypothetical financial products.- These
hypothetical financial products typically are designed to pay one unit of currency, say one
dollar, to the trader or investor if a particular outcome among a set of possible outcomes
occurs. Possible outcomes may be said to fall within "states,” which are typically
constructed from a distribution of possible outcomes (e.g., the magnitude of the change in
the Federal Reserve discount rate) owing to some real?-wbrld event (e.g., a decision of the
Federal Reserve regarding the discount rate). In such hypothetical financial products, a
set of states is typically chosen so that the states are mutually exclusive and the set
collectively covers or exhausts all possible outcomes for the event. This arrangement
entails that, by design, exactly one state always occurs based on the event outcome.

These hypothetical financial products (also known as Arrow-Debreu securities,
state securities, or pure securities) are designed to isolate and break-down complex risks
into distinct sources, namely, the risk that a distinct state will occur. Such hypothetical -
financial products are useful since the refurns from more complicated securities,
including real-world financial products, can be modeled as a linear combination of the
returns of the hypothetical ﬁh’ancial_products. See,e.g., R. Merton, Continuous-Time
Finance (1990), pp. 441 f£. Thus, such hypothetical financial products are frequently
used today to provide the fundamental building blocks for analyung more complex
financial products. :

In the past fifteen years, the growth in derivatives trading has also been enormous.
According to the Federal Reserve, the annualized giowth rate in foreign exchange and
interest rate derivatives turnover alone is still running at ebout 20%. Corpoi'atidns,
financial msututxons, farmers, and even natnonal govemments and agencles are all actlve
in the derivatives markets typically to better manage asset and liability portfolios, hedge
financial market risk, and minimize costs of capital funding. Money managers also
frequently use derivatives to hedge and undertake eoonomxc exposure where there are
inherent risks, such as risks of fluctuation in interest rates, forezgn exchange rates,
convertibility into other secuntles or outstandmg purchase offers for cash or exchange

offers for cash or secunues
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Derivatives are traded on exchanges, such as the option and futures contracts
traded on the Chicago Board of Trade (CBOT), as well as off-exchange or over-the-
counter (OTC) between two or more derivative counterpafties. On the major exchanges
which operate trading activity in derivatives, orders are typically either transmitted
electronically or via open outcry in pits to member brokers who then execute the orders.
These member brokers then usually balance or hedge their own portfolio of derivatives to
suit their own risk and retumn criteria. Hedging is customarily accomplished by trading in
the derivatives’ underlying securities or contracts (e.g., a futures contract in the case of an
option on that future) or in similar derivatives (e.g., futures expiring in different calendar
months). For OTC derivatives, brokers or dealers customarily seek to balance their active
portfolios of derivatives in accordance with the trader’s risk management guidelines and
profitability criteria.

Broadly speaking then, there are two widely utilized means by which derivatives
are currently traded: (1) order-matching and (2) principal market making. Order
matching is a model followed by exchanges such as the CBOT or the Chicago Mercantile
Exchange and some newer online exchanges. In order matching, the exchange
coordinates the activities of buyers and sellers so that "bids" to buy (i.e., demand) can be
paired off with “offers” to sell (i.e., supply). Orders may be matched both electronically
and through the primary market making activities of the exchange members. Typically,
the exchange itself takes no market risk and covers its own cost of operation by selling
memberships to brokers. Member brokers may take principal positions, which are often
hedged across their portfolios.

In principal market making, a bank or brokerage firm, for example, establishes a
derivatives trading operation, capitalizes it, and makes a market by maintaining a
portfolio of derivatives and underlying positions. The market maker usually hedges the
portfolio on a dynamic basis by continually changing the composition of the portfolio as
market conditions change. In general, the market maker strives to cover its cost of
operation by collecting a bid-offer spread and through the scale economies obtained by
simultaneously hedging a portfolio of positions. As the market maker takes significant
market risk, its counterparties are exposed to the risk that it may go bankrupt.
Additionally, while in theory the principal market making activity could be done over a
wide area network, in practice derivatives trading is today usually accomplished via the
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telephone. Often, trades are processed laboriously, with many manual steps required
from the front office transaction to the back office processing and clearing.

In theory -- that is, ignoring very real transaction costs {described below) —
derivatives trading is, in the language of game theory, a "zero sum" game. One
counterparty’s gain on a transaction should be exactly offset by the corresponding
counterparty’s loss, assuming there are no transaction costs. In fact, it is the zero sum
nature of the derivatives market which first allowed the well-known Black-Scholes
pricing model to be fonnlﬂatgd by noting that a derivative such as an option could be

paired with an exactly offsetting position in the underlying security so as to eliminate

market risk over short periods of time. It is this "no arbitrage" feature, which allows
market participants, using sophisticated valuation models, to mitigate market risk by
continually adjusting their portfolios. Stock markets, by contrast, do not have this zero
sum feature, as the total stock or value of the market fluctuates due to factors such as
interest rates and expected corporate earnings, which are "external" to the market in the
sense that they cannot readily be hedged. ' S

The return to a trader of a traditional derivative product is, in most cases, largely
determined by the value of the underlying security, asset, liability or claim on which the
derivative is based. For example, the value of a call option on a stock, which gives the
holder the right to buy the stock at some future date at a fixed strike price, varies directly
with the price of the underlying stock. In the case of non-financial derivatives such as
reinsurance contracts, the value of the reinsurance contract is affected by the loss
experience on the underlying portfolio of insured claims. The prices of traditional
derivative products are usually determined by supply and demand for the derivative based
on the value of the underlying security (which is itself usually determined by supply and
demand, or, as in the case of insurance, by events insured by the insurance or reinsurance
contract). -

Currently, the costs of trading derivative securities (both on and off the
exchanges) and transferring insurance risk are considered to be high for a number of
reasons, including:

(1) Credit Risk: A counterparty to a derivatives (or insurance contract) transaction
typically assumes the risk that its counterparty will go bankrupt during the life of

the derivatives (or insurance) contract. Margin requirements, credit monitoring,

-4-



10

15

20

25

30

WO 01/08063 S PCT/US00/19447

and other contractual devices, which may be costly, are customarily employed to
manage derivatives and insurance counterparty credit risk.

(2) Regulatory Requirements: Regulatory bodies, such as the Federal Reserve,
Comptroller of the Currency, the Commodities Futures Trading Commission, and
international bodies that promulgate regulations affecting global money center
banks (e.g., Basle Committee guidelines) generally require institutions dealing in
derivatives to meet capital requirements and maintain risk management systems.
These requirements are considered by many to increase the cost of capital and
barriers to entry for some entrants into the derivatives trading business, and thus
to increase the cost of derivatives transactions for both dealers and end users. In

- the United States, state insurance regulations also impose requirements on the
operations of insurers, especially in the property-casualty lines where capital
demands may be increased by the requirement that insurers reserve for future
losses without regard to interest rate discount factors.

(3) Liquidity: Derivatives traders typically hedge their exposures throughout the life
of the derivatives contract. Effective hedging usually requires that an active or
liquid market exist, throughout the life of the derivative contract, for both the
underlying security and the derivative. Frequently, especially in periods of ' * -
financial market shocks and disequilibria, liquid markets do not exist to support a
well-functioning derivatives market. _ _

(4) Transaction Costs: Dynamic hedging of derivatives often requires continual
transactions in the market over the life of the derivative in order to reduce,
eliminate, and manage risk for a derivative or portfolio of derivative securities.
This usually means paying bid-offers spreads for each hedging transaction, which
can add significantly to the price of the derivative security at inception compared
to its theoretical price in absence of the need to pay for such spreads and similar
transaction costs.

(5) Settlement and Clearing Costs: The costs of executing, electronically booking,
clearing, and settling derivatives transactions can be large, sometimes requiring
analytical and database software systems and personnel knowledgeable in such
transactions. While a goal of matiy in the securities processing industry is to
achieve “straight-through-processing” of derivatives transactions, many
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derivatives counterparties continue to manage the processing of these transactions
using a combination of electronic and manual steps which are not particularly
integrated or automated and therefore add to costs. - '

(6) Event Risk: Most traders understand effective hedging of derivatives transactions
to require markets to be liquid and to exhibit continuously fluctuating prices
without sudden and dramatic “gaps.” During periods of financial crises and
disequilibria, it is not uncommon to observe dramatic repricing of underlying
securities by 50% or more in a period of hours. The event risk of such crises and
disequilibria are therefore customarily factored into derivatives prices by dealers,
which increases the cost of derivatives in excess of the theoretical prices indicated
by derivatives valuation models. These costs are usually spread across all
derivatives users. '

(7) Model Risk: Derivatives contracts can be quite difficult to value, especially those
involving interest rates or features which allow a counterparty to make decisions
throughout the life of the derivative (e.g., American options allow a counterparty
to realize the value of the derivative at any time during its life). Derivatives

- dealers will typically add a premium to derivatives prices to insure against the
possibility that the valuation models may not adequately reflect market factors-or
other conditions throughout the life of the contract. In addition, risk management
‘guidelines may require firms to maintain additional capital supporting a
derivatives dealing operation where model risk is determined to be a significant

" factor. Model risk has also been a large factor in well-known cases where

‘complicated securities risk management systems have provided incorrect or
incomplete information, such as the Joe Jett/Kidder Peabody losses of 1994.

® Asmetriclnformat_ion: Derivatives dealers and market makers customarily
seek to protect themsej.lves from counterparties with superior information. Bid-
offer spreads for derivatives therefore usually reflect a built-in insurance premium
for the dealer for transactions with counterparties with superior information,
which can lead to unprofitable transactions. Traditional insurance markets also
incur costs due to asymmetric information. In property-casualty lines, the direct
writer of the insurance almost always has superior information regarding the book
of risks than does the assuming reinsurer. Much like the market maker in capital
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markets, the reinsurer typically prices its informational disadvantage into the
reinsurance premiums.

(9) Incomplete Markets: Traditional capital and insurance markets are often viewed
as incomplete in the sense that the span of contingent claims is limited, i.e., the
markets may not provide opportunities to hedge all of the risks for which hedging
opportunities are sought. As a consequence, participants typically either bear risk
inefficiently or use less than optimal means to transfer or hedge against risk. For
example, the demand by some investors to hedge inflation risk has resulted in the

_issuance by some governments of inflation-linked bonds which have coupons and
principal amounts linked to Consumer Price Index (CPI) levels. This provides a
degree of insurance against inflation risk. However, holders of such bonds
frequently make assumptions as to the future relationship between real and
nominal interest rates. An imperfect correlation between the contingent claim (in
this case, inflation-linked bond) and the contingent event (inflation) gives rise to
what traders call “basis risk,” which is risk that, in today’s markets, cannot be
perfectly insured or hedged.

Currently, transaction costs are also considerable in traditional insurance and -

. reinsurance markets. In recent years, considerable effort has been expended in

attempting to securitize insurance risk such as property-casualty catastrophe risk.
Traditional insurance and reinsurance markets in many respects resemble principal
market-maker securities markets and suffer from many of the same shortcomings and
incur similar costs of operation. Typically, risk is physically transferred contractually,
credit status of counterparties is monitored, and sophisticated risk management systems
are deployed and maintained. Capitalization levels to support insurance portfolios of
risky assets and liabilities may be dramatically out of equilibrium at any given time due
to price stickiness, informational asymmetries and costs, and regulatory constraints. In
short, the insurance and reinsurance markets tend to operate according to the same market
mechanisms that have prevailed for decades, despite large market shocks such as the
Lloyds crisis in the late 1980°s and early 1990°s.

Accordingly, a driving force behind all the contributors to the costs of derivatives
and insurance contracts is the necessity or desirability of risk management through |
dynamic hedging or contingent claim replication in continuous, liquid, and
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informationally fair markets. Hedging is use;i-by derivatives dealers to reduce their
exposure to excessive market risk while making transaction fees to cover their cost of
capital and ongoing operations; and effective hedging requires liquidity.

Recent patents have addressed the problem of financial market liquidity in the.
context of an electronic order-matching systems (e.g., U.S. Pat. No. 5,845,266). The
principal techniques disclosed to enhance liquidity are to increase participation and traded
volume in the system and to solicit trader preferences about combinations of price and

quantity for a particular trade of a security. There are shortcomings to these techniques,

however. First, these techniques implement order-matching and limit order book

algorithms, which can be and are effectively employed in traditional “brick and mortar”
exchanges. Their electronic implementation, however; primarily serves to save on
transportation and telecommunication charges. No fundamental change is contemplated
to market structure for which an electronic network may be essential. Second, the
disclosed techniques appear to enhance liquidity at the expense of placing large
informational burdens on the traders (by soliciting preferences, for example, over an -
entire price-quantity demand curve) and by introducing uncertainty as to the exact price
at which a trade has been transacted or is “filled.” Finally, these electronic order
matching systems contemplate a traditional counterparty pairing, which means physical
securities are frequently transferred, cleared, and settled after the counterparties are
identified and matched. In other words, techniques disclosed in the context of electronic
order-matching systems are technical elaborations to the basic problem of how to
optimize the process of matching arrays of bids and offers.

Patents relating to derivatives, such as U.S. Patent No. 4,903,201, disclose an
electronic adaptation of current open-outcry or order matching exchanges for the trading
of futures is disclosed. Another recent patent, U.S. Pat. No. 5,806,048, relates to the
creation of open-end mutual fund derivative securities to provide enhanced liquidity and
improved availability of information affecting pricing. ‘This patent, however, does not
contemplate an electronic derivatives exchange which requires the traditional hedging or
replicating portfolio approach to synthesizing the financial derivatives. Similarly, U.S.
Pat. No. 5,794,207 proposes an electronic means of matching buyers' bids and sellers'
offers, without explaining the nature of the economic price equilibria achieved through

such a market process.
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" SUMMARY OF THE INVENTION

The present invention is directed to systems and methods of trading, and financial
products, having a goal of reducing transaction costs for market participants who hedge
against or otherwise make investments in contingent claims relating to events of
economic significance. The claims are contingent in that their payout or return depends
on the outcome of an observable event with more than one possible outcome. The events
are of economic significance in that an investor or trader in a contingent claim typically is
not economically indifferent to the outcome of the event, even if the investor or trader has
not invested in or traded a contingent claim relating to the event.

Intended users of preferred and other embodiments are typically institutional
investors, such as financial institutions including banks, investment banks, primary
insurers and reinsurers, and corporate treasurers. Users can also include any individual or
entity with a need for risk allocation services. As used in this specification, the terms
“user,” “trader” and “investor” are used interchangeably to mean any institution, k
individual or entity that desires to trade or invest in contingent claims or other financial
products described in this spec:ficauon. '

* The contingent claims pertaining to an event have a trading penod inorderto
finalize a return for each defined state, which includes an outcome or set of outcomies for
the event, and another period for observing the event upon which the contingent claim is
based. The returns to the contingent claims of the present invention adjust dunng the
trading period with changes in the distribution of amounts invested in each of the states.
The returns payable for each of the states are finalized after the 'cdnclusidn of eaéﬁ
relevant trading period. In a preferred embodiment, the total amount ihvest'ed,' lessa
transaction fee to an exchange, is equal to the total amount of the payouts. In other
words, in theory, the returns on all of the contingent claims established during a particular
trading period and pertaining to a particular event are essentially zero sum, as are the
traditional derivatives markets.

~ The process by which returns are finalized in the present invention is demand-
based, and does not in any substantial way depend on supply. By contrast, traditional
markets set prices through the interaction of supply and demand by érds'sing bids to buy
and offers to sell ("bid/offer"). The demand-based 'contingent' claim mechanism of the
present invention sets returns by financing returns to successful investments with losses
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from unsuccessful investments. Thus, in a preferred embodiment, the returns to
successful investments are determined by the total and relative amounts of all
investments placed on each of the deﬁned-étates for the specified observable event.

As used in this specification, the term “contingent claim™ shall have the meaning
customarily ascribed to it in the securities, trading, insurance and economics
communities. "Contingent claims" thus includes, for example, stocks, bonds and other
such sécurit_ies, derivative securities, insurance contracts and reinsurance agreements, and
any other financial products, instruments, contracts, assets, or liabilities whose value
depends upon or reflects economic risk due to the occurrence of future, real-world events.
These events may be financial-related events, such as changes in interest rates, or non-
financial-related events such as changes in weather conditions, demand for electricity,
and fluctuations in real estate prices. Contingent claims also include all economic or

| financial interests, whether already traded or not yet traded, which have or reflect

inherent risk or uncertainty due to the occurrence of future real-world events. Examples
of contingent claims of economic or financial interest which are not yet traded on
traditional markets are financial products having values that vary with the fluctuations in
corporate earnings or c_:hanges in real estate values and rentals. The term "contingent .
claim" as used in this specification encompasses both hypothétical-ﬁnancial products of
the Arrow-Debreu variety, as well as any risky asset, contract or product which can be
expressed as a combination or portfolio of the hypothetical financial products.

For. the purposes of this specification, an “invesunent"’ in or "trade" of a
contingent claim is the act of putting an amount (in the units of value defined by the
contingent claim) at risk, with a financial return depending on the outcome of an event of
economic significance underlying the group of contingent claims pertaining to that event.

"Derivative security” (used interchangeably with “derivative”) also has a meaning
customarily.ascribed to it in the securities, trading, insurance and economics
communities. This includes a security or contract whose value depends on such factors
as the value of an underlying security, index, asset or liability, or on a feature of such an
underlying securify, such as interest rates or convertibility into some other security. A
derivative security is one example of a contingent claim as defined above. Financial
futures on stock indices such as the S&P 500 or options to buy and sell such futures
contracts are highly popular exchange-traded financial derivatives. An interest-rate swap,
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which is an example of an off-exchange derivative, is an agreement between two
counterparties to exchange series of cashflows based on underlying factors, such as the
London Interbank Offered Rate (LIBOR) quoted daily in London for a large number of
foreign currencies. Like the exchange-traded futures and options, off-exchange
agreements can fluctuate in value with the underlying factors to which they are linked or
derived. Derivatives may also be traded on commodities, insurance events, and other
events, such as the weather. _

In this specification, the function for computing and allocating returns to
contingent claims is termed the Demand Reallocation Function (DRF). A DRF is
demand-based and involves reallocating returns to investments in each state after the
outcome of the observable event is known in order to compensate successful investments
from losses on uhsuccessful investments (after any transaction or exchange fee). Since
an adjustable return based on variations in amounts invested is a key aspect of the
invention, contingent claims implemented using a DRF will be referred to as demand-
based adjustable return (DBAR) contingent claims.

.. Preferred features of a trading system for a group of DBAR contingent claims
(i.e., group of claims pertaining to the same event) include the following: (1) an entire

- distribution of states is open for investment, not just a single price as in the traditional .
~ markets; (2) returns are adjustable and determined mathematically based on invested .

amounts in each of the states available for investment, (3) invested amounts are
preferably non-decreasing (as explained below), providing a commitment of offered
liquidity to the market over the distribution of states, and (4) information is available in
real-time across the distribution of states, including, in particular, information on the -
amounts invested across the distribution of all states (commonly known as a “limit order
book™). Other consequences of preferred embodiments of the present invention include
(1) elimination of order-matching or crossing of the bid and offer sides of the market; (2)
reduction of the need for a market maker to conduct dynamic hedging and risk
management; and (3) more opportunities for hedging and insuring events of economic -
significance (i.e., greater market “completeness™) .

Other preferred embodiments of the present invention can accommodate
realization of profits and losses by traders at multiple points before all of the criteria for
terminating a group of contingent claims are known. This is accomplished by arranging a
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plurality of trading periods, each having its own set of finalized returns. Profit or loss can
be realized or “locked-in” at the end of each trading period; as opposed to waiting for the
final outcome of the event on which the relevant contingent claims are based. Such lock-
in can be achieved by placing hedging investments in successive trading periods as the

returns change, or adjust, ﬁ'om period to period. In this way, ;proﬁt and loss can be

realized on an evolving basis (limited only by the frequency and length of the periods),
enabling traders to achieve the same or perhaps hlgher frequency of tradmg and hedgmg
than available in traditional markets.

If desired, an issuer such as a corporation, inves'une_n:_t.itia'nk, underwriter or other
financial intermediary can create a security having returns thatare driven in a comparable

manner to the DBAR contingent claims of the present mventlon. For example, a

. corporation may issue a bond with returns that are linked to msurance risk. The issuer can

solicit trading and calculate the returns based on the a.mount_s _mvested in contingent
claims corresponding to each level or state of insurance riske.:' '

In a preferred embodiment of the present invention, ehanges in the return for
investments in one state will affect the return on investments m another state in the same
distribution of states for a gfoup- of contingent claims. Thus, &adem’ returns will depend
not only on the actual outcoirie of a real-world, observable eirent but also on trading
choices from among the distriiauti'oﬁ of states made by other tfa"ders This aspect of
DBAR markets; in which retums for one state are affected by: changes in investments in
another state in the same dlstnbutxon, allows for the ehmmatlon of order-crossing and
dynamic ‘market maker hedgmg. Price-discovery in preferred embodiments of the present
invention can be supported by a one-way market (i.c., demand, not supply) for DBAR
contingent claims. By structuring derivatives and insurance h'admg according to DBAR
principles, the high costs of traditional order matching and principal market making
market structures can be reduced substantially. Additionally, a2 market implemented by
systems and methods of the present invention is especially amenable to electronic -
operation over a wide network, such as the Internet. '

In its preferred embodiments, the present invention mitigates derivatives
transaction costs found in tradmonal markets due to dynamic hedgmg and order
matching. A preferred embodiment of the present invention prov1des a system for trading
contingent claims structured under DBAR principles, in wh:ch amounts invested in on

-12-



10

15

20

25

30

WO 01/08063 PCT/US00/19447

each state in a group of DBAR contingent claims are reallocated from unsuccessful
investments, under definéd’ tules, to successful investments afier the deduction of
exchange transaction fees. In particular, the operator of such a system or exchange
provides the physical plant and electronic infrastructure for trading to be conducted,
collects and aggregates in*)estments, calculates the returns that result from such _
investments, and then allocates to the successful investments returns that are financed by
the unsuccessful investments, after deducting a transaction fee for the operation of the
system. o .
In preferred embodiments, where the successful investments are financed with the
losses from unsuccessful investments, returns on all trades are correlated and traders
make investments against each other as well as assuming the risk of chance outcomes.

All traders for a group of DBAR contingent claims depending on a given event become
counterparties to each other, leading to a mutialization of financial interests.
Furthermore, in preferred embodiments of the present invention, projected returns -
prevailing at the time an investment is made may not be the same as the final payouts or
returns after the outcome of the relevant event is known.

Traditional derivatives markets by contrast, operate largely under a house -
"banking” system. In this system, the market-maker, which typically has the function of
matching buyers and sellers, customarily quotes a price at which an investor may buy or
sell. If a given investor buys or sells at the price, the investor’s ultimate return is based
upon this price, i.e., the price at which the investor later sells or buys the original
position, along with the original price at which the position was traded, will determine the
investor’s return. As the market-maker may not be able perfectly to offset buy and sell
orders at all times or may desire to maintain a degree of risk in the expectation of returns,
it will frequently be subject to varying degrees of market risk (as well as credit risk, in
some cases). In a traditional derivatives market, market-makers which match buy and
sell orders typically rely upon actuarial advantage, bid-offer spreads, a large capital base,
and “coppering” or hedging (risk management) to minimize the chance of bankruptcy due
to such market risk exposures.

Each trader in a house banking system typically has only a smgle counterparty -~
the market-maker, exchange, or trading counterparty (in the case, for example, of over-

the-counter derivatives). By contrast, because a market in DBAR contingent claims may
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operate according to principles whereby unsuccessful investments finance the returns on
successful investments, the exchange itself is exposed to reduced risk of loss and
therefore has reduced need to transact in the market to hed"gE' .itself In preferred
embodiments of DBAR contmgent claims of the present mventlon, dynamic hedging or
bid-offer crossing by the exchange is generally not reqmred, and the probability of the
exchange or market-maker gomg bankrupt may be reduced essentlally to zero. Sucha
system distributes the risk of bankruptcy away from the- excha.nge or market-maker and
among all the traders in the system. The system as a whole provides a great degree of
self-hedging and substantial reduction of the risk of market failure for reasons related to
market risk. A DBAR contii:lgent claim exchange may also ;fself-clearing” and require
little clearing infrastructure (such as clearing agents, cusmdiéns, nostro/vostro bank
accounts, and transfer and register agents). A derivatives tradmg system or exchange -
structured according to DBAR contingent claim principles tﬁerefom offers many
advantages over current der_iﬁratives markets governed by h&ﬁs’e banking principles. -

- The present invention also differs from electronic or;éa:rimutuel betting systems
disclosed in the prior art (e.g., U.S. Patent Nos. 5,873,782 and 5,749,785). In betting -
systems or games of chance, in the absence of a wager the beftor is economically
indifferent to the outcome _(assuming the bettor does not own the casino or the racetrack
or breed the racing horses, for example). The difference-bet':_v'veen games of chance and
events of economic significance is well known and un‘dersto‘éd in financial markets.

In summary, the present invention provides systems and methods for conducting
demand-based trading. A p;;efexred embodiment of a met_hoa__'idf the present invention for
conducting demand-based tradmg includes the steps of (a) esté.blishing a plurality of
defined states and a plurality: of predetermined termination cﬁteﬂa, wherein each of the
defined states corresponds to at least one possible outcome of an event of economic
significance; (b) accepting iﬁ?estments of value units by a plﬁrﬂity of traders in the
defined states; and (c).allocaﬁhg a payout to each investment: The allocating step is.
responsive to the total number of value units invested in the aeﬁned states, the relative
number of value units mvested in each of the deﬁned states, and the identification of the
defined state that occurred upon fulfillment of all of the temunanon criteria.

. An additional preferred embodiment of a method for _;eonductmg demand-based
trading also includes establishing, accepting, and allocating steps The establishing step
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in this embodiment includes establishing a plurality of defined states and a plurality of
predetermined terminafidficriteria. Each of the d_eﬁned Stites corresponds to a possible
state of a selected financial product when each of the termination criteria is fulfilled. The
accepting step includes accepting investments of value units by multiple traders in the
defined states. The allocating step includes allocating a payout to each investment. This
allocating step is responsive to the total number of value units invested in the defined
states, the relative number of value units invested in each of the defined states, and the
identification of the defined state that occurred upon fulfillment of all of the termination
criteria.

In preferred embodiments of a method for conducting demand-based trading of
the present invention, the payout to each investment in each of the defined states that did
not occur upon fulfillment of all of the termination criteria is zero, and the sum of the -
payouts to all of the investments is not greater than the value of the total number of the
value units invested in the defined states. In a further preferred embodiment, the sum of
the values of the payouts to all of the investments is equal to the value of all of the value
units invested in defined states, less a fee.

- In preferred embodiments of a method for conducting demand-based trading, at
least one investment of value units designates a set of defined states and a desired return-
on-investment from the designated set of defined states. In these preferred embodiments,
the allocating step is further responsive to the desired return-on-investment from the-
designated set of defined states.

.In another preferred embodiment of a method for conducting demand-based -

trading, the method further includes the step of calculating Capital-At-Risk for at least
one investment of value units by at least one trader. In alternative further preferred
embodiments, the step of calculating Capital-At-Risk includes the use of the Capital-At-
Risk Value-At-Risk method, the Capital-At-Risk Monte Carlo Simulation method, or the
Capital-At-Risk Historical Simulation method.

In preferred embodiments of a method for conducting demand-based trading, the
method further includes the step of calculating Credit-Capital-At-Risk for at least one
investment of value units by at least one trader. In alternative further preferred
embodiments, the step of calculating Credit-Capital-At-Risk includes the use of the
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Credit-Capital-At-Risk Value-At-Risk method, the Credit-Capital-At-Risk Monte Carlo
Simulation method, or the Credit-Capital-At-Risk Historical Simulation method.

In preferred embodiments of a method for conducting demand-based trading of
the present invention, at least one investment of value units is a multi-state investment
that designates a set of defined states. In a further preferred embodiment, at least one
multi-state investment designates a set of desired returns that is responsive to the
designated set of defined states, and the allocating step is further responsive to the set of
desired returns. In a further preferred embodiment, each desired return of the set of
desired returns is responsive to a subset of the designated set of defined states. In an
alternative preferred embodiment, the set of desired returns approximately corresponds to
expected returns from a set of defined states of a prespecified investment vehicle such as,
for example, a particular call option. '

In preferred embodiments of a method for conducting demand-based trading of
the present invention, the allocating step includes the steps of (a) calculating the required
number of value units of the multi-state investment that'designates a set of desired
returns, and (b) distributing the value units of the multi-state investment that designates a
set of desired returns to the plurality of defined states. In a further preferred embodiment,

- the allocating step includes the step of solving a set of simultaneous equations that relate

traded amounts to unit payouts and payout distributions; and the calculating step and the

distributing step are responsive to the solving step.

In preferred embodiments of a method for conducting demand-based trading of
the present invention, the solving step includes the step of fixed point iteration. In further
preferred embodiments, the step of fixed point iteration includes the steps of (a) selecting
an equation of the set of simultaneous equations described above, the equation having an
independent variable and at least one dependent variable; (b) assigning arbitrary values to
each of the dependent variables in the selected equation; (c) calculating the value of the
independent variable in the selected equation responsive to thé-cunently assigned values
of each the dependent variables; (d) assigning the calculated value of the independent
variable to the independent variable; (e) designating an equation of the setof -
simultaneous equations as the selected equation; and (f) sequentially performing the
calculating the value step, the assigning the calculated value step, and the designating an
equation step until the value of each of the variables converges.
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A preferred embodiment of a method for estimating state probabilities in a
demand-based trading method of the present invention includes the steps of: (a)
performing a demand-based trading method having a plurality of defined states and a
plurality of predetermined termination criteria, wherein an investment of value units by
each of a plurality of traders is accepted in at least one of the defined states, and at least
one of these defined states corresponds to at least one possible outcome of an event of
economic significance; (b) monitoring the0 relative number of value units invested in
each of the defined states; and (c) estimating, responsive to the monitoring step, the
probability that a selected defined state will be the defined state that occurs upon
fulfillment of all of the termination criteria. ' '

An additional preferred embodiment of a method for estimating state probabilities
in a demand-based trading method also includes performing, monitoring, and estimating
steps. The performing step includes performing a demand-based tmdmg method having a
plurality of defined states and a plurality of predetermined termination criteria, wherein
an investment of value units by each of a plurality of traders is accepted in at least one of
the defined states; and wherein each of the defined states corresponds to a possible state
of a selected financial product when each of the termination criteria is fulfilled. The -
monitoring step includes monitoring the relative number of value units invested in each
of the defined states. The estimating step includes estimating, responsive to the
monitoring step, the probability that a selected defined state will be the defined state that
occurs upon fulfillment of all of the termination criteria. '

A preferred embodiment of a method for promoting liquidity in a demand-based
trading method of the present invention includes the step of perforniing' a demand-based
trading method having a plurality of defined states and a plurality of predetermined
termination criteria, wherein an investment of value units by each of a plurality of traders
is accepted in at least one of the defined states and wherein any investment of value units
cannot be withdrawn after acceptance. Each of the defined states corresponds to at least
one possible outcome of an event of economic significance. A further preferred
embodiment of a method for promoting liquidity in a demand-based trading method
includes the step of hedging. The hedging step includes the hedging of a trader's previous
investment of value units by making a new investment of value units in one or more of

the defined states not invested in by the previous investment.
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An additional preferred embodiment of a method for promoting liquidity ina -
demand-based trading method includes the step of performing a demand-based trading
method having a plurality of defined states and a plurality of predetérnﬁned termination
criteria, wherein an investment of value units by each of a phira.lity of traders is accepted
in at least one of the defined states and wherein any investment of value units cannot be
withdrawn after acceptance, and each of the defined states corresponds to a possible state
of a selected financial product when each of the termination criteria is fulfilled. A further
preferred embodiment of such a method for promoting liquidity in a demand-based
trading method includes the step of hedging. The hedging step includes the hedging of a
trader's previous investment of value units by making a new investment of value units in
one or more of the defined states not invested in by the previous investment.

A preferred embodiment of a method for conducting quasi-continuous demand-
based trading includes the steps of: (a) establishing a plurality of defined states and a
plurality of predetermined termination criteria, wherein each of the defined states
corresponds to at least one possible outcome of an event; (b) conducting a plurality of
trading cycles, wherein each trading cycle includes the step of accepting, during a

. predefined trading period and prior to the fulfillment of all of the termination criteria, an

investment of value units by each of a plurality of traders in at least one of the defined -
states; and (c) allocating a payout to each investment. The allocating step is responsive to
the total number of the value units invested in the defined states during each of the
trading periods, the relative number of the value units invested in each of the defined
states during each of the trading periods, and an identification of the defined state that
occurred upon fulfiliment of all of the termination criteria. In a further preferred
embodiment of a method for conducting quasi-continuous demand-based trading, the
predefined trading periods are sequential and do not overlap.

Preferred embodiments of the system of the present invention involve the use of
electronic techhologies, such as computers, computerized databases and
telecommunications systems, to implement methods for conducting demand-based -
trading of the present invention.

A preferred embodiment of a system of the present invention for conducting
demand-based trading includes (a) means for accepting, prior to the fulfillment of all
predetermined termination criteria, investments of value units by a plurality of traders in
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at least one of a plurality of defined states, wherein each of the defined states corresponds
to at least one possible outcome of an event of economic significance; and (b) means for
allocating a paydut to each investment. This allocation is responsive to the total number
of value units invested in the defined states, the relative number of value units invested in
each of the defined states, and the identification of the defined state that occurred upon
fulfillment of all of the termination criteria.

An additional preferred embodiment of a system of the present invention for
conducting demand-based trading includes (a) means for accepting, prior to the
fulfillment of all predetermined termination criteria, investments of value units by a.
plurality of traders in at least one of a plurality of defined states, wherein each of the
defined states corresponds to a possible state of a selected financial product when each of
the termination criteria is fulfilled; and (b) means for allocating a payout to-each
investment. This allocation is responsive to the total number of value units invested in
the defined states, the relative number of value units invested in each of the defined -
states, and the identification of the defined state that occurred upon fulfillment of ail of
the termination criteria. o _ .

A preferred embodiment of a demand-based trading apparatus of the present -
invention includes (a) an interface processor communicating with a plurality of traders
and a market data system; and (b) a demand-based transaction processor, communicating
with the interface processor and having a trade status database. The demand-based -
transaction processor maintains, responsive to the market data system and to a demand-
based transaction with one of the plurality of traders, the trade status database, and
processes, responsive to the trade status database, the demand-based transaction. -

In further preferred embodiments of a demand-based trading apparatus of the
present invention, maintaining the trade status database includes (a) establishing a
contingent claim having a plurality of defined states, a plurality of predetermined
termination criteria, and at least one trading period, wherein each of the defined states
corresponds to at least one possible outcome of an event of economic significance; (b)
recording, responsive to the demand-based transaction, an investment of value units by
one of the plurality of traders in at least one of the plurality of defined states; (c)
calculating, responsive to the total number of the value units invested in the plurality of
defined states during each trading period and responsive to the relative number of the
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value units invested in each of the plurality of defined states during each trading period,
finalized returns at the end of each trading period; and (d) determining, responsive to an
identification of the defined state that occurred upon the fulfillment of all of the

- termination criteria and to thg. finalized returns, payouts to each of the plurality of traders;

and processing the demand-based transaction includes accepting, during the trading
period, the investment of value units by one of the plurality of traders in at least one of
the plurality of defined states; . '

In an alternative further preferred embodiment of a demand-based trading
apparatus of the present invention, maintaining the trade status database includes (a)
establishing a contingent claim having a plurality of defined states, a plurality of
predetermined termination criteria, and at least one trading period, wherein each of the
defined states corresponds to a possible state of a selected financial product when each of
the temﬁnationcriteria is fulfilled; (b) recording, responsive to the demand-based
transaction, an investment of value units by one of the plurality of traders in at least one
of the plurality of defined states; (c) calculating, responsive to the total number of the
value units invested in the plurality of defined states during each trading period and
responsive to the relative number of the value units invested in each of the plurality of
defined states during each trading period, finalized returns at the end of each trading
period; and (d) determining, responsive to an identification of the defined state that
occurred upon the fulfillment of all of the termination criteria and to the finalized returns,
payouts to each of the plurality of traders; and processing the demand-based transaction
includes accepting, during the trading period, the investment of value units by one of the
plurality of traders in at least one of the plurality of defined states;

In further preferred embodiments of a demand-based trading apparatus of the
present invention, maintaining the trade status database includes calculating return
estimates; and processing the demand-based transaction includes providing, responsive to
the demand-based transaction, the return estimates.-

In further preferred embodiments of a demand-based trading apparatus of the
present invention, maintaining the trade status database includes calculating risk
estimates; and processing the demand-based transaction includes providing, responsive to
the demand-based transaction, the risk estimates. '
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In further preferred embodiments of a demand-based trading apparatus of the
present invention, the demand-based transaction includes a multi-state investment that
specifies a desired payout distribution and a set of constituent states; and maintaining the
trade status database includes allocating, responsive to the multi-state investment, value
units to the set of constituent states to create the desired payout distribution.

An object of the present invention is to provide systems and methods to support
and facilitate a market structure for cdntingen_t claims related to observable events of
economic significance, which includes one or more of the following advantages, in
addition to those described above:

1. ready implementation and support using electronic computing and
networking technologies;

2. reduction or elimination of the need to match bids to buy with offers to
sell in order to create a market for derivatives; -

3. reduction or elimination of the need for a derivatives intermediary to
match bids and offers; -

4. ma;hematical and consistént calculation of returns based on demand

for bontingent claims;
5. increased liquidity;

6. statistical diversification of credit risk through the mutualization of
multiple derivatives counterparties;

7. improved séalability by reducing the tradmona.l linkage between the
 method of pricing for contingent claims and the quantity of the
underlying claims available for investment;

8. increased price transparency;
9. improved efficiency of information aggregation mechanisms;

10. reduction of event risk, such as the risk of discontinuous market events

such as crashes;
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" 11. opportunities for binding offers of liquidity to the market; and

12. reduced incentives for strategic behavior by traders.

A further object of the present invention is to provide systems and methods for the

electronic exchange of contingent claims related to observable events of economic

significance, which includes one or more of the fol_lowing advantages:

1.

reduced transaction costs, including settlement and clearing costs,
associated with derivatives transactions and insurable claims;
reduced dependence on complicated valuation models for trading and
risk management of derivatives;

reduced need for an exchange or market maker to manage market risk
by hedging;

increased availability to traders of accurate and up-to-date information
on the trading of contingent claims, including information regarding
the aggregate amounts invested across all states of events of economic

* significance, and including over varying time periods;

. reduced exposure of the exchaﬁge to credit risk;

increased availability of information on credit risk and market risk
borne by traders of contingent claims;

increased availability of information on marginal returns from trades

* and investments that can be displayed instantaneously after the returns

adjust during a trading period;

reduced need for a derivatives intermediary or exchange to match bids
and offers; and

' increased ability to customize demand-based adjustable return

(DBAR) payouts to permit replication of traditional financial products
and their derivatives.
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Additional objects and advantages of the invention are set forth in part in the -
description which follows, and in part are obvious from the description, or may be
learned by practice of the invention. The objects and advantages of the invention may
also be realized and attained by means of the instrumentalities, systems, methods and
steps set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and from a part of the
specification, illustrate the embodiments of the present invention and, together with the
descriptidn, serve to explain the principles of the invention.

FIG. 1 is a schematic view of various forms of telecommunications between
DBAR trader clients and a preferred embodiment of a DBAR contingent claims exchange
implementing the present invention. _

FIG. 2 is a schematic view of a central controller of a preferred embodiment of a
DBAR contingent claims exchange network architecture implementing the present
invention. _ _ S

- FIG. 3 is a schematic depiction of the trading process on a preferred embodiment
of a DBAR contingent claims exchange. o _ |

FIG. 4 depicts data storage devices of a preferred embodiment of a DBAR
contingent claims exchange.

FIG. § is a flow diagram illustrating the processes of a preferred embodiment of
DBAR contingent claims exchange in executing a DBAR range derivatives investment.

FIG. 6 is an illustrative HTML interface page of a preferred embodiment of a
DBAR contingent claims exchange. _

FIG. 7 is a schematic view of market data flow to a preferred embodiment of a
DBAR contingent claims exchange. |

FIG. 8 is an illustrative graph of the implied liquidity effects for a group of DBAR
contingent claims.

~ FIG. 9ais a schematic representation of a traditional interest rate swap
transaction.

FIG. 90 is a schematic of investor relationships for an illustrative group of DBAR

contingent claims.
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FIG. 9c shows a tabulation of credit ratings and margm trades for each investor in
to an illustrative group of DBAR contingent claims. " ‘

FIG. 10 is a schematic view of a feedback process for a preferred embodiment of
DBAR contingent claims exchange.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

This Detailed Description of Preferred Embodiments is organized into seven
sections. The first section provides an overview of systerns and methods for trading or
investing in groups of DBAR contingent claims. The second secuon describes in detail
some of the important features of systems and methods for trading or investing in groups
of DBAR contingent claims. The third section of this Detailed Description of Preferred
Embodiments provides detailed descriptions of two preferred embodiments of the present
invention: investments in a group of DBAR contingent claims, and investments in a
portfolio of groups of such claims. The fourth section discusses methods for calculating
risks attendant on investments in groups and portfolios of groups of DBAR contingent

- claims. The fifth section of this Detailed Description addresses liquidity and '
' price/quantity relationships m preferred embodiments of systems and methods of the

present invention. The sixth section presents a detailed description of the figures
accompanying this specification. The final section of this Detailed Description discusses
some of the salient advantages of the methods and systems of the present invention.
More specifically, this Detailed Descnptlon of the Preferred Embodiments is
organized as follows:
1 ~ Overview: Exchanges and Markets for DBAR Contmgent Claims
1.1  Exchange Design
1.2  Market Operation
13  Network Implementation
2 Features of DBAR Contingent Claims
2.1 DBAR Contingent Claim Notation
2.2 Units of Investiment and Payouts
2.3  Canonical Demand Reallocation Functions
24  Computing Inves_tment Amounts to Achieve Desired Payouts
2.5 A Canonical DRF Example
2.6  Interest Considerations
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2.7 Returns and Probabilities
2.8  Computations When Invested Amounts are Large
Examples of Groups of DBAR Contingent Claims
3.1 DBAR Range Derivatives (including 21 examples)
3.2 DBAR Portfolios
Risk Calculations in Groups of DBAR Contingent Claims
4.1  Market Risk
4.1.1 Capital-At-Risk Determinations -
4.1.2 Capital-At-Risk Determinations Using Monte Carlo
Simulation Techniques
4.1.3 Capital-At-Risk Determinations Using Historical
Simulation Techniques
42  Credit Risk
- 4.2.1 Credit-Capital-At-Risk Determinations
4.2.2 Credit-Capital-At-Risk Determinations using Monte Carlo
. Simulation Techniques
4.2.3 Credit-Capital-At-Risk Historical Simulation Techniques

~ Liquidity and Price/Quantity Relationships

Detailed Description of the Drawings
Advantages of Preferred Embodiments
Technical Appendix

In this specification, including the description of preferred embodiments of the
present invention, specific terminology will be used for the sake of clarity. However, the
invention is not intended to be limited to the specific terms so used, and it is to be
understood that each specific term includes all equivalents.

OVERVIEW: EXCHANGES AND MARKETS FOR DBAR

CONTINGENT CLAIMS
1.1  Exchange Design

This section describes preferred methods for structuring DBAR contingent claims
and for designing an exchange for the trading of such claims. The design of the exchange

is important for effective contingent claims investment in accordance with the present
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invention. Preferred embodiments of such systems include processes for establishing
defined states and allocating returns, as described below.
(a) Establishing Defined States: In a preferred embodiment, a distribution of

10
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30

possible outcomes for an observable event is partitioned into defined
ranges or states. In a preferred embodiment, one state always occurs
because the states are mutually exclusive and collectively exhaustive.
Traders in such an embodiment invest on their expectation of a return
resulting from the occurrence of a particular outcome within a selected

state, Such investments allow traders to hedge the possible outcomes of
- real-world events of economic significance represented by the states. In a

preferred embodiment of a group of DBAR contingent claims,

. unsuccessful trades or investments finance the successful trades or

investments. In such an embodiment the states for 2 given contingent
claim preferably are defined in such a way that the states are mutually

. exclusive and form the basis of a probability distribution, namely, the sum

of the probabilities of all the uncertain outcomes is unity. For example,
states corresponding to stock price closing values can be established to

| support a group DBAR contingent claims by partitioning the distribution

of possible closing values for the stock on a given future date into ranges.
The distribution of future stock prices, discretized in this way into defined
states, forms a probability distribution in the sense that each state is
mutually exclusive, and the sum of the probabilities of the stock closing
within each defined state at the given date is unity.

In a preferred embodiment, traders can simultaneously invest in
selected multiple states within a given distribution, without immediately
breaking up their investment to fit into each defined states selected for
investment. Traders thus may place multi-state investments in order to
replicate a desired distribution of returns from a group of contingent
claims. This may be accomplished in a preferred embodiment of a DBAR
exchange through the use of suspense accounts in which multi-state
investments are tracked and reallocated periodically as returns adjust in
response to amounts invested during a trading period. At the end of a
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given trading period, a multi-state investment may be reallocated to
achieve the desired distribution of payouts based upon the final invested
amounts across the distribution of states. Thus, in such a preferred
embodiment, the invested amount allocated to each of the selected states,
and the corresponding respective returns, are finalized only at the closing
of the trading period. An example of a multi-state investment illustrating
the use of such a suspense account is provided in Example 3.1.2, below.

(b) Allocating Returns: In a preferred embodiment of a group of DBAR

contingent claims according to the present invention, returns for each state
are specified. In such an embodiment, while the amount invested for a
given trade may be fixed, the return is adjustable. Determination of the
returns for a particular state can be a simple function of the amount
invested in that state and the total amount invested for all of the defined

* states for a group of contingent claims. However, alternate preferred

embodiments can also accommodate methods of return determination that

- include other factors in addition to the invested amounts. For example, in
a group of DBAR contingent claims where unsuccessful investments fund

returns to successful investments, the returns can be allocated based on the
relative amounts invested in each state and also on properties of the
outcome, such as the magnitude of the price changes in underlying
securities. An example in section 3.2 below illustrates such an
embodiment in the context of a securities portfolio.

1.2 Market Operation
- (a) Termination Criteria: In a preferred embodiment of a method of the

present invention, returns to investments in the plurality of defined states
are allocated after the fulfillment of predetermined termination criteria. In
preferred embodiments, these criteria include the expiration of a "trading
period" and the determinaticn of the outcome of the relevant event after an
"observation period." In the trading period, traders invest on their
expectation of a return resulting from the occurrence of a particular
outcome within a selected defined state, such as the state that IBM stock
will close between 120 and 125 on July 6, 1999. In a preferred
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embodiment, the duration of the trading period is known to all
participants; refurns associated with each state vary during the trading
period with changes in invested amounts; and retums are allocated based
on the total amount invested in all states relative to the amounts invested

 in each of the states as at the end of the trading period.

The observation period can be provided as a time period during

 which the cont_ingenf events are observed and the relevant outcomes

determined for the purpose of allocating returns. In a preferred

. embodiment, no trading occurs during the observation period.

The expiration date, or "expiration", of a group of DBAR

contingent claims as used in this specification occurs when the termination

. criteria are fulfilled for that group of DBAR éontingent claims. Ina

preferred embodiment, the expiration is the date, on or after the occurrence
of the relevant event, when the outcome is ascertained. This expiration is
similar to well-known expiration features in traditional options or futures
in which a future date, i.e., the expiration date, is specified as the date

" upon which the value of the option or future will be determined by

reference to the value of the underlying financial product on the expiration

. The duration of a contingent claim as defined for purposes of this
specification is simply the amount of time remaining until expiration from
any given reference date. A trading start date (“TSD”) and a trading end
date (“TED"), as used in the specification, refer to the beginning and end

_ of a time period (“trading period™) during which traders can make

investments in a group of DBAR contingent claims. Thus, the time during
which a group of DBAR contingent claims is open for investment or

trading , i.e., the difference between the TSD and TED, may be referred to
as the trading period. In preferred embodiments, there can be one or many

- trading periods for a given expiration date, opening successively through

time. For example, one trading period’s TED may coincide exactly with
the subsequent trading period’s TSD, or in other examples, trading periods

_ may overlap.
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_ The relationship between the duration of a contingent claim, the
number of trading periods employed for a given event, and the length and
timing of the trading periods, can be arranged in a variety of ways to
maximize trading or achieve other goals. In preferred embodiments at
least one trading period occurs
- that is, starts and ends - prior in time to the identification of the
outcome of the relevant evént. In other words, in preferred embodiments,
the trading period will most likely temporally precede the event defining
the claim. This need not always be so, since the outcome of an event may
not be known for some time thereby enabling trading periods to end (or

. even start) subsequent to the occurrence of the event, but before its
outcome is known. _

A nearly continuous or “quasi-continuous” market can be made

~ available by creating multiple trading periods for the same event, each
having its own closing returns. Traders can make investments during
successive trading periods as the returns change. In this way, profits-and-
losses can be realized at least as frequently as in current derivatives
markets. This is how derivatives traders currently are able to hedge
options, futures, and other derivatives trades. In preferred embodiments of
the present invention, traders may be able to realize profits and at varying
frequencies, including more frequently than daily.

(b) Market Efficiency and Fairness: Market prices reflect, among other
things, the distribution of information available to segments of the
participants transacting in the market. In most markets, some participants
will be better informed than others. In house-banking or traditional
markets, market makers protect themselves from more informed
counterparties by increasing their bid-offer spreads.

In preferred embodiments of DBAR contingent claim markets,
there may be no market makers as such who need to protect themselves. It
may nevertheless be necessary to put in place methods of operation in
such markets in order to prevent manipulation of the outcomes underlying
groups of DBAR contingent claims or the returns payable for various
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outcomes. One such mechanism is to introduce an element of randomness
as to the time at which a trading period closes. Anothier mechanism to
minimize the likelihood and effects of market manipulation is to introduce
an element of randomness to the duration of the observation period. For
example, a DBAR contingent claim might settle against an average of
market closing prices during a time interval that is partially randomly
determined, as opposed to a market closing price on a specific day.
Additionally, in preferred embodiments incentives can be
employed in order to induce traders to invest earlier in a trading period
rather than later. For example, a DRF may be used which allocates
slightly higher returns to earlier investments in a successful state than later
investments in that state. Earlier investments may be valuable in preferred
embodiments since they work to enhance liquidity and promote more
uniformly meaningful price information during the trading period.

(c) Credit Risk: In preferred embodiments of a DBAR contingent claims

market, the dealer or exchange is substantially protected from primary
market risk by the fundamental principle underlying the operation of the

- system -- that returns to successful investments are funded by losses from

unsuccessful investments. The credit risk in such preferred embodiments
is distributed among all the market participants. If, for example, leveraged
investments are permitted within a group of DBAR contingent claims, it

" may not be possible to collect the leveraged unsuccessful investments in

order to distribute these amounts among the successful investments.

In almost all such cases there exists, for any given trader within a
group of DBAR contingent claims, a non-zero possibility of default, or
credit risk. Such credit risk is, of course, ubiquitous to all financial
transactions facilitated with credit. '

One way to address this risk is to not allow leveraged investments
within the group of DBAR contingent claims, which is a preferred
embodiment of the system and methods of the present invention. In other
preferred embodimerits, traders in a DBAR exchange may be allowed to
use limited leverage, subjéct to real-time margm monitoring, including
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calculation of a trader’s impact on the overall level of credit risk in the

. DBAR system and the particular group of contingent claims. These risk

management calculations should be significantly more tractable and
transparent than the types of analyses credit risk managers typically
perform in conventional derivatives markets in order to monitor
counterparty credit risk.

An important feature of preferred embodiments of the present
invention is the ability to provide diversification of credit risk among all
the traders who invest in 4 group of DBAR contingent claims. In such
embodiments, traders make investments (in the units of value as defined

~ for the group) in 2 common distribution of states in the expectation of

receiving a return if a given state is determined to have .occurred. In
preferred embodiments, all traders, through their investments in defined
states for a group of contingent claims, place these invested amounts with
a central exchange or intermediary which, for each trading period, pays the
returns to successful investments from the losses on unsuccessful
investments. In such embodiments, a given trader has all the other traders
in the exchange as counterparties, effecting a mutualization of
counterparties and counterparty credit risk exposure. Each trader therefore

~assumes credit risk to a portfolio of counterparties rather than to a single

counterparty. : . .
Preferred embodiments of the DBAR contingent claim and

exchange of the present invention present four principal advantages in
managing the credit risk inherent in leveraged transactions. First, a
preferred form of DBAR contingent claim entails limited liability
investing. Investment liability is limited in the sense that the maximum
amount a trader can lose is the amount invested. In this respect, the
limited Liability feature is similar to that of 2 long option position in the
traditional markets. By contrast, a short option position in traditional
markets represents a potentially unlimited liability investment since the
downside exposure can readily exceed the option premium and is, in
theory, unbounded. Importantly, a group of DBAR contingent claims of
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the present invention can easily replicate returns of a traditional short
option position while maintaining limited liability. The limited liability
feature of a group of DBAR contingent claims is a direct consequence of
the demand-side nature of the market. More specifically, in preferred
embodiments there are no sales or short positions as there are in the
traditional markets, even though traders in a group of DBAR contingent
claims may be able to attain the return profiles of traditional short
positions.

Second, in preferred embodiments; a trader within a group of
DBAR contingent claims should have a portfolio of counterparties as
described above. As a consequence, there should be a statistical
diversification of the credit risk such that the amount of credit risk borne
by any one trader is, on average (and in all but exceptionally rare cases),
less than if there were an exposure to a single counterparty as is frequently
the case in traditional markets. In other words, in preferred embodiments
of the system and methods of the present invention, each trader is able to
take advantage of the diversification effect which is well known in

portfolio analysis.

Third, in preferred embodiments of the present invention, the entire
distribution of margin loans, and the aggregate amount of leverage and
credit risk existing for a group of DBAR contingent claims, can be readily
calculated and displayed to traders at any time before the fulfillment of all
of the termination criteria for the group of claims. Thus, traders
themselves may have access to important information regarding credit
risk. In traditional markets such information is not readily available.

Fourth, preferred embodiments of a DBAR contingent claim
exchange provide more information about the distribution of possible
outcomes than do traditional market exchanges. Thus, as a byproduct of
DBAR contingent claim trading according to preferred embodiments,

traders have more information about the distribution of future possible

outcomes for real-world events, which they can use to manage risk more
effectively. For many traders, a significant part of credit risk is likely to
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be caused by market risk. Thus, in preferred embodiments of the present
invention, the ability through an exchange or otherwise to control or at
least provide information about market risk should have positive feedback
effects for the management of credit risk. '

A simple example of a group of DBAR contingent claims with the following
assumptions, illustrates these features. The example uses the following basic
assumptions: -

o two defined states (with predetermined termination criteria): (i) stock

price appreciates in one month; (ii) stock price depreciates in one month; and

‘o $100 has been invested in the appreciate state, and $95 in the depreciate

state. ' ' -

If a trader then invests $1 in the appreciate state, if the stock in fact appreciates in
the month, then the trader will be allocated a payout of $1.9406 (=196/101) -- a return of
$.9406 plus the original $1 investment (ignoring, for the purpose of §i;hplicity, a
transaction fee). If, before the close of the trading period the trader desires effectively to
"sell" his investment in the appreciate state, he has two choices. He could seH the
investment to a third party, which would necessitate crdssing of abid and an offerin a
two-way order crossing network. Or, in a preferred embodiment of the method of the
present invention, the trader can invest in the depreciate state, in proportion to the amount
that had been invested in that state not counting the trader’s "new" investments. In this
example, in order to fully hedge his investment in the 'appretiiat'e state, the trader can
invest $.95 (95/100) in the depreciate state. Under either possible outcome, therefore, the
trader will receive a payout of $1.95, i.e., if the stock appreciates the trader will receive
196.95/101 = $1.95 and if the stock depreciates the trader will receive
(196.95/95.95)*.95= $1.95. '

‘1.3 Network Implementation

" A market or exchange for groups of DBAR contingent claims market according to
the invention is not designed to establish a counterparty-driven or order-matched market.
Buyers’ bids and sellers’ offers do not need to bé “crossed.” As a consequence of the
absence of a need for an order crossing network, preferred embodiments of the present

 invention are partlcularly amenable to large-scale electronic network implementation on a

wide area network o the public Internet, for example.
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of trading in accordance with the invention include one or more of the following features.

(2) User Accounts: DBAR contingent claims investment accounts are
established using electronic methods.

(b) Interest and Margin Accounts: Trader accounts are maintained using
electronic methods to record interest paid to traders on open DBAR
contingent claim balances and to debit trader balances for margin loan
interest. Interest is typically paid on outstanding investment balances for a
group of DBAR contingent claims until the fulfillment of the termination
criteria. Interest is typically charged on outstanding margin loans while
such loans are outstanding. For some contingent claims, trade balance
interest can be imputed into the elpsing returns of a trading period.

(c) Suspense Accounts: These acco@ts relate specifically to investments
which have been made by traders, during trading periods, simultaneously
in multiple states for the same event. Multi-state trades are those in which
amounts are m__vested over a range of states so that, if any of the states
occurs, a retum is allocated to the trader based on the closing return for the
state which in fact occurred. -

A trader can, of course, simply break-up or divide the multi-state
investment into many separate, single-state investments, although this
approach might require the trader to keep rebalancing his portfolio of
single state investments as returns adjust throughout the trading period as
amounts mvested in each state change.

Muln_-state trades can _be_used in order to replicate any arbitrary
distribution of payouts that a trader may desire. For example, a trader
might want to invest in all states in excess of a given value or price fora
security underlying a contingent claim, e.g., the occurrence that a given
stock price exceeds 100 at some future date. The trader might also want to
receive an identical payout ne :;i_a_tt_er what._state. occurs among those states.
For a group of DBAR contingent claims there may well be many states for
outcomes in which the stock price exceeds 100 (e.g., greater than 100 and
less than or equal to 101; gre_aterthan 101 and less than or equal to 102,
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etc.). In order to replicate a multi-state investment using single state
investments, a trader would need continually to rebalance the portfolio of
singlé-smte investments so that the amount invested in the selected multi-
states is divided among the states in proportion to the existing amount
invested in those states. Suspense accounts can be employed so that the
exchange, rather than the trader, is responsible for rebalancing the
portfolio of single-state investments so that, at the end of the trading
period, the amount of the multi-state investment is aliocated among the
constituent states in such a way so as to replicate the trader’s desired
distribution of payouts. Example 3.1.2 below illustrates the use of
suspense accounts for multi-state investments.

(d) Authentication: Each trader may have an account may be authenticated

using authenticating data.

(e) Data Security: The security of contingent claims transactions over the

network may be ensured, using for example strong forms of public and
private key encryption.

(f) Real-Time Market Data Server: Real-time market data may be provided

to support frequent calculation of returns and to ascertain the outcomes
during the observation periods.

(2) Real-Time Calculation Engine Server: Frequent calculation of market

returns may increase the efficient functioning of the market. Data on
coupons, dividends, market interest rates, spot prices, and other market
data can be used to calculate opening returns at the beginning of a trading

~ period and to ascertain observable events during the observation period.

Sophisticated simulation methods may be required for some groups of
DBAR contingent claims in order to estimate expected returns, at least at
the start of a trading period.

(h) Real-Time Risk Management Server: In order to compute trader margin

requirements, expected returns for each trader should be computed
frequently. Calculations of “value-at-risk” in traditional markets can

‘involve onerous matrix calculations and Monte Carlo simulations. Risk
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- calculations in preferred embodiments of the present invention are

Mo

®

simpler, due to the existence of information on the expected returns for
each state. Such information is typically unavailable in traditional capital

and reinsurance markets.

Market Data Storage: A DBAR contingent c.laimé exchange in accordance
with the invention may generate valuable data as a byproduct of its
operation. These data are not readily available in traditional capital or
msurance markets. In a preferred embodiment of the present invention,
investments may be solicited over ranges pf outcomes for market events,
such as the event that the 30-year U.S. Treasury bond will close on a given
date with a yield between 6.10% and 6.20%. Investment in the entire
distribution of states generates data which reflect the éxpectations of -
traders over the entire distribution of possible outcomes. The network
impl_ementatid'n disclosed in his speCiﬁcaﬁon may be used to capture,
store and retrieve these data -

Market Evaluation Server: Preferred embodiments of the method of the

'present invention include the ability to improve the market’s efficiency on

an ongoing basis. This may readily be accomplished, for example, by
comparing the predicted reunﬁs on a group of DBAR contingent claims
returns w_ith actual realized outcomes. If investors have rational
expectations, then DBAR contingent claim returns will, on average, reflect
trader expectations, and these expectations will themselves be realized on
aire’rage. 'In preferred embodiments, efficiency measurements are made on
defined states and investments over the entire distribution of possible
-36-
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outcomes, which can then be used for statistical time series analysis with
realized outcomes. The network implementation of the present invention
may therefore include analytic servers to perform these analyses for the

purpose of continually improving the efficiency of the market.

2 FEATURES OF DBAR CONTINGENT CLAIMS
In a preferred embodiment, a group of a DBAR contingent claims related to an
observable event includes one or more of the following features:

(1) A defined set of colleﬂ'velx exhaustive states representing possible real-
world outcom related to an observable event. In preferred embodiments,

the events are events of econoch significance. The possxble outcomes
can typically be units of measurement assoclated with the event, e.g., an
event of economic interest can be the closing index level of the S&P 500
one month in the future, and the possible outcomes can be entire range of
index levels that are possible in one month. In a preferred embodiment,
the states are defined to correspond to one or more of the possible
outcomes over the entire range of possible outcomes, so that defined states
for an event form a countable and discrete number of ranges of possible
outcomes, and are collectively exhaustive in the sense of spanning the
entire range of possible outcomes. For example, ina preferred
embodiment, possible outcomes for the S&P 500 can range from greater
than 0 to infinity (theoretically), and a defined state could be those index
values greater than 1000 and less than or equal to 1100. In such preferred
eﬁzbodiﬁents, exactly one state occurs when the outcome of the relevant
~ event becomes known.
(2) The ability for traders to place trades on the designated states during one

or more trading periods for each event. In a preferred embodiment, a
DBAR contingent claim groﬁp defines the acceptable units of trade or

value for the respective claim. Such units may be dollars, barrels of oil,
number of shares of stock, or any other unit or combination of units
accepted by traders and the exchange for value.
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(3) An accepted determination of the outcome.of the event for determining

- which state or states have occurred. In a preferred embodiment, a group of
DBAR contingent claims defines the means by which the outcome of the
relevant events is determined. For example, the level that the S&P 500
Index actually closed on a predetermined date would be an outcome
observation which would enable the determination of the occurrence of
one of the defined states. A closing value of 1050 on that date, for
instance, would allow the determination that the state between 1000 and

1100 occurred.

(4) The spg:ﬁcatlon of a DRF which takes the traded amount for each trader
for each state across the d:stnbutlon of m g tha; distribution exists at
the end of each tradmg mod and calculates mouts for each investments

' m each state conditioned upon the occurrence of cach state, In preferred
embodiments, this is done so that the total amount of payouts does not

 exceed the total amount invested by all the traders in all the states. The
DRF can be used to show payouts 'sh.ould each state occur during the
trading period, thereby providing to  traders information as to the
* collective level of interest of a.ll traders in each state.
(5) Payouts to tradm for suggessful investments based on the total amount of
the unsuccessful investments after deductzon of the transactnon fee and
after fulﬁllment of the termmatlon cntena.

The states correspondmg to the range of poss1ble event outcomes are referred to
as the “distribution” or “distribution of states.” Each DBAR contingent claim group is
typically associated with one. distribution of states. The distribution will typically be
defined for events of economic interest for investment by traders having the expectation
ofaretumora reduction of risk (“hedging”). For example, the distribution can be based
upon the values of stocks, bonds, futures, and foréign exchange rates. It can also be
based upon the values of commoelity indices, economlc sta'astlcs (e.g., consumer price
inflation monthly reports), property-casualty losses, weather patterns for a certain
geographical region, and any other measurable or observable occurrence or any other
event in which traders would not be economically indifferent even in the absence of a

trade on the outcome of the event.
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2.1 DBAR Claim Notification , _
In order to facilitate further description of DBAR contingent claims, the following
notation will be used in this specification:

m

claims

T;

represents the number of traders for a given group of DBAR contingent

represents the number of states for a given distribution associated with a
given group of DBAR contingent claims

represents a matrix with m rows and n columns, where the element at the
i-th row and j-th column, o, is the amount that trader i has invested in
state j in the expectation of a return should state j ocour

represents a matrix with n rows and n columns where element ;j is the
payout per unit of investment in state i should state j occur (“unit
payouts”) | o

represents a matrix with n rows and n columns where element r;; is the
return per unit of investment in state i should state j occur, i.e., 1= m;-1
(“unit returns™) |

represents a matrix with m rows and n columns, where the element at the

i-th row and j-th column, p;;, is the payout to be made to trader i should

state j occur, i.e., P is equal to the matrix product AL

represents the j-th column of P, for j=1..n, which contains the payouts to
each investment should state j occur

represents the i-th row of P, for i=1..m, which contains the payouts to
trader i '

where i = 1..n, represents a state representing a range of possible outcomes
of an observable event.

where i = 1..n, represents the total amount traded in the expectation of the

occurrence of state i

represents the total traded amount over the entire distribution of states, i.e.,
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T=37,

i=l.n

fAX) represents the exchange’s transaction fee, which can depend on the
entire distribution of traded amounts placed across all the states as well as
other factors, X, some of which are identified below. For reasons of
brevity, for the remainder of this specification unless otherwise stated, the
transaction fee is assumed to be a fixed percentage of the total amount
traded over all the states. |

represents the interest rate charged on margm loans.
Cr represents the interest rate paid on trade balances.
t represents time from the acceptance of a trade or investment to the

fulfillment of all of the termination criteria for the group of DBAR
contingent claims, typically expressed in years or fractions thereof.

X represents other infomxaﬁon__ upon which the DRF or transaction fee can
depend such as information specific to a investment or a trader, including
for example the time or size of a trade.

_ In prefeh'ed embodiments, a DRF is a ftmétibn which takes the traded amounts
over the distribution of states for a given grdu_p of DBAR cont_i_ngent claims, the

_ transacﬁon fee schedule, 'and:, conditional upon the occurrence of each state, computes the

payouts to each trade or investment placed over the distribution of states. In notation,
such a DRF is:

P =DRF(A, flA,X), X | s=s) =A* 1 (A, f(A,X), X) (DRF)

In other words, the m traders who have placed trades across the n states, as
represented in matrix A, will receive payouts as represent_ed in matrix P should state i
occur, also, taking into account the transaction fee f and other factors X. The payouts
identified in matrix P can be repfesented as the prodilct of (2) the payouts per unit traded
for each state should each state occur, as identified in the matrix I1, and (b) the matrix A

which identifies the amounts traded or invested by each trader in each state. The
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following notation may be used to indicate that, in preferred embodiments, payouts
should not exceed the total amounts invested less the transaction fee, irrespective of
which state occurs:

lf,*P.J + f(4,X)<=1] * 4*1, forj=l.n (DRF
Constraint)
where the 1 represents a columh vector with dimension indicated by the subscript, the
superscript T represents the standard transpose operator and P.; is the j-th column of the
matrix P representing the payouts to be made to each trader should state j occur. Thus, in
preferred embodiments, the unsuccessful investments finance the successful investments.

.In addition, absent éredit-related risks discussed below, in such embodiments there is no

risk that 'payouts will exceed the total amount invested in the distributidn of states, no
matter what state occurs. In short, a prefén'ed embodiment of a group of DBAR
contingent claims of the present invention is self-ﬁnanbing in the sérise_ that for any state,
the payouts plus the transaction fee do nb_t exceed the inputs (i-e., the invested amounts).

| The DRF may depend on factors other than the amoﬁnt of the investment and the
state in which the investment was made. For example, 2 payout may depend upon the
magnitude of a change in the observed outcome for an underlying event between two
dates (e.g., the change in price of a security between two dai:es). As another example, the
DRF may allocate higher payouts to traders who initiated investments earlier in the
trading period than traders who invested later in the trading period, thereby providing
incentives for liquidity earlier in the trading period. Alternatively, the DRF may allocate
higher payouts to larger amounts invested in a given state than to smaller amounts
invesied for that state, thereby providing another liquidity incentive.

In any event, there are many possible functional forms for a DRF that could be
used. To illustrate, one trivial form of a DRF is the case in which the traded amounts, A,
are not reallocated at all upon the occurrence of any state, i.e., each trader receives his
traded amount back in the event that any state occurs, as indicated by the following

notation:
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- P=A - If s=s;, fori=l.n -

This trivial DRF is not useful in allocating and exchanging risk among hedgers.

For a meaningful risk exchange to océur, a preferred embodiment of 2 DRF
should effect a meaningful reallocation of amounts invested across the distribution of
states upon the occurrence of at least one state. Groups of DBAR contingent claims of
the present invention are discussed in the context of a canonical DRF, which is a
preferred embodiment in which the amounts invested in states which did not occur are
completely reallocated to the state which did occur (less any transaction fee). This

~invention is not limited to a canonical DRF, and many other types of DRFs can be used

and may be preferred to implement a group of DBAR contingent claims. For example,
another DRF preferred embodiment allocates half the total amount invested to the
outcome state and rebates the remainder of the total amount invested to the states which-
did not occur. In another preferred embodiment, é. DRF would allocate some percentage

" to an occurring state, and some other percentage to one or more “nearby” or “adjacent”

states with the bulk of the non-occurring states receiving zero payouts. Other DRFs will
be apparent to those of skill in the art from review of this specification and practice of the

present invention. -

2.2 Units of Investments and Pavouts

The units of investments and payouts in systems and methods of the present
invention may be units of currency, quaﬁtities of commodities, numbers of shares of
common stock, amount of a swap transaction or any other units representing economic
value. Thus, there is no limitation that the investments or payouts be in units of currency
or money (e.g., U.S. 'dollars) or that the payouts resulting from the DRF be in the same
units as the investments. Preferably, the same unit of value is used to represent the value
of each investment, the total amount of all investments in a group of DBAR contingent
claims, and the amounts invested in each state.

It is possible, for example, for traders to make investments in a group of DBAR
contingent claims in numbers of shares of common stock and for the applicable DRF to
allocate payouts to traders in Japanese Yen or barrels of oil. Furthermore, it is possible
for traded amounts and payouts to be some combination of units, such as, for example, a
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combination of commodities, currencies, and number of shares. In preferred
embodiments traders need not physically deposit or receive delivery of the value units,
and can rely upon the DBAR contingent claim exchange to convert between units for the
purposes of facilitating efficient trading and payout transactions. For example, a DBAR
contingent claim might be defined in such a ﬁay so that investments and payouts are to
be made in ounces of gold. A trader can still deposit currency, e.g., U.S. dollars, with the
exchange and the exchange can be responsible for converting the amount invested in
dollars into the correct units, e.g., gold, for the purposes of investing in a given state or
receiving a payout. In this specification, a U.S. dollar is typically used as the unit of
value for investments and payouts. This invention is not limited to investments or
payouts in that value unit. In situations where investments and payouts are made in
different units or combinations of units, for purpose of allocating returns to each
investment the exchange preferably converts the amount of each investment, and thus the
total of the investments in a group of DBAR contingent claims, into a single unit of value
(e.g., dollars). Example 3.1.20 below illustrates a group of DBAR contingent claims in

- which investments and payouts are in units of quantities of common stock shares.

2.3 Canonical Demand Reallocation Function

A preferred embodiment of a DRF that can be used to implement a group of
DBAR contingent claims is termed a “canonical” DRF. A canonical DRF is a type of -
DRF which has the following property: upon the occurrence of a given state i, investors
who have invested in that state receive a payout per unit invested equal to (a) the total
amount traded for all the states less the transaction fee, divided by (b) the total amount
invested in the occurring state. A canonical DRF may employ a transaction fee which
may be a fixed percentage of the total amount traded, T, although other transaction fees
are possible. Traders who made investments in states which not did occur receive zero
payout. Using the notation developed above:

A-f)*T
T

1

z,, = if i=j, ie., the unit payout to an investment in state i if state i occurs

7 ;=0 : otherwise, i.e., if i#j, so that the payout is zero to investments in

state i if state j occurs.
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In a preferred embodiment of a canonical DRF, the unit payout matrix [T as defined
above is therefore a diagonal matrix with entries equal to ;; for i=j along the diagonal,
and zeroes for all off-diagonal entries. For example, in a preferred embodiment for n=5

states, the unit payout matrix is: '
5
S ] > ]
— 0 0 0 O — 0 0 0
T 1
0 — 0 0 O 0O — 0 0
T, I 3 °
n={o o L o ola-p=lo o L o olrra-p
T 1
0o 0 0 — O 0O 0 0 — 0}
4 T, |
o 0 0 0o L o 0 0 0 X

For this embodiment of a canonical DRF, the payout matrix is the total amount invested

10 less the transaction-fee, multiplied by a diagonal matrix which contains the inverse of the

: total amount invested in each state along the dia'gonal, respectively, and zeroes elsewhere.

Both T, the total amount invested by all m traders across all n states, and T, the total
amount invested in state i, are both functions of the matrix A, which contains the amouht
each trader has invested in each state:

15

T, =11 *4*B,(0)

T=1T*4*1,

where By(i) is a column vector of dimension n which has a 1 at the i-th row and zeroes

20 elsewhere. Thus, with n=5 as an example, the canonical DRF described above has a unit
payout matrix which is a function of the amounts traded across the states and the
transaction fee:

B L W Y L rewa-
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- ] , 1

—_— 0 0 0
1L *4*B,0) o
[ J—— 0 0 0
11*4*38,02
1
= 0 o _— 0 0 17451, %(1-
. 1, *A4*B,(3) n 4712 A=1)
0 0 0 e
1o * 4* B,(4)
0 0 0 ' 0 —
L In * 4*B,(5) ]

which can be generalized for any arbitrary number of states. The actuat payout matrix, in
the defined units of value for the group of DBAR contingent claims (e.g., dollars), is the
product of the m x n traded amount matrix A and the n x n unit payout matrix [], as
defined above:

P=A*TI(4, 1) (CDRF)
This provides that the payout matrix as.deﬁned above is the matrix product of the
amounts traded as contained in the matrix A and the unit payout matrix IT, which is itself
a function of the matrix A and the transaction fee, f. The expression is labeled CDRF for
“Canonical Demand Reallocation Function.”

Note that, in this preferred embodiment, any change to the matrix A will genefélly
have an effect on any given trader’s payout, both due to changes in the amount invested,
i.e., a direct effect through the matrix A in the CDRF, and changes in the unit payouts,
i.e., an indirect effect since the unit payout matrix [] is itself a function of the traded
amount matrix A.

2.4 Computing Investment Amounts to Achieve Desired Payouts

In preferred embodiments of a group of DBAR contingent claims of the present
invention, some traders make investments in states during the trading period in the
expectation of a payout upon the occurrence of a given state, as expressed in the CDRF
above. Alternatively, a trader may have a preference for a desired payout distribution
should a given state occur. Such a payout distribution could be denoted P;», which is a
row corresponding to trader i in payout matrix P. Such a trader may want to know how
much to invest in contingent claims corresponding to a giveﬁ state or states in order to
achieve this payout'distribution. In a preferred embodirnent; the amount or amounts to be
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invested across the distribution of states for the CDRF, given a payout distribution, can
be obtained by inverting the expression for the CDRF and solving for the traded amount
matrix A: |

A=P*II(4, ) ' (CDRF 2)

In this notation, the —1 superscript on the unit payout matrix denotes a matrix inverse.

Expression CDRF 2 does not provide an explicit solution for the traded amount
matrix A, since Ithe unit payout matrix 7] is itself a function of the traded amount matrix.
CDRF 2 typicaliy involves the use of numerical methods to solve m simultaneous
quadratic equations. For example, consider a trader who would like to know what
amount, o, should be traded for a given state i in order to achieve a desired payout of p.
Using the “forward” expression to cor-npute payouts from traded arﬁounts as in CDRF
above yields the following equation: :

T+a)fa

p=(T,+a'

This represents a given row and column of the matrix equation CDRF after o has been
traded for state i (assuming no transaction fee). This expression is quadratic in the traded

amount ¢, and can be solved for the positive quadratic root as follows:

LD+ (p-T) +4% p*T,

: (CDRF 3)

2.5 A Canonical DRF Example |

_ A simplified example illustrates the use of the CDRF with a group of DBAR
contingent claims defined over two states (e.g., states “1” and “2”) in which four traders
make investments. For the example, the followixig éssumptions are made: (1) the
transaction fee, f, is zero; (2)_the investment and payout units are both dollars; (3) trader 1
has made investments in the amount of $5 in state 1 and .$l_0 state 2; and (4) trader 2 has
made an investment in the amount of $7 for state 1 only. With the investment activity so
far described, the traded amount matrix A, which as 4 rows and 2 columns, and the unit
payout matrix ] which has 2 rows and 2 columns, would be den_oted as follows:
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10
The payout matrix P, which contains the payouts in dollars for each trader should
each state occur is, the product of AandIT:

9.167 22

12833 0
P=
0 0

0 0
The first row of P corresponds to payouts to trader 1 based on his investments and the
unit payout matrix. Should state 1 occur, trader 1will receive a payout of $9.167 and will
receive $22 should state 2 occur. Similarly, trader 2 will receive $12.833 should stéte 1
occur and $0 should state 2 occur (since trader 2 did not make any investment in state 2).
In this illustration, traders 3 and 4 have $0 payouts since they have made no investments.

In accordance with the expression above labeled “DRF Constraint,” the total
payouts to be made upon the occurrence of either state is less than or equal to the total
amounts invested. In other words, the CDRF in this example is self-financing so that
total payouts plus the transaction fee (assumed to be zero in this example) do not exceed
the total amounts invested, irrespective of which state occurs. This is indicated by the
following notation:

1L *P,=22<1] % 4*1,=22
1L*P, =22510 % 4%1, =22

Continuing with this example, it is now assumed that traders 3 and 4 each would
like to make investments which generate a desired payout distribution. For example, it is
assumed that trader 3 would like to receive a payout of $2 should state 1 occur and $4
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should state 2 occur, while trader 4 would like to receive a payout of $5 should state 1
occur and $0 should state 2 occur. In the CDRF notation:

Py=f 4]
P =[5 0]

In a preferred embodiment and this example, payouts are made based upon the
invested amounts A, and therefore are also based on the unit payout matrix TKA.RA)),
given the distribution of traded amounts as they exist at the end of the trading period. For

- purposes of this example, it is now further assumed (a) that at the end of the trading

period traders 1 and 2 have made investments as indicated above, and (b) that the desired
payout distributions for traders 3 and 4 have been recorded in a suspense account which
is used to determine the allocation of multi-state investments to each state in order to
achieve the desired payout distributions for each tfader, given the investments by the -
other traders as they exist at the end of the trading period. In order to determine the
proper allocation, the suspense account can be used to solve CDRF 2 for example:

5 10 Py Pz 1 0

7 0 | P2y Paa|,|G+T+a;;, +ay,) cont 'd
@y, a,,| | 2 4 0 1 below
a,, @,, 5 0 (10+0+a,, +a,,)

*G+1047+0+05, +a,, + a5, ta,,)

The solution of this expression will yield the amounts that traders 3 and 4 need to invest
in for contingent claims corresponding to states 1 and 2 to in order to achieve their
desired payout distributions, respectively. Tkis solution will also finalize the total
investment amount so that traders 1 and 2 will be able to determine their péyouts should
either state occur. This solution can be achieved using a computer program which
computes an investment amount for each state for each trader in order to generate the
desired payout for that trader for that state. In a preferred embodiment, the computer
program repeats the process iteratively until the investment amounts calculated converge,
i.e., so that the amounts to be invested by traders 3 and 4 no longer materially change

_ with each successive iteration of the computational process. This method is known in the
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art as fixed point iteration and is explained in more detail in the Technical Appendix.
The following table contains a computer code listing of two functions written in
Microsoft’s Visual Basic which can be used to perform the iterative calculations to
compute the final allocations of the invested amounts in this example of a group of
DBAR contingent claims with a Canonical Demand Reallocation Function:

Table 1: Illustrative Visual Basic Computer Code for Solving CDRF 2

Function allocatetrades(A_mat, P_mat) As Variant

Dim A_final
Dim trades As Long
Dim states As Long

trades =P_matRows.Count
states = P_mat.Colunms.Count

ReDim A_final(1 To trades, 1 To states)
ReDim statedem(1 To states)

Dim i As Long

Dim totaldemand As Double
Dim total desired As Double
Dim iterations As Long
iterations = 10

For i =1 To trades
For j = 1 To states
statedem(j) = A_matj, j} + statedem(j)
A_final(i, j) = A_mat(i, j)
Next j
Next i

Fori=1 To states
totaldemand = totaldemand + statedemqi)
Next i

Fori=1 To iterations
For j=1 To trades
Forz=1 To states
If A_mat(j, z) = 0 Then
totaldemand = totaldemand - A_finalG,z)
statedem(z) = statedem(z) - A_final(, z)
tempalloc = A_final(j, 2) _
A_final(j, z) = stateall(totaldemand, P_mat(j, z), statedem(z))
totaldemand = A_final(j, z) + totaldemand
statedem(z) = A_final(j, 2) + statedem(z)
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End If

Nextz
Next j
Next i
allocatetrades = A_final
End Function

Function stateall{totdemex, despaystate, totstateex)
Dim soll As Double
soll = (-(totdemex - despaystate) + {(totdemex - despaystate) » 2 + 4 * despaystate * totstateex) ~ 0.5) /2
stateall =soll

End Function

For this example involving two states and four traders, use of the computer code
represented in Table 1 produces an investment amount matrix A, as follows:

5 10

A= 7 0
1.1574 1.6852

28935 O

The matrix of unit payouts, [T, can be computed from A as described above and is equal

- to:

1.728 0
O="0 2376

The resulting payout matrix P is the product of A and [T and is equal to:

864 23.7361
p= 12.0961 0
2 4
5 0

It can be noted that the sum of each column of P, above is equal to 27.7361, which is
equal (in dollars) to the total amount invested so, as desired in this example, the group of
DBAR contingent claims is self-financing. The allocation is said to be in equilibrium,
since the amounts invested by traders 1 and 2 are undisturbed, and traders 3 and 4 receive
their desired payouts, as specified above, should each state occur.

2.6 Interest Considerations
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When investing in a group of DBAR contingent claims, traders will typically have
outstanding balances invested for periods of time and may also have outstanding loans or
margin balances from the exchange for periods of time. Traders will typically be paid
interest on outstanding investment balances and typically will pay interest on outstanding
margin loans. In preferred embodiments, the effect of trade balance interest and margin
loan interest can be made explicit in the payouts, although in alternate preferred
embodiments these items can be handled outside of the payout structure, for example, by
debiting and crediting user acéounts. So, if a fraction $ of a trade of one value unit is
made with cash and the rest on margin, the unit payout =; in the event that state i occurs

can be expressed as follows:

R R Ao B R R

where the last two terms express the respective credit for trade balances per unit invested
for time t, and debit for margin loans per unit invested for time t,.

2.7 Returns and Probabilities

In a preferred embodiment of a group of DBAR contingent claims with a
canonical DRF, returns which represent the percentage return per unit of investment are
closely related to payouts. Such returns are also closely related to the notion of a
financial return familiar to investors. For example, if an investor has purchased a stock
for $100 and sells it for $110, then this investor has realized a return of 10% (and a
payout of $110).

In a preferred embodiment of a group of DBAR contingent claims witha
canonical, the unit retumn, 1;, should state i occur may be expressed as follows:

A-N*D.7-T, |
r= ;’,‘_"' if state i occurs
i
r=-1 otherwise, i.e., if state i does not occur

In such an embodiment, the return per unit investment in a state that occurs is a
function of the amount invested in that state, the amount invested in all the other states

-51-



10

15

20

25

WO 01/08063 PCT/US00/19447

and the exchange fee. The unit return is —100% for a state that does not occur; i.e., the
entire amount invested in the expectation of receiving a return if a state occurs is forfeited
if that state fails to occur. A —~100% return in such an event has the same return profile
as, for example, a traditional option expiring “out of the money.” When a traditional
option expires out of the money, the premium decays to zero, and the entire amount
invested in the option is lost. |

For purposes of this specification, a payout is defined as one plus the return per
unit invested in a given state multiplied by the amount that has been invested in that state.
The sum of all payouts P, for a group of DBAR contingent claims corresponding to alln
possible states can be expressed as follows:

Py =(l+5)*T; + Y (A+7)*T, i,j=1.n
Jog=i
In a preferred embodiment employing a canonical DRF, the payout Ps may be. found for
the occurrence of state i by substituting the above expressions for the unit return in any
state:

(- f)*ZT -T;
P, =( 1’:“' +l)*T+Z(—1+l)*T =(1- f)*ZT

Accordingly, in such a preferred embodiﬁzent, for the occurrence of any given
state, no matter what state, the aggregate payout to all of the traders as a whole is one
minus the transaction fee paid to the exchange (ex;ﬁressed in this preferred embodiment as
a percentage of total investment across all the states), multiplied by the total amount
invested across all the states for the group of DBAR contingent claims. This means that

erred embodiment of a group of the DBAR contingent claims, and assuming no
credit or similar risks, to the exchange, (1) the exchange has zero probability of loss in
any given state; (2) for the occurrence of any given state, the exchange receives an
exchange fee and is not exposed to any risk; (3) payouts and returns are a function of
demand flow, i.e., amounts invested; and (4) transaction fees or exchange fees can be a
simple function of aggregate amount invested.

-52.



10

15

20

25

WO 01/08063 - o PCT/US00/19447

~ Other transaction fees can be implemented. For example, the transaction fee
might have a fixed component for some level of aggregate amount invested and then have
either a sliding or fixed percentage applied to the amount of the investment in excess of
this level. Other methods for determining the transaction fee are apparent to those of skill
in the art, from this specification or based on practice of the present invention.

In a preferred embodiment, the total distribution of amounts invested in the
various states also implies an assessment by all traders collectively of the probabilities of
occurrence of each state. In a preferred embodiment of a group of DBAR contingent
claims with a canonical DRF, the expected return E(r,) for an investment in a given state

i (as opposed to the return actually received once outcomes are known) may be expressed
as the probability weighted sum of the returns:

E(r)=q;*r,+(1-gq;)*~I=q,*(+r)-1

Where g; is the probability of the occurrence of state i implied by the matrix A (which
contains all of the invested amounts for all states in the group of DBAR contingent
claims). Substituting the expression for 1; from above yields:

a-N*7

E()=g, *(————)-1

In an efficient market, the expected return E(r;) across all states is equal to the
transaction costs of tradihg, i.e., on average, all traders collectively earn returns that do
not exceed the costs of trading. Thus, in an efficient market for a group of DBAR
contingent claims using a canonical, where E(r;) equals the transaction fee, -f, the -
probability of the occurrence of state i implied by matrix A is computed to be:

5
'ZT,-

Thus, in such a group of DBAR contingent clauns, the implied probablllty ofa
given state isthe ratio of the amount invested in that state divided by the total amount
mvested in all states. This relatlonshlp allows traders in the group of DBAR contingent
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claims (with a canonical DRF) readily to calculate the implied probability which traders
attach to the various states.

Information of interest to a trader typically includes the amounts invested per
state, the unit return per state, and implied state probabilities. An advantage of the
DBAR exchange of the present invention is the relationship among these quantities. Ina
preferred embodiment, if the trader knows one, the other two can be readily determined.
For example, the relationship of unit returns to the occurrence of a state and the
probability of the occurrence of that state implied by A can be expressed as follows:

a-5 -

qi-(“_n_)

The expressions derived above show that returns and implied state probabilities
may be calculated from the distribution of the invested amounts, T;, for all states, i= 1..n.
In the traditional markets, the amount traded across the distribution of states (limit order
book), is not readily available. Furthermore, in traditional markets there are no such
ready mathematical calciﬂaiit)ns which relate with any precision invested amounts or the
Iimit order book to retmhs or pnces which clear the market, i.c., prices at which the

* supply equals the demand. Rather, in the traditional markets, specialist brokers and

market makers typically have privileged access to the distribution of bids and offers, or
the limit order book, and frequently use this privileged information in order to set market
prices which balance supply and demand at any given time in the judgment of the market
maker.
. 2.8 Computations When Invested Amounts Are Large

In a preferred embodiment of a group of DBAR contirigent claims using a
canonical DRF, when large amounts are invested across the distribution of states, it may
be possible to perform approximate investment allocation calculations in order to
generate desired payout distributions. The payout, p, should state i occur for a trader who
considers making an investment of size o in state i has been shown above to be:

T+a
Ti+a

p=¢( ) e

If o is small compared to both the total invested in state i and the total amount invested in
all the states, then adding o to state i will not ha\_re a material effect on the ratio bf the
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total amount invested in all the states to the total amount invested in state i. In these

circumstances,

T+a T
S —
T+a T,

Thus, in preferred embodiments where an approximation is acceptable, the payout to state

i may be expressed as:

pxI_'a

In these circumstances, the investment needed to generate the payout p is:

_
astp=qtp

These expressions indicate that in preferred embodiments, the amount to be invested to
generate a desired payout is approximately equal to the ratio of the total amount invested
in state i to the total amount invested in all states, multiplied by the desired payout. This
is equivalent to the implied probability multiplied by the desired payout. Applying this

approximation to the expression CDRF 2, above, yields the following:
A=P*I ' =p*Q

where the matrix Q, of dimension n X n, is equal to the inverse of unit payouts I, and has
along the diagonals g; for i= 1..n. This expression provides an approximate but more
readily calculable solution to CDRF 2 as the expression implicitly assumes that an
amount invested by a trader has approximately no effect on the existing unit payouts or
implied probabilities. This approximate solution, which is linear and not quadratic, will
sometimes be used in the following examples where it can be assumed that the total

amounts invested are large in relation to any given trader’s particular investment.
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3 - EXAMPLES OF GROUPS OF DBAR CONTINGENT CLAIMS -

3.1 DBARRange Derivatives =~ |

A DBAR Range Derivative (DBAR RD) is a type of group of DBAR contingent
claims implemented using a canonical DRF described above. In a DBAR RD, a range of
posSible outcomes associated with an observable event of economic sigﬁiﬁcance is
partitioned into defined states. In a preferred embodiment, the states are defined as
discrete ranges of possible outcomes so that the entire distribution of states covers all the
possible outcomes - that is, the states are collectively exhaustive. Furthermore, in a
DBAR RD, states are preferably defined so as to be mutually exclusive as well, meaning
that the states are defined in such a way so that exactly dne state occurs. If the states are
defined to be both mutually exclusive and collectively exhaustive, the states form the
basis of a probability distribution defined over discrete outcome ranges. Defining the
states in this way has many advantages as described below, including the advantage that
the amount which traders invest across the states can be readily converted into implied
probabiliﬁes représenting_the collective assessment of traders as to the likelihodd of the

occurrence of each state.

The system and methods of the present invention may also be applied to
determine projected DBAR RD returns for various states at the beginning of a trading
period. Such a determination can be, but need not be, made by an exchange. In preferred
embodiments of a group of DBAR contingent claims the distribution of invested amounts
at the end of a trading peribd determines the returns for each state, and the amount
invested in each state is a function of trader preferences and probability assessments of
each state. Accordingly, some assumptions typically need to be made in order to
determine preliminary or projected returns for each state at the beginning of a trading
period. '

An illustration is provided to explain further the operation of DBAR RDs. In the
following illustration, it is assumed that all traders are risk neutral so that implied
probabilities for a state are equal to the actual probabilities, and so that all traders have
identical probability assessments of the possible outcomes for the event defining the
contingent claim. For convenience in this illustration, the event forming the basis for the

contingent claims is taken to be a closing price of a security, such as a common stock, at
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some future date; and the states, which represent the possible ocutcomes of the level of the
closing price, are defined to be distinct, mutually exclusive and collectively exhaustive of
the range of (possible) closing prices for the security. In this illustration, the following
notation is used:
T represents a given time during the trading period at which traders are
making investment decisions

0 represents the time con‘espdnding to the expiration of the contingent claim
V:  represents the price of underlying security at time t
Ve  represents the price of underlying security at time 6

Z(<,0) represents the present value of one unit of value payable at time 6
evaluated at time © '

D(t,0) represents dividends or coupons payable between time t and 0

Gt represents annualized volatility of natural logarithm returns of the
underlying security

dz represents the standard normal variate

Traders make choices at a representative time, 7, during a trading period which is open,
so that time t is tempox_'ally subsequent to the current trading period’s TSD. - |

In this illustration, and in preferred embodiments, the defined states for the group
of contingent claims for the final closing price Vg are constructed by discretizing the full
range of possible prices into possible mutually exclusive and collectively exhaustive
states. The technique is similar to forming -é histogram for discrete countable data. The
endpoints of each state can be chosen, for example, to be equally spaced, or of varying
spacing to reflect the reduced likehood of extreme outcomes compared to outcomes near
the mean or median of the distribution. States may also be defined in other manners
apparent to one of skill in the art. The lower endpoint of a state can be included and the
upper endpoint excluded, or vice versa. In any event, in preferred exﬁbodiments, the
states are déﬁned (as explained below) to maximize the attractiveness of investment in
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the group of DBAR contingent claims, since it is the invested amourits that ultimately
determine the returns that are associated with each defined state.

The procedure of defining states, for example for a stock price, can be
accomplished by assuming lognormality, by using statxstxcal estimation techniques based
on historical time series data and cross-section market data from options prices, by using
other statistical distributions, or according to other procedures known to one of skill in
the art or learned from this speciﬁcatio_n or through prgc_t';ce'of the present invention. For

| example, it is quite common among derivatives traders to estimate volatility parameters

for the purpose of pricing options by using the econometric techniques such as GARCH.
Using these parameters and the known dividend or coupons over the time period from ¢
to O, for example, the states for a DBAR RD can be defined. .

A lognormal distribution is chosen for this illustration since it is commonly
employed by derivatives traders as a distributional assumptlon for the purpose of
evaluating the prices of options and other derivative securities. Accordingly, for
purposes of this illustration it is assumed that all traders agree that the underlying
distribution of states for the secin'ity are lognormally distﬁbuted such that:

7 =( V. D(ng))* ~o212%(6-1) % ea'Jo'-Tr'%
* "Z(r,0) Z(,6)

where the "tilde" on the left-hand side of the expression indicates that the final closing
price of the value of the security at time 0 is yet to be known. Inversion of the expression
for dz and discretization of ra_hges yields the following expressions:

'(0-7)

2
 dz=In( Z*e T YKo *J6~7)
(zrna) ‘Zﬁaﬂ))

q,(V; <=V, <V+1) cdf (dz,,,) - Cdf(dz)

qi(Vi_ <=V, <Vi)

ri{V; <=V, <Vin)=

where cdf(dz) is the cumulative standard normal function.
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The assumptions and calculations reflected in the expressions presented above can
also be used to calculate indicative returns (“opening returns”), ; at a beginning of the
trading period for a given group of DBAR contingent claims. In a preferred embodiment,
the calculated opening returns are based on the exchange’s best estimate of the .
probabilities for the states defining the claim and therefore may provide good indications
to traders of likely returns once trading is underway. Of course, the opening returns need
not be provided at all, as traded amounts placed throughout the trading period allows the
calcuiation of actual expected returns at any time during the trading period.

The following examples of DBAR range derivatives and other contingent claims
serve to illustrate their operation, their usefulness in connection with events of economic
significance involving inherent risk or uncertainty, the advantages of exchanges for
groups of DBAR contingent claims, and, more generally, systems and methods of the
present invention. o :

In each of these examples, a state is defined to include a range of possible
outcomes of an event of economic significance (e.g., the price of a stock). A curved
brace "(" or ")" denotes strict inequality (e.g., "greater than" or "less than," respectively )
and a square brace "]" or "[" shall denote weak inequality (e.g., "less than or equal to" or

"greater than or equal to," respectively). For simplicity, and unless otherwise stated, the
following examples also assume that the exchange transaction fee, f, is zero.

Example 3.1.1: DBAR Contingent Claim On Underlying Common Stock

Underlying Security: Microsoft Corporation Common Stock (“MSFT>)
Date: 8/18/99

Spot Price: 85

Market Volatility: 50% annualized

Trading Start Date:  8/18/99, Market Open

Trading End Date:  8/18/99, Market Close
«59.-
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Expiration: 8/19/99, Market Close
Event: MSFT Closiné Pﬁce at Expiration
Trading Time: 1 day

Duration to TED: 1 day

Dividends Payable to Expiration: 0

Interbank short-term interest rate to Expiration: 5.5% '(Actuall360
 daycounty

Present Value factor to Expiration: 0.899847

Investment and Payout Units: U.S. Dollars (“USD”).
In this Example 3.11, the predetermined termination criteria are the investment in
a contingent claim during the trading period and the closing of the market for Microsoft
common stock on 8/19/99. o .
If all traders agree that the underlying distribution of closing prices is lognormally
distributed with volatility of 50%, then an illustrative "snapshot” distribution of invested
amounts and returns for $100 million of aggregate investment can be readily calculated to

.. yield the following table.

~ Table 3.1.1-1

States Investment in State ('000) Return Per Unit if State Occurs
{0,80] 1,046.58 94.55
(80,80.5] | 870.67 113.85
(80.5,81] | 1,411.35 69.85 .
(81,81.5] | 2,157.85 45.34
(81.5,82] | 3,115.03 31.1
(82,32.5] | 4,250.18 2253
(82.5,83] | 5,486.44 17.23
(83,83.5] | 6,707.18 ) 13.91
(83.5,84] | 7,772.68 11.87
(84,84.5] | 8,546.50 10.7. -
(34.5,85] | 8,924.71 10.2
(85,85.5] | 8,858.85 10.29
(85.5,86] | 8,366.06 10.95
(86,86.5] { 7,523.13 12.29
(86.5,87] | 6,447.26 14.51
(87,87.5] | 5,270.01 17.98
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(87.5,88] | 4,112.05 . 2331
(88,88.5] | 3,065.21 - 31.62
(88.5,89] | 2,1845 44.78
(89,39.5] | 1,489.58 66.13
(89.5,90] | 972.56 101.82
(90,0] | 1,421.61 69.34

Consistent with the design of a preferred embodiment of a group of DBAR
contingent claims, the amount invested for any given state is inversely related to the unit
return for that state.

In preferred embodiments of groups of DBAR contingent claims, traders can
invest in none, one or many states. It may be possible in preferred embodiments to allow
traders efficiently to invest in a set, subset or combination of states for the purposes of
generating desired distributions of payouts across the states. In particular, traders may be
interested in replicating payout distributions which are common in the traditional
markets, such as payouts corresponding to a long stock position, a short futures posmon,
or a long option straddle position.

- If in this Example 3.1.1 a trader desired to hedge his exposure to extreme
outcomes in MSFT stock, then the trader could invest in states at each end of the
distribution of possible outcomes. - For instance, a trader might decide to invest $100,000
in states encompassing prices from $0 up to and including $83 (i.c., (0,83]) and another
$100,000 in states encompassing prices greater than $86.50 (i.e., (86.5,%]). The trader

‘may further desire that no matter what state actually occurs within these ranges (should

the state occur in either range) upon the fulfillment of the predetermined termination
criteria, an identical payout will result. In this Example 3.1.1, a multi-state investment is
effectively a group of single state investments over each multi-state range, where an
amount is invested in each state in the range in proportion to the amount previously
invested in that state. If, for example, the returns provided in Table 3.1.1-1 represent
finalized projected returns at the end of the trading period, then each multi-state
investment may be allocated to its constituent states on a pro-rata or proportional basis
according to the relative amounts invested in the constituent states at the close of trading.
In this way, more of the multi-state investment is allocated to states with larger
investments and less allocated to the states with smaller investments.
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Other desired payout distributions across the states can be generated by allocating
the amount invested among the constituent states in different ways so as achieve a
trader’s desired payout distribution.- A trader may select, for example, both the
magmtude of the payouts and how those payouts are to be distributed should each state
occur and let the DBAR exchange’s multi-state allocation methods determine (1) the size
of the amount invested in each particular constituent state; (2) the states in which
investments will be made, and (3) how much of the total amount to be invested will be
invested in each of the states so determined. Other examples below demonstrate how
such selections may be implemented.

Since in preferred embodiments the final pro;ected returns are not known until the
end of a given trading period, in such embodiments a previous multi-state investment is

- reallocated to its constituent states periodically as the amounts invested in each state (and

therefore returns) change during the trading period. At the end of the trading period -
when trading ceases and projected returns are finalized, in a preferred embodiment a final

" reallocation is made of all the multi-state investments. In preferred embodiments, a

suspense account is used to record and reél_locatg multi-state investments during the
course of trading and at the end of the trading period..
Referring back to the illustration assuming two multi-state trades over the ranges

(0,83] and (86.5,e0] for MSFT stock, Table 3.1.1-2 shows how the multi-state investments

in the amount of $100,000 each could be allocated according to a preferred embodiment

to the individual states over each range in order to achieve 2 payout for each multi-state

range which is identical regardless of which state occurs within each range. In particular,
in this illustration the multi-state investments are allocated in proportion to the previously
invested amount in each state, and the multi-state investments marginally lower returns
over (0,83] and (86.5,%0], but marginally increase returns over the range (83, 86.5] as
expected. :
To show that the allocation in this example has achieved its goal of delivering the
desired payouts to the trader, two payouts for the (0, 83] range are considered. The
payout if constituent state (80.5, 81] occurs is the amount invested in that state ($7.696)
multiplied by one plus the return per unit if that state occurs, or
(1+69.61)*7.696=$543.40. A similar analysis for the state (82.5, 83] shows that, if it
occurs, the payout is equal to (1+17.162)*29.918= §543.40. Thus, in this illustration, the
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trader receives the same payout no matter which constituent state occurs within the multi-
state investment. Similar calculations can be performed for the range [86.5,0]. For’
example, under the same assumptions, the payout for the constituent state [86.5,87]
would receive a payout of $399.80 if the stock price fill in that range after the fulfiliment
of all of the predetermined termination criteria. In this illustration, each constituent state

over the range [86.5, «] would receive a payout of $399.80, no matter which of those

states occurs.
Table3.1.1-2

States | Traded Amount in State Return Per Unit if State Occurs: | Multi-State Allocation(000)

| 000) _
(0,80] | 105229 94.22 5.707
(80,80.5] | 875.42 113.46 4.748
(80.5,31] | 1,419.05 69.61 7.696
(81,81.5] | 2,169.61 45.18 11.767
(81.5,82] | 3,132.02 30.99 16.987
(82,82.5] [ 427335 2245 23.077
(82.5,83] | 5,516.36 17.16 29.918
(83,83.5] | 6,707.18 13.94
(83.5,34] | 7,772.68 11.89
(84,84.5] | 8,546.50 10.72
(84.5,85] | 8,924.71 1023
(85,85.5] | 8,858.85 1031
(85.5,86] | 8,366.06 10.98
(86,86.5] | 7,523.13 1232
(86.5,87] | 6,473.00 14.48 25.828
(87,87.5] | 5,291.12 17.94 21111
(87.5,38] | 4,128.52 2327 16473
(88,88.5] | 3,07749 31.56 12279
(88.5,89] | 219325 24.69 8.751
(89,89.5] | 1,495.55 66.00 5.967
(89.5,90] | 976.46 101.62 3.896
(90,0] | 1,427.31 69.20 5.695

Example 3.1.2: Multiple Multi-State Investments
If numerous multi-state investments are made for a group of DBAR contingent

claims, then in a preferred embodiment an iterative procedure can be employed to
allocate all of the multi-state investments to their respective constituent states. In
preferred embodiments, the goal would be to allocate each multi-state investment in
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response to changes in amounts invested during the trading period, and to make a final
allocation at the end of the trading period so that each multi-state investment generates
the payouts desired by the respective trader. In preferred embodiments, the process of
allocating multi-state investments can be iterative, since allocations-depend upon the
amounts traded across the distribution of states at any point in time. As a consequence, in
preferred embodiments, a given distribution of invested amounts will result in a certain
aliocation of a multi-state investment. When another multi-state investment is allocated,
the distribution of invested amounts across the defined states may change and therefore
necessitate the reallocation of any previously allocated multi-state investments. In such
preferred embodiments, each multi-state allocaﬁon is re-performed so that, after a number

~ of iterations through all of the pending multi-state investments, both the amounts invested

and their allocations among constituent states in the multi-state investments no longer
change with each successive iteration and a convergence is achieved. In preferred
embodiments, when convergence is achieve¢ further iteration and reallocation among the
multi-state investments do not change any multi-state allocation, and the entire _
distribution of amounts invésted across the states remains stable. Computer code, as
illustrated in Table 1 above or related code readﬂy apparent to one of skill in the art, can
be used to implement this iterative procedure. |

A simple example demonstrates a preferred embodiment of an iterative procedure
that may be employed. For purposes of this example, a preferred embodiment of the
following assumptions are made: (i) there are fo_ur_ defined states for the group of DBAR
conﬁngent claims; (ii) prior to the allocation of any multi-state investments, $100 has
been invested in each state so that the unit return for each of the four states is 3; (iii) each
desires that each constituent state in a mu_lti-s,tgt_e investment provides the same payout
regardless of which constituent state actually occurs; and (iv) that the following other
multi-state investments have been made: |

Table3.1.2-1
Investment : : : : - Invested
Number State 1 _| State 2 State 3 | State4 |Amount, $
1001 X X 0 0 100
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1002 X | o X | x 50
1003 | X X 0 0 120
1004 X X X 0 160
1005 X X X 0 180|
1006 0o | o X X 210
1007 X X X 0 80
1008 X | o X X 950|
1009 X X X 0 1000
1010 X X 0 X 500
1011 _ X 0_ 0 X 250
1012 X X 0 0 100
1013 X 0 X 0 500
1014 0 X 0 X 1000
1015 0 X X 0 170
1016 _ 0 X 0 X 120
1017 X 0 X 0 1000
1018 0 0 X X: 200
1018 X X X 0 250
1020 X X 0 X 300
1021 0 X X X 100
1022 X 0 X X 400

where an "X" in each state represents a constituent state _of the multi-staté trade Thus, as
depicted in Table 3.1.2-1, trade number 1001 in the first row is a.r_nulti-_state ini_rest_ment
of $100 to be allocated among constituent states 1 and 2, trade number 1002 in the second
row is another multi-state investment in the amount of $50 to be alloc_ai_ed amohg
constituent states 1, 3, and 4; etc. '

Applied to the illustrative muiti-state investment described abové, the iterative
procedure described above ar_ld embodied in the illustrative computer code in Table 1,
results in the following allocations:

Table 3.1.2-2

investment _

Number State 1($) | State 2(3) | State 3($) | State 4($)
1001 73.8396]  26.16 0 0
1002 26.66782 0 12.53382 10.79856(
1003 88.60752 31.39248 __ 0
1004 87.70597] 31.073080 41.2209 0
1005 98.66921 34.95721| 46.37358 o
1006 o 0o 112.8081 97.19185|
1007 43.85298 15.53654] 20.61048] 0
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1008 - .| s08.6888 - . o 238 - 205.1726]
1009 548.1623 194.2067] 2 0

1010 - | 284.2176] 1006946 - O 115.0878
1011 177.945] o - 0 72.05
1012 73.8396)  26.1604] 0
1013 340.1383 o - 159.8617 0
1014 © O 466.8488 - 0 533.3512
1015 0 73.06859 96.93141 0
1016 0~ 55.99785| 0 64.00215
1017. | 680.2766] - 0 . 319.7234} 0
1018 0 0 107.4363] 92.56367
1019 137.0406]  48.55168] | 64.40774) 0
1020 170.53068 60.41675] - 0 69.05268
1021 O ' 28.82243] 38.23529] 32.9422
1022 213.3428) 0 100.2689) 86.3884

In Table 3.1.2-2 each row shows the allocation among the constituent states of the multi-
state investment entered into.the'cdrréspbnding row of Tablé 3.:1 .2-1, the first row of
Table 3.1.2-2 that investmehf 'number 1001 in the amount 6f $100 has been allocated
$73 8396 to state 1 and the remainder to state 2.

It may be shown that the multl-state allocatlons 1dent1ﬁed above result in payouts
to traders which are desired by the traders - that is, in this example the desired payouts

. are the same regardless of thch state occurs among the constxtuent states of a given

multi-state investment. Based on the total amount invested. as reflected in Table 3.1.2-2
and assuming a zero transactlon fee, the unit returns for each state are:
. State1 IState2 |State3 1 State 4]

Retum Per Ddl_lar S
invested 1.2292) 5.2921] 3.7431| 4.5052

Consideration of Investment 1022 in this example, illustrateé the uniformity of payouts
for each state in which an investment is made (i.e., states 1, 3 and 4). If state 1 occurs,
the total payout to the trader is the unit return for state 1 - 1.2292 -~ multiplied by the

amount traded for state 1 in trade 1022 -- $213.3426 — plus the initial trade — $213.3426.

This equals 1.2292%213.3426 + 213.3426 = $475._58. If state 3 occurs, the payout is
equal to 3.7431*100.2689 +1;00.2689 = $475.58. Finally, if state 4 occurs, the payout is
equal to 4.5052*86.38848+_$6.38848= $47S.58. So a preferred embodiment of 2 multi-
state allocation in this example has effected an allocation among the constituent states so
that (1) the desired payoﬁt dié&ibuﬁons in this example are 'é_chieved, i.e., payouts to
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constituent states are the same no matter which constituent state occurs, and (2) further
reallocation iterations of multi-state investments do not change the relative amounts
invested across the distribution of states for all the multi-state trades.
Example 3.1.3: Alternate Price Distributions.
Assumptions regarding the likely distribution of traded amounts for a group of
DBAR contingent claims may be used, for example, to compute returns for each defined

 state per unit of amount invested at the beginning of a trading period (“opening

returns™). For various reasons, the amount actually invested in each defined state may
not reflect the assumptions used to calculate the opening returns. For instance, investors
may speculate that ihe empirical distribution of returns over the time horizon may differ
from the no-arbitrage assumptions typically used in option pricing, Instead of a
lognormal distribution, more investors might make investments expecting returns to be
significantly positive rather than negative (perhaps expecting favorable news). In
Example 3.1.1, for instance, if traders invested more in states above $85 for the price of
MSFT common stock, the returns to states below $85 could therefore be‘ significantly
higher than returns to states above $85.

In addition, it is well known to derivatives traders that traded option prices
indicate that price distributions differ markedly from theoretical lognormality or similar
theoretical distributions. The so-called volatility skew or "smile" refers to out-of-the-
money put and call options trading at higher implied volatilities than options closer to
the money. This indicates that traders often expect the distribution of prices to have
greater frequency or mass at the extreme obsgrvations than predicted according to
lognormal distributions. Frequently, this effect is not symmetric so that, for example,
the probability of large lower price outcomes are higher than for extreme upward
outcomes. Consequently, in a group of DBAR contingent claims of the present
invention, investment in states in these regions may be more prevalent and, therefore,
finalized returns on outcomes in those regions lower. For example, using the basic
DBAR contingent information from Exampie 3.1.1 the following returns may prevail
due to investor expectations of return distributions that have more frequent occurrences
than those predicted by a lognormal distribution, and thus are skewed to the lower
possible returns. In statistical parlance, such a distribution exhibits higher kurtosis and
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negative skewness in returns than the illustrative distribution used in Example 3.1.1 and
reflected in Table 3.1.1-1. '

Table 3.1.3-1: DBAR Contingent Claim Returns Illustrating Negatively Skewed and

- Leptokurtotic Return Distribution -
‘States | Amount Invested in State(000) | Return Per Unit if State Occurs
(0.80] | 3,150 . 30.746
(80,80.5] | 1,500 - | 65.667
1(80.5,81] | 1,600 - 61.5
(81,81.5] | 1,750 _ 56.143
@®1582] | 2,000 46619
1(82,82.51 | 2,550 38216
(825,83] | 3,150 30.746
(83,83.51 | 3,250 29.769
(83.5,84] | 3,050 31.787
(84,84.5] | 8,800 _ 10.363
(84.5,85] | 14,300 5.993
(85,35.5] | 10950 8.132
(85.5,86] | 11,300 7.85
(86,8651 | 10,150 8.852
(86.5,87] [ 11,400 _ T 7772
(87,8751 | 4,550 20.973
] (37.5,88] | 1,350 - 73.074
(83,88.5] | 1,250 79.0
(88.5,89] | 1,150 85.957
. | @®98951|700 _ 141,857
.| (89.5,90] | 650 152.846
(90,»] | 1,350 73.074

The type of complex distribution illustrated in Table 3.1.3<1 is prevalent in the
traditional markets. Derivatives traders, actuaries, risk managers-and other traditional
market participants typically use sophisticated mathematical and analytical tools in order
to estimate the statistical nature of future distributions of risky market outcomes. These
tools often rely on data sets (e.g., historical time series, options data) that may be-
incomplete or unreliable. An advantage of the systems and methods of the present
invention is that such analyses from historical data need not be complicated, and the full
outcome distribution for a group of DBAR contingent claims based on any given event is
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readily available to all traders and other interested parties nearly instantaneously after
each investment.

Example 3.1.4: States Defined For Return Uniformity
It is also possible in preferred embodiments of the present invention to define

states for a group of DBAR contingent claims with irregular or unevenly distributed
intervals, for example, to make the traded amount across the states more liquid or
uniform. States can be constructed from a likely estimate of the final distribution of
invested amounts in order to make the likely invested amounts, and hence the returns for
each state, as uniform as possible across the distribution of states. The following table
illustrates the freedom, using the event and trading period from Example 3.1.1, to define
states so as to promote equalization of the amount likely to be invested in each state.

Table 3.1.4-1: State Definition to Make Likely Demand Uniform Across States

States Tnvested Amount in State ('000) | Return Per Unit if State Occurs
(0,81.403] 5,000 |19 -
(81.403,82.181] | 5,000 19
(82.181,82.71] | 5,000 19
(82.71,83.132] | 5,000 19
(83.132,83.497] | 5,000 T
(83.497,83.826] | 5,000 19
(83.326,84.131] | 5,000 19
(84.131,84.422] | 5,000 19
(84.422,84.705] | 5,000 19
(84.705,34.984] | 5,000 19
(84.984,85.2641 | 5,000 19
(85.264,85.549] | 3,000 19
(85.549,85.845] | 3,000 9
(85.845,86.158] | 5,000 19
(86.158,86.497] | 5,000 _ 19
(86.497,86.8771 | 5,000 19
(86.877,87.321] | 5,000 - |19
(87.321,87.883] | 5,000 19
(87.883,88.722] | 5,000 19
(88.722, ) 5,000 19

If investor expectations coincide with the often-used assumption of the lognormal
distribution, as reflected in this example, then investment activity in the group of

contingent claims reflected in Table 3.1.4-1will converge to investment of the same
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amount in each of the 20 states identified in the table.” Of coutse, actual trading will -
likely yield final market returns which deviate from those initially chosen for
convenience using a lognormal distribution.

Example 3.1.5: Government Bond -- Uniformly Constructed States
The event, defined states predetermined termination criteria and other relevant
data for an illustrative groﬁp of DBAR contingent claims based on a U.S. Treasury
Note are set forth below: - I
~ Underlying Security: United States Treasury Note, 5.5%, 5/31/03

Bond Settlement Date: 6/25/99

Bond Maturity Date: 5/31/03
- Contingent Claim Expiration: 7/2/99, Market Close, 4:00 p.m. EST

" Trading Period Start Date: 6/25/99, 4:00 p.m., EST

' Trading Period End Date: 6/28/99, 4:00 p.m., EST

Next Trading Period Open: 6/28/99, 4:00 p.m., EST
* Next Trading Period Close 6/29/99, 4:00 p.m., EST
~ Event: Closing Composite Price as reported on Bloomberg at Claim Expiration

Trading Time: 1day |

Duration from TED: 5 days

Coupon: 5.5% |

‘Payment Freduency: Semiannual

Daycount Basis: Actual/Actuﬁ

Dividends Payable over Time Horizon: 2.75 per 100 on 6/30/99

Treasury note repo rate over Time Horizon: 4.0% (Actual/360 daycount)

Spot Price:  99.8125 '

Forward Price at Expiration: 99.7857

Price Volatility:. 4.7%
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Total Demand in Current Trading Period: $50 million

Transaction Fee:

25 basis points (.0025%)

Table 3.1.5-1: DBAR Contingent Claims on U.S. Government Note

States Investment in State (§) - Unit Return if State Occurs
(0.98] 139690.1635 356.04
(98,98.25] 203571.7323 168.89
(98.25,98.5] 733769.9011 66.97
(98.5,98.75] 1574439.456 30.68
(98.75,99] 2003405.925 16.18
(99,99.1] 1627613.865 20.64
(99.1,992] 1914626.631 25.05
(992,99.3] 2198593.057 21.68
(99.3,994] 2464704.885 18.24
(99.4, 99.5] 2697585.072 1749
(99.5, 99.6) 2882744385 16.30
(99.6, 99.7] 3008078.286 15.58
(99.7, 99.8] "3065194.576 15.27
(99.8,99.9] 3050276.034 15.35
(99.9,100] 2964602.039 15.82
(100, 100.1] 2814300.657 16.72
(100.1, 100.2) 2609637.195 18.11
(1002, 100.3] 2363863.036 20.10
(1003, 100.4] 2091890.519 2284
(1004, 100.5] 1808629.526 26.58
(100.5, 100.75] 3326547.254 13.99
(100.75,101] 1899755.409 25.25
(101,101.25] 941506.1374 51.97
(10125,101.5]) 405331.6207 122.05
(101.5, ] 219622.6373 226.09

This Example 3.1.5 and Table 3.1.5-1 illustrate how readily the methods and

systems of the present invention may be adapted to sources of risk, whether from stocks,
bonds, or insurance claims. Table 3.1.5-1 aiso illustrates a distribution of defined states
which is irregularly spaced -- in this case finer toward the center of the distribution and
coarser at the ends -- in order to increase the amount invested in the extreme states.

Example 3.1.6: Outperformance Asset Allocation — Uniform Range
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~ One of the advantages of the systems and methods of the present invention is the
ability to construct groups of DBAR contingent claims based on multiple events and their
inter-relationships. For example, many index fund money managers often have a
fundamental view as to whether indices of high quality fixed income securities will

outperform major equity indices. Such opinions normally are contained within a

manager’s model for allocating funds under management between the major asset classes
such as fixed income securities; equities, and caé_h.

This Example 3.1.6 illustrates _the'use of a preferred embodiment of the systems
and methods of the present invention to hedge the real-world event that one asset class
will outperform another. The illustrative distribution of investments and calculated
opening returns for the group of contingent claims used in this example are based on the
assumption that the levels of the relevant asset-class indices are jointly lognormally
distributed with an assumed correlation. By deﬁning a _group of DBAR contingent claims
on a joint outcome of two underlying events, traders are able to express their views on the
co-movements of the underlying events as captured by the statistical correlation between
the events. In this example, the assumption of a joint lognormal distribution means that
the two underlying events are distributed as follows:

771
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where the subscripts and superscripts indicate each of the two events, and g(dz),dz) is
the bivariate normal distribution with correlation parameter p, and the notation otherwise
corresponds to the notation used in the description above of DBAR Range Derivatives.

' The following information includes the indices, the trading periods, the
predetermined termination criteria, the total amount invested and the value units used in

this Example 3.1.6: _
Asset Class 1: JP Morgan United States Government Bond Index
(“JPMGBI™) '

Asset Class 1 Forward Price at Observation: 250.0
| Asset Class 1 Volétility: 5%.
' Mset Class 2: S&P 500 Equity Index (“SP500)
Asset Class 2 Forward Price at Observation: 1410
| Asset Class 2 Volatility: 13% |
Correlation Between Asset Classes: 0.5
Contingent Claim Expiration: 12/31/99
Trading Start Date: 6/30/99
- Current Trading Period Start Date: 7/ 1/99
Current Trading Period End Date:  7/30/99
Next Trading Period Sta;t Date:  8/2/99
Next Trading Period End Date: 8/31/99
Current Date: ' 7/12/99
Last Trading Period End Date: 12730199
Aggregate Investment for Current Trading Period: $100 million
Trade and Payout Value Units: U.S. Dollars

Table 3.1.6 shows the illustrative distribution of state returns over the defined states for
the joint outcomes based on this information, with the defined states as indicated .
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Table 3.1.6-1: nit Returns for Joint Performance of S&P 500 and JPMGBI -

PMGB! .
J233, 237, )21, (244, (246, 248, [250, K252, (255, ¥257, [259, (st]rzFF
IState 0,233 1] 244 ps5 9 1 e8] |}
01102 | 248 240 197] 413 478 501 708 1167] 1788 3039 3520| 2330 11764 1851
(1102.1174)] 240 167] 110 1 281 3 841| 1428} 1753 7999 117
(1174,1 197 1100 61 110 135 1 40 1753 520
1252,12 413 1 g0 145 13 128] 136 1571 197] 269 298 407] 1428 581
(1292,1334)] 475 2 130 11 106] 108 1201 144 189 2 841] 31
(13349377 591l 220 o8 126 1 95 g 118 144 197 1 1851
IBP500}1377.14211] 708 281 110 13ef 1 sd 8 . 1200 1570 1 373 1167
(14211 1167] 373 135 157 1 g 8 108 136 110 281
(1467.4515] 1851 538 180 197 1 115 od @ 108 12 230 so1 -
(1515,1564] 3184 8a1] 25 1 144 120 108 1 113 130 2 47
(1564,1614) 5813 1428 407 | _ 1971 1571 136 12d '-1:%45 gd 194 a1
(1614,1720)1 5207) 1753 44 180 138 11 od e 110 197
(1720,1834]} 117 1753 1 841l 538 373 281] 208 1971 1100 187 2
(1834, o0] | 18518 11764] 233 1788) 1167] 798| 5911 478 413 197] 24d 24

" In Table 3.1.6-1, each cell contains the unit returns to the joint state reflected by

the row and column entries. For example, the unit retum to investments in the state -

~ encompassing the joint occurrence of the JPMGBI closing on 'expiration at 249 and the

SP500 closing at 1380 is 88. Since the correlation between two indices in this example is
assumed to be 0.5, the probability both indices will change in the same direction is
greater that the probability that both indices will change in opposite directions. In other
words, as represented in Table 3.1.6-1, unit returns to investments in states represented in
cells in the upper left and lower right of the table - i.e., where the indices are changing in
the same direction — are lower, reflecting higher implied probabilities, than unit returns to
investments to states represented in cells in the lower l'eft and upper right of Table 3.1.6-1
- i.e., where the indices are changmg in opposite d:recuons

As in the previous examples and in preferred embodiments, the retums illustrated
in Table 3.1.6-1 could be calculated as opening indicative returns at the start of each -
trading period based on an estimate of what the closing returns for the trading period are
likely to be. These indicative or opening returns can serve as an “anchor point” for
commencement of trading in a group of DBAR conﬁngent claims. Of course, actual
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trading and trader expectations may induce substantial departures from these indicative
values.

Example 3.1.7: Corporate Bond Credit Risk
Groups of DBAR contingent claims can also be constructed on credit events, such

as the event that one of the major credit rating agencies (e.g., Standard and Poor’s,
Mocodys) changes the rating for some or all of a corporation’s outstanding securities.
Indicative returns at the outset of trading for a group of DBAR contingent claims oriented
to a credit évent can readily be constructed from publicly available data from the rating
agencies themselves. For example, Table 3.1.7-1 contains indicative returns for an.
assumed group of DBAR contingent claims based on the event that a corporation’s
Standard and Poor’s credit rating for a given security will change over a certain period of
time. In this example, states are defined using the Standard and P.oor’s. credit categories,
ranging from AAA to D (default). Using the methods of the present invention, the
indicatiire returns are calculated using historical data on the frequency of the occurrence
of these defined states. In this example, a transaction fee of 1% is charged against the .
aggregate amount invested in the group of DBAR contingent claims, which is assumed to
be $100 million. o

Table 3.1.7-1: Nlustrative Returns for Credit DBAR Contingent Claims
with 1% Transaction Fee

Current ~ | To New Historical Invested in State ($) Indicative Return to
Rating Rating Probability State

A- AAA 0.0016 160,000 617.75
A- AA+ 0.0004 40,000 2474.00
A- AA 0.0012 120,000 824.00
A- | AA- 0.003099 309,900 318.46
A- A+ 0.010897 1,089,700 89.85
A- A 0.087574 8,757,400 10.30
A- A- 0.772868 77,286,800 0.28
A- BBB+ 0.068979 6,897,900 13.35
A- BBB 0.03199 3,199,000 29.95
A- - BBB- 0.007398 739,800 132.82
A- | BB+ 0.002299 229,900 429.62
A- BB 0.004999 499,900 197.04
A- BB- 0.002299 229,900 420.62
A- B+ 0.002699 269,900 365.80
A- B 0.0004 40,000 2474.00
A- B- 0.0004 40,000 2474.00
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A- {feccc - | 1E-04 | 10,000 : " '9899.00
A- D | 0.0008 80,000 - 1236.50

In Table 3.1.7-1, the historical probabilities over the mutually exclusive and

‘collectively exhaustive states sum to unity. As demonstrated above in this specification,

in preferred embodiments, the transaction fee affects the probablhty unphed for each
state from the unit return for that state.

Actual trading is expected almost always to alter illustrative indicative returns
based on historical empirical data. This Example 3.1.7 indicates how efficiently groups
of DBAR contingent claims can be constructed for all traders or firms exposed to
particular credit risk in order to hedge that risk. For example, in this Example, if a trader
hes significant exposure to the A- rated bond issue described above, the trader could want
to hedge the event corresponding to a downgrade by Standard and Poor’s. For example,
this trader may be particularly concerned about a downgride corresponding to an issuer
default or “D” rating. The empirical probabilities suggest a payout of approximately
$1,237 for each dollar invested in that state. If this trader has $100,000,000 of the
corporate issue in his portfolio and a recovery of ratio of 0.3 can be expected in the event
of default, then, Iin order to h_edge $70,000,000 of default risk, the trader might invest in
the state encbmpassing a “D” outcome. To hedge the entlre amount of the default risk in
this example, the amount of the investment in this state should be $70,000,000/$1,237 or
$56,589. This represents approximately 5.66 basis points of the trader’s position size in

this bond (i.e., $56,589/$100,000,000 = .00056)] which probably repi'esents a reasonable

cost of credit insurance against default. Actual investments in this group of DBAR
contmgent claims could alter the return on the “D” event over time and additional
insurance might need to be purchased.
Example 3.1.8: Economic Statistics

Another advantage of the methods and .systems of the present invention is that
they allow market participants to hedge possible butcomesover events which cannot be
hedged directly in traditional derivatives markets. For example, traders often hedge
inflation risk by trading in bond futures or, where they exist, inflation-protected floating
rate bonds. A group of DBAR contingent claims can readily be constructed to allow
traders to express expectations about the distribution of uncertain economic statistics
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measuring, for example, the rate of inflation or other relevant variables. The following
information describes such a group of claims:
Economic Statistic:  United States Non-Farm Payrolls

Announcement Date: 5/31/99

Last Announcement Date: 4/30/99

Expiration: Announcement Date, 5/31/99
Trading Start Date:  5/1/99

Current Trading Period Start Date:  5/10/99
Current Trading Period End Date : 5/14/99

Current Date: : 5/11/99

Last Announcement: 128,156 (*000)
Source: Bureau of Labor Statistics

Consensus Estimate: 130,000 (+1.2 %)
Aggregate Amount Invested in Current Period: $100 million
Transaction Fee: . 2.0%of Aggregate Traded amount

Using methods and systems of the present invention, states can be defined and -
indicative returns can be _consiructed from, for example, consensus estimates among
economists for this index. These estimates can be expressed in absolute values or, as
illustrated, in Table 3.1.8-1 in percentage changes from the last observation as follows:

Table 3.1.8-1 Hlustrative Returns For Non-Farm Payrolls Release with 2% Transaction
Fee

% Chg. In Index | Investment In State | State Refurns | Implied State Probability

Swate (000} o

{-100,-5] 100 979 ' 0.001
(-5,3] 200 489 - .~ 0.002
(:3-1] ' 400 244 0004
(-1,-.5] 500 195 ' _0.005
(-5,0] 1000 ' 97 - 0.01
(0,51 2000 48 0.02

-77-



10

15

WO 01/08063 PCT/US00/19447
(.5,-7) 3000 | - 31.66667 0.03
(.7,.8) 4000 23.5 0.04
(8,91 5000 18.8 0.05
(.9,1.0] 10000 8.8 0.1
(1.0,1.1] 14000 - 6 0.14
(1.1,1.2] 22000 3.454545 0.22
(1.2,1.25} 18000 4.444444 0.18
(1.25,1.3] 9000 9.888889 0.09
(1.3,1.35] 6000 15.33333 0.06
(1.35,1.40] 3000 31.66667 0.03
(1.40,1.45) 200 489 —0.002 |
(1.45,1.5] 600 162.3333 0.006
(1.5,1.6] 400 244 0.004

-1 (1.6,1.7] 100 979 0.001
(1.7,1.8] 80 S 1224 | '0.0008
(1.8,1.9] 59 1660.017 0.00059
(1.9,2.0] 59 1660.017 0.00059
(2.0.2.1] 59 1660.017 0.00059
2.122] 59 1660.017 0.00059
(22.24] 59 1660.017 0.00059
(2.4,2.6] 59| . 1660.017 0.00059
(2.6,3.0] 59 1660.017 0.00059
(3.0, 0} 7 13999 0.00007

 As in examples, actual trading prior to the trading end datc would be éxpected to adjust

returns accbfding to fhe amounts invested in each state and the total amount invested for
all the states.
_ Example 3.1.9: Corporate Events
Corporate actions and announcements are further examples of events 6f economic

significance which are usually unhedgable or uninsurable in traditional markets but which
can be effectively struétured into groups of DBAR contingent claims according to the
present invention. Examples of such corporate events are earnings announcements,
which typically occur quarterly for publicly traded companies. Many data services, such
as IBES and FirstCall, currently publish estimates by analysts and a consensus estimate in
advance of quai'téﬂy earnings announcements. Such estimates can form the basis for
indicative opening returns at the commencement of trading as illustrated below. For this
example, a transaction fee of zero is assumed. |

Underlying security: IBM

Eamings Announcement Date: 7/21/99
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Expiration: = Announcement, 7/21/99

First Trading Period Start Date: 4/19/99

First Trading Period End Date 5/19/99

5 Current Trading Period Start Date:  7/6/99

Current Trading Period End Date: 7/9/99

Next Trading Period Start Date:  7/9/99

Next Trading Period End Date: 7/16/99

Total Amount Invested in Current Trading Period: $100 million

10 - Table 3.1.9-1: Tlustrative Returns For IBM Eamings Announcement

Earnings Invested in State Unit Returns Implied State Probability
Stated (‘000 $) . : -
(-,.5} 70 | 1,427.57 0.0007 |.
(:5,6] 360 | 276.78 0.0036
(-6, 65] 730 | 135.99 0.0073
(.65,.71 1450 67.97 0.0145
(.7,.74} 2180 44.87 0.0218
(.74,.78} 3630 26.55 - 0.0363
(.78,..8] 4360 21.94 0.0436
(.8,-82] 5820 16.18 0.0582
(-82,84] 7270 12.76 0.0727
(.84,.86] 8720 10.47 0.0872
(-86,.87] 10900 8.17 0.109
(.87,.88) 18170 4.50 0.1817
(.88,.89] 8720 10.47 0.0872
(.89,.91 7270 12.76 0.0727
(.9,.91} 5090 18.65 0.0509
(:91,.92] 3630 26.55 0.0363
(.92,93] 2910 33.36 0.0291
(.93,.95] 2180 44.87 0.0218
(.95,97] 1450 67.97 0.0145
(.97,.99] 1310 75.34 0.0131
(.99,1.1] 1160 85.21 0.0116
(1.1,1.3] 1020 97.04 0.0102
(1.3,1.5] 730 | 135.99 0.0073
(15,1.7) 360 | 276.78 0.0036
(1.7,1.91 220§ 453.55 0.0022 |
(1.9,2.1) 150 | 665.67 0.0015
(2.1,2.3] 70 | 1,427.57 0.0007
(2.3,2.5] 40 | 2,498.00 0.0004
(2.5, =} 30 | 3,332.33 0.0003
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Consistent with the consensus estimate, the state with the largest investment encompasses
the range (.87, .88]. '

Example 3.1.10: Real Assets

Another advantage of the methods and systems of the present invention is the
ability to structure liquid claims on illiquid underlying assets such a real estate. As
previously discussed, traditional derivatives markets customarily use a liquid underlying
market in order to function properly. With a group of DBAR contingent claims all that is
usually required is a real-world, observable event of economic significance. For
example, the creation of contingent claims tied to real assets has been attempted at some
financial institutions over the last several years. These efforts have not been credited
with an appreciable impact, apparently because of the primary liquidity constraints

inherent in the underlying real assets.

A group of DBAR contingent claims according to the preseni invention can be
constructed based on an observable event related to real estate. The relevant information
for an illustrative group of such claims is as follows: '

Real AssetIndex:  Colliers ABR Manhattan Office Rent Rates

" Bloomberg Ticker: COLAMANR

Update Frequency: Monthly

Source: | Colliers ABR, Inc.
Announcement Date: 7/31/99

Last Announcement Date: .6/30)99.

Last Index Value:  $45.39/sq. ft. _

Consensus Estimate: $45.50

Expiration: Announcement 7/31/99
Current Trading Period Start: 6/30/99
Current Trading Period End: 7/7/99

Next Trading Period Start 717199
Next Trading Period End 7/14/99
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For reasons of brevity, defined states and opening indicative or illustrative returns
resulting from amounts invested in the various states for this example are not shown, but
can be calculated or will emerge from actual trader investments according to the methods
of the present invention as illustrated in Examples 3.1.1-3.1.9.

' Example 3.1.11: Energy Supply Chain

A group of DBAR contingent claims can also be constructed using the methods
and systems of the present invention to provide hedging vehicles on non-tradable
quantities of great economic significance within the supply chain of a given industry. An
example of such an application is the number of oil rigs currently deployed in domestic
U.S. oil production. The rig count tends to be a slowly adjusting quantity which is
sensitive to energy prices. Thus, appropriately structured groups of DBAR contingent
claims based on rig counts could enable suppliers, producers and drillers to hedge
exposure to sudden changes in energy prices and could provide a valuable risk-sharing
device. _ ' ' _

For example, a group of DBAR contingent claims depending on the rig count
could be constructed according to the present invention using the following information
(e.g., data source, termination criteria, etc).

Asset Index: Baker Hughes Rig Count U.S. Total
Bloomberg Ticker: BAKETOT

Frequency: Weekly

Source: Baker Hughes, Inc.
Announcement Date: 7/16/99

Last Announcement Date:  7/9/99

Expiration Date: 716199
Trading Start Date: 7/9/99
Trading End Date: - 7/15/99
Last: 570
Consensus Estimate: 580

-81-




10

15

20

25

WO 01/08063 PCT/US00/19447

... . For reasons of brevity, defined states and opening indicative or illustrative returns

_resulting from amounts invested in the various states for this example are not shown, but

can be readily calculated or will emerge from actual trader investments according to the
methods of the present invention, as illustrated in Examples 3.1.1-3.1.9.
Example 3.1.12: Mortgage Prepayment Risk

Real estate mortgages comprise an extremely large fixed income asset class with
hundreds of billions in market capitalization. The mortgage market is generally
understood to be subject not only to interest rate risk but also to the risk that borrowers
will exercise options to refinance their mortgages or otherwise “prepay” their existing
mortgage loans. The owner of a mortgage security therefore bears the risk that he will be
“called” out of his position when the mortgage interest rate levels are declining. This risk
cannot readily be hedged directly in existing markets. This risk could, however be
hedged or insured with groups of DBAR contingent claims structured according to the

~ present invention. Such a group of contingent claims could, for example, be structured
~ based on the following information: -

Asset Index: - - FNMA Conventional 30 year One-Month
_ N Historical Aggregate Prepayments

Coupon: o . 6.5%

Frequency: - - - " Monthly

Source: Bloomberg

Announcement Date: 8/1/99

Last Announcemeﬁt Date:  7/1/99

Expiration: Announcement Date, 8/1/99
Current Trading Period Start Date:  7/1/99

Current Trading Period End Date: 7/9/99

Last: ' 303 Public Securities Association
Prepayment Speed (“PSA™)
Consensus Estimate: 310 PSA
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~ For reasons of brevity, defined states and opening indicative or illustrative returns
resulting from amounts invested in the various states for this example are not shown, but
can be readily calculated or will emerge from actual trader investments according to the
methods of the present invention, as illustrated in Examples 3.1.1-3.1.9.
Example 3.1.13: Insurance Industry I.oss Warranty (“TL. W™)

Groups of DBAR contingent claims can also be structured using the system and
methods of the present invention to provide insurance and reinsurance facilities for
property and casualty, life, health and other traditional lines of insurance. The following
information provides information to structure a group of DBAR contingent claims related
to large property losses from hurricane damage: S :

Event: PCS Eastern Excess $35 billion Index

Source: Property Claim Services (PCS)
Frequency: Monfhly
Announcement Date: 10/1/99

Last Announcement Date: 7/1/99

Last Index Value: No events
Consensus Estimate: $1 billion (claims excess of $5 billion)
Expiration: Announcement Date, 10/1/99

Trading Period Start Date: ~ 7/1/99
Trading Period End Date:  9/30/99 _

For reasons of brevity, defined states and opening indicative or illustrative returns
resulting from amounts invested in the various states for this example are not shown, but
can be readily calculated or will emerge from actual trader investments according to the
methods of the present invention, as illustrated in Examples 3.1.1-3.1.9.

In preferred embodiments of groups of DBAR contingent claims related to
property-casualty catastrophe losses, the frequency of claims and the distributions of the
severity of losses are assunied and convolutions are performed in order to post indicative
returns over the distribution of defined states. This can be done, for example, using
compound ﬁ‘équency—se\ierity models, such as the Poisson-Paréto model, familiar to
those of skill in the art, which predict, with greater probability than a normal distribution,
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that losses will be extreme. As indicated previously, in preferred embodiments market -
activity is expected to alter the posted indicative returns, which serve as informative -

- levels at the commencement of trading.

Example 3.1.14: Conditional Events

As discussed above, advantage of the systems and methods of the present
invention is the ability to construct groups of DBAR cohtin‘gent claims related to events
of economic significance for which there is great interest in insurance and hedging, but
which are not readily hedged or insured in traditional capital and insurance markets.
Another example of such an event is one that occurs only when some related event has
previously occurred. For purposes of illustration, these two events may be denoted A and
B. |

. _q9(AnB)
A=

where g denotes the probability of a state, g{4|B) represents the conditional probability
of state A given the prior occurrence of state and B, and g(4 N B) represents the .
occurrence of both states A and B. | |

For example, a group of DBAR contingent claims may be constructed to combine
elements of “key person” insurance and the performance of the stock price of the .
company managed by the key person. Many firms are managed by people whom capital
markets perceive as mdlspensable or particularly i important, such as Warren Buffett of
Berkshire Hathaway. The holders of Berkshire Hathaway stock have no ready way of
insuring against the sudden change in managemeﬁt of Berkslnre, either due to a corporate
action such as a takeover or to the death or d1sab111ty of Warren Buffett. A group of
conditional DBAR contingent claims can be constructed acoordmg to the present
invention where the defined states reflect the stock price of Berkshire Hathaway
conditional on Warren Buffet’s leaving the firm’s management. 'Other. conditional
DBAR contingent claims that could attract significant amounts for investment can be

- constructed usiﬁg the methods and systems of the present invention, as apparent to one of

skill inthe art.
Example 3.1.15: Securitization Using a DBAR Contingent Claim Mechanism
The systems and methods of the present invention can also be adapted by a
financial intermediary or issuer for the issuance of securities such as bonds, common or
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preferred stock, or other types of financial instruments. The process of creating new
opportunities for hedging underlying events through the creation of new securities is
known as “securitization.” Well-known examples of securitization include the mortgage
and asset-backed securities markets, in which portfolios of financial risk are aggregated
and then recombined into new sources of financial risk. The systems and methods of the
present invention can be used within the securitization process by creating securities, or
portfolios of securities, whose risk, in whole or part, is tied to an associated or embedded
group of DBAR contingent claims. In a preferred embodiment, a group of DBAR
contingent claims is associated with a security much like options are currently associated
with bonds in order to create callable and putable bonds in the traditional markets.

This example illustrates how a group of DBAR contingent claims according to the
present invention can be tied to the issuance of a security in order to share risk associated
with an identified future event among the security holders. In this example, the security
is a fixed income bond with an embedded group of DBAR contingent claims whose value
depends on the possible values for hurricane losses over some time period for some:
geographic region.

Issuer: Tokyo Fire and Marine

Underwriter: Goldman Sachs o
DBAR Event: Total Losses on a Saffir-Simpson Category 4 Hurricane
Geographic: Property Claims Services Eastern North America

Date: 7/1/99-11/1/99

Size of Issue: 500 million USD.

Issue Date: 6/1/99.

DBAR Trading Period: 6/1/99-7/1/99

In this example, the underwriter Goldman Sachs issues the bond, and holders of
the issued bond put bond principal at risk over the entire distribution of amounts of
Category 4 losses for the event. Ranges of possible losses comprise the defined states for
the embedded group of DBAR contingent claims. In a preferred embodiment, the
underwriter is responsible for updating the returns to investments in the various states,
monitoring credit risk, and clearing and settling, and validating the amount of the losses.
When the event is determined and uncertainty is resolved, Goldman is “put” or collects
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the bond principal at risk from the méuccessﬁd investments and allocates these amounts

“to the successful investments. The mechanism in this illustration thus includes:

(1) An underwriter or intermediary which implements the mechanism, and
(2) A group of DBAR contingent claims directly tied to a security or issue
(such as the catastrophe bond above).

For reasons of brevity, defined states and opening indicative or illustrative returns
resulting from amounts invested in the various states for this example are not shown, but
can be readily calculated or will emerge from actual trader investments according to the
methods of the present invention, as illustrated in Examples 3.1.1-3.1.9.

_ Example 3.1.16: Exotic Derivatives

The securities and derivatives communities frequently use the term “exotic
derivatives” to refer to derivatives whose values are linked to a security, asset, financial
product or source of financial risk in a more complicated fashion than traditional
derivatives such as futures, call options, and convertible bonds. Examples of exotic
derivatives include American options, Asian options, barrier options, Bermﬁdan options,
chooser and compound options, binary or digital options, lookback options, automatic
and flexible caps and floors, and shout options. |

Many types of exotic options are currently traded. For example, barrier options
are rights to purchase an underlying financial product, such as a quantity of foreign
currency, for a specified rate or price, but only if, for example, the underlying exchange
rate crosses or does not cross one or more defined rates or “barriers.” For example, a
dollar call/yen put on the dollar/yen exchange rate, expiring in three months with strike
price 110 and “knock-out” barrier of 105, entitles the holder to purchase a quantity of
dollars at 110 yen per dollar, but only if the exchange rate did not fall below 105 at any
point during the three month duration of the option. Another example of a commonty
traded exotic derivative, an Asian option, depends on the average value of the underlying
security over some time period. Thus, a class of exotic derivatives is commonly referred
to as “path-dependent” derivatives, such as barrier and Asian options, since their values
depend not only on the value of the underlying financial product at a given date, but on a
history of the value or state of the underlying financial product.

The properties and features of exotic derivatives are often so complex so as to
present a significant source of “model risk” or the risk that the tools, or the assumptions
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upon which they are based, will lead to significant errors in pricing and hedging.
Accordingly, derivatives traders and risk managers often employ sophisticated analytical
tools to trade, hedge, and manage the risk of exotic derivatives.

One of the advanfages of ihe systems and methods of the present invention is the
ability to construct groups of DBAR contingent claims with exotic features which are
more manageable and transparent than traditional exotic derivatives. For example, a
trader might be solely interested in the earliest time the yen/dollar exchange rate crosses
95 over the next three months. A traditional barrier option, or portfolio of such exotic
options, might suffice to approximate the source of risk of interest to this trader. A group
of DBAR contingent claims, in contrast, can be constructed to isolate this risk and present
relatively transparent opportunities for hedging. A risk to be isolated is the distribution of
possible outcomes for what barrier derivatives traders term the “first passage time,” or, in
this example, the first time that the yen/dollar exchange rate crosses 95 over the next
three months. )

The following illustration shows how such a group of DBAR contingent claims

can be constructed to address this risk. In this example, it is assumed that all traders in

the group of claims agree that the underlying exchange rate is lognormally distributed.
This group of claims illustrates how traders would invest in statés and thus express
opinions regarding whether and when the forward yen/dollar exchange rate will cross a
given barrier over the next 3 months: _ , : _
Underlying Risk: Japanese/U.S. Dollar Yen Exchange Rate

Current Date: 9/15/99
'Expiration: Forward Rate First Passage Time, as defined,

between
| 9699 to 12/16/99
Trading Start Date: 95199
Trading End Date:  9/16/99
Barrier: 95
Spot JPY/USD: _ _ 104.68

Forward JPY/USD 103.268
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- .- Assumed ([llustrative) Market Volatility: 20% annualized

Aggregate Traded Amount: 10 million USD
Table 3.1.16-1: First Passage Txme for Yen/Dollar l2l 1 6/99 Forward Exchange Rate

Time in Year Fractions Investedetate(‘OOO) Return Per Unit if State Occurs
0,.005] - 3 229.7379 42.52786
(.005, .01] - . 848.9024 | 10.77992
(.01, .015] _ 813.8007 11.28802
'} (015, .02) " ' _663.2165 ' 14.07803
(02, .025] - ' 536.3282 ' 17.6453
1(:025.03]  440.5172 . 21.70059
(.03,.035] ' 368.4647 . 26.13964
4 (.035,.04] - 313.3813 __30.91
1(.04,.045] ' _ 270.4207 35.97942
(.045,.05] ' - 236.2651 ' _ 41.32534
(.05,.075] . ~ 850.2595 | 10.76112
{ (075,1] 540.0654 : 17.51627
(.1,.125] 381.3604 | 25.22191
(.125,15] 287.6032 |- 33.77013
] ¢15,.175). _ 226.8385 | - 43.08423
(175,21 184.8238 53.10558
(2,225} - ' 154.3511 _  63.78734
(.225,25] - - 131.4217 | 75.09094
Did Not Hit Barrier 2522.242 2.964727

As with other examples, and in preferred embodiments, actual trading will likely
generate traded amounts and therefore returns that depart from the assumptions used to
compute the illustrative returns for each state.

Example 3.1.17; Hedging Markets for Real Goods, :_:Commodities and Services

Investment and capital budgeting choices faced by firms typically involve
inherent economic risk (e.g., future demand for semiconductors), large capital
investments (e.g., semiconductor fabrication capacity) and ummg (e.g., adecision to
investina plﬁnt now, or defer for some period.of time). Many economists who study
such decisions under uncertainty have recognized that such choices involve what they
term “real options.” This characterization indicates that tl;xe choice to invest now or to
defer an investment in goods or services or 2 plant, for exémple, in the face of changing
uncertainty and information, frequently entails risks similar to those encountered by
traders who have invested in options which provide the opportunity to buy or sell an
underlying asset in the capital markets. Many'econdmists’ and investors recognize the
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importance of real options in capital budgeting decisions and of setting up markets to
better manage their uncertainty and value. Natural resource and extractive industries,
such as petroleum exploration and production, as well as industries requiring large capital
investmexits such as technology manufacturing, are prime examples of industries where
real options analysis is increasingly used and valued. _

Groups of DBAR contingent claims according to the present invention can be
used by firms or firms within a given industry to better analyze capital budgeting
decisions, including those involving real options. For example, a group of DBAR
contingent claims can be established which provides hedging opportunities over the
distribution of future semiconductor prices. Such a group of claims would allow
producers of semiconductors to better hedge their capital budgeting decisions and provide

| information as to the market’s expectation of future prices over the entire distribution of

possible price outcomes. This information about the market's expectation of future prices
~could then also be used in the real options context in order to better evaluate capital
budgeting decisions. Similarly, computer manufacturess could use such groups of DBAR
contingent claims to hedge against adverse semiconductor price changes.

Information providing the basis for constructing an illustrative group of DBAR
contingent claims on semiconductor prices is as follows:

Underlying Event: Semiconductor Monthly Sales

Index: Semiconductor Industry Association Monthly Global Sales -
Release

Current Date: 9/15/99

Last Release Date: 9/2/99

Last Release Month: July, 1999

Last Release Value: 11.55 Billion, USD
' Next Release Date:  Approx. 10/1/99

Next Release Month: August 1999

Trading Start Date:  9/2/99

Trading End Date: ~ 9/30/99
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For reasons of brevity, defined states and opening indicative or illustrative returns
remﬂﬁngfhxnannnnnshnmsmﬂinthevaﬁousstﬂeSﬁ&rﬂﬁsexanqﬂeananotﬂuwwgtnn
can be readily calculated or will emerge from actual trader'investments according to the
methods of the present invention, as illustrated in previous examples.

Groups of DBAR contingent claims according to thie present invention can also be
used to hedge arbitrary sources of risk due to price dxscovery processes. For example,
firms involved in competmve bidding for goods or services, ‘whether by sealed bid or
open bid auctions, can hedge their investments and other capltal expended in preparing
the bid by investing in states of a group of DBAR contingent claims comprising ranges of
mutually exclusive and collectively exhaustive auction bids. In this way, the group of
DBAR contingent claim serves as a kind of “meta-auction,” and allows those who will be
participating in the auction to invest in the distribution of pessible auction outcomes,
rather than simply waiting for the single outcome representing the auction result.
Auction participants could thus hedge themselves against adverse auction developments
and outcomes, and, importantly, have access to the entire probhbility distribution of bids
(at least at one point in time) before submitting a bid into the real auction. Thus, a group
of DBAR claims could be used to provide market data over the entire distribution of
possible bids. Preferred embodiments of the present invention thus can help avoid the so-
called Winner’s Curse phenomenon known to ecbnomists, whereby auction participants
fail rationally to take account of the information on the likely bids of their auction '
competitors.

Example 3.1.18: DBAR Hedging

Another feature of the systems and methods of the present invention is the relative
ease with which traders can hedge risky exposui'es. In the following example, it is
assumed that a group of DBAR contingent claims has two states (state 1 and state 2, or s;
or sz, and amounts T;, and T, are invested in state 1 and state 2, respectively. The unit
payout m; for state 1 is therefore T>/T; and for state 2 it is Ti/T>. If a trader then invests
amount o in state 1, and state 1 then occurs, the trader in this example would receive the
following payouts, P, indexed by the appropriate state eubscripts:

T,

P = * ———-i-.l.
1 a, (Tl+al )
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If state 2 occurs the trader would receive -

P,=0
If, at some point during the trading period, the trader desires to hedge his exposure, the
investment in state 2 to do so is calculated as follows:

a, = a, *T,
Tl
This is found by equating the state payouts with the proposed hedge trade, as follows:
T, +a T, +a '
Pi=a,;*(=22%24+1)= P, =a,* (121 41
1 a, '(Tl‘*'a: ) 2 = &, (T,+a2' )

Compared to the calculation required to hedge traditional derivatives, these
expressions show that, in appropriate groups of DBAR contingent claims of the present
invention, calculating and implementing hedges can be relatively straightforward.

The hedge ratio, o, just computed for a simple two state example can be adapted
to a group of DBAR contingent claims which is defined over more than two states. Ina
preferred embodiment of a group of DBAR contingent claims, the existing investments in
states to be hedged can be distinguished from the states on which a future hedge

‘investment is to be made. The latter states can be cailed the “complement” states, since
they comprise all the states that can occur other than those in which investment bya
trader has already been made, i.e., they are complementary to the invested states. A
multi-state hedge in a preferred embodiment includes two steps: (1) determining the
amount of the hedge investment in the complement states and (2) given the amount so
determined, allocating the amount among the complement states. The amount of the
hedge investment in the complement states pursuant to the first step is calculated as :
where o is amount of the hedge investment in the complement states, oy is the amount
of the existing investment in the states to be hedged, Tc s the existing amount invested in
the complement states, and Ty is the amount invested the states to be hedged, exclusive
of a,, . The second step involves allocating the hedge investment among the complement

| states, which can be done by allocating o, ém_ong the complement states in proportibn to

the existing amounts already invested in each of those states.
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An example of a four state group of DBAR contingent claims according to the
present invention illustrates this two-step hedging process. For purposes of this example,
the following assumptions are made: (i) there are four states, numbered 1 through 4,
respectively; (ii) $50, $80, $70 and $40 is invested in each state, (iii) a trader has
previously placed a multi-state investment in the amount of $10 (&, as defined above)
for states 1 and 2; and (iv) the allocation of this multi-state investment in states 1 and 2 is
$3.8462 and $6.15385, respectively. The amounts invested in each state, excluding the
trader’s invested amounts, are therefore $46.1538, $73.84615, $70, and $40 for states 1
through 4, respectively. It is noted that the amount invested in the states to be hedged,
i.e., states 1 and 2, exclusive of the multi-state investment of $10, is the quantity Ty as
defined above.

The first step in a preferred embodiment of the two-step hedging process is to
compute the amount of the hedge investment to be made in the complement states. As
derived above, the amount of the new hedge investment is equal to the amount of the
existing investment multiplied by the ratio of the amount invested in the complement
states to the amount invested in the states to be hedged excluding the trader’s existing
trades, i.e., $10*($70+840)/(346.1538+373.84615) = $9.16667. The second step in this
process is to allocate this amount between the two complement states, i.e., states 3 and 4.

Following the procedures discussed above for allocating multi-state investments,
the complement state allocation is accomplished by allocating the hedge investment
amount — $9.16667 in this example -- in proportion to the existing amount previously
invested in the complement states, i.e., $9.16667*$70/$110= $5.83333 for state 3 and
$9.16667*$40/$110=$3.3333 for state 4. Thus, in this example, the trader now has the
following amounts invested in states 1 through 4: ($3.8462, $6.15385, $5.8333, $3.3333); -
the total amount invested in each of the four states is $50, $80, $75.83333, and
$43.3333); and the returns for each of the four states, based on the total amount invested
in each of the four states, would be, respeéﬁvely, (3.98333, 2.1146, 2.2857, and 4.75). In
this example, if state 1 occurs the trader will receive a payout, including the amount
invested in state 1, of 3.98333*$3.8462+$3.8462=$19.1667 which is equal to the sum
invested, so the trader is fully hedged against the occurrence of state 1. Calculations for
the other states yield the same results, so that the trader in this example would be fully
hedged irrespective of which state occurs. | ' '
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As returns can be expected to change throughout the trading period, the trader
would correspondingly need to rebalance both the amount of his hedge investment for the
complement states as well as the multi-state allocation among the complement states. In
a preferred embodiment, a DBAR contingent claim exchange can be responsibie for
reallocating multi-state trades via a suspense account, for example, so the trader can

assign the duty of reatlocating the multi-state investment to the exchange. Similarly, the

trader can also assign to an exchange the responsibility of determining the amount of the
hedge investment in the complement states especially as returns change as a resnit of
trading. The calculation and allocation of this amount can be done by the exchange in a
similar fashion to the way the exchange reallocates multi-state trades to constituent states
.as investment amounts change. _ .
. Example 3.1.19: Quasi-Continuous Trading

Preferred embodiments of the systems and methods of the present invention
include a trading period during which returns adjust among defined states for a group of
DBAR contingent claims, and a later observation period during which the outcome is
ascertained for the event on which the group of claims is based. In preferred
embodiments, returns are allocated to the occurrence of a state based on the final
distribution of amounts invested over all the states at the end of the trading period. Thus,
in each embodiments a trader will not know his returns to a given state with certainty
until the end of a given trading period. The changes in returns or “price discovery” which
occur during the trading period prior to “locking-in” the final returns may provide useful
information as to trader expectations regarding finalized outcomes, even though they are
only indications as to what the final returns are going to be. Thus, in some preferred
embodiments, a trader may not be able to realize profits or losses during the trading
period. The hedging illustration of Example 3.1.18, for instance, provides an example of
risk reduction but not of locking-in or realizing profit and loss.

_ | . In other 'preferred embodiments, a quasi-continuous market for trading in a group
of DBAR contingent claims may be created. In preferred embodiments, a plurality of
fecurring trading periods may provide traders with nearly continuous opportunities to
realize profit and loss. In one such embodiment, the end of one trading period is
immediately followed by the opening of a new trading period, and the final invested
amount and state returns for a prior trading period are "locked in" as that period ends, and
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are allocated accordingly when the outcome of the relevant event is later known. As a
new trading period begins on the group of DBAR contingent claims related to the same
underlying event, a new distribution of invested amounts for states can emerge along with
a corresponding new distribution of state returns. In such embodiments, as the successive
trading perfods are made to open and close more frequently, a quasi-continuous market
can be obtained, enabling traders to hedge and realize profit and loss as frequently as they
currently do in the traditional markets. - |
An example illustrates how this feature of the present invention may be

implemented. The example illustrates the hedging of a European digital call option on
- the yen/dollar exchange rate (a traditional market option) over a two day period during
which the underlying exchange rate changes by one yen per dollar. In this example, two

trading periods are assumed for the group of DBAR contingent claims

Traditional Option:
- Payout of Option:

- Underlying Index:

- Option Start: -
Option Expiration:
Assumed Volatility:
Strike Price:-
Notional:

European Digital Option
- Pays 100 million USD if exchange rate equals or exceeds

strike price at maturity

Yen/dollar exchange rate

8/12/99

-~ 8/15/00

20% annualized
120
100 million USD

In this example, two dates are analyzed, 8/12/99 and 8/13/99:
Table 3.1.19-1: Change in Traditional Digital Call Option Value Over

Two Days -
Qbservation Date 8/12/99 8/13/99
Spot Settlement Date 8/16/99 8/17/99
Spot Price for Settlement Date 115.55 116.55
Forward Settlement Date 8/15/00 8/15/00
Forward Price 109.217107 110.1779
" Option Premium 29.8137% of Notional

28.333% of Notional

- Table 3.1.19-1 shows how the digital call option struck at 120 could, as an
example, change in value with an underlying change in the yen/dollar exchange rate. The
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second column shows that the option is worth 28.333% or $28.333 million on a $100
million notional on 8/12/99 when the underlying exchange rate is 115.55. The third
column shows that the value of the option, which pays $100 million should dollar yen
equal or exceed 120 at the expiration date, increases to 29.8137% or $29.8137 million per
$100 million when the underlying exchange rate has increased by 1 yen to 116.55. Thus,
the traditional digital call opﬁon generates a profit of $29.81377-$28.333 = §1.48077
million. _ . _ ,

This example shows how this profit also could be realized in trading in a group of
DBAR contingent claims with two successive trading periods. It is also assumed for
pmposes of this example that there are sufficient amounts invested, or liquidity, in both
states such that the particular trader’s.investment does not materially affect the returns to
each state. This is a convenient but not necessary assumption that atlows the trader to
take the returns to each state “as given” without concern as to how his investment will
affect the closing returns for a given trading period. Using information from Table

3.1.19-1, the following closing returns for each state can be derived:

Trading Period 1:
Current trading period end date: ~ 8/12/99
Underlying Event:  Closing level of yen/dollar exchange rate for
' 8/15/00 settlement, 4 pm EDT
Spot Price for 8/16/99 Settlement:  115.55

State | JPY/USD <120 for 8/15/00 JPY/USD 2 120 for 8/15/00
Closing Returns 0.39533 ' 2.5295

For purposes of this example, it is assumed that an illustrative trader has $28.333
million invested in the state that the yen/dollar exchange rate equals or exceeds 120 for
8/15/00 settlement.

Trading Period 2:
Current trading period end date: ' 8/13/99
Underlying Event:  Closing level of dollar/yen exchange rate for
8/15/00 settlement, 4 pm EDT
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‘Spot Price for 8/17/99 Settlement: - 116.55 -
State JPY/USD <120 for 8/15/00 "JPY/USD > 120 for 8/15/00
Closing State Retumns 424773 23542

For purposes of this example, it is also assumed that the illustrative trader hasa
$70.18755 million hedging investment in the state that the yen/dollar exchange rate is
less than 120 for 8/15/00 settlement. It is noted that, for the second period, the closing
returns are lower for the state that the exchange equals or exceeds 120. Thisis due to the
change represented in Table 3.1.19-1 reflecting an assumed change in the underlying
market, which would make that state more likely : |

The trader now has an investment in each tradmg penod and has locked ina proﬁt
of $1.4807 million, as shown below:

State

JPY/USD <120 for 8/15/00

JPY/USD > 120 for 8/15/00

Profit and Loss {000.000)

$70.18755*.424773- $28.333=51.48077

$-70.18755+28.333*$2.5295=51.48077

The illustrative trader in this example has therefore been able to lock-m or realize
the proﬁt no matter which state finally occurs. This profit i is identical to the profit
realized in  the tradmonal d1g1ta1 option, illustrating that systems and methods of the
present invention can be used to provrde at least darly if not more frequent realization of
profits and losses, or that nsks can be hedged in virtually real time.

In preferred embodiments, a quasr-contmuous time hedge can be accomphshed in
general, by the following hedge investment, assuming the effect of the size of the hedge
trade does not materially eﬂ'ect the returns:

1+,
l+rr+l

H=a,*

where re=  closing returns a state in which an investment was originally made

attimet

o= amount originally invested in the state at time t
°w:= closing returns at time t+1 to state or states other than the state in
which the original investment was made (i.e., the so-called
| ~ complement states which are all states other than the state or states
originally traded which are to be hedged)
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H:=  the amount of the hedge investment
- IfHistobe invested in more than one state, then a multi-state allocation among
the constituent states can be performed using the methods and procedures described
above. This expression for H allows investors in DBAR contingent claims to calculate
the investment amounts for hedging transactions. In the traditional markets, such
calculations are often complex and quite difficult.
Example 3.1.20: Value Units For Investments and Pavouts

As previously discussed in this specification, the units of investments and payouts
used in embodiments of the present invention can be any unit of economic value
recognized by investors, including, for example, currencies, commodities, number of
shares, quantities of indices, amounts of swap transactions, or amounts of real estate. The
invested amounts and payouts need not be in the same units and can comprise a group or
combination of such units, for example 25% gold, 25% barrels of oil, and 50% Japanese
Yen. The previous examples in this specification have generally used U.S. dollars as the
value units for investments and payouts. -

This Example 3.1.20 illustrates a group of DBAR contingent claims fora
common stock in which the invested units and payouts are defined in quantities of shares.
For this example, the terms and conditions of Example 3.1.1 are generally used for the
group of contingent claims on MSFT common stock, except for purposes of brevity, only
three states are presented in this Example 3.1.20: (0,83], (83, 88], and (88,:0]. Alsoin
this Example 3.1.20, invested amounts are in numbers of shares for each state and the
exchange makes the conversion for the trader at the market price prevailing at the time of
the investment. In this example, payouts are made according to a canonical DRF in
which a trader receives a quantity of shares equal to the number of shares invested in
states that did not occur, in proportion to the ratio of number of shares the trader has
invested in the state that did occur, divided by the total number of shares invested in that
state. An indicative distribution of trader demand in units of number of shares is shown
below, assuming that the total traded amount is 100,000 shares:

Amount Traded in Number of Return Per Share if State Occurs
State Share Unit Returns in Number of
.| Shares a
{0,83] 17,803 4,617
'(83,88] 72,725 .37504
(88,0] 9,472 ' 9.5574
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If, for instance, MSFT.closes at 91 at expiration, then in this-example the third
state has occurred, and a trader who had previously invested 10 shares in that state would
receive a payout of 10%9.5574 + 10 = 105.574 shares which includes the trader’s original
investment. - Traders who had previously invested in the other two states would lose all of
their shares upon application of the canonical DRF of this example.

An important feature of investing in value units other than units of currency is that
the magnitude of the observed outcome may well be relevént, as well as the state that
occurs based on that outcome. For example, if the investments in this example were

- made in dollars, the trader who has a dollar invested in state (88,00] would not care, at
least in theory, whether the final price of MSFT at the close of the observation period

were 89 or 500. However, if the value units are numbers of shares of stock, then the
magnitude of the final outcome does matter, since the trader receives as a payout a
number of shares which can be converted to more dollars at a higher outcome price of
$91 per share. For instance, for a payout of 105.574 shares, these shares are worth
105.574*$91 = $9,607.23 at the outcome price. Had the outcome price been $125, these
shares would have been worth 105.574*125="$13,196.75.
- A group of DBAR contingent claims using value units of commodity having a
price can therefore possess additional features compared to groups of DBAR contingent
claims that offer fixed payouts for a state, regardless of the magnitude of the outcome
within that state. - These features may prove useful in constructing groups of DBAR
contingent claims which are able to readily provide risk and return profiles similar to
those provided by traditional derivatives. For.example, the group of DBAR contingent
claims described in this example could be of great interest to traders who transact in
traditional derivatives known as “asset-or-nothing digital options™ and “supershares
options.”

- Example 3.1.21: Replication of An Arbitrary Payout Distribution

An advantage of the systems and methods of the present invention is that, in -
preferred embodiments, traders can generate an arbitrary distribution of payouts across
the distribution of defined states for a group of DBAR contingent claims. The ability to
geﬁerate a customlzed payout distribution may be important to traders, since they may
desire to replicate contingent claims payouts that are commonly found in traditional
markets, such as those corresponding to long positions in siocks, short positions in bonds,
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short options positions in foreign exchange, and long option straddle positions, to cite just
a few examples. In addition, preferred embodiments of the present invention may enable
replicated distributions of payouts which can only be generated with difficulty and
expense in traditional markets, such as the distribution of payouts for a long position in a
stock that is subject to being “stopped out” by having a market-maker sell the stock when
it reaches a certain price below the market price. Such stop-loss orders are notoriously
difficult to execute in traditional markets, and traders are frequently not guaranteed that
the execution will occur exactly at the pre-specified price.

In preferred embodiments, and as discussed above, the generation and replication
of arbitrary payout distributions across a given distribution of states for a group of DBAR
contingent claims may be achieved through the use of multi-state investments. In such

- embodiments, before making an investment, traders can specify a desired payout for each

state or some of the states in a given distribution of states. These payouts form a
distribution of desired payouts across the distribution of states for the group of DBAR
contingent claims. In preferred embodiments, the distribution of desired payouts may be
stored by an exchange, which may also calculate, given an existing distribution of
investments across the distribution of states, (1) the total amount required to be invested
to achieve the desired payout distribution; (2) the states into which the investment is to -
allocated; and (3) how much is to be invested in each state so that the desired payout
distribution can be achieved. In preferred embodiments, this multi-state investment is
entered into a suspense account maintained by the exchange, which reallocates the
investment among the states as the amounts invested change across the distribution of
states. In preferred embodiments, as discussed above, a final allocation is made at the
end of the trading period when returns are finalized.

The discussion in this specification of multi-state investments has included
examples in which it has been assumed that an illustrative trader desires a payout which
is the same no matter which state occurs among the constituent states of a multi-state
investment. To achieve this result, in preferred embodiments the amount invested by the
trader in the mulfi-state investment can be allocated to the constituent state in proportion
to the amounts that have otherwise been invested in the respective constituent states. In
preféned embodiments, these investments are reallocated using the same procedure
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throughout the trading period as the relative proportion of amounts invested in the -
constituent states changes.
In other preferred embodiments, a trader may make a multi-state investment in

- which the multi-state allocation is not intended to generate the same payout irrespective

of which state among the constituent state occurs. Rather, in such embodiments, the

~ multi-state investment may be intended to generate a payout distribution which matches

some other desired payout distribution of the trader across the distribution of states.
Thus, the systems and methods of the present invention do not require amounts invested -
in multi-state investments to be allocated in proportion of the amounts otherwise invested
in the constituent states of the multi-statement investment. -

Notation previously developed in this specification is used.to describe a preferred
embodiment of a method by which replication of an arbitrary distribution of payouts ~cu:an
be achieved for a group of DBAR contingent claims accordmg to the present invention.
The following additional notation, is also used: :

A;+ - denotes the i-th row of the matrix A containing the invested amounts by

trader i for each of the n states of the group of DBAR contingent claims
In preferred embodiments, the allocation of amounts invested in all the states which.

. achieves the desired payouts across the distribution of states.can be calculated using, for

example, the computer code listing in Table 1 (or functional equivalents known to one of
skill in the art), or, in the case where a trader’s multi-state investment is small relative to
the total investments already made in the group of DBAR contingent claims, the
following approximation:

AL=TI"*PT |
where the -1 snperscnpt on the matrix JT denotes a matrix inverse operatlon Thus, in
these embodiments, amounts to be invested to produce an arbitrary distribution payouts
can approximately be found by multiplying (s) the inverse of a diagonal matrix with the
unit payouts fdr each state on the diagonal (where the unit payouts are determined from
the amounts mvested at any glven time in the trading period) and (b) a vector containing
the trader s desired payouts. The equation above shows that the amounts to be invested
in order to produce a desired payout distribution are a function of the desired payout
distribution itself (P;») and the amounts otherwise invested across the distribution of

states (which are used to form the matrix IT, which contains the payouts per unit along its
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diagonals and zeroes along the off-diagonals). Therefore, in preferred embodiments, the
allocation of the amounts to be invested in each state will change if either the desired
payouts change or if the amounts otherwise invested across the distribution change. As
the amounts otherwise invested in various states can be expected to change during the
course of a trading period, in preferred embodiments a suspense account is used to
reallocate the invested amounts, A;», in response to these changes, as described
previously. In preferred embodiments, at the end of the trading period a final allocation
is made using the amounts otherwise invested across the distribution of states. The final
allocation can typically be performed using the iterative quadratic solution techniques
embodied in the computer code listing in Table 1. |

- Example 3.1.21 illustrates a methodology for generating an arbitrary payout
distribution, using the event, termination criteria, the defined states, trading period and
other relevant information, as appropriate, from Example 3.1.1, and assuming that the
desired multi-state investment is small in relation to the total amount of investments
already made. In Example 3.1.1 above, illustrative investments are shown across the
distribution of states representing possible closing prices for MSFT stock on the
expiration date of 8/19/99. In that example; the distribution of investment is illustrated
for 8/18/99, one day prior to expiration, and the price of MSFT on this date is given as
85. For purposes of this Example 3.1.21, it is assumed that a trader would like to invest
in a'group of DBAR contingent claims according to the present invention in a way that
approximately replicates the profits and losses that would result from owning one share
of MSFT (i.e., a relatively small amount) between the prices of 80 and 90. In other
words, it is assumed that the trader would like to replicate a traditional long position in
MSFT with the restrictions that a sell order is to be executed when MSFT reaches 80 or
90. Thus, for example, if MSFT closes at 87 on 8/19/99 the trader would expect to have
$2 of profit from appropriate investments in a group of DBAR contingent claims. Using
the defined states identified in Example 3.1.1, this profit would be approximate since the

states are defined to include a range of discrete possible closing prices.

In preferi'ed embodiments, an investment in a state receives the same return
regardless of the actual outcome within the state. It is therefore assumed for purposes of
this Example 3.1.21 that a trader would accej)t an appropriate replication of the traditional
profit and'loss from a traditional position, subject to orily “discretization” error. For
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purposes of this Example 3.1.21, and in preferred embodiments, it is assumed that the

profit and loss corresponding to an actual outcome within a state is determined with-

reference to the price which falls exactly in between the upper and lower bounds of the
state as measured in units of probability, i.e., the “state average.” For this Example
3.1.21, the following desired payouts can be calculated for each of the states the amounts
to be invested in each state and the resulting investment amounts to achieve those

payouts:
Table 3.1.21-1

States State Average ($) Desired Payout (§) { Investment Which
Generates Desired
Payout ($)
{0,807 . NA : 80 0.837258
(80,80.5) . 80.33673 80.33673 0.699493
(80.5,81] 80.83349 80.83349 1.14091
(81,81.5] - - : §1.33029 81.33029  1.755077
(81.5,82] } 81.82712 81.82712 . 2.549131
(82,82.5] 82.32401 82.32401 3.498683
(82.5,83] . 82.82094 82.82084 4.543112
(83,83.5] . . 83.31792 - 83.31792 5.588056
(83.5,84] ___83.81486 83.81496 6.512429 |
(84,84.5] 84.31204 84.31204 7.206157 |
(84.5,85] 84.80918 _84.80918 7.572248
(85,85.5] . _ 85.30638 | 85.30638 - 7.555924
(85.5,86] | 85.80363 85.80363 7.18022 |
(86,86.5] 86.30094 | - 86.30094 | 6.403675
(86.5,87) 86.7983 86.7983 . 5.50628
(87,87.5] - 87.29572 87.29572 4.599353
| (87.5,88] 87.7932 87.7932 | 3611403
(88,88.5] 88.29074 88.20074 2.708645
(88.5,89] 88.78834 88.78834 1.939457
(89,89.5] 89.28599 80.28509 | 1.330046
(89.5,90] - 80.7837 89.7837 0.873212 |
(90,] NA 90 1.2795

The far right column of Table 3.1.21-1 is the result of the matrix computation described
above. The payouts used to construct the matrix T for tﬁis Exarhble 3.1.21 are one plus
the returns shown in Example 3.1.1 for each state. -
 Pertinently the systems and methods of the present invention be use_d to achieve
almost any arbitrary payout or return profile, e.g., a long pbsition, a short position, an
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option “straddle”, etc., while maintaining limited lability and the other beneﬁts of the
invention described in this specification. '

As discussed above, if many traders make multi-state investments, in a prefeﬁed
embodiment an iterative procedure is‘used to allocate all of the multi-state investments to
their respective constituent states. Computer code, as previously described and apparent
to one of skill in the art, can be implemented to allocate each multi-state investment
among the constituent states depending upon the distribution of amounts otherwise
invested and the trader’s desired payout distribution.

3.2  DBAR Portfolios

It may be desirable to combine a number of groups of DBAR contingent claims
based on different events into a single poi‘tfolid. In this way, traders can invest amounts
within the distribution of defined states corresponding toa single event as well as across
the distributions of states corresponding to all the groups of contingent claims in the
portfolio. In preferred embodiments, the payouts to the amounts invested in this fashion
can therefore be a function of a relative comparison of all the outcome states in the
respective groups of DBAR contingent claims to each other. Such a comparisort may be
based upon the amount invested in each outcome state in the distribution for each group
of contingent claims as well as other qualities, parameters or characteristics of the
outcome state (e.g., the magnitude of change for each security underlying the respective
groups of contingent claims). In this way, more complex and varied payout and return
profiles can be achieved using the systems and methods of the present invention. Since a
preferred embodiment of a demand reallocation function (DRF) can operateona
portfoho of DBAR contingent claims, such a portfoho is referred to as a DBAR Portfolio,
or DBARP. ADBARPisa preferred embodiment of DBAR contingent clmms according
to the present invention based on a multi-state, multi-event DRF.

Ina preferred embodiment of a DBARP involving different events relatmg to
different financial products, a DRF is employed in which returns for each contingent
claim in the portfolio are determined by (i) the actual magnitude of change for each
underlying financial product and (ii) how much has been invested in each state in the
distribution. A large amount invested in a financial product, such as a common stock, on
the long side will depress the returns to defined states on the long side of a corresponding
group of DBAR contingent claims. Given the inverse relationship in preferred
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embodiments between amounts invested in and returns from a particular state, one
advantage to a DBAR portfolio is that it is not prone to spéc_ulative bubbles. More
specifically, in preferred embodiments a massive influx of long side trading, for example,
will increase the returns to short side states, thereby increasing returns and attracting
investment in those states. ;
The following notation is used to explain further preferred embodiments of

DBARP: _ _

th is the actual magnitude of change for financial producti -

W; is the amount of successful investments in financial product i

L; is the amount of unsuccessful investments in financial product i

f is the system transaction fee

L is the aggregate losses= > L,

Yi isthe ﬁorma]ized retums for successﬁxl trades = LL— .

2 |uil

- nP;  is the payout per value unit invested in financial product i for a
successful investment
®; isthe return per unit invested in financial product i for a successful
investment '
The payout principle of a preferred embodiment of a DBARP is toretumto a
successful investment a portion of aggregate losses scaled by the normalized return for
the successful investment, and to return nothing to unsuccessful investments. Thus, in a
preferred embodiment a large actual return on a relatively lightly traded financial product
will benefit from being allocated a high proportion of the unsuccessful investments.

gy *L
Rp'.=_' 71*
wi
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P ﬁi_l
W,

As explained below, the correlations of returns across securities is important in
preferred embodiments to determine payouts and returns in a DBARP.

An example illustrates the operation of a DBARP according to the present
invention. For purposes of this example, it is assumed that a portfolio contains two
stocks, IBM and MSFT (Microsoft) and that the following information applies (e.g.,
predetermined termination criteria):

Trading start date: 9/1/99

Expiration date: 10/1/99

Current trading period start date: 9/1/99

Current trading period end date: 9/5/99

Current date: 9/2/99

IBM start price: 129

MSFT start price: 96

.Both IBM and MSFT Ex-dividends

No transaction fee

In this example, states can be defined so that traders can invest for IBM and
MSFT to either depreciate or appreciate over the period. It is also assumed that the
distribution of amounts invested in the various states is the following at the close of
trading for the current trading period:

Financial Product - | Depreciate State Appreciate State
MSFT $100 million $120 million
IBM $80 million $65 million

The amounts invested express greater probability assessments that MSFT will likely
appreciate over the period and IBM will likely depreciate.

For purposes of this example, it is further assumed that on the expiration date of
10/1/99, the following actual outcomes for prices are observed:

MSFT: 106 (appreciated by 10.42%)

IBM 127 (depreciated by 1.55%)

In this example, there is $100 + $65 = $165 million to distribute from the
unsuccessful investments to the successful investments, and, for the successful
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investments, the relative performance of MSFT (1 0/42/(1 0.42+1 55)= 871) is higher than
for IBM (1.55/10.42+1.55)=.229)." In a preferred embodlment, 87.1% of the available
‘returns is allocated to the sumsﬁﬂ MSFT traders, with the remainder due the successful
IBM traders, and with the following returns computed for each state:
MSFT: $120 million of successful investment produces a payout of .871*$165
' million = $143.72 million for a return to the successful traders of

120M +143.72M
T 120M

IBM: $80 million in successful investment produces a payout of (1-.871)*$165
million = $21.285 million, for a return to the successful traders of

BOM+2L285M ;o co

~1=119.77%

80M

The returns in this example and in preferred embodiments are a function not only of the
amounts invested in each group of DBAR contingent claims, but also the relative
magm’mde of the changes in prices for the underlying financial products or in the values
of the underlying events of economic performance. In this specific example, the MSFT
traders receive higher returns since MSFT significantly outperformed IBM. In other
words, the MSFT longs were “more correct” than the IBM shorts. |

. The operation of a DBARP is further ﬂluslrated by assummg mstead that the
prices of both MSFT and IBM changed by the same magnitude, e.g., MSFT went up -
10%, and IBM went down 10%, but otherwise maintaining the assumptions for this
example. In this scenario, $165 million of returns would remain to distribute from the
unsuccessﬁﬂ investments but these are allocated equally to MSFT and IBM successful
investments, or $82.5 lmlhon to each. Under this scenario the returns are:

120M +82.5M
| : e 1=68.75
MSFT Son 1= 6875%
80M +82.5M
. RSP 1-103.125%
IBM PV 6

The IBM returns in this scenario are 1.5 times the returns to the MFST investments, since
less was invested in the IBM group of DBAR contingent claims than in the MSFT group.

This result confirms that préferred embodiments of the systems and methods of
the present invention provide incentives for traders to make large investments, i.e.
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promote liquidity, where it is needed in order to have an aggregate amount invested
sufficient to provide a fair indication of trader expectations.

The payouts in this example depend upon both the magnitude of change in the
underlying stocks as well as the correlations between such changes. A statistical estimate
of these expected changes and correlaﬁons can be made in order to compute expected
returns and payouts during trading and at the close of each trading period. While making
such an investment may be somewhat more complicated that in a DBAR range
derivative, as discussed above, it is still readily apparent to one of skill in the art from this
speciﬁéation or from practice of the invention.

The preceding example of a DBARP has been illustrated with events
corresponding to closing prices of underlying securities. DBARPs of the present
invention are not so limited and may be applied to any events of economic significance,
e.g., interest rates, economic statistics, commercial real estate rentals, etc. In addition,
other types of DRFs for use with DBARPs are apparent to one of ordinary skill in the art,
based on this specification or practice of the present invention.

4 RISK CALCULATIONS '
Another advantage of the groups of DBAR contingent claims according to the
present invention is the ability to provide transparent risk calculations to traders, market
risk managers, and other interested parties. Such risks can include market risk and credit
risk, which are discussed below.

4.1  Market Risk

Market risk calculations are typically performed so that traders have information
regarding the probability distribution of profits and losses applicable to their portfolio of
active trades. For all trades associated with a group of DBAR contingent claims, a trader
might want to know, for example, the dollar loss associated with the bottom fifth
percentile of profit and loss. The bottom fifth percentile corresponds to a loss amount
which the trader knows, with a 95% statistical confidence, would not be exceeded. For
the purposes of this specification, the loss amount associated with a given statistical
confidence (e.g., 95%, 99%) for an individual investment is denoted the capital-at-risk
(“CAR”). In preferred embodiments of the present invention, a CAR can be computed
not only for an individual investment but also for a plurality of investments related to for
the same event or for multiple events. | o '
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In the financial industry, there are three common methods that are currently
employed to compute CAR: (1) Value-at-Risk (“VAR™); (2) Monte Carlo Simulation
(“MCS™); and (3) Historical Simulation (“HS”).

4.1.1 Cgpltal-At-Rlsk Detenmnatlons Us_lgg Value-At-Rlsk Techmgue

VAR isa method thch commonly relies upon calculations of the standard
deviations and correlatmns of price changes for a group of trades. These standard -
deviations and correlations are typically computed from historical data. The standard
deviation data are typically used to compute the CAR for each trade in_dividually.

To illustrate the use of VAR with a group of DBAR contingent claims of the
present invention, the following assumptions are made: (i) a trader has made a traditional
purchase of a stock, say $100 of IBM; (ii) using previously computed standard deviation
data, it is determined that the annual standard deviation for IBM is 30%; (iii) as is
commonly the case, the price changes for IBM have a normal distribution; and (iv) the
percentile of loss to be used is the bottom fifth percentile. From standard normal tables,
the bottom ﬁﬁh percentile of loss corresponds to approximately 1.645 ‘standard
deviations, so the CAR in this example — that is, loss for the IBM position that would not
be exceeded with 95% statistical confidence -- is 30%*1.645*$100, or $49.35. A similar
calculation, using similar assumptions, has been made for a $200 position in GM, and the
CAR computed for GM is $65.50. If, in this example, the computed correlation, ¢,
between the prices of IBM and GM stock is .5, the CAR for the portfolio containing both
the IBM and GM positions may be expressed as: |

CAR=/(1.645¢ 13T e | +{1.64563 Tiag | +261.64501 15y O 1y #1.645C,c O g

=4/49.35 +65.50% +2%.5*49.35*65.5 = 99.79

where o is the investment in dollars, ¢ is the standard deviation, and ¢ is the

correlation.

These computa’aons are commonly represented i in matrix form as:

C is the correlation matrix of the underlying events,
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w " is the vector containing the CAR for each active position in the portfolio,

and
- w' s the transpose of W.

In preferred embodiments, C is a y x y matrix, where y is the number of active positions
in the portfolio, and where the elements of C are:

ci=1 wheni=j i.e., has 1's on the diagonal, and otherwise

cij= the correlation between the ith and jth events

1 5. 49.
CAR=vw' *C*w =\/(49.3s 65.5)(, 15) (65355)

In preferred embodiments, several steps implement the VAR methodology for a
group of DBAR contingent claims of the present invention. The steps are first listed, and
details of each step are then provided. The steps are as follows:

(1)  beginning with a distribution of defined states for a group of DBAR
contingent claims, computing the standard deviation of returns in value units (e g
dollars) for each investment in a given state

(2 performing a matrix calculatxon using the standard devnatlon of returns for
each state and the correlation matrix of returns for the states within the same distribution
of states, to obtain the standard deviation of returns for all investments in a group of
DBAR contingent claims; - |

(3)  adjusting the number resulting from the computation in step (2) for each
investment so that it corresponds to the desired percentile of loss;

(4)  arranging the numbers resultiﬁg from step (3) for each distinct DBAR
contingent claim in the portfolio into a vector, w, having dimension equal to the number
of distinct DBAR contingent claims;

(5)  creating a correlation matrix including the correlation of each pair of the
underlying events for each respective DBAR contingent claim in the portfolio; and

(6) calculating the square root of the product of w, the correlation matrix
created in step (5), and the transpose of w.



10

15

20

25

. WO 01/08063 ' PCT/US00/19447

- The result is CAR using the desired perceatile of loss, for.all the groups of DBAR
contingent claims in the portfolio. S

In preferred embodiments, the VAR methodology of steps (1)-(6) above can be
applied to an arbitrary group of DBAR contingent claims as follows. For purposes of
illustrating this methodology, it is assumed that all investments are made in DBAR range
derivatives using a canonical DRF as previously described. Similar analyses apply to
other forms of DRFs. o

In step (1), the standard deviation of returns per unit of amount invested for each
state i for each group of DBAR contingent claim is computed as follows:

\l___l \l(l q:) \/—

where o; is the standard deviation of returns per unit of amount invested in each state i, T;
is the total amount invested in state i; T is the sum of all amounts invested across the
distribution of states; q; 1s the 1mp11ed probability of the occurrence of state i derived from
T and Tl, and r;is the return per unit of investment in state i. Inthzs preferred
e_m_bodlment, this standard deviation is a function of the amount mvested in each state and
total émount invested across the distribution of states, and is also equal to the square root
of the unit return for the state. If o is the amount invested in state i, 0;*G; is the standard

deviation in units of the amount invested (e.g., dollars) for each state i.

Step (2) computes the standard deviation for all in\}ésunents in a group of DBAR
contingent claims. This step (2) begins by calculating the correlation between each pair
of states for every possible pair within the same distribution of states for a group of

 DBAR contingent claims. For a canonical DRF, these correlations may be computed as

follows:

VI *T, | a*q; 2

T @)y @-1) \@-2)*A-4,) Jn*r, o,*c,

where pj; is the correlation between state i and state j. In preferred embodiments, the

returns to each state are negatively correlated since the occurrence of one state (a
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successful investment) precludes the occurrence of other states (unsuccessful
investments). If there are only two states in the distribution of states, then T=T-T; and
the correlation pj is -1, i.e., an investment in state i is successful and in state j is not, or
vice versa, if i and j are the only two states. In preferred embodiments where there are

. more than two states, the correlation falls in the range between 0 and —1 (the correlation

is exactly 0 if and only if one of the states has implied probability equal to one). In step
(2) of the VAR methodology, the correlation coefficients p;; are put into a matrix C; (the
subscript s indicating correlation among states for the same event) which contains a
number of rows and columns equal to the number of defined states for the group of
DBAR contingent claims. The correlation matrix contains 1°s along the diagonal, is
symmetric, and the element at the i-th row and j-th column of the matrix is equal to p;;.
From step (1) above, an x1 vector U is constructed having a dimension equal to the
number of states n, in the group of DBAR contingent claims, with each element of U
being equal to o*o;. The standard deviation, w, , of returns for all investments in states
within the distribution of states defining the kth group of DBAR contingent claims can be
calculated as follows:

Step (3) involves adjusting the previously computed standard deviation, wy, for
every group of DBAR contingent claims in a portfolio by an amount corresponding to a
desired or acceptable percentile of loss. For purposes of illustration, it is assumed that
investment returns have a normal distribution function; that a 95% statistical confidence

for losses is desirable; and that the standard deviations of returns for each group of
DBAR contingent claims, w, , can be multiplied by 1.645, i.e., the number of standard

deviations in the standard normal distribution corresponding to the bottom fifth
percentile. A normal distribution is used for illustrative purposes, and other types of
distributions (e.g., the Student T distﬁbution) can be used to compute the number of
standard deviations corresponding to the any percentile of interest. As discussed above,
the maximum amount that can be lost in preferred embodiments of canonical DRF
implementation of a group of DBAR contingent claims is the amount invested.
Accordingly, for this illustration the standard deviations w are adjusted to reflect
the constraint that the most that can be lost is the smaller of (a) tﬁe toial émount invested
-111-
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and (b) the percentile loss of interest associated with the CAR cal¢ulation for the group of
DBAR contingent claims, i.e.: C e

w, =min(1.645*w,, > a,)

i=l..n

In effect, this updates the standard deviation for each event by substituting for it a

- CAR value that reflects a multiple of the standard deviation corresponding to an extreme

loss percentile (e.g., bottom fifth) or the total invested amount, whichever is smaller.
Step (4) involves taking the adjusted wy, as developed in step (4) for each of m
groups of DBAR conungent claims, and arranging them into an y x 1 dimensional
column vector, w, each element of which contains w, , k=1..y.
Step (5) involves the development of 2 symmetric correlation matrix, C,, which
has a number of rows and columns equal to the number of groups of DBAR contingent

-claims, y. in which the trader has one or more investments, Correlation matrix C, can be

15

estimated from historical data or may be available more directly, such as the correlation
matrix among foreign exchange rates, interest rates, equity indices, commodities, and

. other financial products available from JP Morgan’s RiskMetrics database. Other sources

~ of the correlation information for matrix C.are known to those of skill in the art. Along
~ the diagonals of the correlation matrix C, are 1°s, and the entry at the i-th row and j-th
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30
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column of the matrix contains the correlation between the i-th and j-th events which
define the i-th and j-th DBAR contingent claim for all such possible pairs among the m
active groups of DBAR contingent claims in the portfolio.

In Step (6), the CAR for the entire portfolio of m groups of DBAR contingent
claims is found by performing the following matrix computation, using each w; from step
(4) arrayed into vector w and its transpose wi:

CAR =1/wr *C,*w

This CAR value for the portfolio of groups of DBAR coﬁtingent claims is an amount of
loss which will not be exceeded with the associated statistical confidence used in Steps
(1)-(6) above (e.g., in this 1llustrat10n, 95%).
Example 4.1.1-1: VAR-based CAR Calculagon
An example further 11_11_Jstrates the calculatxon of 2 VAR-based CAR for a portfolio
containing two gi'oups of DBAR range derivati\}é contingent claims (i.e., y=2) witha
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canonical DRF on two common stocks, IBM and GM. For this example, the following
assumptions are fnade: (i) for each of the two groups of DBAR contingent claims, the
relevant underlying event upon which the states are defined is the respective closing price
of each stock one month forward; (ii) there are only three states defined for each event:
“low”, “medium”, and “high,” corresponding to ranges of possible closing prices on that
date; (iii) the posted returns for IBM and GM respectively for the three respective states
are, in U.S. dollars, (4, .6667, 4) and (2.333, 1.5, 2.333); (iv) the exchange fee is zero; (v)
for the IBM group of contingent claims, the trader has one dollar invested in the state
“low™, three dollars invested in the state “medium,” and two dollars invested in the state
“high”; (vi) for the GM group of contingent claims, the trader has a single investment in
the amount of one dollar in the state “medium”; (vii) the desired or acceptable percentile
of loss in the fifth percentile, assuming a normal distribution; and (viii) the estimated
correlation of the price changes of IBM and GM is .5 across the distribution of states for
each stock. . - .

Steps (1)-(6), described above, are used to implement VAR in order to compute
CAR for this example. From Step (1), the standard deviations of state returns per unit of
axhount invested in each state for the IBM and GM groups of contingent claims are,
respectively, (2, .8165, 2) and (1.5274, 1.225, 1.5274). In further accordance with Step
(1) above, the amount invested in each state in the respective group of contingent claims,
o; is multiplied by the previously calculated standard deviation of state returns per
investment, oj, so that the standard deviation of returns per state in dollars for each claim
equals, for the IBM group: (2, 2.4495, 4) and, for the GM group, (0,1.225, 0).

In accordance with Step (2) above, for each of the two groups of DBAR _
contingent claims in this example, a correlation matrix between any pair of states, C;, is
constructed, as follows: ' '

1 6124 =25 1 —~5345 —.4286

C™=_6124 1 -6124  CM=-5345 1 -5345

~25 -.6124 1 ~4286 -.5345 1
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where the left matrix is the correlation between each pair of state returns for the IBM

group of contingent claims and the right matrix is the corresponding matrix for the GM

group of contingent claims. - :
Also according to step (2) above, for each of the two groups of contingent claims,

- the standard deviation of returns per state in dollars, oo, for each investment in this

example can be arranged in a vector with dimension equal to three (i.c., the number of
states): o
2 0

Upmy = 24495 | Uge =1.225

4 o 0

where the vector on the left contains the standard deviation in dollars of returns per state
for the IBM group of contingent claims, and the vector on the right contains the - -
corresponding information for the GM group of contingent claims. Further in accordance
with Step (2) above, a matrix calculation can be performed to compute the total standard
deviation for all investments in each of the two groups of contingent claims, respectively:

W, =fUL, *CPM+y . =2 w, =JUL *C™ *U,, =1.225

5

where the quanity on the left is the standard deviation for all investments in the
distribution of the IBM group of contingent claims, and the quantity on the right is the
corresponding standard deviation for the GM group of contingent claims.

In accordance with step (3) above, w; and w; are adjusted by multiplying each by

- 1.645 (corresponding to a CAR loss percentlle of the bottom fifth percentile assuming a

normal distribution) and then taking the lower of (a) that resulting value and (b) the
maximum amount that can be lost, i.e., the amount investcd in all states for e_ach group of
contingent claims:

=min(2*1.645,6)=3.29 w, =min(2*1.225,1) =1

where the left quantity is the adjusted standard deviation of returns for all investments

across the distribution of the IBM group of contingent claims, and the right quantity is the

corresponding amount invested in the GM group of contingent claims. These two

quantities, w; and w;, are the CAR values for the individual groups of DBAR contingent

claims respectively, corresponding to a statistical confidence of 95%. In other words, if
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the normal distribution assumptions that have been made with respect to the state returns
are valid, then a trader, for example, could be 95% confident that losses on the IBM ..
groups of contingent claims would not exceed $3.29.

Proceeding now with Step (4) in the VAR process described above, the quantities
w, and w, are placed into a vector which has a dimension of two, equal to the number of
groups of DBAR contingent claims in the illustrative trader’s portfolio:

329
|

w

According to Step (5), a correlation matrix C, with two rows and two columns, is
either estimated from historical data or obtained from some other source (e.g.,

-RiskMetrics), as known to one of skill in the art. Consistent with the assumption for this

illustration that the estimated correlation between the price changes of IBM and GM is
0.5, the correlation matrix for the underlying events is as follows: '
1 5
C,= _.
51
Proceeding with Step (6), a matrix multiplication is performed by pre- and post-
multiplying C. by the transpose of w and by w, and taking the square root of the resulting
product: | | -
CAR = w' *C,*w =3.8877

This means that for the portfolio in this example, comprising the three investments in the
IBM group of contingent claims and the single investment in the GM group of contingent
claims, the trader can have a 95% statistical confidence he will not have losses in excess
of $3.89. B

'~ 412 Capital-At-Risk Determinations Using Monte Carlo Simulation
Techniques S

Monte Carlo Simulation (MCS) is another methodology that is frequently used in

the financial industry to compute CAR. MCS is frequently used to simulate many
representative scenarios for a given group of financial products, compute profits and
losses for each representative scenario, and then analyze the resulting distribution of
scenario profits and losses. For example, the bottom fifth percentile of the distribution of
the scenario profits and losses would correspond to a loss for which a trader could have a

-115-



10.

15

20

25

30

WO 01/08063 PCT/US00/19447

95% confidence that it would not be exceeded. In‘a preferred embodiment, the MCS
methodology can be adaptéd for the computation of CAR for a portfolio of DBAR
contingent claims as follows. - ' '

Step (1) of the MCS methodology involves estimating the statistical distribution
for the events undeérlying the DBAR contingent claims using conventional econometric
techniques, such as GARCH. If the portfolio being analyzed has more than one group of
DBAR contingent claim, then the distribution estimated will be what is commonly known
as a multivariate statistical distribution which describes the statistical relationship
between and among the events in the portfolio. For example, if the events are underlying
closing prices for stocks and stock price changes have a normal distribution, then the.
estimated statistical distribution would be a multivariate normal distribution containing
parameters relevant for the expected price change for each stock, its standard deviation,
and correlations between every pair of stocks in the portfolio. Multivariate statistical
distribution is typically estimated from historical time series data on the underlying
events (e.g., history of prices for stocks) using conventional econometric techniques.

Step (2) of the MCS methodology involves using the estimated statistical -
distribution of Step (1) in order to simulate the representative scenarios. Such
simulations can be performed using simulation ﬁlethods contained in such reference
works as Numerical Recipes in C or by using simulation sofcware such as @Risk package
available from Palisade, or using other methods known to one of skill in the art. ‘For
each simulated scenario, the DRF of each group of DBAR contingent claims in the
portfolio determines the payouts and profits and losses on the portfolio computed.

Using the above two stock example involving GM and IBM used above to
demonstrate VAR techniques for calculating CAR, a scenario simulated by MCS
techniques might be “High” for IBM and “Low” for GM, in which case the trader with
the above positions would have a four dollar profit for the IBM contingent claim and a
‘one dollar loss for the GM contingent claim, and a total profit of three dollars. In step
(2), many such scenarios are generated so that a resulting distribution of profit and loss is
obtained. The resulting profits and losses can be arranged into ascending order so that,
for example, percentiles corresponding to any given profit and loss number can be
computed. A bottom fifth percentile, for example, would correspond to a loss for which
the trader could be 95% confident would not be exceeded, provided that enough scenarios
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have been generated to provide an adequate representative sample. This number could be
used as the CAR value computed using MCS for a group of DBAR contingent claims.
Additionally, statistics such as average profit or loss, standard deviation, skewness,
kurtosis and other similar quantities can be computed from the generated profit and loss
distribution, as known by one of skill in the art.

4.1.3 Capital-At-Risk ination Using Historical Simulation Tec]

Historical Simulation (HS) is another method used to compute CAR values. HS is
comparable to that of MCS in that it relies upon the use of representative scenarios in
order to compute a distribution of profit and loss for a portfolio. Rather than rely upon
simulated scenarios from an estimated probability distribution, however, HS uses
historical data for the scenarios. In a preferred embodiment, HS can be adapted to apply
to a portfolio of DBAR contingent claims as follows.

Step (1) involves obtaining, for each of the underlying events corresponding to
each group of DBAR contingent claims, a historical time series of outcomes for the
events. For example, if the events are stock closing prices, time series of closing prices
for each stock can be obtained from a historical database such as those available from
Bloomberg, Reuters, or Datastream or other data sources known to someone of skill in
theart. - _ :

Step (2) involves using each observation in the historical data from Step (1) to
compute payouts using the DRF for each group of DBAR contingent claims in the
portfolio. From the payouts for each group for each historical observation, a portfolio
profit and loss can be computed. This results in a distribution of profits and losses
corresponding to-the historical scenarios; i.e., the profit and loss that would have been
obtained had the trader held the portfolio throughout the period covered by the historical
data sample.

Step (3) involves arranging the values for profit and loss from the distribution of
profit and loss computed in Step (2) in ascending order. A profit and loss can therefore
be computed corresponding to any percentile in the distribution so arranged, so that, for

-example, a CAR value corresponding to a statistical confidence of 95% can be computed
by reference to the bottom fifth percentile.
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42 - CreditRisk. - -

- In preferred embodiments of the present invention, a trader may make investments
in a group of DBAR contingent claims using a margin loan. 'In preferred embodiments,
credit risk may be measured by estimating the amount of possible loss that other traders
in the group of contingent claims could suffer owing to the inability of a given trader to
repay a margin loan. For example, a trader may have invested $1 in a given state for a
group of DBAR contingent claims with $.50 of margin. Assuming a canonical DRF for
this example, if the state later fails to occur, the DRF collects $1 from the trader (ignoring
interest) which would require repayment of the margin loan. As the trader may be unable
to repay the margin loan at the required time, the traders with successful trades may
potentially not be able to receive the full amounts owing them under the DRF, and may
therefore receive payouts lower than those indicated by the finalized returns for a given
trading period for the group of contingent claims. Alternatively, the risk of such possible
Josses due to credit risk may be insured, with the cost of such insurance either borne by
the exchange or passed on to the traders. One advantage of the system and method of the
present invention is that, in preferred embodiments, the amount of credit risk associated
with a group of contingent claims can readily be calculated. '

In preferred embodiments, the calculation of credit risk for a portfolio of groups of
DBAR contingent claims involves computing a credit-capital-at-risk (CCAR) figure in a
manner analogous to the computation of CAR for market risk, as described above.

The computation of CCAR involves the use of data related to the amount of
margin used by each trader for each investment in each state for each group of contingent
claims in the portfolio, data related to the probability of each trader defaulting on the-
margin loan (which can typically be obtained from data made available by credit rating
agencies, such as Standard and Poors, and data related to the correlation of changes in
credit ratings or default probabilities for every pair of traders (which can be obtained, for
example, from JP Morgan’s CreditMetrics database). -

n preferred embodiments, CCAR computations can be made with varying levels
of accuracy and reliability.. For example, a calculation of CCAR which is substantially
accurate but could be improved with more data and computational effort may
nevertheless be adequate, depending upon the group of contingent claims and the desires
of traders for credit risk related information. * The VAR methodology, for example, can
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be adapted to the computation of CCAR for a group of DBAR contingent claims,
although it is also possible to use MCS and HS related techniques for such computations.
The steps that can be used in a preferred embodiment to compute CCAR using VAR-
based, MCS-based, and HS-based methods are described below.

4.2.1 = CCAR Method for DBAR Contingent Claims Using the VAR-based
Methodology

Step (i) of the VAR-based CCAR methodology involves obtaining, for each trader
in a group of DBAR contingent claims, the amount of margin used to make each trade.

Step (ii) involves obtaining data related to the probability of default for each trader
who has invested in the groups of DBAR contingent claims. Defauit probabilities can be
obtajned from credit rating agencies, from the JP Morgan CreditMetrics database, or from
other sources as known to one of skill in the art. In addition to default probabilities, data
related to the amount recoverable upon default can be obtained. For example, an AA-
rated trader with $1in margin loans may be able to repay $.80 dollars in the event of
default. -
| Step (iii) involves scaling the standard deviation of returns in units of the invested
amounts. This scaling step is described in step (1) of the VAR methodology described
above for estimating market risk. The standard deviation of each return, determined
according to Step (1) of the VAR methodology previously described, is scaled by (a) the
percentage of margin for each investment; (b} the probability of default for the trader; and
(c) the percentage not recoverable in the event of default.

Step (iv) of this VAR-based CCAR methodology involves taking from step (iii) the
scaled values for each state for each investment and performing the matrix calculation
described in Step (2) above for the VAR methodology for estimating market risk, as
described above. In other words, the standard deviations of returns in units of invested
amounts which have been scaled as described in Step (jii) of this CCAR methodology are
weighted according to the correlation between each possible pair of states (matrix Cs, as
described above). The resulting number is a credit-adjusted standard deviation of returns
in units of the invested amounts for each trader for each investment on the portfolio of
groups of DBAR contingent claims. For a group of DBAR contingent claims, the
standard deviations of returns that have been scaled in this fashion are arranged into a
vector whose dimension equals the number of traders.
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Step (v) of this VAR-based CCAR methodology involves performing a matrix
computation, similar to that performed in Step (5) of the VAR methodology for CAR
described above. In this computation, the vector of credit-scaled standard deviations of
returns from step (iv) are used to pre- and post-multiply a correlation matrix with rows
and columns equal to the number of traders, with 1’s along the diagonal, and with the
entry at row i and column j containing the statistical correlation of changes in credit
ratings described above. The square root of the resulting matrix multxphcatlon isan
approximation of the standard deviation of losses, due to default, for all the tradersin a
group of DBAR contingent claims. This value can be scaled by a number of standard
deviations corresponding to a statistical confidence of thé'_credit-related loss not to be
exceeded, as discussed above. '

In a preferred embodiment, any given trader may be omitted from a CCAR
calculation. The result is the CCAR facing the given trader due to the credit risk posed
by other traders who have invested in a group of DBAR contingent claims. This.
computation can be made for all groups of DBAR contingent claims in which a trader has
a position, and the resulting number can be weighted by the correlation matrix for the
underlying events, C,, as dosoﬁbed?in Step (5) for the VAR-based CAR calculation. The
result corresponds to the risk of loss posed by the possible defaults of other traders across
all the states of all the groups of DBAR contingent claims in a trader's portfolio.

422 CCAR Method for DBAR Contingent Claims Usmg the Monte Carlo
Slmulatlon MCS) Methodolo:

As described above, MCS methods are typically used to simulate represontative
scenarios for a given group :of financial products, compute profits and losses for each
representative scenario, then analyze the resulting distribution of scenario profits and
losses. The scenarios are désigned to be representative in that they are supposed to be
based, for instance, on statistical distributions which have been estimated, typically using
e_conometﬁc time series techniques, to have a great degree of relevance for the future
behayi_or of the financial products. A preferred embodiment of MCS methods to estimate
CCAR for a portfolio of DBAR contingent claims of the present invention, involves two
steps, as described below. * _

. Step (i) of the MCS methodology is to estimate a statistical distribution of the
events of interest. In computing CCAR for a group of DBAR contingent claims, the

events of interest may be both the primary events underlying the groups of DBAR
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contingent claims, including events that may be fitted to multivariate statistical
distributions to compute CAR as described above, as well as the events related to the
default of the other investors in the groups of DBAR contingent claims. Thus, in a
preferred embodiment, the multivariate statistical distribution to be estimated relates to
the market events (e.g., stock price changes, changes in interest rates) underlying the
groups of DBAR contingent claims being analyzed as well as the event that the investors
in those groups of DBAR contingent claims, grouped by credit rating or classification
will be unable to repay margin loans for losing investments.

For example, a multivariate statistical distribution to be estimated might assume
that changes in the market events and credit ratings or classifications are jointly normaily
distributed. Estimating such a distribution would thus entail estimating, for example, the
mean changes in the underlying market events (e.g., expected changes in interest rates
until the expiration date), the mean changes in credit ratings expected until expiration, the
standard deviation for each market event and credit rating change, and a correlation
matrix containing all of the pairwise correlations between every pair of events, including
market and credit event pairs. Thus, a preferred embodiment of MCS methodology at it
applies to CCAR estimation for groups of DBAR contingent claims of the present
invention typically requires some estimation as to the statistical correlation between -
market events (e.g., the change in the price of a stock issue) and credit events (e.g.,
whether an investor rated A- by Standard and Poors is more likely to default or be
downgraded if the price of a stock issue goes down rather than up).

It is sometimes difficult to estimate the statistical correlations between market-
related events such as changes in stock prices and interest rates, on the one hand, and
credit-related events such as counterparty downgrades and defauits, o the other hand.
These difficulties can arise due to the relative infrequency of credit downgrades and
defaults. The infrequency of such credit-related events may mean that statistical
estimates used for MCS simulation can only be supported with low statistical confidence.

'In such cases, assumptions can be employed regarding the statistical correlations between
the market and credit-related events. For example, it is not uncommon to employ
sensitivity analysis with regard to such correlations, i.e., to assume a given correlation
between market and credit-related events and then vary the assumption over the entire
range of correlations from -1 to 1 to detenmne the effect on the overall CCAR.
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A preferred approach to estimating correlation between events is to use a source of
data with regard to credit-related events which does not typically suffer from a lack of
statistical frequency. Two methods can be used in this preferred approach. -First, data
can be obtained which provide greater statistical confidence with regard to credit-related
events. For example, expected default frequency data can be purchased from such
companies as KMV Corporation. These data supply probabilities of defauit for various
parties which can be updated as frequently as daily. Second, more frequently observed
default probabilities can be estimated from market interest rates. For example, data

_providers such as Bloomberg and Reuters typically provide information on the additional

yield investors require for investments in bonds of varying credit ratings, e.g., AAA, AA,
A, A-. Other methods are readily available to one skilled in the art to provide estimates
regarding default probabilities for various entities. Such estimates can be madeas - -
frequently as daily so that it is possible to have greater stai:_istical confidence in the .
parameters typically needed for MCS, such as the correlation between changes in default

~ probabilities and changes in stock prices, interest rates, and exchange rates. . .

The estimation of such correlations is illustrated assuming two groups of DBAR
contingent claims of interest, where one group is based upon. the closing price of IBM
stock in three months, and t_h'e other group is based upon the closing yield of the 30-year
U.S. Treasury bond in three months. In this illustration, it is also assumed that the -
counterparties who have made investments on margin in each of the groups can be -
divided into five distinct credit rating classes. Data on the daily changes in the price of
IBM and the bond yield may be readily obtained from such sources as Reuters or
Bloomberg. Frequently changing data on the expected default probability of investors
can be obtained, for example, from KMV Corporation, or estimated from interest rate
data as described above. As the default probability ranges between O and 1, a statistical
distribution confined to this interval is chosen for purposes of this illustration. For
example, for purposes of this illustration, it can be assumed that the expected default
probability of the investors follows a logistic distribution and that the joint distribution of
changes in IBM stock and the 30-year bond yield follows a bivariate normal distribution.
The parameters for the logistic distribution and the bivariate normal distribution can be
estimated using econometric techniques known to one skilled in the art.
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Step (ii) of a MCS technique, as it may be applied to estimating CCAR for groups
of DBAR contingent claims, involves the use of the multivariate statistical distributions
estimated in Step (i) above in order to simulate the representative scenarios. As described
above, such simulations can be performed using methods and software readily available
and known to those of skill in the art. For each simulated scenario, the simulated default
rate can be multiplied by the amount of losses an investor faces based upon the simulated
market changes and the margin, if any, the investor has used to make losing investments.
The product represents an estimated loss rate due to investor defaults. Many such-
scenarios can be genérated sd that a resulting distribution of credit-related expected losses
can be obtainéd. The average value of the distribution is the mean loss. The lowest
value of the top fifth percentile of the disﬁ-ibution, for example, would correspond to a
loss for which a given trader could be 95% confident would not be exceeded, provided
that enough scenarios have been generated to provide a statistically meaningful sample.
In preferred embodiments, the selected value in the distribution, corresponding to a-
desired or adequate confidence level, is used as the CCAR for the groups of DBAR

‘contingent claims being analyzed.

423  CCAR Method for DBAR Contingent Claims Using the Historical -
Simulation (HS) Methodology :

As described above, Historical Simulation (HS) is comparable to MCS for
estimating CCAR in that HS relies on representative scenarios in order to compute a
distribution of profit and loss for a portfolio of groups of DBAR contingent claim
investments. Rather than relying on simulated scenarios from an estimated multivariate
statistical distribution, however, HS uses historical data for the scenarios. In a preferred
embodiment, HS methodology for calculating CCAR for groups of DBAR contingent
claims uses three steps, described below.

- Step (i) involves obtaining the same data for the market-related events as
described above in the context of CAR. In addition, to use HS to estimate CCAR,
historical time series data are also used for credit-related events such as downgrades and

“defaults. As such data are typically rare, methods described above can be used to obtain
more frequently observed data related to credit events. For example, in a preferred
embodiment, frequently-observed data on expected default probabilities can be obtained
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_from KMV Corporation. Other means for obtaining such data are known to those of skill

intheart.

Step (ii) involves using each observation in the historical data from the previous
step (i) to compute payouts using the DRF for each group of DBAR contingent claims
being analyzed. The amount of margin to be repaid for the losing trades can then be-
multiplied by the expected default probability to use HS to estimate CCAR, so that an

_expected loss number can be obtained for each investor for each group of contingent

claims. These losses can be summed across the investment by each trader so that, for
each historical observation data point, an expected loss amount due to default can be
attributed to each trader. The loss amounts can also be sumned'across'all'ﬂle-investors
so that a total expected loss amount can be obtained for all of the investors for each
historical data point. '

Step (iii) involves arranging, m ascending order, the values of loss amounts
summed across the investors for each data point from the previous step (iii). An expected
loss amount due to credit-related events can iherefor_e be comp_utéd coﬁesponding to any
percentile in the distribution so arranged. For example, a CCAR value corresponding to a
95% statistical confidence level can be computed by reference to 95 percentile of the
loss distribution. | | |

5 LIQUﬂ)ITY AND PRICE/QUANTITY RELATIONSHIPS
In the trading of contingent claims, whether in traditional markets or using groups

" of DBAR contingent claims of the present invention, it is frequently useful to distinguish

between the fundamental value of the claim, on the one hand, as determined by market
expectations, information, risk aversion and financial holdings of traders, and the
deviations from such value due to liquidity variations, on the other hand. For example,
the fair fundamental value in the traditional swap market for a five-year UK swap (i.e.,
swapping fixed interest for floating rate payments based on UK LIBOR rates) might be
6.79% with a 2 basis point bid/offer (i.., 6.77% receive, 6.81% pay). A large trader who
takes the market’s fundamental mid-market valuation of 6.79% as correct or fair might
want to trade a swap for a large amount, such as 750 million pounds. In light of likely
liquidity available according to current standards of the traditional market, the large
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amount of the transaction could reduce the l_ikely offered rate to 6.70%, which is a full 7
basis points lower than the average offer (which is probably applicable to offers of no
more than 100 million pounds) and 9 basis points away from the fair mid-market value.

The difference in value between a trader’s position at the fair or mid-market value
and the value at which the trade can actually be completed, i.e. either the bid or offer, is
usually called the liquidity charge. For the illustrative five-year UK swap, a 1 basis point
liquidity charge is approximately equal to 0.04% of the amount traded, so that a liquidity
charge of 9 basis points equals approximately 2.7 million pounds. If no new information
or other fundamental shocks intrude into or “hit” the market, this liquidity charge to the
trader is almost always a permanent transaction charge for liquidity — one that also must’
be borne when the trader decides to liquidate the large position. Additionally, there is no
currently reliable way to predict, in the traditional markets, how the relationship between
price and quantity may deviate from the posted bid and offers, which are usually
applicable only to limited or representative amounts. Price and quantity relationships can
be highly variable, therefore, due to liguidity variations. Those relationships can also be
non-linear. For instance, it may cost more than twice as much, in terms of a bid/offer
spread, to trade a second position that is only twice as large as a first position.

From the point of view of liquidity and transactions costs, groups of DBAR
contingent claims of the present invention offer advantages compared to traditional
markets. In preferred embodiments, the relationship between price (or returns) and
quantity invested (i.e., demanded) is determined mathematically by a DRF. In a preferred
embodiment using a canonical DRF, the implied probability g; for each state i increases,
at a decreasing rate, with the amount invested in that state:
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where T is the total amount invested across all the states of the group of DBAR
contingent claims and T; is the amount invested in the state i. As a given the amount gets
very large, the implied probability of that state asymptotically approabhe's one. The last

-expression immediately above shows that there is a transparent relationship, available to

all traders, between implied probabilities and the amount invested in states other than a
given state i. The expression shows that this relationship is negative, i.e., as amounts
invested in other states increase, the implied probability for the given state i decreases.
Since adding states other than the given state is equivalent to selling the given state in the

market, the expression for aza,q" above shows how, in a preferred embodiment, the

OL hiw
implied probability for the given state changes as a quantity for that state is up for sale,
i.c.,what the market’s “bid” is for the quantity up for sale. '_I'he expréssion for —ggf:-
above shows, in a preferred embodiment, how the probability for the given state changes
when a given quantity is demanded or desired to be purchased, i.c.,what the market’s
“offer” price is to purchasers of the desired quantity. '

 In a preferred embodiment, for each set of quantities invested in the defined states
of a group of DBAR contingent claims, a set of bid and offer curves is available as a

- function of the amount invested.

Inthe groups of DBAR contingent claims of the present invention, there are no
bids or offers per se. The mathematical relationships above are prbvided'to illustrate how
the systems and methods of the present invention can, in the absence of actual bid/offer
relationships, provide groups of DBAR contingent claims with some of the functionality
of bid/offer relationships.

Economists usually prefer to deal with demand and cross-demand elasticities,
which are the percentage changes in prices due to percentage changes in quantity
demanded for a given good (demand elasticity) or its substitute (cross-demand elasticity).
In preferred embodiments of the systems and methods of the present invention, and using
the notation developed above,

Ag, /ﬂ}_ g
9 T;

AT;
Ag, ey,
/] Tj
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The first of the expressions immediately above shows that small percentage
changes in the amount invested in state i have a decreasing percentage effect on the
implied probability for state i, as state i becomes more likely (i.e., as q; increases to 1).
The second expression immediately above shows that a percentage change in the amount
invested in a state j other than state i will decrease the implied probability for stateiin
proportion to the implied probability for the other state j.

In preferred embodiments, in order to effectively "sell" a state, traders need to
invest or “buy” complement states, i.e., states other than the one they wish to "sell."
Thus, in a preferred embodiment involving a group of DBAR claims with two states, a
"seller" of state 1 will "buy" state 2, and vice versa. In order to "sell” state 1, state 2
needs to be "bought” in proportion to the ratio of the amount invested in state 2 to the
amount invested in state 1. In a state distribution which has more than two states, the
“complement” for a given state to be "sold" are all of the other states for the group of
DBAR contingent claims. Thus, “selling" one state involves "buying" a multi-state
investment, as described above, for the complement states. ' '

Viewed from this perspective, an implied offer is the resulting effect on implied
probabilities from making a small investment in a particular state. Also from this
perspective, an implied bid is the effect on implied probabilities from making a small
multi-state investment in complement states. For a given state in a preferred embodiment
of a group of DBAR contingent claims, the effect of an invested amount on unphed
probabilities can be stated as follows:

Implied “Bid"= ¢, -%‘—ﬂ *AT,

Implied “Offer™= g, +4, * (%--11;) *AT,

where AT; (considered bere to be small enough for a first-order approximation) is the
amount invested for the “bid” or “offer.” These expressions for implied "bid" and
implied "offer" can be used for approximate computations. The expressions indicate how
possible liquidity effects within a group of DBAR contingent claims can be cast in terms
familiar in traditional markets. In the traditional markets, however, there is no ready way
to compute such quantities for any given market.
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“The full liquidity effect -- or liquidity response function -- between two states in a
group of DBAR contingent claims can be expressed as functions of the amounts invested

“in a given state, T;, and amounts invested in the complemenf states, denoted T%;, as

follows:
' Fmplied “Bid” Demand Response gP(AT) = Y -
T, +T7 +AT, *(2; —iAI;)
fmplied “Offer” Demand Response ~ g®(AT)) = — A%

| T +T; +AT,
The implied “bid” demand response function shows the effect on the implied state
probability of an investment made to hedge an investment of size AT;. The size of the
hedge investment in the complement states is proportional to the ratio of investments in
the complement states to the amount of investments in the state or states to be hedged,
excluding the investment to be hedged (i.e., the third term in the denominator). The
implied “offer” demand response function above shows the effect on the implied state
probability from an incremental investment of size AT; in a particular defined state.

In preferred embodiments of systems and methods of the present invention, only
the finalized returns for a given trading period are applicable for computing payouts for a
group of DBAR contingent claims. Thus, in preferred embodiments, unless the effect of -
a trade amount on.remms is permanent, i.e., persists through the end of a trading period, a
group of DBAR contingent claims imposes no permanent liquidity charge, as the
traditional markets typically do. Accordingly, in preferred embodiments, traders can
readily calculate the effect on returns from investments in the DBAR contingent claims,
and unless these calculated effects are permanent, they will not affect closing returns and
can, therefore, be ignored in appropriaté circumstances. In other words, investing in a
preferred embodiment of a group of DBAR contingent claims does not impose a
permanent liquidity charge on traders for exiting and entering the market, as the

- traditional markets typically do.

The effect of a large investment may, of course, move intra-trading period returns
in a group of DBAR contingent claims as indicated by the previous calculations. In
preferred embodiments, these effects could well be counteracted by subsequent
investments that move the market back to fair value (in the absence of any change in the
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fundamental or fair value). In traditional markets, by contrast, there is usually a “toll
booth” effect in the sense that a toll or change is usually exacted every time a trader .
enters and exits the market. This toll is larger when there is less “traffic” or liquidity and
represents a permanent loss to the trader. By contrast, other than an exchange fee, in
preferred embodiments of groups of DBAR contingent claims, there is no such permanent
liquidity tax or toll for market entry or exit.

Liquidity effects may be permanent from investments in a group of DBAR
contingent claims if a trader is attempting to make a relatively very large investment near
the end of a trading period, such that the market may not have sufficient time to adjust
back to fair value. Thus, in preferred embodiments, there should be an inherent incentive
not to hold back large investments until the end of the trading period, thereby providing
incentives to make large investments earlier, which is beneficial overall to liquidity and
adjustment of returns. Nonetheless, a trader can readily calculate the effects on returns to
a investment which the trader thinks might be permanent (e.g., at the end of the trading
period), due to the effect on the market from a large investment amount.

For example, in the two period hedging example (Example 3.1.19) above, it was
assumed that the illustrated trader’s investments had no material effect on the posted:
returns, in other words, that this trader was a “price taker.” The formula for the hedge
trade H in the second period of that example above reflects this assumption. The - -
following equivalent expression for H takes account of the possibly permanent effect that
a large trade investment might have on the closing returns (because, for example, the
investment is made very close to the end of the trading period):

gotimlut THa=2*T,*F,+P+4*P,*T;,
where

F=a*1+r)
in the notation used in Example 3.1.19, above, and Ty is the total amount invested in
period t+1 and T, is the amount invested in the complement state in period t+1. The
expression for H is the quadratic solution which generates a desired péyout, as described
above but using the present notation. For example, if $1 billion is the total amount, T,
invested in trading period 2, then, according to the above expressions, the hedge trade
investment assuming a permanent effect on returns is $70.435 million compared to
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- $70.18755 million in Example 3.1.19.. The amount of profit and loss locked-in due to the

new hedge is $1.232 million, compared to $1.48077 in Example 3.1.19.: The difference
represents the liquidity effect, which even in the example where the invested notional is
10% of the total amount invested, is quite reasonable in a market for groups of DBAR
contingent claims. There is no ready way to estimate or calculate such liquidity effects in
traditional markets. , _ :

6  DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, similar components appearing in different
drawings are identified by the same reference numbers. '

FIGS. 1 and 2 show schematically a preferred embodiment of a network
architecture for a DBAR contingent claims exchange. As depicted in FIG. 1 and FIG. 2,
the architecture conforms to a distributed Internet-based architecture using object -
oriented principles useful in carrying out the methods of the present invention.

In FIG. 1, a central controller 100 has a plurality software and hardware
components and is embodied as a mainframe computer or a plurality of workstations.
The central controller 100 is preferably located in a facility that has back-up power,
disaster-recovery capabilities, and other similar infrastructure, and is connected via -
telecommunications links 110 with computers and devices 160, 170, 180, 190, and 200 of

- traders and investors in groups of DBAR contingent claims of the present invention.

Signals transmitted using telecommunications links 110, can be encrypted using such -
algorithms as Blowfish and other forms of public and private key encryption. The
telecommunications links 110 can be a dialup connection via a standard modem 120; a
dedicated line connection establishing a local area network (LAN) or wide area network
(WAN) 130 running, for example, the Ethernet network protocol; a public Internet
connection 140; or wireless or cellular connection 150. Any of the computers and -
devices 160, 170, 180, 190 and 200, depicted in FIG. 1, can be connected using any of the
links 120, 130, 140 and 150 as depicted in hub 111. Other telecommunications links,
such as radio transmiséion, are known to thosé of skill in the art. _

As depicted in FIG. 1, to establish telecommunications connections with the
central controller 100, a trader or investor can use workstations 160 running, for example,
UNIX, Windows NT, Linux, or other operating systems. In preferred embodiments, the
computers used by traders or investors include basic input/output capability, can include a
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hard drive or other mass storage device, a central processor (e.g., an Intel-made Pentium
III processor), random-access memory, network interface cards, and telecommunications
access. A trader or investor can also use a mobile laptop computer 180, or network
computer 190 having, for example, minimal memory and storage capability 190, or
personal digital assistant 200 such as a Palm Pilot. Cellular phones or other network
devices may also be used to process and display information from and communicate with
the central controlier 100.

FIG. 2 depicts a preferred embodiment of the central controller 100 comprising a
plurality of software and hardware components. Computers comprising the central
controller 100 are preferably high-end workstations with resources éapable of running
business operating systems and applications, such as UNIX, Windows NT, SQL Server,
and Transaction Server. In a preferred embodiment, these computers are high-end
personal computers with Intel-made (x86 “instruction set”) CPUs, at least 128 megabytes
of RAM, and several gigabytes of hard drive data storage space. In preferred
embodiments, computers depicted in FIG. 2 are equipped with JAVA virtual machines,
thereby enabling the processing of JAVA instructions. Other preferred embodiments of
the central controller 100 may not require the use of JAVA instruction sets.

In a preferred embodiment of central controller 100 depicted in FIG. 2,2 =
workstation software application server 210, such as the Weblogic Server available from
BEA Systems, receives information via telecommunications links 110 from investors'
computers and devices 160, 170, 180, 190 and 200. The software application server 210
is responsible for presenting human-readable user interfaces to investors' computers and
devices, for processing requests for services from investors’ computers and dev:ces, and
for routing the requests for services to other hardware and software components in the
central controller 100. The user interfaces that can be available on the software
application server 210 include hypertext markup language (HTML) pages, JAVA applets
and servlets, JAVA or Active Server pages, or other forms of network-based graphical
user interfaces known to those of skill in the art. For example, investors or traders
connected via an Internet connection for HTML can submit requests to the software
application server 210 via the Remote Method Invocation (RMI) and/or the Internet Inter-
Orb Protocol (TIOP) running on top of the standard TCP/IP protocol. Other methods are
known to those of skill in the art for transmitting investors' requests and instructions and
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. presenting human readable interfaces from the application server 210 to the traders and

investors. For example, the software application server 210 may host Active Server
Pages and communicate with traders and invéstors using DCOM.

In a preferred embodiment, the user interfaces deployed by the software
application server 210 present login, account management, fra_ding, market data, and
other input/output information necessary for the operation of a system for investing in
groups of DBAR contingent claims according to the present invention. A preferred
embodiment uses the HTML and JAVA applet/servlet interface. The HTML pages can
be supplemented with embedded applications or “applets” using JAVA based or ActiveX
standards or another suitable application, as known to one of skill in the art.

In a preferred embodiment, the software application server 210 relies on network-
connected services with other computers within the central controller 100. The
computers comprising the central controller 100 preferably reside on the same local area
network (e.g., Ethernet LAN) but can be remotely connected over Internet, dedicated,
dialup, or other similar connections. In preferred embodiments, network -

_ intercommunication among the computers comprising central controlter 100 can be

implemented using DCOM, CORBA, or TCP/IP or other stack services known to those of
skill in the art. | ' | ; | |

- Representative requests for services from the investors' computers to the software
application server 210 include: (1) requests for HTML pages (e.g., navigating and
searching a web site); (2) logging onto the system for trading DBAR contingent claims;
(3) viewing real-time and historical market data and market news; (4) requesting
analytical calculations such as returns, market risk, and credit risk; (5) choosing a group
of DBAR contingent claims of interest by navigating HTML pages and activating JAVA
applets; (6) making an investment in one or more defined states of a group of DBAR
contingent claims; and (7) monitoring investments in groups of DBAR contingent claims.

In a preferred embodiment depicted in FIG. 2, an Object Request Broker (ORB)

230 can be a workstation computer operating specialized software for receiving,
aggregating, and marshalling service requests from the software application server 210.
For example, the ORB 230 can operate a software product called Visibroker, available
from Inprise, and related software products that provide a number of functions and -
services according to the Common Object Request Broker Architecture (CORBA) -
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standard. In a preferred embodiment, one function of the ORB 230 is to provide what are
commonly known in the object-oriented software industry as directory services, which
correlate computer code organized into class modules, known as "objects," with names
used to access those objects. When an object is accessed in the form of a request by
name, the object is instantiated (i.c., caused to run) by the ORB 230. For example, ina
preferred embodiment, computer code organized into a JAVA class module for the
purpose of computing returns using a canonical DRF is an object named “DRF_Returns,”
and the directory services of the ORB 230 would be responsible for invoking this object
by this name whenever the application server 210 issues a request that returns be -
computed.

In a preferred embodiment, another function of the ORB 230 is to maintain what
is commonly known in the object-oriented software industry as an interface repository,
which contains a database of object interfaces.  The object interfaces contain information
regarding which code modules perform which functions. For example, in a preferred -
embodiment, a part of the interface of the object named “DRF_Returns” is a function
which fetches the amount currently invested across the distribution of states for a-group
of DBAR contingent claims. : S ST

In a preferred embodiment; another function of the ORB 230 is to manage the-
length of runtime for objects which are instantiated by the ORB 230, and to manage other
functions such as whether the objects are shared and how the objects manage memory.
For example, in a preferred embodiment, the ORB 230 determines, depending upon the
request from the software application server 210, whether an object which processes
market data will share such data with other objects, such as objects that allocate returns to
investments in defined states. '

- In a preferred embodiment, another function of the ORB 230 is to provide the
ability for objects to communicate asynchronously by responding to messages or data at
varying times and frequencies based upon the activity of other objects. For example, in a
preferred embodiment, an object that computes returns for a group of DBAR contingent
claims responds asynchronously in real-time to a new investment and recalculates returns
automatically without a request by the software application server 210 or any other
object. In preferred embodiments, such asynchronous processes are important where -
computations in real-time are made in response to other activity in the system, such as a
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trader making a new investment or the fulfiliment of the predetermined termination

criteria for a group of DBAR contingent claims.

In a preferred embodiment, another function of the ORB 230 is to provide
functions related to what is commonly known in the object-oriented software industry as
marshalling. Marshalling in general is the process of obtaining for an object the relevant
data it needs to perform its designated function. In preferred embodiments of the present
invention, such data includes for example, trader and account information and can itself
be manipulated in the form of an object, as is common in the practice of object-oriented
programming. Other functions and services may be provided by the ORB 230, such as
the functions and services provided by the Visibroker product, according to the standards

and practices of the object-oriented software industry or as known to those of skill in the

art.

In a preferred embodiment depicted in FIG. 2, transaction server 240 is a
computer running specialized software for performing various tasks including: (1)
responding to data requests from the ORB 230, e.g., user, account, trade data and market
data requests; (2) performing relevant computations concerning groups of DBAR -
contingent claims, such as intra-trading period and end-of-trading-period returns

- allocations and credit risk exposures; and (3) updating investor accounts based upon DRF

payouts for groups of DBAR contingent claims and applying debits or credits for trader
margin and positive outstanding investment balances. The transaction server 240

preferably processes all requests from the ORB 230 and, for those requests that require

stored data (e.g., investor and account information), queries data storage devices 260. In
a preferred embodiment depicted in FIG. 2, a market data feed 270 supplies real-time and
historical market data, market news, and corporate action data, for the purpose of
ascertaining event outcomes and updating trading period returns. The specialized
software running on transaction server 240 preferably incorporates the use of object -

oriented techniques and principles available with computer languages such as C++ or

Java for implementing the above-listed tasks. -

- As depicted in FIG. 2, in a preferred embodiment the data storage devices 260 can
operate relational database software such as Microsoft’s SQL Server or Oracle’s 8i
Enterprise Server. The types of databases within the data storage devices 260 that can be
used to support the DBAR contingent claim and exchange preferably comprise: (1)
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Trader and Account databases 261; (2) Market Returns databases 262; (3) Market Data
databases 263; (4) Event Data databases 264; (5) Risk databases 265; (6) Trade Bloiter
databases 266; and (7) Contingent Claims Terms and Conditions databases 267. The
kinds of data preferably stored in each database are shown in more detail in FIG. 4. Ina
preferred embodiment, connectivity befwe‘en data storage devices 260 and transaction
server 240 is accomplished via TCP/IP and standard Database Connectivity Protocols
(DBC) such as the JAVA DBC (JDBC). Other systems and protocols for such
connectivity are known to those of skill in the art.

In reference to FIG. 2, application server 210 and ORB 230 may be considered to

. form an:interface processor, while transaction server 240 forms a demand-based

transaction processor. Further, the databases hosted on data storage devices 260 may be
considered to form a trade status database. Investors, also referred to as traders,
communicating via telecommunications links 110 from computers and devices 160, 170,
180, 190, and 200, may be considered to perform a series of demand-based interactions,
also referred to as demand-based transactions, with the demand-based transaction
processor. A series of demand-based transactions may be used by a trader, for example,
to obtain market data, to establish a trade, or to close out a trade, '
FIG. 3 depicts a preferred embodiment of the implementation of a group of *
DBAR contingent claims. As depicted in FIG. 3, an exchange or issuer first selects an
event of economic significance 300. In the preferred embodiment, the e‘xchﬁn‘gé then
partitions the possible outcomes for the event into mutually exclusive and collectively
exhaustive states 305, such that one state among the possible states in the partitioned
distribution is guaranteed to occur, and the sum of probabilities of the occurrence of each
partitioned state is unity. Trading can then commence with the beginning 311 of the first
trading period 310. In the preferred embodiment depicted in FIG. 3, a group of DBAR
contingent claims has trading periods 310, 320, 330, and 340, with trading period start
date 311, 321, 331, 341 respectively, followed by a predetermined time interval by each
trading period's respective trading end dates 313, 323, 333 and 343. The predetermined
time interval is preferably of short duration in order to attain continuity. In the preferred
embodiment, during each trading period the transaction server 240 running JAVA code
implementing the DRF for the group of DBAR contingent claims adjusts returns
immediately in response to changes in the amounts invested in each of the defined states.
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Changes in market conditions during a trading period, such as price and volatility -
changes, as well as changes in investor risk preferences and liquidity conditions in the
underlying market, among other factors, will cause amounts invested in each defined
state to change thereby reflecting changes in expectations of traders over the distribution
of states deﬁxi_ing the group of DBAR contingent claims.

Ina preferred embodiment, the adjusted returns calculated during a trading period,
i.e., intra-trading period returns, are of informational value only -- only the returns which
are finalized at the end of each trading period are used to allocate gains and losses for a
trader’s investments in a group or portfolio of groups of DBAR contingent claims. In a
preferred embodiment, at the end of each trading period, for example, at trading end dates
313, 323, 333, and 343, finalized returns are allocated and locked in. -The finalized
returns are the rates of retuni to be allocated per unit of amount invested in each defined
state should that state occur. In a preferred embodiment, each trading period can

- therefore have a different set of finalized returns as market conditions change, thereby

enabling traders to make investments during later trading periods which hedge -
investments from earlier trading periods that have since closed.

In another preferred embodiment, not depicted, trading periods overlap so that
more than one trading period is open for investment on the same set of predefined states.
For example, an earlier trading period can remain open while a subsequent trading period
opens and closes. Other permutations of overlapping trading periods are possible and are
apparent to one of skill in the art from this specification or practice of the present

: mvenuon.

_ The canonical DRF, as previously descnbed, is a preferred embodiment of a DRF
whmh takes investment across the distribution of states and each state, the transaction fee,
and the event outcome and allocates a return for each state if it should occur. A canonical
DRF of the present inventioi;, as previously described, reallocates all amounts invested in
states that did not occur to the state that did occur. Each trader that has made an
investment in the state that did occur receives a pro-rata share of the trades from the non-
occurring states in addition to the amount he originally invested in the occurring state,
less the exchange fee. '

In the preferred embodiment depicted in FIG 3, at the close of the final trading
period 343, trading ceases and the outcome for the event underlying the contingent claim
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is determined at ciose of observation period 350. In a preferred embodiment, only the
outcome of the event underlying the group of contingent claims must be uncertain during
the trading periods while returns are being locked in. In other words, the event
underlying the contingent claims may actually bhave occurred before the end of trading so
long as the actual outcome remains unknown, for example, due to the time lag in
measuring or ascertaining the event’s outcome. This could be the case, for instance, with
macroeconomic statistics like consumer price inflation.

In the preferred embodiment depicted in FIG. 2, once the outcome is observed at
time 350, process 360 operates on the finalized returns from all the trading periods and
determines the payouts. In the case of a canonical DRF previously described, the
amounts invested in the losing investments finance the payouts to the successful
investments, less the exchange fee. In a canonical DRF, successful investments are those
made during a trading period in a state which occurred as determined at time 350, and
unsuccessful investments are those made in states which did not occur. Examples 3.1.1-
3.1.21 above illustrate various preferred embodiments of a group of DBAR contingent
claims using a canonical DRF. In the preferred embodiment depicted in FIG. 3, the -
results of process 360 are made available to traders by posting the results for all trading
periods on display 370. In a preferred embodiment not depicted, trader accounts are -
subsequently updated to reflect these results.

. .FIG. 4 provides a more detailed depiction of the data storage devices 260 of a
preferred embodiment of a DBAR contingent claims exchange. In a preferred
embodiment, data storage devices 260, on which relational database software is installed
as described above, is a non-volatile hard drive data storage system, which may comprise
a single device or medium, or may be distributed across a plurality of physical devices,
such as a cluster of workstation computers operating relational database software, as
described previously and as known in the art. In a preferred embodiment, the relational
database software operating on the data storage devices 260 comprises relational database
tables, stored procedures, and other database entities and objects that are commonly
contained in relational database software packages. In the preferred embodiment
depicted in FIG. 4, databases 261-267 each contain such tables and other relational
database entities and objects necessary or desirable to implement an embodiment of the
present invention. FIG. 4 identifies the kinds of information that can be stored in such
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devices. Of course, the kinds of data shown in the drawing are not exhaustive. The

storage of other data on the same or additional databases may be useftﬂ'depending on the

nature of the contingent claim being traded. ‘Moreover, in the preferred embodiment
depicted in FIG. 4, certain data are shown in FIG. 4 as stored in more than one storage
device. In various other preferred embodiments, such data may be stored in only one
such device or may be calculated. Other database designs and architectures will be
apparent to those of skill in the art from this specification or practice of the present
invention. . : ' '

In the preferred embodiment depicted in FIG. 4, the Trader and Account database
261 stores data related to the identification of a DBAR trader such as name, password,
address, trader identification number, etc. Data related to the trader’s credit rating can
also be stored and updated in response to changes in the trader’s credit status. Other -
information that can be stored in Trader and Account database 261 includes data related
to the trader’s account, for example, active and inactive investments, the trader’s balance,

_the trader’s margin limits, outstanding margin amounts, interest credited on outstanding
trade balances and interest paid on outstanding margin balances, any restrictions the

- trader may have regarding access to his account, and the trader’s profit and loss
. information regarding active and inactive investments. Information related to multi-state

investments to be allocated can also be stored in Trader and Account database 261. The
dafa stored in database 261 can be used, for example, to issue account related statements
to traders. . N '

-In the preferred embodiment depicted in FIG. 4, the Market Returns database 262

- contains information related to returns available at various times for active and inactive
- groups of DBAR contingent claims. In a preferred embodiment, each group of

contingent claims in database 262 is identified using a unique identifier previously
assigned to that group. Returns for each defined state for each group of contingent claims
reflected - are stored in database 262. Returns calculated and available for display to
traders during a given trading period are stored in database 262 for each state and for
each claim. At the end of each trading period, finalized returns are computed and stored
in Market Returns database 262. Marginal returns, as previously described, can also be
stored in database 262. The data in Market Returns database 262 may also include
information relevant to a trader’s decisions such as current and past intra-period returns,
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as well as information used to determine payouts by a DRF for a group of DBAR
contingent claims. : -

In the preferred embodiment depicted in FIG. 4, Market Data database 263 stores
market data from market data feed 270. In a preferred embodiment, the data in Market
Data database 263 include data relevant for the types of contingent claims which can be
traded on a particular exchange. In a preferred embodiment, real-time market data
include data such as real-time prices, yields, index levels, and other similar information.
In a preferred embodiment, such real-time data from Market Data database 263 are
presented to traders to aid in making investment decisions and are used by the DRF to
allocate returns for groups of contingent claims which depend on such information.
Historical data relating to relevant groups of DBAR contingent claims can also be stored
in Market Data database 263. In preferred embodiments, news items related to
underlying groups of DBAR contingent claims (e.g., comments by the Federal Reserve)

_ are also stored in Market Data database 263 and can be retrieved by traders.

In the preferred embodiment depicted in FIG. 4, Event Data database 264 stores
data related to events underlying the groups of DBAR contingent claims that can be
traded on an exchange. In a preferred embodiment, each event is identified bya - -
previously assigned event identification number. Each event has one or more associated
group of DBAR contingent claims based on that event and is so identified with a

. previously assigned contingent claim group identification number. The type of event can

also be stored in Event database 264, for example, whether the event is based on a closing
price of a security, a corporate earnings announcement, a previously calculated but yet to
be released economic statistic, etc. The source of data used to determine the outcome of
the event can also be stored in Event database 264. After an event outcome becomes
known, it can also be stored in Event database 264 along with the defined state of the

_ respective group of contingent claims corresponding to that outcome.

In the preferred embodiment depicted in FIG. 4, Risk database 265 stores the data
and results and analyses related to the estimation and calculation of market risk and credit

risk. In a preferred embodiment, Risk database 265 correlates the derived results with an

account identification number. The market and credit risk quantities that can be stored
are those related to the calculation of CAR and CCAR, such as the standard deviation of
unit returns for each state, the standard deviation of dollar returns for each state, the
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standard deviation of dollar returns for a given contingent claim, and portfolio CAR. :
Intermediate estimation and simulation data such as correlation matrices used in VAR-
based CAR and CCAR calculations and scenanos used in MCS-based calculations can
also be stored in Risk database 265.

In the preferred embodiment depicted in FIG. 4, Trade Blotter database 266 -
contains data related to the investments, both active and inactive, made by traders for all
the groups of DBAR contingent claims that can be traded on the particular exchange.
Such data may include previously assigned trader identification numbers previously
assigned investment identification numbers, previously assigned account identification
numbers, previously assigned contingent claim identification numbers, state identification
numbers previously assigned corresponding to each defined state, the time of each -
investment, the units of value used to make each investments (e.g., dollars), the
investment amounts, how much margin is used to make the investments, and previously
assigned trading period identification numbers. In addition, data related to whether an

.investment is a multi-state investment can also be stored. The payout distribution which

a trader desires to replicate and which the exchange will implement using a multi-state
investment allocation, as described above, can also be stored in Trade Blotter database
266. - ..
In the preferred embodiment depicted in FIG. 4, Contingent Claims Terms and
Conditions database 267 stores data related to the definition and structure of each group
of DBAR contingent claims. In a preferred embodiment, such data are called “terms and
conditions” to indicate that they relate to the contractual terms and conditions under
which traders agree to be bound, and roughly correspond to material found in
prospectuses in traditional markets. In a preferred embodiment, the terms and conditions
provide the fundamental information regarding the nature of the contingent claim to be
traded, e.g., the number of trading periods, the trading period(s)’ start and end times, the
type of event underlying the contingent claim, how the DRF finances successful
investments from unsuccessful investments, the time at which the event is observed for

- determining the outcome, other predetermined termination criteria, the partition of states

in which investments can be made, and the investment and payout value units (e.g.,
dollars, numbers of shares, ounces of gold, etc.). In a preferred embodiment, contingent
claim and event identification numbers are assigned and stored in Contingent Claims
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Terms and Conditioris database 267 so that they may be readily referred to in other tables
of the data storage devices.

FIG. 5 shows a flow diagram depicting illustrative processes used and illustrative
decisions made by a trader using a preferred embodiment of the present invention. For
purposes of illustration in FIG. 5, it is assumned that the trader is making an investment in
a DBAR range derivative (RD) examples of which are disclosed above. In particular, it is
assumed for the purposes of illustration that the DBAR RD investment being madeisina
contingent claim based upon the closing price of IBM common stock on 8/3/99 (as
indicated in the display 501 of FIG. 6).

In process 401, depicted in FIG. 5, the trader requests access to the DBAR -
contingent claim exchange. As previously described in a preferred embodiment, the -
software application server 210 (depicted in FIG. 2) processes this request and routes it to
the ORB 230, which instantiates an object responsible for the authentication of traders on
the exchange on transaction server 240. The authentication object on transaction server
240, for example, queries the Trader and Account database 261 (depicted in FIG. 4) for .
the trader’s username, password, and other identifying information supplied. The -
authentication object responds by either allowing or denying access as indicated in ~ -
process 402 depicted in FIG. 5. If authentication fails in this illustration, process 403 -
prompts the trader to retry a logon or establish valid credentials for logging onto the
system. If the trader has been granted access, the software application server 210 -
(depicted in FIG. 2) will display to the trader many user interfaces which may be of
interest. For example, in a preferred embodiment, the trader can navigate through a
sample of groups of DBAR contingent claims currently being traded, as represented in
process 404. The trader may also check current market conditions by requesting those
interfaces in process 404 that contain current market data as obtained from market data
feed 270 (depicted in FIG. 2) and stored in Market Data database 263 (as depicted in FIG.
4). Process 405 of FIG. 5 represents the trader requesting the application server 210 for
relevant information regarding the trader’s account, such as the trader’s current portfolio
of trades, trade amounts, current amount of margin outstanding, and account balances. In
a preferred embodiment, this information is obtained by objects running on transaction
server 240 (FIG. 2) that query Trader and Account database 261 and Trade Blotter - -
database 266 (FIG. 4). c '
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... . - As depicted in FIG. 5, process 407 represents the selection of a group of DBAR
contingent claims by a trader for the purpose of making an investment. The application

. server 210 (depicted in FIG. 2) can present user interfaces to the trader such as the

interface shown in FIG. 6 as is known in the art. Process 408 represents the trader - -

~ requesting data and analysis which may include calculations as to the effect the trader’s

proposed investment would have on the current returns. The calculations can be made

using the implied “bid” and “offer”” demand response equations described above. The

processes which perform these data requests and manipulation of such data are, ina
preferred embodiment, objects running on transaction server 240 (as depicted in FIG.2).
These objects, for example, obtain data from database 262 (FIG. 4) by issuing a query
that requests investment amounts across the distribution of states for a given trading -
period for.a given group of contingent claims. With the investment amount data, other
objects running on transaction server 240 (FIG. 2) can perform marginal returns
calculations using the DRF of the group of contingent claims as described above. Such
processes are objects managed by the ORB 230 (as depicted in FIG. 2). .

. Returning to the illustration depicted in FIG. 5, proceés 411 represents a trader’s
decision to make an investment for a given amount in one or more defined states of the
group of DBAR contingent claims of interest. In a preferred embodiment, the trader’s
request to make an investment identifies the particular group of claims, the state or states
in which investments are to be made, the amount to be invested in the state or states, and
the amount of margin to be used, if any, for the investments. . _

. Process 412 responds to any requests to make an investment on margin. The use
of margin presents the risk that the exchange may not be able to collect the entire amount
of a losing investment. Therefore, in preferred embodiments, an analysis is performed to
determine the amount of risk to which a current trader is exposed in relation to the -
amount of margin loans the trader currently has outstanding. In process 413 suchan -
analysis is carried out in response to a margin request by the trader.

The proposed trade or trades under consideration may have the effect of hedging

 or reducing the total amount of risk associated with the trader’s active portfolio of

investments in groups of DBAR contingent claims. Accordingly, in a preferred
embodiment, the proposed trades and margin amounts should be included in a CAR
analysis of the trader’s portfolio.
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In a preferred enibodiment, the CAR analysis performed by process 413, depicted
in FIG. 5, can be conduicted according to the VAR, MCS, or HS methodologies
previously discussed, using data stored in Risk database 265 (FIG. 2), such as correlation
of state retumns, correlation of underlying events, etc. In a preferred embodiment, the
results of the CAR calculation are also stored in Risk database 265. As depicted in FIG.
5, process 414 determines whether the trader has sufficient equity capital in his account
by comparing the computed CAR value and the trader’s equity in accordance with the
exchange’s margin rules. In preferred embodiments, the exchange requires that all -
traders maintain a level of equity capital equal to some portion or multiple of the CAR
value for their portfolios. For example, assuming CAR is computed with a 95%
statistical confidence as described above, the exchange may require that traders have 10

‘times CAR as equity in their accounts. Such a requirement would mean that traders
would suffer drawdowns to equity of 10% approximately 5% of the time, which might be
regarded as a reasonable tradeoff between the benefits of extending margin to traders to
increase liquidity and the risks and costs associated with trader default. In addition, in
preferred embodiments, the exchange can also perform CCAR calculations to determine
the amount of credit risk in the group of DBAR contingent claims due to each trader. Ina
preferred embodiment, if a trader does not have adequate equity in his account or the
amount of credit risk posed by the trader is too great, the request for margin is denied, as
depicted in process 432 (FIG. 5).

As further depicted in FIG. §, if the trader has requested no margin or the trader

-has passed the margin tests applied in process 414, process 415 determines whether the
investment is one to be made over multiple states simultaneously in-order to replicate a
trader’s desired payout distribution over such states. If the investment is muiti-state,
process 460 requests trader to enter a desired payout distribution. Such communication
will comprise, for example, a list of constituent states and desired payouts in the event
that each constituent state occurs. For example, for a four-state group of DBAR

" contingent claims, the trader might submit the four dimensional vector (10, 0,5, 2)
indicating that the trader would like to replicate a payout of 10 value units (e.g., dollars)

- should state 1 occur, no payout should state 2 occur, 5 units should state 3 occur, and 2
units should state 4 occur. In a preferred embodiment, this information is stored in Trade
Blotter database 266 (FIG. 4) where it will be available for the purposes of determining
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the investment amounts to be allocated among the constituent states-for the purposed of

replicating the desired payouts. As depicted in FIG. 5, if the investment is a multi-state

_investment, process 417 makes a provisional allocation of the proposed investment .
amount to each of the constituent states.

_ As further depicted in FIG. 5, the investment details and information (e.g.,
contingent claim, investment amount, selected state, amount of margin, provisional
allocation, etc.) are then displayed to the trader for confirmation by process 416.. Process
418 represents the trader’s decision whether to make the investment as displayed. If the

419. If the trader decides to make the investment and process 420 determines that it is
not a multi-state investment, the investment is executed, and the trader’s investment
amount is recorded in the relevant defined state of the group of DBAR contingent claims
according to the investment details previously accepted. In a preferred embodiment, the
Trade Blotter database 266 (FIG. 4) is then updated by process 421 with the new-
investment information such as the trader ID, trade ID, account identification, the state or
states in which investments were made, the investment time, the amount invested, the

_ In the illustration depicted in FIG. 5, if the trader decides to make the investment,
and process 420 determines that it is a multi-state investment, process 423 allocates the
invested amount to the constituent states comprising the multi-state investment in
amounts that generate the trader’s desired payout distribution previously communicated

example, in a preferred embodiment, if the desired payouts are identical payouts no

matter which state occurs among the constituent states, process 423 will update a
suspense account entry and allocate the multi-state trade in proportion to the amounts
previously invested in the constituent states. Given the payout distribution previously
stored, the total amount to be invested, and the constituent states in which the "new" -
investment is to be made, then the amount to be invested in each constituent state can be

calculated using the matrix formula provided in Example 3.1.21, for example. Since
these calculations depend on the existing distributions of amounts invested both during
and at the end of trading, in a preferred embodiment reailocations are performed
whenever the distribution of amounts invested (and hence returns) change.
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As further depicted in FIG. 5, in response to a2 new investment, Process 422 -
updates the returns for each state to reflect the new distribution of amounts invested
across the defined states for the relevant group of DBAR contingent claims. In particular,
process 422 receives the new trade information from Trade Blotter database 266 as
updated by process 421, if the investment is not multi-state, or from Trader and Account
database 261 as updated by suspense account process 423, if the investment is a multi-
state investment. Process 422 involves the ORB 230 (FIG. 2) instantiating an object on
transaction server 240 for calculating returns in response to new trades. In this
illustration, the object queries the new trade data from the Trade Blotter database 266 or
the suspense account in Trader and Account database 261 (FIG. 4), computes the new
returns using the DRF for the group of contingent claims, and updates the intra-trading
period returns stored in Market Returns database 262. _

As depicted in FIG. 5, if the investment is a multi-state investment as determined
by process 450, the exchange continues to update the suspense account to reflects the
trader's desired payout distribution in response to subsequent investments entering the
exchange. Any updated intra-trading period returns obtained from process 422 and stored
in Market Returns database 262 are used by process 423 to perform a reallocation of
multi-state investments to reflect the updated returns. If the trading period has not closed,
as determined by process 452, the reallocated amounts obtained from the process 423 are
used, along with information then simultaneously stored in Trade Blotter database 266
(FIG. 4), to perform further intra-trading period update of returns, per process 422 shown
'in FIG. 5. However, if the trading period has closed, as determined in this illustration by
process 452, then the multi-state reallocation is performed by process 425 so that the
returns for the trading period can be finalized per process 426. '

In a preferred embodiment, the closing of the trading period is an important point
since at that point the DRF object running on Transaction server 240 (FIG. 2) calculates
the finalized returns and then updates Market Returns database 262 with those finalized
returns, as represented by process 426 depicted in FIG. 5. The finalized returns are those
which are used to compute payouts once the outcome of the event and, therefore, the state
which occurred are known and all other predetermined termination criteria are fulfilled.
Even though a multi-state reallocation process 425 is shown in FIG. 5 between process
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452 and process 426, multi-state reallocation process 425 is not carried out if the

Continuing with the illustration depicted in FIG. 5, process 427 represents the
possible existence of subsequent trading periods for the same event on which the given
group of DBAR contingent claims is based. If such periods exist, traders may make
investments during them, and each subsequent trading period would have its own distinct
set of finalized returns. For example, the trader in a group of contingent claims may
place a hedging investment in one or more of the subsequent trading periods in response
to changes in returns across the trading periods in accordance with the method discussed
in Example 3.1.19 above. The ability to place hedging trades in successive trading
periods, each period having its own set of finalized returns, allows the trader to lock-in or
realize profits and losses in virtually continuous time as returns change across the trading
periods. In a preferred embodiment, the plurality of steps represented by process 427 are
performed as previously described for the earlier portions of FIG. 5.

As further depicted in FIG. 5, process 428 marks the end of all the trading periods

period, the Market Returns database 262 (FIG. 4) contains a set of finalized returns for ' .
each trading period of the group of contingent claims, and Trade Blotter database 266 |
contains data on every investment made by every trader on the illustrative group of
DBAR contingent claims. . '

.In FIG. 5, process 429 represents the observation period during which the
outcome of the event underlying the contingent claim is observed, the occurring state of
the DBAR contingent claim determined and any other predetermined termination criteria
are fulfilled. In a preferred embodiment, the event outcome is determined by query of the
Market Data database 263 (FIG. 4), which has been kept current by Market Data Feed
270. For example, for a group of contingent claims on the event of the closing price of
IBM on 8/3/99, the Market Data database 263 will contain the closing price, 119 3/8, as

source might be Bloomberg, in which case an object residing on transaction server 240
previously instantiated by ORB 230 will have updated the Market Returns database 262
with the closing price from Bloomberg. Another similarly instantiated object on
transaction server 240 will quéry the Market Returns database 262 for the event outcome
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(119 3/8), will query the Contingent Claims Terms and Conditions database 267 for the
purpose of determining the state identification corresponding to the event outcome (e.g.,
Contingent Claim # 1458, state #8) and update the event and state outcomes into the
Event Data database 264.

As further depicted in FIG. 5, process 430 shows an object instantiated on
transaction server 240 by ORB 230 performing payout calculations in accordance with
the DRF and other terms and conditions as contained in Contingent Claims Terms and
Conditions database 267 for the given group of contingent claims. In a preferred
embodiment, the object is responsible for calculating amounts to be paid to successful
investments and amounts to be collected from unsuccessful investments, i.e., investments
in the occurring and non-occurring states, respectively.

As further depicted in FIG. 5, process 431 shows trader account data stored in
Trader and Account database 261 (FIG. 4) being updated by the object which determines
the payouts in process 430. Additionally, in process 431 in this illustration and preferred
embodiments, outstanding credit and debit interest corresponding to positive and margin
balances are applied to the relevant accounts in Trader and Account database 261.

'FIG. 6 depicts as preferred embodiment of a sample HTML page used by traders
in an exchange for groups of DBAR contingent claims which illustrates sample display
500 with associated input/output devices, such as display buttons 504-507. As depicted
in FIG. 6, descriptive data 501 illustrate the basic investment and market information
relevant to an investment. - In the investment illustrated in FIG. 6, the event is the closing
price of IBM common stock at 4:00 p.m. on 8/3/1999. As depicted in FIG. 6, the sample
HTML page displays amount invested in each defined state, and returns available from
Market Returns database 262 depicted in FIG. 4. In this illustration and in preferred
embodiments, returns are calculated on transaction server 240 (FIG. 2) using, for

_example, a canonical DRF. As also depicted in FIG. 6, real-time market data is displayed

in an intraday “tick chart”, represented by display 503, using data obtained from Market
Data Feed 270, as depicted in FIG. 7, and processed by transaction server 240, depicted
in FIG. 2. Market data may also be stored contemporaneously in Market Data database
263. : - -
In the preferred embodiment depicted in FIG. 6, traders may make an investment
by selecting Trade button 504. Historical returns and time series data, from Market Data
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~ database 263 may be viewed by selecting Display button 505. Analytical tools for

calculating opening or indicative returns or simulating market events are available by
request from Software Application Server 210 via ORB 230 and Transaction Server 240
(depicted in FIG. 2) by selecting Analyze button 506 in FIG. 6. As returns change
throughout the trading period, a trader may want to display how these returns have
changed. As depicted in FIG. 6, these intraday or intraperiod returns are available from
Market Returns database 262 by selecting Intraday Returns button 507. In addition,
marginal intra-period retums, as discussed previously, can be displayed using the same
data in Market Returns database 262 (FIG. 2). In a preferred embodiment, it is also
possible for each trader to view finalized returns from Market Returns database 262.

In preferred embodiments that are not depicted, display 500.also includes
information identifying the group of contingent claims (such as the claim type and event)
available from the Contingent Claims Terms and Conditions database 267 or current
returns available from Market Returns database 262 (FIG. 2). In other preferred

. embodiments; display 500 includes means for requesting other services which may be of

interest to the trader, such as the calculation of marginal returns, for example by selecting

. - Intraday Returns button 507, or the viewing of historical data, for example by selecting
‘Historical Data button 505.. - L . | .

~ FIG. 7 depicts a preferred embodiment of the Market Data Feed 270 of FIG. 2 in

" greater detail. In a preferred embodiment depicted in FIG. 7, real-time data feed 600
_ comprises quotes of prices, yields, intraday tick graphs, and relevant market news and
- example sources. Historical data feed 610, which is used to supply market data database

263 with historical data, illustrates example sources for market time series data, derived
returns calculations from options pricing data, and insurance claim data. Corporate
action data feed 620 depicted in FIG. 7 illustrates the types of discrete corporate-related
data (e.g., earnings announcements, credit downgrades) and their example sources which
can form the basis for trading in groups of DBAR contingent claims of the present
invention. In preferred embodiments, functions listed in process 630 are implemented on
transaction server 240 (FIG. 2) which takes information from data feeds 600, 610, and
620 for the purposes of allocating returns, simulating outcomes, calculating risk, and
determining event outcomes. ' -
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FIG. 8 depicts a preferred embodiment of an illustrative graph of implied liquidity
effects of investments in a group of DBAR contingent claims. As discussed above, in
preferred embodiments of the present invention, liquidity variations within a group of
DBAR contingent claim impose few if any costs on traders since only the finalized or
closing returns for a trading period matter to a trader’s return. This contrasts with
traditional financial markets, in which local liquidity variations may result in execution of
trades at prices that do not faitly represent fair fundamental value, and may therefore
impose permanent costs on traders.

Liquidity effects from investments in groups of DBAR contingent claims, as
illustrated in FIG. 8, include those that occur when an investment materially and
permanently affects the distribution of returns across the states. Returns would be
materially and perhaps permanently affected by a trader’s investment if, for example,
very close to the trading period end time, a trader invested an amount in a state that
represented a substantial percentage of aggregate amount previously invested in that
state. The curves depicted FIG. 8 show in preferred embodiments the maximum effect a
trader’s investment can have on the distribuﬁon of returns to the various states in the
group of DBAR contingent claims. o

As depicted in FIG. 8, the horizontal axis, p, is the amount of the trader’s
investment expressed as a percentage of the total amount previously invested in the state
(the trade could be a multi-state investment, but a single state is assumed in this'
illustration). The range of values on the horizontal axis depicted in FIG. 8 hasa
minimum of 0 (no amount invested) to 10% of the total amount invested in a particular
state. For example, assuming the total amount invested in a given state is $100 million,
the horizontal axis of FIG. 8 ranges from a new investment amount of 0 to $10 million.

The vertical axis of FIG. 8 represents the ratio of the implied bid-offer spread to
the implied probability of the state in which a new investment is to be made. In a
preferred embodiment, the implied bid-offer spread is computed as the difference
between the implied "offer” demand response, g;°(AT;), and the implied "bid" demand
response, qi>(ATy), as defined above. In other words, values along the vertical axis
depicted in FIG. 8 are defined by the following ratio: | |

a°(AT))-g! (AT))
g,
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As displayed in FIG. 8, this ratio is computed using three different levels of g;, and the
three corresponding lines for each level are drawn over the range of values of p: the ratio
is computed assuming a low implied q; (qi=.091, denoted by the line marked S(p,1)), a
middle-valued g; (g=.333, denoted by the line marked S(p,m)), and a high value for g;
(qi=-833 denoted by the line marked S(p,h)), as shown.

If a trader makes an investment in a group of DBAR contingent claims of the
present invention and there is not enough time remaining in the trading period for returns
to adjust to a fair value, then FIG. 8 provides a graphical depiction, in terms of the
percentage of the implied st#te probability, of the maximum effect a trader’s own
investment can have on the distribution of implied state probabilities. The three separate
curves drawn correspond to a high demand and high implied probability (S(p,h)),
medium demand and medium implied probability (S(p,m)), and low demand and low
implied probability (S(p,)). As used in this context, the term "demand” means the
amount previously invested in the particular state. .

The graph depicted in FIG. 8 illustrates that the degree to which the amount of a
trader's investment affects the existing distribution of implied probabilities (and hence.
returns) varies with the amount of demand for the existing state as well as the amount of

. the trader’s investment. If the distribution of implied probabilities is'greaﬂy affected, this

corresponds to a larger implied bid-offer spread, as graphed on the vertical axis of the
graph of FIG. 8. For example, for any given investment amount p, expressed as a

. percentage of the existing demand for a particular state, the effect of the new investment

amount is largest when existing state demand is smallest (hne S(p,l), corresponding to a
low demand/low implied probability state). By contrast, the effect of the amount of the
new investment is smallest when the existing state demand is greatest (S(p,h),
corresponding to a high demand/high implied probability state). FIG. 8 also confirms
that, in preferred embodiments, for all levels of existing state demand, the effect of the
amount invested on the existing distribution of implied probabilities increases as the -
.amount to be invested increa_isr::sf -

FIG. 8 also illustrates two liquidity-related aspects of groups of DBAR contingent
claims of the present invention. First, in contrast to the traditional markets, in preferred
embodiments of the present invention the effect of a trader’s investment on the existing
market can be mathematically determined and calculated and displayed to all traders.
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Second, as indicated by FIG. 8, the magnitude of such effects are quite reasonable. For
example, in preferred embodiments as depicted by FIG. 8, over a wide range of
investment amounts ranging up to several ﬁercent of the existing demand for a given
state, the effects on the market of such investments amounts are relatively small. If the
market has time to adjust after such investinents are added to demand for a state, the
effects on the market will be only transitory and there may be no effect on the implied
distribution of probabilities owing to the trader’s investment. FIG. 8 illustrates a "worst
case" scenario by implicitly assuming that the market does not adjust after the investment
is added to the demand for the state.

FIGS. 9a to 9c illustrate, for a preferred embodiment of a group of DBAR
contingent claims, the trader and credit relationships and how credit risk can be
quantified, for example in process 413 of FIG. 5. FIG. 9a depicts a counterparty
relationship for a traditional swap transaction, in which two counterparties have
previously entered into a 10-year swap which pays a semi-annual fixed swap rate of
7.50%. The receiving counterparty 701 of the swap transaction receives the fixed rate
and pays a floating rate, while the paying counterparty 702 pays the fixed rate and. .
receives the floating rate. Assuming a $100 million swap trade and a current market
fixed swap rate of 7.40%, based upon well-known swap valuation principles implemented
in software packages such as are available from Sungard Data Systems, the receiving
counterparty 701 would receive a profit of $700,000 while the paying swap counterparty
702 would have a loss of $700,000. The recéiving swap counterparty 701 therefore has a
credit risk exposure to the paying swap counterparty 702 as a function of  $700,000,
because the arrangement depends on the paying swap party 702 meeting its obligation.

FIG. 9b depicts illustrative trader relationships in which a preferred embodiment
of a group of the DBAR contingent claims and exchange effects, as dpractical matter,
relationships among all the traders. As depicted in FIG. 9b, traders C1, C2, C3, C4, and
CS5 each have invested in one or more states of a group of DBAR contingent claims, with
defined states S1 to S8 respectively corresponding to ranges of possible outcomes for the
10 year swap rate, one year forward. In this illustration, each of the traders has a credit
risk exposure to all the others in relation to the amount of each trader's investment, how
much of each investment is on margin, the probability of success of each investment at
any point in time, the credit quality of each trader, and the correlation between and
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- among the credit ratings of the traders. This information is readily available in preferred

embodiments of DBAR contingent claim exchanges, for example in Trader and Account
database 261 depicted in FIG: 2, and can be displayed to traders in a form similar to
tabulation 720 shown in FIG. 9¢, where the amount of investment margin in each state is

. displayed for each trader, juxtaposed with that trader’s credit rating. For example, as

depicted in FIG. 9c, trader C1 who has a AAA credit rating has invested $50,000 on
margin in state 7 and $100,000 on margin in state 8. In a preferred embodiment, the
amount of credit risk borne by each trader can be ascertained, for example using data
from Market Data database 263 on the probability of changes in credit ratings (including
probability of default), amounts recoverable in case of default, correlations of credit
rating changes-among the traders and the information displayed in tabulation 720.

. To illustrate such determinations in the context of a group of DBAR contingent
claims depicted in FIG. 9, the following assumptions are made: (i) all the traders C1,
C2, C3, C4 and C5 investing in the group of contingent claims have a crédit rating
correlation of .9; (ii) the prdbabiliti&s of total default for the traders C1 to C5 are (.001,
.003, .007, .01, .02) respectively; (iii) the implied probabilities of states S1 to S8
(depicted in FIG. 9c) are (.075,.05,.1,.25,.2,.15,.075,.1), respectively. A calculation can
be made with these assumptions which approximates the total credit risk for all of the
traders in the group of the DBAR contingent claims of FIG. 9c¢, following Steps (i)-(vi)

- previously described for using VAR methodology to determine Credit-Capital-at-Risk.-

~ Step (i) involves obtaining for each trader the amount of margin used to make
each trade. For this illustration, these data are assumed and are displayed in FIG. 9¢, and
in a preferred embodiment, are available from Trader and Account database 261 and -
Trade Blotter database 266. | .

Step (ii) involves obtaining data related to the probability of default and the
percentage of outstanding margin loans that are recoverable in the event of default. In
preferred embodiments, this information is available from such sources as the JP Morgan
CreditMetrics database. For this illustration a recovery percentage of zero is assumed for
each trader, so that if a trader defaults, no amount of the margin loan is recoverable.

Step (iii) involves scaling the standard deviation of returns (in units of the
amounts invested) by the percentage of margin used for each investment, the probability
of default for each trader, and the percentage not recoverable in the event of default. For
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this illustration, these steps involve computing the standard deviations of unit returns for
each state, multiplying by the margin percentage in each state, and then multiplying this
result by the probability of default for each trader. In this illustration, using the assumed
implied probabilities for states 1 through 8, the standard deviations of unit returns are:
(3.5118,4.359,3,1.732,2,2.3805,3.5118,3). In this illustration these unit returns are then
scaled by multiplying each by (a) the amount of investment on margin in each state for
each trader, and (b) the probability of default for each trader, yielding the following table:

S1 S2 S3 S4 S5 86 87 S8
CLAAA 175.59 | 300
C2, AA 285.66 | 263.385
C3,AA | . _ 1400 999.81
C4, A+ 2598 2000
C5,A 7023.6 | 4359 4800

Step (iv) involves using the scaled amounts, as shown in the above table and a
correlation matrix C contaiﬁing a correlation of retums between each pair of defined
states, in order to compute a Credit-Capital-At-Risk. As previously discussed, this Step
(iv) is performed by first arranging the scaled amounts for each trader for each state into a
vector U as previously defined, which has dimension equal to the number of states (e.g., 8
in this example). For each trader, the correlation matrix C; is pre-multiplied by the
transpose of U and post-multiplied by U. The square root of the result is a correlation-
adjusted CCAR value for each trader, which represents the amount of credit risk
contributed by each trader. To perform these calculations in this illustration, the matrix
C; having 8 rows and 8 columns and 1°s along the diagonal is constructed using the

methods previously described:
1 -—.065 —.095 —.164 —.142 -.12 —081 -.095
-065 1 —076 —.132 -.115 -.096 —.065 -.076
-095 -076 1 -.192 -.167 -.14 -.095 -.111
c 164 -a32 -192 1 -289 -243 -.164 -.192
*T 142 -115 -.167 -289 1 -21 -.142 -.167
-12 -09 -.14 -243 -21 1 =12 -.14

-081 —-.065 —.095 —.164 —-.142 -12 1 -.095
-095 -076 -.111 -.192 -.167 -.14 -095 1
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The vectors Uy, Uz, Us, U, and Us for each of the 5 traders in this ﬂlustrauon,

respectively, are as follows:
0 0 0 0 7023.6
0 0 0 0 4359
0 0 0 0 4800
0 0 0 2598 0
U= o U= 4 U= Y=g U= 4
0 285.66 999.81 0 0
175.59 263.385 0 0 0
300 0 0 0 0

Continuing with the methodology of Step (iv) for this illustration , five matrix
computations are performed as follows:

| CCAR, = UT*C,* U
for i=1..5. The left hand side of the above equatlon is the crecht capital at nsk

correspondmg to each of the five traders.
Pursuant to Step (V) of the CCAR methodology as apphed to this example, the

) ﬁve CCAR values are arranged mto a column vector'of dxmer_xs;on five, as follows:

3329
364.58
Weep = 1540.04
2783.22
8820.77
Continuing with this step, a correlation matrix (CCAR) with a number of rows
and columns equal to the number of traders is constructed which contains the statistical
correlation of changes in credit ratings between every pair of traders on the off-diagonals
and 1’s along the diagonal. For the present example, the final Step (vi) involves the pre-
multiplication of CCAR by the transpose of wm and the post multiplication of Cccar
by wccar, and taking the sqilare root of that product, as follows: |

CCARpyry, = ‘\/ Weear *Cooan * Wcan

In this 1llustratlon, the result of this calculation is:
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1 99 99 3329
: 91 9 9 9 36458
CCAR . = {3329 364.58 154004 2783.22 8820.77*9 9 1 .9 .9*1540.04 =13462.74
9 9 9 1 9 278322
9 9 9 9 1 882077

In other words, in this illustration, the margin total and distribution showing in
FIG. 9¢ has a single standard deviation Credit-Capital-At-Risk of $13,462.74. As
described previously in the discussion of Credit-Capital-At-Risk using VAR
methodology, this amount may be muitiplied by a number derived using methods known
to those of skill in the art in order to obtain a predetermined percentile of credit loss
which a trader could believe would not be exceeded with a predetermined level of
statistical confidence. For example, in this illustration, if a trader is interested in
knowing, with a 95% statistical confidence, what loss amount would not be exceeded, the
single deviation Credit-Capital-At-Risk figure of $13,462.74 would be multiplied by
1.645, to yield a figure of $22,146.21.

A trader may also be interested in knowing how much credit risk the other traders
represent among themselves. In a preferred embodiment, the preceding steps (i)-(vi) can
be performed excluding one or more of the traders. For example, in this illustration, the -
most risky trader, measured by the amount of CCAR associated with it, is trader CS5. The
amount of credit risk due to C1 through C4 can be determined by performing the matrix
calculation of Step (V) above, by entering 0 for the CCAR amount of trader C5. This
yields, for example, a CCAR for traders C1 through C4 of $4,870.65.

. FIG. 10 depicts a preferred embodiment of a feedback process for improving ofa
system or exchange for implementing the present invention. As depicted in FIG. 10, ina
preferred embodiment, closing and intraperiod returns from Market Returns database 262
and market data from Market Data database 263 (depicted in FIG. 2) are used by process
910 for the purpose of evaluating the efficiency and fairess of the DBAR exchange. -
One preferred measure of efficiency is whether a distribution of actual outcomes
corresponds to the distribution as reflected in the finalized returns. Distribution testing
routines, such as Kolmogorov-Smirnoff tests, preferably are performed in process 910 to
determine whether the distributions implied by trading activity in the form of returns
across the defined states for a group of DBAR contingent claims are significantly

-155-



10

- 15

20

25

30

‘WO 01/08063 PCT/US00/19447

different from the-actual distributions of outcomes for the underlying events, experienced
over time. Additionally, in preferred embodiments, marginal returns are also analyzed in

~ process 910 in order to determine whether traders who make investments late in the

trading period earn returns statistically different from other traders. These “late traders,”
for example, might be capturing informational advantages not available to early traders.
In response to findings from analyses in process 910, a system according to the present
invention for trading and investing in groups of the DBAR contingent claims can be
modified to improve its efficiency and fairness. For example, if “late traders” earn -
unusually large profits, it could mean that such a system is being unfairly manipulated,
perhaps in conjunction with trading in traditional security markets Process 920 depicted
in FIG. 10 represents a preferred embodiment of a counter-measure which randomizes the
exact time at which a trading period ends for the purposes of preventing manipulation of
closing returns. For example, in a preferred embodiment, an exchange announces a
trading closing end time falling randomly between 2:00 p.m and 4:00 p.m on a given
date. -

As depicted in FIG. 10, process 923 is a preferred embodiment of another process

. to reduce risk of market manipulation. Process 923 represents the step of changing the

observation period or time for the outcome. For example, rather than observing the -

_ outcome at a discrete time, the exchange may specify that a range of times for -

observation will used, perhaps spanning many hours, day, or weeks (or any arbitrary time
frame), and then using the airerage of the observed outcomes to determine the occurrence
of a state. ] . :
As further depicted in FIG. 10, in response to process 910, steps could be taken in
process 924 to modify DRFs in order, for example, to encou;age-traders to invest earlier
in a trading period. For example, a DRF could be modified to provide somewhat
increased returns to these “early” traders and proportionately decreased returns to "late"
traders. Such incentives, and others apparent to those sk_illed in the art, could be reflected
in more sophisticated DRFs.

In a preferred embodiment depicted in FIG. 10, process 921 represents,

- responsive to process 910, steps to change the assumptions under which opening returns

are computed for the purpose of providing better opening returns at the opening of the
trading period. For example, the results of process 910 might indicate that traders have
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excessively traded the extremes of a distribution in relation to actual outcomes. There is
nothing inherently problematic about this, since trader expectations for firture possible
outcomes might reflect risk preferences that cannot be extracted or analyzed with actual
data. However, as apparent to one of skill in the art, it is possible to adjust the initial
returns to provide better estimates of the future distribution of states, by, for example,
adjusting the skew, kurtosis, or other statistical moments of the distribution.

As depicted in FIG. 10, process 922 illustrates changing entirely the structure of
one or more groups of DBAR contingent claims. Such a countermeasure can be used on
an ad hoc basis in response to grave inefficiencies or unfair market manipulation. For
example, process 922 can include changes in the number of trading periods, the timing of
trading periods, the duration of a group of DBAR contingent claims, the number of and
nature of the defined state partitions in order to achieve better liquidity and less unfair
market manipulation for groups of DBAR contingent claims of the present invention.

The foregoing detailed description of the figures, and the figures themselves, are
designed to provide and explain specific illustrations and examples of preferred -
embodiments of methods and systems of the present invention. The purpose is to
facilitate increased understanding and appreciation of the present invention. The detailed
description and figures are not meant to limit either the scope of the invention, its -
embodiments, or the ways in which it may be implemented or practiced. To the contrary,
additional embodiments and their equivalents within the scope of this invention will be
apparent to those of skill in the art from reviewing this specification or practicing this
invention.

7 ADVANTAGES OF PREFERRED EMBODIMENTS

This specification sets forth principles, methods, and systems that provide trading
and investment in groups of DBAR contingent claims, and the establishment and
operation of markets and exchanges for such claims. Advantages of the present invention
as it applies to the trading and investment in derivatives and other contingent claims
include: '

(1) Increased liguidity: Groups of DBAR contingent claims and exchanges for
investing in them according to the present invention offer increased liquidity for

- the following reasons: '
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- (i) 'Reduced dynamic hedging by market makers. In preferred

“ embodiments, an exchange or market maker for contingent claims
~ does not need to hedge in the market. In such.embodiments, all that is

required for a well-functioning contingent claims market is a set of
observable underlying real-world events reflecting sources of financial
or economic risk. For example, the quantity of any given financial
product available at any given price can be irrelevant in a system of the
present invention.

- (ii) Reduced order crossing. Traditional and electronic exchanges
typically employ sophisticated algorithms for market and limit order

- book bid/offer crossing. In preferred embodiments of the present
invention, there are no bids and offers to cross. A trader who desires
to "unwind" an investment will instead make a complementary
- investment, thereby hedging his exposure.

- (iii)No permanent liquidity charge: In the DBAR matket, only the final
returns are used to compute payouts. Liquidity variations and the
vagaries of execution in the traditional markets do not, in preferred

- embodiments, impose a permanent tax or toll as they typically do in

- traditional markets. In any event, in preferred embodiments of the
present invention, liquidity effects of amounts invested in groups of
‘DBAR claims are readily calculable and available to all traders. Such
information is not readily available in traditional markets.

(2) Reduced credit risk: In preferred embodiments of the present invention, the
exchange or dealer has greatly increased assurance of recovering its transaction
fee. It therefore has reduced exposure to market risk. In preferred
embodiments, the primary function of the exchange is to redistribute returns to
successful investments from losses incurred by unsuccessful investments. By

implication, traders who use systems of the present invention can enjoy limited

liability, even for short positions, and a diversification of counterparty credit
(3) Increased Scalability: The pricing methods in preférred_ embodiments of

systems and methods of the present invention for investing in groups of DBAR
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contingent claims are not tied to the physical quantity of underlying financial
products available for hedging. In preferred embodiments an exchange

therefore can accommodate a very large community of users at lower marginal

. costs.

Improved Information Aggregation: Markets and exchanges according to the
present invention provide mechanisms for efficient aggregation of information
related to investor demand, implied probabilities of various outcomes, and price.
Increased Price Transparency: Preferred embodiments of systems and methods
of the present invention for investing in groups of DBAR contingent claims
determine returns as functions of amounts invested. By contrast, prices in
traditional derivatives markets are customarily available for fixed quantities
only and are typically determined by complex interactions of supply/demand
and overall liquidity conditions. For example, in a preferred embodiment of a
canonical DRF for a group of DBAR contingent claims of the present invention,
returns for a particular defined state are allocated based on a function of the
ratio of the total amount invested across the distribution of states to the amount
on the particular state.

Reduced settlement or clearing costs: In preferred embodiments of systems and

methods for investing in groups of DBAR contingent claims, an exchange need
not, and typically will not, have a need to transact in the underlying physical
financial products on which a group of DBAR contingent claims may be based.
Securities and derivatives in those products need not be transferred, pledged, or
otherwise assigned for value by the exchange, so that, in preferred
embodiments, it does not need the infrastructure which is typically required for
these back office activities.

Reduced hedging costs: In traditional derivatives markets, market makers
continually adjust their portfolio of risk exposures in order to mitigate risks of

- bankruptcy and to maximize expected profit. Portfolio adjustments, or dynamic
~ hedges, however, are usually very costly. In preferred embodiments of systems

and methods for investing in groups of DBAR contingent claims, unsuccessful

investments hedge the successful investments. As a consequence, in such
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preferred embodiments, the need for an exchange or market maker to hedge is
greatly reduced, if not eliminated. '

Reduced model risk: In traditional markets, derivatives dealers often add
“model insurance” to the prices they quote to customers to protect against
unhedgable deviations from prices otherwise indicated by valuation models. In
the present invention, the price of an investment in a defined state derives
directly from the expectations of other traders as to the expected distribution of
market returns. As a result, in such embodiments, sophisticated derivative
valuation models are not essential. Transaction costs are thereby lowered due to
the increased price transparency and tractability offered by the systems and
methods of the present invention.

Reduced event risk: In preferred embodiments of systems and methods of the
present invention for investing in groups of DBAR contingent claims, trader
expectations are solicited over an entire distribution of future event outcomes.
In such embodiments, expectations of market crashes, for example, are directly
observable from indicated returns, which transparently reveal trader
expectations for an entire distributions of future event outcomes. Additionally,

- in such embodiments, a market maker or exchange bears greatly reduced market

- (10)

crash or “gap” risk, and the costs of derivatives need not reflect an insurance
‘premium for discontinuous market events.

Generation of Valuable Data: Traditional financial product exchanges usually
attach a proprietary interest in the real-time and historical data that is generated
as a by-product from trading activity'and market making. These data include,
for example, price and volume quotations at the bid and offer side of the market.
In traditional markets, price is a “sufficient statistic” for market participants and
this is the information that is most desired by data subscribers. In preferred
embodiments of systems and methods of the present invention for investing in
groups of DBAR contingent claims, the scope of data generation may be greatly
expanded to include investor expectations of the entire distribution of possible
outcomes for respective future events on which a group of DBAR contingent
claims can be based. This type of information (e.g., did the distribution at time t
reflect traders’ expectations of a market crash which occurred at time t+1?) can
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be used to imprdve market operation. Currentl}:'I, this type of distributional
information can be derived only with great difficulty by collecting panels of
option price data at different strike prices for a given financial product, using the

. methods originated in 1978 by the economists Litzenberger and Breeden and

other similar methods known to someone of skill in the art. Investors and others
must then perform difficult calculations on these data to extract underlying

" distributions. In preferred embodiments of the present invention, such

1)

distributions are directly available.
Expanded Market For Contingent Claims: Another advantage of the present

. invention is that it enables a well functioning market for contingent claims.

(12)

Such a market enables traders to hedge directly against events that are not
readily hedgeable or insurable in traditional markets, such as changes in
mortgage payment indices, changes in real estate valuation indices, and
corporate earnings announcements. A contingent claims market operating
according to the systems and methods of the present invention can in principle
cover all events of economic significance for which there exists a demand for
insurance or hedging. .

Price Discovery: Another advantage of systems and methods of the present

invention for investing in groups of DBAR contingent claims is the provision, in

preferred embodiments, of a returns adjustment mechanism (“price discovery”).
In traditional capital markets, a trader who takes a large position in relation to
overall liquidity often creates the risk to the market that price discovery will
break down in the event of a shock or liquidity crisis. For examiple, during the
fall of 1998, Long Term Capital Management (LTCM) was unable to liquidate

. its inordinately large positions in response to an external shock to the credit

. market, i.e., the pending default of Russia on some of its debt obligations. This

risk to the system was externalized to not only the creditors of LTCM, but also
to others in the credit markets for whom liquid markets disappeared. By

. contrast, in a preferred embodiment of a group of DBAR contingent claims

according to the present invention, LTCM’s own trades in a group of DBAR

~ contingent claims would have lowered the returns to the states invested in

dramatically, thereby reducing the incentive to make further large, and possibly

- 161 -



10

15

20

25

30

WO 01/08063 PCT/US00/19447

destabilizing, investments in those same states. Furthermore, an exchange for a
group of DBAR conhngent claims according to the present invention could still
have operated, albelt at frequently adjusted returns even during the most acute
phases of the 1998: Russxan bond crisis. For example, had a market in a DBAR
range.derivative exxsted which elicited trader expectatlons on the distribution of
spreads between h;gh-grade United States Treasu_ry secuntles and lower-grade

- debt instruments, LTCM could have “-hedged”'its:hWn speculative positions in

.(13)

the lower-grade instruments by making mvestment m the DBAR range
derivatives in which it would profit as credit spreads widened. Of course, its
positions by necess1ty would have been sizable thereby driving the returns on its
position dramatlcally lower (i.e., effectively hqmdatmg its existing position at

‘less favorable prices). Nevertheless, an exchange aecordmg to preferred

embodiments of the present invention could have prov1ded increased liquidity
. compared to that of the traditional markets.

Improved Offers of Liquidity to the Market: As explained above, in preferred
embodiments of gi'eups of DBAR contingent claxms according to the present

-invention, once an investment has been made it can be offset by making an

- investment in proportion to the prevailing traded amounts invested in the

complement states and the original invested state. By not allowing trades to be
removed or cancelled outright, preferre‘d embodiments promote two advantages:

.. 1. reducing strategle behavior (“returns (‘ -Jlgglmg”)

2. increasing liquidity to the market
In other words, preferred embodiments of the present invention reduce the
ability of traders to make and withdraw large investments merely to create false-
signals to other participants in the hopes of creating"l"as't-minlxte changes in
closing returns. Moreover, in preferred embodimeﬁis,-the liquidity of the
market over the entire distribution of states is inform'stion readily available to
traders and such liquidity, in preferred embodlments, may not be withdrawn
during the trading periods. Such preferred embodiments of the present
invention thus provide essentially binding oommmnents of hquxdlty to the
market guaranteed not to disappear. '
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(14) Increased Liquidity Incentives: In preferred embedments of the systems and
methods df the present invention for trading or investing in groups of DBAR
contingent claims, incentives are created to provide liquidity over the
distribution of states where it is needed most. On average, in preferred
embodiments, the implied probabilities resulting from invested amounts in each
defined state should be related to the actual probabilities of the states, so.
liquidity should be provided in proportion to the actual probabilities of each
state across the distribution. "The traditional markets do not have such ready
self-equilibrating liquidity mechanism's--e.g., far out-of-the-money options
might have no liquidity or might be exdessively traded. In any event, traditional
markets do not generally provide the strong (analytical) relationship between
liquidity, prices, and probabilities so readily available in trading in groups of
DBAR contingent claims according to the present invention .

(15) Improved Self-Consistency: Traditional markets customarily have “no-
arbitrage” relationships such as put-call parity for options and interest-rate
parity for interest rates and currencies. These relationships typically must (and
do) hold to prevent risk-less arbitrage and to provide consistency checks or

benchmarks for no-arbitrage pricing.- In preferred embodiments of systems and -
methods of the present invention for trading or investing in groups of DBAR

~ contingent claims, in addition to such "no-arbitrage” relationships, the sum of
the implied probabilities dver_the distribution of defined states is known to all
traders to equal unity. Using the notation developed above, the following
relations hold for a group of DBAR contingent claims using a canonical DRF:

(l—f)*zi:T}' |

-1
T

rl‘=

In other words, in a preferred embodiment, the sum across a simple
function of all implied probabilities is equal to the sum of the amount traded for
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each defined state divided by the total amount traded. 'In such an embodiment,
this sum equals 1. -This internal consistency check has no salient equivalent in
the traditional markets where complex caleul'ations;are typically required to be
performed on illiquid options price data in order to recover the 1mphed

probability drstnhutrons '
(16) Facilitated M m Calculations: In preferred embod:ments of

systems and methods of the present invention for tradmg and investing in
groups of DBAR contmgent claims, marginal retums may also be calculated
readily. Marginal retums 1™ are those that prevail m any sub-period of a trading
period, and can be calculated as follows: |

P (T TR T *7T,

if=1
Vi
o = P

‘where the left hand side is the marginal returns for's,'tate i between times t-1 and
t; 1y, and 1y are the unit returns for state i at times t, and t-1, and Ti;and Tiyy
are the amounts invested in state i at times tand t-i" , Tespectively.

 In preferred embodrments, the margmal retums can be dnsplayed to
provrde 1mportant information. to traders and others asto the adjustment
throughout a tradmg period. In systems and methods of the present invention, -
‘marginal returns may be more vanable (dependmg on the size of the time
" increment among other factors) than the retumns whrch apply to the entire
tradmg penod :

(17) Reduced Influence Bz Market Makers In preferred embodiments of the
systems and methods of the present invention, because returns are driven by
demand, the role of the supply side market maker is reduced if not eliminated.

A typical market maker in the traditional markets '(snch as an NYSE specialist
or a swaps book-nunner) typically has privileged access to information (e.g., the
limit order book) and potential conflicts of interest deriving from dual roles as
principal (i.e., proprietary trader) and market maker. In preferred embodiments
of the present invention, all traders have greater information (e.g., investment
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amounts across entire distribution of states) and there is no supply-side conflict
 of interest. S -
(18) Increased Ability to Generate and Replicate Arbitrary Payout Distributions: In
. preferred embodiments of the systems and methods of the present invention for
investing and trading in groups of DBAR contingent claims, traders may

~ generate theﬁ own desired distributions of payouts, i.e., payouts can be

customized very readily by varying amounts invested across the distribution of
defined states. This is significant since groups of DBAR contingent claims can
be used to readily replicate payout distributions with which traders are familiar
from the traditional markets, such as long stock positions, long and short futures
positions, long options straddle positions, etc. Importantly, as discussed above,
in preferred embodiments of the present invention, the payout distributions
corresponding to such positions can be effectively replicated with minimal
expense and difficulty by having a DBAR contingent claim exchange perform
multi-state allocations.

Preferred embodiments of the invention have been described in detail above,
various changes thereto and equivalents thereof will be readily apparent to one of
ordinary skill in the art and are encompassed within the scope of this invention and the
appended claim. For example, many types of demand reallocation functions (DRFs) can
be employed to finance gains to successful investments with losses from unsuccessful
investments, thereby achieving different risk and return profiles to traders. Additionally,
this disclosure has primarily discussed methods and systems for groups and portfolios of
DBAR contingent claims, and markets and exchanges for those groups. The methods and
systems of the present invention can readily be adapted by financial intermediaries for
use within the traditional capital and insurance markets. For example, a group of DBAR
contingent claims can be embedded within a traditional security, such as a bond for a
given corporate issuer, and underwritten and issued by an underwriter as previously
discussed. It is also intended that such embodiments and their equivalents are
encompasséd by the present invention and the appended claims.

The present invention has been described above in the context of trading
derivative securities, specifically the implementation of an electronic derivatives
exchange which facilitates the efficient trading of (i) financial-related contingent claims
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such as stocks, bonds, and derivatives thereon, (ii) non-financial related contingent claims
such as energy, commodity, and weather derivatives, and (i) traditional insurance and
reinsurance contracts such as market loss warranties for property-casualty catastrophe
risk. The present invention is not limited to these contexts, however, and can be readily
adapted to any contingent claim relating to events which are currently uninsurable or
unhedgable, such as corporate eamnings announcemerits, future semiconductor demand,
and changes in technology. These and all other such modifications are intended to fall
within the scope of the present invention. -
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8  TECHNICAL APPENDIX

- Financial Products Having Demand-Based, Adjustable
 Returns, and Trading Exchange Therefore

This technical appendix provides the mathematical foundation underlying' the
computer code listing of Table I: Illustrative Visual Basic Computer Code for Solving
CDRF 2. The aforementioned computer code listing implements a procedure for |
solving the Canonical Demand Reallocation Function (CDRF 2) by preferred means
which one of ordinary skill in the art will recognize are based upon the application of a
mathematical method known as fixed point iteration.

As previously indicated in the specification, the simultaneous system embodied
by CDRF 2 does not provide an explicit solution and typically would require the use of
numerical methods to solve the simultaneous quadratic equations included in the system.
In general, such systems would typically be solved by what are commonly known as
“grid search” routines such as the Newton-Raphson method, in which an initial solution
or guess at a solution is improved by extracting information from the numerical
derivatives of the functions embodied in the simultaneous system.

One of the important advantages of the demand-based trading methods of the
present invention is the careful construction of CDRF 2 which allows for the application
of fixed point iteration as a means for providing a numerical solution of CDRF 2. Fixed
point iteration means are generally more reliable and computaﬁona!iy less burdensome
than grid search muﬁnes, as the computer code listing in Table I illustrates.

A. Fixed Point Iteration

The solution to CDRF 2 requires finding a2 fixed point to a system of equations.
Fixed points represent solutions since they convey the concept of a system at “rest” or
equilibrium, i.e., a fixed point of a system of functions or transformations denoted g(a)
exists if
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a=g(a |

Mathematically, the function g(a) can be said to be ajifijiap on the real line over the
domain of a. The map, g(x), generates a new point, say, y,on the real line. If x=y, thenx
is called a fixed point of the function g(a). In terms of mmencal solution techniques, if
g(a) is a non-linear system of equatlons and if x is a fixed pomt of g(a), then a is aiso the
zero of the function. If no fixed points such as x exist for the function g(a), then grid
search type routines can be used to solve the system (e.g., the Newton-Raphson Method,
the Secant Method, etc.). If a fixed point exists, however, 1ts existence can be exploited
in solving for the zero of a simultaneous non-linear system, as follows.

Choose an initial starting point, X, which is beheved to be somewhere in the
neighborhood of the fixed point of the function g(a). Then, assurmng there does exist a
fixed point of the function g(a), employ the following simple iterative scheme:

X;1 = g(x;), where x, is chosen as starting point

where i=0,1,2,...n. The iteration can be continued until.a desired precision level,s, is

achieved, i.e.,

Xp = (xpy), until|g(x, ) —x,] <&

The questlon whether ﬁxed pomt iteration will converge, of course, depends cruclally on
the value of the first derivative of the function g(x) in the nelghborhood of the fixed point
as shown in the following figure:
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Figure 1: Fixed Point Iteration for General Function g(x)
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As previously indicated, an advantage of the present invention is the construction of
CDRF 2 in such a way so that it may be represented in terms of a multivariate function,
g(x), which is continuous and has a derivative whose value is between 0 and 1, as shown

below.

B. Fixed Point Iteration as Applied to CDRF 2

This section will demonstrate that (1) the system of equations embodied in CDRF 2
possesses a fixed point solution and (2) that this fixed point solution can be located using
the method of fixed point iteration described in Section A, above. )

The well known fixed point theorem pfovides that , if g:[a, b} g [a, b] is continuous on
{a, b] and di_f_fe_rentiable on (a, b) and there is a constant k < 1 such that for all x in (a, b),
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lg'elsk -

then g has a unique fixed point x* in [a, b]. Moreover, for any x in [a, b] the sequence |
defined by '

xp =xandx,, =g(x,)

converges to x* and for alln

'X,. —x'IS k" #l‘?k—xol X

The theorem can be applied CDRF 2 as follows. First, CDRF 2 in a preferred
embodiment relates the amount or amounts to be invested across the distribution of states
for the CDREF, given a payout distribution, by inverting the expression for the CDRF and
solving for the traded amount matrix A:

A=P*THA, )7 (CDRF 2)
CDRF 2 may be rewritten, therefore, in the folloWing form:
CA=g(A)

where g is a continuous and differentiable function. By the aforementioned fixed point
theorem, CDRF 2 may be solved by means of fixed point iteration if:

g'H<1

i.e., the multivariate function g(A) has a first derivative less than 1. Whether g(A) has a
derivative less than 1 with respect to A can be analyzed as follows. As previously
indicated in the spediﬁcatiqn, for any given trader and any given state i, CDRF2 contains
equations of the following form relating the desired payout p {assumed to be greater than

0) to the traded amount a required to generate the desired payout, given a total traded
-170-



10

15

WO 01/08063 PCT/US00/19447

amount aiready traded for. state i of Ty (also assumed to be greater than 0) and the total
traded amount for all the states of T:

Ti+a
T+a

a=(

Y p
so that
g@)=Er 5y p
Differentiating g(a) with respéct to a yields:
gl@)= (T+ ‘)‘Tia

Since the DRF Constraint defined previously in the specification requires that payout
amount p not exceed the total amount traded for all of the states, the following condition
holds:

T—:;sl
and therefore since

<
it is the case that

0<g'(a) <1

so that the solution to CDRF 2 can be obtained by means of fixed point iteration as
embodied in the computer code listing of Table 1.
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Iclaim: - - -

1. A method for conducting demand-based trading, comprising the steps of:
establishing a plurality of defined states and a plurality of predetermined
termination criteria, wherein each of the defined states corresponds to at least one
possible outcome of an event @f economic significance;
accepting, prior to fulfillment of all of the termination criteria, an investment of
value units by each of a plurality of traders in at least one of the plurality of defined
states; and _
allocating a payout to each investment, responsive to
the total number of the value units invested in the plurality of defined
states,
the relative number of the value units invested in each of the plurality of
defined states, and |
an identification of the defined state that occurred upon the fulfillment of
all of the termination criteria.

2. A method for conducting demand-based trading, comprising the steps of:
establishing a plurality of defined states and a plurality of predetermined
termihation criteria, wherein each of the defined states corresponds to a possible state of a
selected financial product when each of the termination criteria is fulfilled;
accepting, prior to fulfillment of all of the termination criteria, an investment of
value units by each of a plurality of traders in at least one of the plurality of defined
states; and .
allocating a payout to each investment, responsive to
the total number of the value units invested in the plurality of defined
states,
the relative number of the value units invested in each of the plurality of
defined states, and
- an identification of the defined state that occurred upon the fulfiliment of
all of the termination criteria.
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NPT O
3. The method for conductmg demand-based tradmg ofCla:ms lor2, wherein at

least one investment is made in connection with a security transaction.

4, The method for conducting demand-based trading of Claims 1 or 2, wherein the
payout to each investment in each of the defined states that did not occur upon fulfillment
of all of the termination criteria is zero, and a sum of the payouts to all of the investments
is not greater than the value of the total number of the value units invested in the plurality
of defined states.

S. The method for conducting demand-based trading of Claim 4, wherein the sum of
the values of the payouts to all of the investments is equal to the value of all of the value
units invested in the plurality of defined states less a fee.

6. The method for conducting demand-based trading of Claims 1 or 2, wherein at
least one investment of value units designates a set of defined states and a desired return-
on-investment from the designated set of defined states, and wherein the allocating step is
further responsive to the desired return-on-investment from the designated set of defined
states. ' :

7. - The method for conducting demand-based trading of Claims 1 or 2, further
comprising the step of calculating Capital-At-Risk for at least one investment of value

units by at least one trader.

8. The method for conducting demand-based trading of Claim 7, wherein the
calculating step includes the use of the Capital-At-Risk Value-At-Risk method.

9. The method for conducting demand-based trading of Claim 7, wherein the -
calculating step includes the use of the Capital-At-Risk Monte Carlo Simulation method.

10. - The method for conducting demand-based trading of Claim 7, wherein the
calculating step includes the use of the Capital-At-Risk Historical Simulation method.
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11.  The method for conducting demand-based trading of Claims-1 or 2, further
comprising the step of calculating Credit-Capital-At-Risk for at least one investment of
value units by at least one trader. )

12.  The method for conducting demand-based trading of Claim 11, wherein the

- calculating step includes the use of the Credit-Capital-At-Risk Value-At-Risk method.

13.  The method for conducting demand-based trading of Claim 11, wherein the
calculating step includes the use of the Credit-Capital-At-Risk Monte Carlo Simulation
method.

14.  The method for conducting demand-based trading of Claim 11, wherein the
calculating step includes the use of the Credit-Capital-At-Risk Historical Simulation
method

15. The method for conducting demand-based trading of Claims 1 or 2, wherein at
least one investment of value unitsis a n_iulti-sftate investment that designates a set of
defined states. R

16.  The method for conducting demand-based trading of Claim 15, wherein at least
one multi-state investment designates a set of desired returns responsive to the designated
set of defined states, and wherein the guocaﬁng step is further responsive to the set of
desired returns. o

17.  The method for conducting demand.-based trading of Claim 16, wherein each -
desired return of the set of desired returns is responsive to a subset of the designated set
of defined states. ' '

18.  The method for conducting c_lemand-baéed trading of Claim 16, wherein the set of

desired returns apmeimately;.cdnespoxids to expected returns from a set of defined states
of a prespecified investment vehicle. ' : _
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19.  The method for conductmg demand-based tradmg of Claim 16, wherein the
allocating step comprises the step of calculating the reqmred number of value units of the
multi-state investment that designates a set of desired returns, and the step of distributing
the value units of the multi-state investment that designates a set of desired returns to the
plurality of defined states.

WO 01/08063

20.  The method for conducting demand-based trading of Claim 19, wherein the
allocating step further comprises the step of solving a set of simultaneous equations that
relate traded amounts to unit payouts and payout distributions; and wherein the -
calculating step and the distributing step are responsive to the solving step.

21.  The method for conducing demand-based trading of Claim 20, wherein the
solving step comprises the step of fixed point iteration.

22.  The method for conducting demand-based trading of Claim 21, wherein the step
of fixed point iteration comprises the steps of: _

selecting an equation of the set of simultaneous equations, the equation having an
independent variable and at least one dependent variable; . o

assigning arbitrary values to each of the dependent variables in the selected
equation; _
. calculating the value of the mdependent variable in the selected equation
responsive to the currently assigned values of each the dependent variables;

assigning the calculated value of the independent variable to the independent
variable;

designating an equation of the set of simultaneous equations as the selected |
equation; and |

sequentially performing the calculating the value step, the assigning the calculated
value step, and the designating an equation step until the value of each of the variables

converges.
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23. A method for estimating state probabllmes ina demand-based trading method,
comprising the steps of: Lo ' '

performing a demand-based tadmg method having a plurality of defined states
and a plurality of predetermmed termination cntena, wherein each of the defined states
corresponds to at least one possxble outcome of an event of economic significance and
wherein an investment of value units by each of a plurahty of traders is accepted in at
least one of the plurality of defined states, - j

monitoring the relative number of value umts mvested in each of the plurahty of
defined states; and - ' R ' '

estimating, responsive to the momtonng step , the probability that a selected
defined state of the plurality of deﬁned states w1ll be the defined state that occurs upon -
fulfillment of all of the termination criteria.

WO 01/08063

24. A method for estimating state probabﬂxues ina demand-based tradmg method,
comprising the steps of: '

performing a demand-based tradmg method havmg a plurality of defined states .
and a plurality of predetermined termination cntena, wherein each of the defined states
corresponds to a possible state of a selected ﬁnancxal product when each of the
termination criteria is fulfilled and wherein an 1_n_v_estment of value units by each of a
plurality of traders is accepted in at least one of l:lie. plurality of defined states;

monitoring the relative number of value units invested in each of the plurality of
defined states; and o SR |

estimating, responsive to the monitoring step, the probability that a selected
defined state of the plurality of deﬁned states will be the defined state that occurs upon
fulfillment of all of the termination cntena. ' '

-25. A method for promotlng 11qu1d1ty ina demand-based n'admg method, comprising

the stepof : .

performing a demand-based tradmg method having a plurahty of defined states
and a plurality of predetermined termmatlon criteria, wherein each of the defined states
corresponds to at least one p'cssible ottcome of :an event of economic significance,
wherein an investment of value units byeachofa plurality of traders is accepted in at
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least one of the plurality of defined states, and wherein any investment of value units
cannot be withdrawn after acceptance.

26.  The method for promoting liquidity in a demand-based trading method of Claim
25, further comprising the step of hedging, wherein a trader hedges a previous investment
of value units by making a new investment of value units in one or more of the defined

states not invested in by the previous investment.

27. A method for promoting liquidity in a demand-based trading method, comprising
the step of : . S

performing a demand-based trading method having a plurality of defined states
and a plurality of predetermined termination criteria, wherein each of the defined states
corresponds to a possible state of a selected financial product, wherein an investment of
value units by each of a plurality of traders is accepted in at least one of the plurality of
defined states, and wherein any investment of value units cannot be withdrawn after.
acceptance.

28. | The method for promoting liquidity in a demand-based trading method of Claim
27, further comprising the step of hedging, wherein a trader hedges a previous investment
of value units by making a new investment of value units in one or more of the defined

states not invested in by the previous investment.

29. A method for conducting quasi-continuous demand-based trading, comprising the
steps of

establishing a plurality of defined states and a plurahty of predetermined
termination criteria, wherein each of the defined states corresponds to at least one
possible outcome of an event; _ _ '

conducting a. plurality of trading cycles, wherein each trading cycle comprises the
step of accepting, during a predefined trading period and prior to fulfillment of all of the
termination criteria, an investment of value units by each of a plurality of traders in at
least one of the plurality of defined states; and

allocating a payout to each investment, responsive to
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the total nimber of the value units invested in the plurality of defined
states during each of the predefined trading peridds of the plurality of trading cycles,

the relative number of the value units invested in each of the plurality of
defined states during each of the predeﬁned lradmg penods of the pluralxty of trading

~ cycles, and

an identification of the defined state that occurred upon the fulfillment of
all of the termination criteria. ' '

30.  The method for conducting quasi-continuous demand-based trading of Claim 29,

wherein the predefined trading penods of the plurahty of n'admg cycles are sequenual

and do not overlap.

31. A system for conducting demand-based trading, comprising:
means for accepting, prior to fulfillment of all of a plurality of predetermined
termination criteria, an investment of value units by each of a plurality of traders in at
least one of a plurality of defined states, wherein each of the plurality of defined states
corresponds to at least one possible outcome of an event of economic significance; and
- means for allocating a payout to each investment, responsive to
the total number of the value units ‘invested in the plurality of defined

‘states, -

the relative number of the value units invested in each of the plurality of
defined states, and

an identification of the defined state that occurred upon fulfillment of all
of the termination criteria.

32. ° A system for conducting demand-based tradmg, comprising:
means for accepting, prior to fulfiliment of all of a plurality of predetermined

" termination criteria, an investment of value units by each of a plurality of traders in at
- least one of a plurality of defined states, wherein each of the defined states corresponds to

a possible state of a selected financial product when eaeh of the termination criteria is

- fulfilled; and

means for allocating a payout to each investment, responsive to
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the total number of the value units invested in the plurality of defined
states, i . S

the relative number of the value units invested in each of the plurality of
defined states, and

an identification of the defined state that occurred upon fulfiliment of all
of the termination criteria.

33. A demand-based trading apparatus, comprising:

an interface processor communicating with a plurality of traders and a market data
system; and

a demand-based transaction processor, communicating with the interface
processor and having a trade status database, the demand-based transaction processor

maintaining, responsive to the market data system and to a demand-based
transaction with one of the plurality of traders, the trade status database, and
. processing, responsive to the trade status database, the demand-based -

transaction.

34. The demand-based trading apparatus of Claim 33, wherein maintaining the trade
status database comprises

establishing a contingent claim having a plurality of defined states, a plurality of
predetermined termination criteria, and at least one trading period, wherein each of the
defined states corresponds to at least one possible outcome of an event of economic
significance; '

recording, respons;ive to the demand-based transaction, an investment of value
units by one of the plurality of traders in at least one of the plurality of defined states;

calculating, responsive to the total number of the value units invested in the
plurality of defined states during each trading period and responsive to the relative
number of the value units invested in each of the plurality of defined states during each
trading period, finalized returns at the end of each trading period; and

determining, responsive to an identification of the defined state that occurred
upon the fulfillment of all of the termination criteria and to the finalized returns, payouts
to each of the plurality of traders; and
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wherein processing the demand-based transactlon comprises accepting, during the trading
period, the investment of value units by one of the plurahty of traders in at least one of
the plurality of defined states;

35. . The demand-based trading apparatus of Claim 33, wherem maintaining the trade
status database compnm :

establishing a contingent claim having a plurality of defined states, a plurality of
predetermmed termination criteria, and at least one trading period, wherein each of the
defined states corresponds to :apossibl'e state of a selected financial product when each of
the termination criteria is fulfilled; |

recording, responsive to the demand-based transaction, an investment of value
units by one of the plurality of traders in at least one of the plurality of defined states;

calculating, responsive to the total number of the value units invested in the
plurality of defined states during each trading period and responsive to the relative
number of the value units invésted in each of the plurality of deﬁned states during each
trading period, finalized returns at the end of each trading period; and

determining, responsive to an identification of the deﬁnéd state that occurred
upon the fulfillment of all of the termmatxon criteria and to the ﬁnahzed returns, payouts
to each of the plurality of traders; and '
wherein processing the demand-based transaction comprises acceptmg, during the trading
period, the investment of value units by one of the plurality of traders in at least one of
the plurality of defined states;

36. The demand-based trading apparatus of Claims 34 or 35, wherein maintaining the
trade status database further comprises calculating return estimates; and wherein
processing the demand-based transaction further comprises providing, responsive to the
demand-based transaction, the return estimates.

37.  The demand-based trading apparatus of Claims 34 or 35, wherein maintaining the
trade status database further comprises calculating risk estimates; and wherein processing

. the demand-based transaction further comprises providing, rés’ponsive to the demand-

based transaction, the risk estimates.
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38.  The demand-baked trading apparatus of Claims 34 or 35, wherein the demand-
based transaction includes a multi-state investment that specifies a desired payout
distribution and a set of constituent states; and wherein maintaining the trade status
database further comprises allocating, responsive to the multi-state investment, value
units to the set of constituent states to create the desired payout distribution.

I
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