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COMPUTER-IMPLEMENTED METHOD AND APPARATUS
FOR PORTFOLIO COMPRESSION

Background of the Invention

The present invention relates generally to the field of data processing, and in particular to
a computer-implemented method and apparatus for compressing a portfolio of financial
instruments to enable, for example, more efficient risk management processing than is otherwise
achievable with an uncompressed portfolio.

Risk management is a critical task for any manager of a portfolio of market instruments,
and accurate and efficient risk measurement is at the core of any sound enterprise-wide risk
management strategy. Given the relatively-complex mathematical calculations necessary to
accurately measure risk, financial institutions generally use some form of computer-implemented
“rnisk management engine.” As explained below, however, existing risk management engines
may be msufficient to adequately deal with the large, complex portfolios maintained by many
financial institutions.

It 1s not unusual for large and medium-sized financial institutions, such as banks or
Insurance companies, to require a risk management engine that allows the computation of daily
Value-at-Risk (VaR) estimates of an entire portfolio, which may contain several hundred thou-
sand positions, including substantial volumes of complex derivative products such as swaps, caps
and floors, swaptions, mortgage-backed securities, and so on. Moreover, these several hundred
thousand positions may have to be evaluated over hundreds or even thousands of different
scenarios. To further complicate the task, these financial institutions may require decision
support tools for managers and traders that allow performance of inter-day calculations in near-
real time.

In general, financial mstitutions are required to measure their overall risks for regulatory
purposes and as a basis to manage their capital more efficiently. While the former has been
dnving the development of risk oversight programs in financial institutions worldwide in the last
few years, the latter provides a high value-added to those willing to make the investment.
Traditionally, portfolio managers have been using standard deviation and variance to measure
their portfolio risk. This practice is based on modern portfolio theory, as described in, for
example, Harry Markowitz, Portfolio Selection, The Journal of Finance, vol. 7, no. 1 (1952), and
W.F. Sharpe, Capital Asset Prices: A Theory of Market Equilibrium Under Conditions of Risk,
The Journal of Finance, vol. 19, no. 3 (1964). However, in the last decade, both regulators and
businesses have embraced more general (and perhaps more sophisticated) measures such as

Value-at-Risk. VaR gives the maximum level of losses that a portfolio could incur, over some
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predetermined period of time, with a high degree of confidence. For regulatory purposes, for
example, the time period may be set to 10 days, and the one-sided confidence interval to 99%.
See, e.g., Planned Supplement to the Capital Accord to Incorporate Market Risks, Basle
Committee on Banking Supervision, Bank of International Settlements, Basle, No. 16 (Apri!
1995). Although VaR can be expressed as a multiple of the portfolio standard deviation in some
stmple cases, such as when portfolios are normally distributed, this generally 1s not the case.

There are different methods available to estimate VaR, depending on the assumptions one
1s willing to make with respect to the possible future market moves and the complexity of fhe
portfolio. Such methods are described generally 1n RiskMetrics™ Technical Document, Morgan
Guarantee Trust Company Global Research (4th ed. 1996), and Phillipe Jonon, Value at Risk:.
The New Benchmark for Controlling Derivatives Risk (Irwin Professional Publishing 1997). The
most generally-applicable method 1s based on simulation, either historical or so-called “Monte
Carlo” simulation. In particular, some simulation may be unavoidable to get an accurate picture
of risk when a portfolio contains substantial positions in instruments with optionality, such as
options, convertible bonds, mortgages and loans with embedded options. However, given the
complexity and computational requirements of known simulation methods, users must trade
accuracy for price, time and ease of implementation. Moreover, full simulation of very large and
complex portfolios, such as those encountered in many financial institutions today, may not be
achievable in a reasonable time period even with top-of-the-line computers. For example, a VaR
estimate of a large, complex portfolio over several thousand Monte Carlo scenarios could easily
take several hours, if not days, for a top-of-the-line work station. Indeed, even the simple task of
loading and storing large portfolios can be onerous and time consuming.

In an effort to address the practical problems associated with risk measurement for large
and/or complex portfolios, it is known to adopt an approach in which a subject portfolio (also
called the “target” portfolio) is first divided into a “linear” subportfolio and a “non-linear”
subportfolio. The former would contain all of the instruments having littie or no optionality,
while the latter would contain all of the options. In a typical institution, the linear portfolio might
comprise 70-95% of the total portfolio positions. However, given their nature, the risks
embedded in option positions may be substantial. The next step in such an approach 1s to
measure the risk of these subportfolios separately. For the linear subportfolio, one could apply,
for example, a “delta-normal methodology” such as that described in the above-cited
RiskMetrics™ Technical Document. By assuming linearity of the subportfolio and normal
distributions, this analytical method has moderate computational requirements. For the options,

some basic, perhaps limited, simulation can be applied. Finally, an estimate of the nisk of the
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target portfolio 1s taken as the sum of the individual subportfolio risks.

A significant problem with this approach, however, is presented by the last step. To
illustrate, consider a simple example where a trader sells a call option on a given bond and
immediately buys a hedge on the underlying bond. Although the bond clearly reduces the
portfolio’s risk, the above-described methodology would indicate that the VaR of the portfolio
has increased (and in fact almost doubled). In general, a mix of methodologies may grossly
overestimate VaR since it fails to account for the main principles of risk management: hedging
and diversification. This may result in undesirable penalties for good risk management policies.

In view of the shortcomings with known approaches for risk management of large and/or
complex portfolios, including but not limited to the shortcomings discussed above, it is apparent
that there 1s a need for a computer-implemented process that is capable of representing such
portfolios in a compact way, and that achieves such compression (e.g., loads instruments,
generates cashflows, compresses, etc.) quickly and efficiently. Likewise, in contrast to the
division approach discussed above, there is a need for a single methodology that enables
measurement of risk across an entire portfolio. Such a single methodology should offer sufficient
computational efficiency to permit accurate risk measurement to be completed in a reasonable

time period regardless of the size and/or complexity of the target portfolio. Embodiments of the

present invention satisfy these and other needs.

Summary of the Invention

The present invention is generally directed at providing improved tools for risk
management of large and/or complex portfolios of financial instruments. In accordance with
particular embodiments of the invention, as described herein, a “compressed portfolio” is
generated for a given target portfolio of financial instruments. In general, the compressed
portfolio 1s a relatively smaller and/or simpler portfolio that closely mimics the behavior of the
target portfolio, but that requires orders of magnitude less computer memory to store and orders
of magnitude less computational time to value. Thus, the compressed portfolio can be used, for
example, for risk measurement analyses instead of the target portfolio, thereby providing
substantial improvements in computer resource usage with little or no reduction in accuracy.

In accordance with one particular embodiment, a computer-implemented method for
compressing a portfolio of financial instruments is provided. Financial instruments to be
compressed are 1dentified, and a compressed subportfolio corresponding to the set of financial
Instruments to be compressed is generated. The compressed subportfolio and any non-

compressed financial instruments are then combined into a compressed portfolio.
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Fig. 1 is a block diagram illustrating a computer-impiemented apparatus for portfolio
compression in accordance with an embodiment of the present invention.

Fig. 2 is a block diagram illustrating a particular implementation of a compression engine

in accordance with the embodiment shown 1n Fig. 1.
Fig. 3 is a flow diagram illustrating a general method for portfolio compression in

accordance with an embodiment of the present invention.

Fig. 4 is a flow diagram illustrating a method for portfolio compression in accordance
with another embodiment of the present invention.

Fig. 5 sets forth a notation convention applicable to a scenario-based compression
technique that can be applied by an apparatus configured in accordance with the embodiments
1llustrated in Figs. 1-4.

Fig. 6 illustrates an example of a set of cashflows produced by application of delta
bucketing compression according to an embodiment of the present invention.

Fig. 7 illustrates an example of a set of cashflows produced by application of analytical

compression according to an embodiment of the present invention.

Detailed Descripti

Embodiments of the present invention are directed to providing advanced portfolio tools
for reducing the substantial computational requirements of modern portfolio management. In
accordance with such embodiments, a “compressed portfolio” is generated for a target portfoho,
and risk measurement calculations are then performed on the compressed portfolio. As used
herein, the term “compressed portfolio” contemplates a relatively small and/or simple portfolio
that behaves almost identically to an original large and/or complex portfolio, but that requires
orders of magnitude less computer memory to store and orders of magnitude less computational
time to value. For most purposes, a compressed portfolio need not mimic an original portfolio
forever and under every possible state of the world, but rather only during a specified period ot
interest and over a range that certain specified market factors may take during that period. In
addition to computational tractability, compressed portfolios are also powerful tools enabling risk
managers to better understand and actively manage their portfolios. By representing portfolio

behavior in simpler terms, one can gain insight into the exposures of large portfolios and 1dentity

possible remedial actions.

Embodiments of the present invention may be impiemented, for example, using a so-

called “compression engine.” Given a target portfolio of financial instruments, a compression
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engine provides a means for creating a compressed portfolio consisting of simpler and/or fewer
istruments that will replicate the behavior of the target portfolio over a range of possible market
outcomes for a pre-defined period in the future. The computational effort to perform a risk
analysis of the compressed portfolio is substantially less than that of the target portfolio.
Furthermore, given its simplicity, the compressed portfolio provides a better understanding of the
market risks facing the holder.

A general goal of such a compression engine is to preprocess a portfolio before
attempting to simulate the portfolio’s performance over a range of possible market scenarios.

The product of this preprocessing stage is generally a smaller and simpler portfolio that is orders

of magnitude faster to simulate, but that behaves aimost identically to the original portfolio and

contains the same risk.

In practice, implementing an efficient process for portfolio compression is not a straight-
forward task. Given the nature of any particular portfolio and the objective(s) of any particular
analysis, different compression methods may be more appropriate for different instruments. For
example, various options may be compressed optimally with one analytical technique, while
istruments without optionality may be better compressed using a different analytical technique.
Accordingly, embodiments of the present invention provide compression engines that are both
robust and extendible.

To a hmited extent, a compression engine in accordance with embodiments of the present
Invention may be used in a manner similar to the technique described above whereby an estimate
of a portfolio’s risk is determined by dividing the target portfolio and applying different
techniques to each subportfolio. A principal difference, however, is that the portfolio
compression techniques described herein make it possible to avoid the problematic last step
where the total risk is derived simply by summing the risks of the respective subportfolios. Here,
the VaR of the target portfolio can be obtained by doing a single simulation of the “total com-
pressed portfolio,” given by the sum of the individual compressed portfolios. Thus, portfolio
compression techniques such as those described herein fully capture portfolio diversification,
hedging and correlations among individual positions.

To 1llustrate the robustness of a compression engine in accordance with embodiments of
the present invention, it is possible to implement an embodiment (described further below) with a
compression engine that implements two different methodologies for compressing portfolios:
analytical compression and scenario-based compression. Analytical compression exploits the
analytical properties of cashflow portfolios. This technique is perhaps best suited for fixed

income portfolios without optionality, although it may be generalized to portfolios with options.
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Scenario-based compression, on the other hand, i1s based on stochastic optimization techmques
and 1s best suited for portfolios with options. Thus, the compression engine offers a robust
implementation capable of handling multiple types of portfolios. Moreover, the extensibility of
such compression engines allows the ready implementation of other compression methodologes.

Analytical compression is a practical and powerful methodology for the approximate
representation of large cashflow portfolios that exploits therr mathematical properties. The
rationale behind analytical compression 1s relatively straight-forward. To calculate the
distribution of portfolio values in the future using a standard simulation, scenarios are usually
generated iﬁ “risk factor space” (1.e., input) without further information about the subject
portfolio. Risk factor space refers to the space of all nsk factors including, for example, interest
rates, foreign exchange rates, volatilities, index levels, and so on. Thereafter, the portfolio 1s
fully valued under all of those scenarios. Clearly, however, what the analyst is interested 1n 1s the
portfolio’s distribution (1.¢., output). Hence, making use of the properties of the portfoho before
sampling (i.e., before Monte Carlo generation) results in more efficient calculations. This has an
effect similar to applying a variable transformation that captures the portfolio’s properties. In
addition to the compression of risk factor space, the exploitation of these underlying properties
leads to a compact representation of the portfolio. Thus, the extra analytical work yields orders
of magnitude increases in computational performance and substantial savings 1n terms of data
storage requirements. In short, the results of analytical compression are (1) a new, compressed
representation of a target portfolio by a small number of simple instruments (e.g., bonds) that
depend on a new, smaller set of risk factors, and (2) an exact process that describes the behavior
of the new underlying risk factors as a function of the original ones. The mathematical
underpinnings of analytical compression are described below with reference to particular
embodiments of the present invention. Further details can be found 1n Ron Dembo et al.,
Analytical Compression of Portfolios and VaR, Algonithmics Technical Paper No. 96-01 (1997),
which disclosure is incorporated herein by reference.

In contrast to analytical compression, scenario-based compression 1s an especially
effective technique for compressing portfolios that contain options. The technique draws on
stochastic optimization methods called “scenario optimization,” described in Ron Dembo,
Optimal Portfolio Replication, Algorithmics Technical Paper No. 95-01 (1997), and “optimal
portfolio replication,” described in Ron Dembo and Dan Rosen, The Practice of Portfolio
Replication, Algorithmics Technical Paper No. 98-01 (1997). Analytical compression may be
implemented, for example, using embodiments of the inventions described 1n U.S. Patent No.

5,148,365, issued on September 15, 1992 and titled “Scenario Optimization,” and recently-
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allowed U.S. Patent Application No. 08/866,303 titled “Method and Apparatus for Optimal

Portfolio Replication.” The disclosures of these four references are incorporated herein by

reference.

In general, for a target portfolio comprised of a given set of market-traded instruments,
scenario optimization aims to find the best possible “replicating portfolio” that replicates the
behavior of the target portfolio over a range of discrete market outcomes, or scenarios. For
purposes of portfolio compression, the replicating portfolio does not necessarily have to be; made
up of market-traded instruments, as long as one has good models to generate “fair market prices”
for the replicating instruments. In practice, as discussed further below, it is possible to generate
the proper scenanos and rephcating instruments that will lead to an effective replication of a
given portfolio by using simple rule-based systems. The mathematical underpinnings of
scenario-based compression are described below with reference to particular embodiments of the
present invention.

Reterring now to Fig. 1, in accordance with a first embodiment of the present invention a
computer-implemented apparatus 10 is provided for performing portfolio compression.
Computer-implemented apparatus 10 may run under any suitable architecture providing sufficient
computing power and storage capacity. It may operate as a standalone system, or may be
Integrated, for example, as part of a larger system of financial analysis tools.

In the embodiment shown 1n Fig. 1, computer-implemented apparatus 10 includes a
processor 12 for performing logical and analytical calculations. Processor 12 may comprise, for
example, a central processing unit (CPU) of a personal computer, but may alternatively include
any other type of computer-based processor capable of performing such functions. In one
particular implementation, for example, processor 12 could operate on a “UNIX” brand or other
“POSIX”-compatible platform under “MOTIF/X WINDOWS” or “WINDOWS NT.” Processor
12 1s coupled to a memory device 18 comprising, for example, a high-speed disk drive. An input
device 14 1s also coupled to processor 12, enabling a user to enter instructions and other data.
Input device 14 comprises, for example, a keyboard, a mouse, and/or a touch-sensitive display
screen. Input device 14 alternatively, or 1n addition, may comprise a real-time data feed for
recelving an electronic representation of financial instruments. For example, input device 14
could provide a connection to an electronic data network (e.g., the Intemet) through a modem
(not shown) or other suitable communications connection. Computer-implemented apparatus 10
also includes an output device 16, such as a video display monitor and/or a laser printer, for
presenting textual and graphical information to a user. In one particular implementation,

processor 12 1s capable of executing application programs written in the “C++ programming
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language using object-oriented programming techniques, but the present invention is not limited
in this regard.

In the present embodiment, processor 12 1s capable of executing a compression engine 20
configured to perform portfolio compression. In this particular embodiment, compression engine
20 comprises a software module including executable instructions for carrying out various tasks
and calculations related to portfolio compression, but persons skilled in the art will recognize that
firmware- and/or hardware-based implementations are also possible. Compression engine 20 can
be used, for example, to analyze the risk of a large and complex portfolio, or to analyze the.
performance of a number of hedges against potential losses for a given portfolio. The portfolio
compression techniques taught herein are well-suited to such uses because of the improved
processing speed and efficiency they provide.

In accordance with the present embodiment, a user may use input device 14 to enter
information describing the composition of a target portfolio (i.e., the portfolio to be compressed),
including, for example, the number and type of financial instruments 1n the target portfolio.
Alternatively, or 1n addition, information about the target portfolio could be provided through a
real-time data feed. In either case, the information is input to compression engine 20, and may
also be stored 1n memory device 18. After compression engine 20 completes 1ts processing, the
compressed portfolio is presented on output device 16 in the form of, for example, graphs, textual
displays and/or printed reports. In addition, an electronic representation of the compressed
portfolio may be stored in memory device 18 for later output to other tasks within computer-
implemented apparatus 10, and may also be written to a portable storage device (not shown) such
as a CD-ROM or one or more diskettes.

According to a particular implementation of the embodiment shown 1n Fig. 1, as
illustrated in Fig. 2, compression engine 20 can be configured to include a number of sub-mod-
ules corresponding to various tasks for accomplishing portfolio compression. Persons skilled in
the art of software design will recognize, however, that any particular software configuration is
generally only a matter of design choice. As shown, in this implementation compression engine
20 includes an instrument load module 24, a sorting module 26, a compression module 28, and an
aggregation module 30. These various modules can be configured to pass information from one
module to the next (e.g., by passing parameters comprising addresses for locations in memory
device 18), or the modules may be given access to common data stores within memory device 18.
In any event, the present invention is not limited to any particular implementation.

Fig. 3 contains a flow diagram describing a general embodiment of a method for portfolio

compression that may be implemented using, for example, the apparatus illustrated in Fig. 1. In
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accordance with this embodiment, a target portfolio containing a collection of financial
instruments 1s first sorted mto compressibie and non-compressible instruments (Step 100). This
step may be accomplished, for example, by instrument load module 24 and sorting module 26 of
the embodiment 1llustrated in Fig. 2. Next, a compressed subportfolio is generated for the
compressible instruments (Step 110) using, for example, compression module 28. Finally, the
compressed subportfolio and the non-compressible instruments are combined into a single
compressed portfolio (Step 120) using, for example, aggregation module 30.

Of course, 1t 1s possible to implement an embodiment such that all of the financial
instruments in the target portfolio are deemed to be compressible, in which case the method of
Fig. 3 would essentially include only generation of the compressed subportfolio (Step 110).
Thus, 1n the context of the present invention, the term “compressible” does not necessarily
connote any particular characteristic of a financial instrument. Rather, the determination of
whether a financial instrument 1s compressible can be user-driven. A given portfolio manager,
for example, may be willing to accept a lower degree of confidence with respect to a compressed
portfolio than another portfolio manager, and therefore may consider a particular financial
instrument to be compressible where the latter porfolio manager would not.

By way of further illustration, Fig. 4 contains a flow diagram showing a method for
portiolio compression 1in accordance with another embodiment of the present invention. This
method may be implemented, for example, using an apparatus such as that illustrated in Fig. 1,
although any other suitable computing apparatus may be used. Referring now to Fig. 4, in
accordance with this embodiment a target portfolio of instruments 38 is to be compressed. To
this end, instruments 38 are first input to a load instruments routine 40. Instruments 38 may be
received, for example, as a collection of data packets defining the composition of the target
portfolio. Electronic representations of the financial instruments in the target portfolio can be
loaded from an external storage medium (e.g., a data warehouse, a database, a set of comma
separated values (.csv) files). In some cases it may be desirable to load the data packets
mcrementally (e.g., in batches), such as where the size of the target portfolio makes it impractical
to load information concerning all of the financial instruments into memory at one time (resulting
1n significant performance degradation due to disk swapping). In such cases, and with reference
to the apparatus of Fig. 1, the size of each incremental load can be set through a parameter
passed, for example, to compression engine 20 through a GUI (graphical user interface) or a
configuration file, and would typically be based on limitations of memory device 18.

After confirming the validity of the information conveyed in the received data packets

using appropriate edit routines (not shown), the information describing the instruments in the
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target portfolio is subjected to a sort and divide routine 42 where instruments 38 are first divided
into subportfolios according to a set of predefined user preferences, or “key attributes.” Key
attributes may include, for example, information such as a counterparty, a discount curve, and so
on. In one particular implementation, sort and divide routine 42 implements a new portfolio
hierarchy representing a desired level of portfolio aggregation that a portfolio manager, for
example, wishes to use for overall nisk analysis. These subportfolios may then be further sorted
or subdivided according to the set of compression techniques, if any, that will later be applied to
them. Such further processing is desirable where, for example, a single compression technique is
not 1deal for all of the different types of financial instruments in the target portfolio.

Some subportfolios generated by sort and divide routine 42 may consist of instruments for
which compression 1s undesirable or unnecessary, and such subportfolios are immediately
migrated to a temporary storage location (e.g., a location within memory device 18 corresponding
to a cash account) for later aggregation with compressed subportfolios. There are several reasons
why an 1nstitution might choose not to compress certain subportfolios. For example, the
institution might wish to retain certain small subportfolios for further analysis. Likewise, the
institution might not be able to compress certain subportfolios and still maintain a desired level
of accuracy, or the available current compression techniques might not be well-suited for the type
of instruments in a particular subportfolio. The remaining subportfolios, each of which will be
compressed separately, are then passed to a cashflow generation routine 44 if they contain
Instruments with fixed cashflows, or directly to a compreésion routine 48 if they do not.

Cashflow generation routine 44 generates cashflows for the instruments in an input
subportfolio based on the financial description of each such instrument. For example, the
cashflows of a fixed rate bond are generated from the maturity date, notional, and coupon rate.
The output from cashflow generation routine 44 is a set of cashflows on specific dates in the
future corresponding to the input instruments, and this output is passed to a first aggregation
routine 46. Those instruments that are already represented by their cashflows are passed directly
to aggregation routine 46. In aggregation routine 46, all of the cashflows that are discounted with
a common interest rate curve are then aggregated (i.e., netted) into a single synthetic bond that
pays the netted cashflows of all instruments at the specified times. This synthetic bond is
denoted an “aggregated cashflow instrument,” or ACI. The output of aggregation routine 46 is
thus a subportfolio containing one or more ACls, as well as instruments that cannot be
represented by fixed cashflows. Thus, whereas the input to aggregation routine 46 contained
only real financial instruments traded by the institution, the output contains synthetic, non-traded

instruments. For all intents and purposes, however, the input subportfolio and the output
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subportfolio behave 1dentically. Since 1t 1s quite common 1n fixed-income portfolios to have a
very large number of instruments that either generate only fixed cashflows (or can be represented
for valuation purposes as generating only fixed cashflows), the potential savings that results from
this processing 1s enormous. In a particular implementation of this embodiment, aggregation
routine 46 can be executed recursively as a target portfolio 1s incrementally loaded.

As shown 1n Fig. 4, compression routine 48 receives subportfolios from aggregation
routine 46 and/or sort and divide routine 42. In compression routine 48, subportfolios are |
generally compressed into a reduced, simpler set of instruments. Again with reference to the
apparatus of Fig. 1, where compression engine 20 1s configured to perform analytical
compression, each set of fixed cashflows instruments, whose value depends on a single interest
rate curve, 1s compressed to at most two cashflows. As with aggregation routine 46, compression
routine 48 may be implemented to execute recursively as instruments are incrementally loaded.
Compression routine 48 may be configured to perform an extended type of analytical
compression to deal with options, although it may be more advantageous to implement a
configuration of compression engine 20 that also 1s capable of performing scenario-based
compression on subportfolios with options, since scenario-based compression generally results in
compressed subportfolios that contain options as well.

In addition to analytical compression and scenario-based compression, compression
routine 48 1s preferably configured to be extensible, thereby allowing for the integration of other
compression routines. Thus, 1n general, the input to compression routine 48 1s a subportfolio that
may be subjected to one or more available compression techniques. The particular techniques
applied may be dictated, for example, by a user or by characteristics of the portfolio to be
compressed. The compressed instruments might appear to be real traded instruments, but they do
not necessarily have to be traded for purposes of risk management.

Finally, all of the subportfolios, both compressed and non-compressed, are passed to a
second aggregation routine 50 to be combined into a single compressed portfolio 52.
Compressed portfolio 52 can then be used, for example, as the basis for various risk assessment
analyses of the target portfolio.

Looking more closely at some of the routines in the embodiment 1llustrated in Fig. 4, in
one implementation sort and divide routine 42 1s configured to divide the input target portfolio
(or a portion of the target portfolio, in the case of incremental loading) into smaller subportfolios
by, for example, a sorting process based on some user-defined set of key attributes. Each key
attribute is associated with a particular feature or characteristic of a financial instrument, and

serves as a sort key on which the collection of financial instrument information can be sorted.
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The judicious use of key attributes allows a user to refine the contents of each subportfolio to a
level consistent with that user’s particular risk management reporting objectives. A list of key
attributes can be passed to sort and divide routine 42 using, for example, a GUI or a configuration
file.

The use of key attributes provides a convenient way to tailor the operation compression
engine 20 to particular uses. For example, key attributes can be used to cause sort and divide
routine 42 to generate subportfolios that are particularly directed to the performance of credit risk
reporting. In such an implementation, an input portfolio can be partitioned based on attribﬁtes
such as (a) the iegal entities that were the counterparties 1n the associated transactions, and (b) the
jurisdictions where the transactions were booked. Application of these key attributes will result
in the input portfolio being divided into subportfolios associated with different legal entities, and
further being divided into subportfolios associated with different jurisdictions. These
subportfolios could be further divided based on instrument type (e.g., option, fixed income). It
should be noted, however, that such a sorting approach 1s presented by way of example only.

The most advantageous key attributes for any particular implementation will vary, for example,
in accordance with the particular reporting needs of a given institution or a particular type of risk
analysis.

Since a target portfolio will most likely contain many different types of financial
instruments, and since different instruments have different characteristics and are suitable for
different compression methods, an institution may choose to compress only some of the
instruments and use only some of the avatlable types of compression techniques. Accordingly, in
a variation on the example shown in Fig. 4, sort and divide routine 42 may apply an additional
set of key attributes to further sort the instruments 1nto subportfolios based on whether or not
they will be compressed and, if so, the particular compression methodology(s) that will be
applied. In other words, those instruments that will eventually be compressed are separated from
those instruments that will not be compressed, and the instruments that will eventually pass
through one or more of the compression routines are sorted into subportfolios based on the
compression technique or combination of techniques that will be performed on them. Thus, in
addition to specifying a list of key attributes to be used in creating a subportfolio hierarchy, a user
may also specify the types of compression techmques that will be applied. By configuring
compression engine 20 to include a function library for compression that is both flexible and
extendible, users can be given the ability to vary the composition of the resulting subportfolios

(1n essence, a list of compressible instruments) according to the compression methodology

desired.
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Referring again to the embodiment shown in Fig. 4, the input subportfolios to cashflow
generation routine 44 are comprised of instruments that either generate only fixed cashflows or
can be represented for valuation purposes as generating only fixed cashflows. Such instruments
include, for example, fixed rate bonds, floating rate notes, forward rate agreements, futures and
forward contracts, foreign exchange forwards, fixed notional swaps and certificates of deposit. In
many cases, cashtlow instruments are advantageously represented in computer-implemented
apparatus 10 in terms of their financial and accounting descriptions, and not directly as actqa]
cashflows. Thus, cashflow generation routine 44 generates the cashflows of these instruments
based on these financial descriptions. Nevertheless, for purposes of valuation, risk measurement
and compression, 1t may sometimes be desirable to represent these instruments by a series of
cashflows occurring at certain times in the future, in which case their present value is equal to
these cashflows discounted at appropriate rates. For example, a given fixed rate bond may be
described by its maturity, notional, coupon rate and coupon frequency. Future cashflows can
then be determined completely from this information, and its mark-to-market valuation can be
obtained by discounting the future cashflows using current market rates. Again, however, the
particulars may vary in accordance with the particular needs of any given impiementation.

Turmning now to first aggregation routine 46, as noted above this routine can be configured
to generate a new type of instrument, called an aggregated cashflow instrument or ACI, for every
Interest rate curve. An ACI is simply a synthetic bond that pays the specified cashflows at the
specified times. At this stage, all the generated cashflows that are discounted with the same
discount curve are aggregated into a single ACI, and cashflows occurring on the same day are
netted. The present value can thus be determined by discounting these cashflows using a single
discount curve. For example, a portfolio consisting of 5000 fixed rate bonds in US dollars with
maturities up to 10 years and paying semi-annual coupons would contain at most 100,000
cashflows. After aggregation, these would be represented by one ACI with at most 2500
cashflows (based on 250 business days per year). Since it is unlikely that these fixed rate bonds
would have maturities covering every business day of the year, the actual number would
generally be much less than this. Persons skilled in the art will recognize the substantial savings
In terms of processing resources possible through such aggregation. Moreover, it should be noted
that the subportfolio(s) output from first aggregation routine 46, containing those instruments that
could not be represented by a fixed cashflow (e.g., options) and one or more aggregated cashflow
Instruments, has the same theoretical value and the same sensitivities to the previously-identified
risk factors as the input subportfolio(s) since no approximations have been done. Other

discounting approaches can alternatively be applied. The present invention is not limited in this
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regard.

As noted above, portfolio compression is generally a process whereby an input portfolio
is represented using simpler instruments, using fewer instruments, or both. In one particular
implementation of the embodiment shown in Fig. 4, compression routine 48 applies analytical
compression to compress subportfolios containing a large set of cashflows into a much smaller
set of cashflows, and also applies scenario-based compression to compress subportfolios
containing options. Compression routine 48 is ideally designed to be extendible so that
additional compression methodologies can easily be added in a modular way. Implementation of
such extensible designs is well known in the field of software development.

The following discussion describes both analytical compression and scenario-based
compression in further detail, including mathematical support for the theoretical models
underlying the respective compression techniques. It should be noted, however, that the present
invention is by no means limited to only these compression techniques, nor to the particular
application of these compression techniques set forth herein.

The rationale behind analytical compression is relatively straight-forward. The basic
approach is to seek a simpler space for approximating the portfolio with a set of basis functions,
such that the stochastic process that the new risk factors follow can easily be found as a function
of the original ones. In other words, the basic approach is to seek a lower-dimensional space for
approximating the portfolio, such that the process of describing the portfolio price can easily be
found as a function of the original risk factors. By expressing the portfolio 1n the right space and
with the right functions, it is possible to achieve a reduction in dimensionality and a much
smaller and simpler portfolio to process. By exploiting the functional properties of the portfolios
and further using simulation techniques, the application of analytical compression provides
substantial improvements in accuracy, and in flexibility, over known approaches to risk
measurement, such as the “delta-normal” approach to estimating VaR popularized in J. P.
Morgan’s RiskMetrics™ methodology (see RiskMetrics™ - Technical Document, Morgan
Guarantee Trust Company Global Research (4th ed. 1996)). Not only does analytical
compression capture higher-order effects, such as convexity of bonds or gamma of options, but
the resulting compressed portfolios can also be used directly in simulation with other complex
derivative portfolios for on-line VaR calculations.

Analytical compression bears some resemblance to known principal component
techniques, where the changes in the risk factor space are captured in a low-dimensional
projection of the original space. However, the mapping obtained through analytical compression

is not necessarily linear and it optimally accounts for the behavior of the portfolio. Moreover, as
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a “cashflow compression,” analytical compression goes much further than standard cashflow
bucketing techniques (discussed below) where, for example, cashflows at given times are mapped
to their duration equivalents on adjacent, predetermined nodes. Not only does analytical
compression preserve the global properties of the portfolio more accurately, but it also offers at
least an order of magnitude improvement in processing time. To further illustrate the analytical
compression technique, the principles and theory of analytical compression are described below
in the context of a particular implementation for fixed cashflow portfolios. |

By way of background, and as noted above, the Value-at-Risk (VaR) of a portfolio
represents the maximum level of losses that a portfolio could incur over some predetermined time
period with a high confidence. More formally, VaR (1), the VaR with confidence level «, for a

period [0, ] , 1s given by the solution of the equation

Priv(R,,0)-V(R ,f)<VaR (1)}=c (Eq. 1)

where V(R, t) denotes the value of the portfolio at time ¢; R, represents the vector of underlying
(stochastic) risk factors; and & (one-sided) is typically 0.9 to0 0.99. The time interval is usually
between 1 and 10 days.

Given this definition of VaR, consider a portfolio of fixed cashflows, C.> 0 at time ¢, for

1=1,..., n. The present value of the portfolio today is given by

n
V(r) :E Cexp(-rt) (Eq. 2)
i=1
where r = (r,, r,, . . ., r,) represents the vector of continuously compounded discount rates at each

term.

The “yield to maturity” of the portfolio, y, is the single rate at which all the coupons can

be discounted to give the same portfolio value. Hence, it is given by the unique root of the

equation
n n
E CieXp( -r ,-t ;) :Z C'.exp( —yt,‘) (Eq. 3)
i=1 i=1
This expression can be written more concisely as the identity

nr) =V,
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where, for simplicity, we denote V,(y) = V{3, y, . . ., ¥). Note that the solution y to Eq. 3 1S not

unique if all cashflows do not have the same sign.

The “modified duration” of the portfolio is defined as the (negative) derivative of V' with

respect to the yield, that 1s

dV. &
D= — Y —E C.texp(-yt) (Eq. 4)
Y =l

It should be noted that, given that the cashflows are fixed, the yield and duration of the portfolio
at a given time can be seen exclusively as functions of the interest rate vector r.

As shown above, the yield of the portfolio can be viewed as an alternative representation
of the value of the portfolio. Thus, there is a one-to-one mapping between them. The yield
further acts with a similar functional form as the rates to give the value of the portfolio.

In view of the foregoing, to obtain the distribution of changes in value of the portfolio,

and VaR, using the pricing function ¥ (y), one first determines the distribution of the yield. This
is not hard task if the joint distribution of the rates is known, since it can be shown that the

instantaneous yield changes follow the equation
dy=. -—-——-'drl.‘:z B, dr, (Eq. S)

where

g =dy Citiexp(T )
i dr, D

Ji=1,..,n (Eq. 6)

We refer to § = (B,, B,, . - . , B,) as the vector of yield sensitivities. Note also that an interesting

simple identity that arises directly from Eq. 2 and Eq. 6 1s

P (Eq. 7)

For a sufficiently large n and rapidly decreasing correlations, the distribution of yield changes,
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dy, can be approximated by a normal distribution. This is true even for larger changes because of

the central imit theorem.

Smce 1t is customary to assume that the relative changes of the rates follow a joint normal

distribution, it 1s convenient to express Eq. 5 as

dy=) B, — (Eq. 8)

Then, the volatility of yield changes can be computed as
02Ay:§ ﬁ!, [3}, O'.Oj r,rj p,.j (Eq. 9)

where 0, represents the volatility of the i-th return, and the p;; are the entries in the correlation

matrix. In matrix form this can be more compactly expressed as
0y, =(B-r)" Z(B-r)

with 21 = 0,0,p,, and again we use the vector multiplication notation, that is, (B - 7), = B ).

It 1s important to emphasize that the differential process for the yield can be precisely
known, given the joint process for the original risk factors (the individual rates, in this case). In
principle, no approximation is required. For a more formal presentation of this observation, see
Appendix 1 of Ron Dembo et al., Analytical Compression of Portfolios and VaR, Algorithmics
Technical Paper No. 96-01 (1997), which discussion is incorporated herein by reference..

The results above can already be used to simplify VaR calculations using simulation by
reducing the sample space from # (the dimension of changes in r) to one dimension (changes in
y). One can then use V, () to value the portfolio, which still requires the evaluation of a series o

n terms. This yield-based Monte Carlo method is a faster and more robust method than simple

f

Monte Carlo because of the reduction in parameter space and the fact that the yield’s volatility is

much smaller than volatilities of the rate returns. Furthermore, for a portfolio of strictly positive

or strictly negative cashflows, VaR can be calculated analytically, without simulation, by

noticing that ¥ () is monotonic and applying the one factor theorem described in Section 2 of

Ron Dembo et al., Analytical Compression of Portfolios and VaR, Algorithmics Technical Paper
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No. 96-01 (1997), which discussion is incorporated herein by reference. For more general
portfolios, performance can be improved even further by making some approximations, as shown
below.

The transformation from yield to value, V,, still requires the discounting of » cashflows.
However, an efficient approximation of this function can be used for VaR calculations. For a
portfolio of only positive (or only negative) cashflows, it is possible to reduce the problem to the
computation of a single cashflow, such as a zero coupon bond. That is, the function ¥, can be

approximated by

V(y) =Cexp(-yt). (Eq. 10)

The two new parameters in this expression, C and ¢, are found by matching value and modified

duration while using the yield calculated with Eq. 3; that is, from the following two expressions

Cexp(-y1)=Y_ Cexp(-yt) (match V) (Eg. 11)
=1

t=—o——————  (match D) (Eq. 12)

Of course, ¥(y) is also monotonic, and therefore the VaR approximation could be computed
without simulation. The result of this approximation is a series of exponentials with a single
exponential function that matches both value and first derivative at one point, and where the term
(-y t) “averages” the exponents in the series. In fact, it is shown in Appendix 2 of Ron Dembo et
al., Analytical Compression of Portfolios and VaR, Algorithmics Technical Paper No. 96-01
(1997) (which discussion is incorporated herein by reference) that, for portfolios of positive

cashflows, V(y)is always dominated by ¥, (y), the exact value. That 1s,

V()2 V(y), for all non-negative y (Eq. 13)

The reciprocal is true for portfolios of negative cashtlows.

For portfolios with both positive and negative cashflows, the yield, given by the root of
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Eq. 3 above, 1s not unique. A simple solution to this problem is to divide the subject portfolio
into two subportfolios, one with strictly positive and the other with strictly negative cashflows.

The total value of the portfolio can then be expressed as V=V "+V * where

V ":Z C ;exp( -r.t), V'=Zl C. exp( rt) (Eq. 14)
i=1 i -

and C;" 20, C, < 0.

The yields (3, y') of both subportfolios are unique in this case, and the total portfolio can

be compressed 1nto two cashflows, a positive and a negative one. The two compressed portfolios,
respectively, have yields (3", y'), computed through Eq. 3, coupons (C *, C°) and durations (¢ *, ¢
), computed through Eq. 11 and Eq. 12. Thus, the portfolio value function can be approximated

by
V(y ',y )=C 'exp(-y 't )+C "exp(-y t ") (Eq. 15)

It can be shown that the volatilities and covariance of (", ) are given by the following expres-

S10NS
2 + T ¥
0% =(B" I r)

o2 =B -r)TZ(B r) (Eq. 16)

Cov(y ",y )=(B" - r)"Z(P " r)

The VaR of the portfolio can be computed through a Monte Carlo simulation on the two- dimen-
sional space (¥, ) and using Vas in Eq. 15. Given the low dimensionality and simple valuation,
this is an effective computational technique. Furthermore, other low-dimensional integration
techniques may be more effectively used in this case (e.g., low discrepancy sequences). Notice
also that the property of strict monotonicity of ¥in each risk factor, (y*, y), can be exploited to
accelerate simulations.

Consider now the case of a cashflow portfolio denominated in a different currency, thus

having foreign exchange (FX) risk in addition to the interest rate (IR) risk. The value of the

portfolio in the domestic currency can be expressed as
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V(r,S)=8)_ Cexp(-rt) (Eq. 17)
i ~1

where S now denotes the spot exchange rate from the foreign currency (the value of one unit of
foreign currency in domestic currency). Without loss of generality, assume that all the cashflows

are positive. By using the results in the previous section, it 1s possible to approximate the value

function of Eq. 17 with

V(y,5)=S-Cexp(-yt) (Eq. 18)

5 In this sense, the portfolio can be seen as one position in a bond in the foreign currency. Note the
intrinsic multiplicative functionahty of the FX spot rate.

A straight-forward approach to estimating VaR is to create scenarios 1n two-dimensional
space (y, S) and use Eq. 18. Clearly, when the portfolio has both positive and negative
cashflows, the joint application of Eq. 15 and Eq. 18 leads to a simulation in the three-

10 dimensional space (y', y, S).
Alternatively, further approximations may be possible. For example, Eq. 18 may be writ-

ten as

_, | 1n(sIs,)
V(iy,8) =C-S,-exp|| — ~y| |t (Eq. 19)

] §

= Crexp(-Y )=V (¥)

In(S/S
where S, denotes the current spot FX value and ¥, -—{ y- ( 0)) . Similar to Eq. 8 above, the
t
15 differential changes in Y, are then given by
n oY oY
ay =Y —Z2-dr+—>+dS (Eq. 20)

i=1 Br,. ' aS
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where the ,’s, i =1, . . . n, are as given before, and B, =1/ (S - 7).

" ar, ds
:Z ﬁi.ri.___m_.*.ﬁs.s.m
i=1 ?“. S

It should be noted that Eq. 19 reduces the problem to the single cashflow case, and hence
its VaR can be computed analytically. However, in practice, the errors in the distribution
introduced can be substantial when compared with those that arise from using the yield
approximation of Eq. 18 exclusively. The main sources of these errors arise from the discrete
approximation of Eq. 20 and the degree of non-normality of the distribution of Y.

Considering now a general multi-currency, multi-curve case, this can be solved by an
iterated application of the above-described single currency case. Consider the general case of a
global portfolio consisting of m subportfolios denominated in different currencies (the first of
which 1s the domestic currency), where the portfolio contains IR risk factors. The value of the

whole portfolio in the domestic currency can then be expressed as

m Ry

V=) 5,3 C,exp(-r,t.) (Eq. 21)

k=i i=1

where & 1s used to index the currencies and S, = 1. The total dimension of the risk parameter
space, in this case, is dim = ) n, + m - 1. When the number of IR risk factors in each
subportfolio is given by a constant »n,, then this simply becomes m(n, + 1) - 1. For example, a
typical portfolio with 5 currencies and 16 term structure points (e.g., using the RiskMetrics™
term points), would then involve a problem with dimension 84: 5*16 (IRs) + 4 (FX). By

applying the results of the previous section, the portfolio can be compressed to be valued as

V.= S,[C exp(-y,1,)+C, exp(-y, 1,)] (Eq. 22)
k=1

where the y,’s, C;’s, and ¢,’s denote the yields, coupons and durations of each subportfolio

b

respectively. The dimension in this case is now dim =3m - 1 (the 2m random yields ( y;, y;)

k=1,...m, andthem - 1 FX spotrates S,, k = 2, . . ., m). The risk factor space for the portfolio
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in the example above with 5 currencies would then be compressed to have dim = 14. It should be
noted that further simplifications are possible where the dimension can be reduced to 2 nsk fac-
tors. This is accomplished, for example, by first applying Eq. 19 and then compressing all the
resulting positive and negative cashflows into two cashflows using the yield approximation.

The techniques just described dealt mostly with fixed cashflow instruments; however, the
techniques can also be used effectively for portfolios that contain floating instruments and
derivatives. Methods such as the fixed notional method and approximations such as delta
bucketing (see below) can be used to express most cashflow instruments 1n terms of fixed .
cashflows. Thus, the part of a portfolio without optionality, which typically accounts for 80-90%
of the entire portfolio, can be compressed to a few positions, and the risk profile of the entire
portfolio can be computed using a Monte Carlo simulation. The computation in this case 1s much
faster and retains full accuracy. This is in sharp contrast to a pure covartance (e.g.,
RiskMetrics™) methodology where the substantial higher-order effects of derivatives, and even
bond convexities, are not accounted for. Moreover, from a data processing perspective,
analytical compression is ideal for batch processes, greatly enhances etfectiveness of overall
portfolio storage and loading/downloading, and releases vast amounts of memory for other
processing.

As alluded to above, “bucketing,” and in particular “cashflow bucketing,” 1s a known
technique for reducing a total number of cashflows produced by a set of instruments. In general,
bucketing is a technique that is desirable in practice not only for performance reasons, but also
because distributions are generally only available for a small number of term points. For exam-
ple, for fixed income instruments, the J.P. Morgan distributed data sets (see the above-cited
RiskMetrics™ - Technical Document) have volatilities and correlations for sixteen term points.

Industry standards for bucketing of fixed income instruments include “duration
bucketing” and the bucketing suggested in RiskMetrics™. Given a set of standard term nodes,
both methods map each cashflow separately to the two (or one) closest nodes. Duration
bucketing accomplishes this by matching the present value and the duration of the original
cashflow. The bucketing described in RiskMetrics™ does this by matching present value and the
volatility of the original cashflow. A further assumption of linear interpolation between the
prices of zero coupon bonds is required. Additional information on these two bucketing
techniques, including their relative advantages and disadvantages, can be found 1n the above-
cited RiskMetrics™ - Technical Document and Mark B. Garman, Issues and Choices in Analytic
(Variance-Covariance) Value at Risk (presented at the RIMAC 97 Conference, Scottsdale,
Arnzona, February 1997).
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By contrast, delta bucketing provides a more powerful and robust techmque than either

duration bucketing or the RiskMetrics™ approach. Delta bucketing is generally applicable to all
financial instruments, but is perhaps most appropriate for linear instruments. Delta bucketing
aims to standardize the times at which cashflows occur. For fixed income Instruments, delta
bucketing reduces the number of cashflows in a portfolio by redistributing them over the standard
term structure. This redistribution of the cashflows is done in a such a way that the partial
derivatives (or key rate durations) of each individual instrument or cashflow with respect to each
of the original risk factors is preserved. |

The toregoing bucketing methods bucket each cashflow separately to the nearest nodes,
without regard for the portfolio to which they belong. Hence, some global portfolio properties,
such as 1ts yield to maturity and duration, will not be preserved, because such properties are not
additive. Preserving these properties for each individual cashflow does not guarantee that the
property at the portfolio is preserved. By contrast, so-called “yield bucketing” maps all portfolio
cashflows by preserving these global portfolio properties. In this way, cashflows are bucketed to
standard nodes, accounting for all other cashflows in the portfolio, by assuring that the new
bucketed portfolio preserves the same value, yield, and duration of the original portfolio. This is
a desirable feature where the bucketing technique is to be used in conjunction with analytical
compression, since the yield becomes the single risk factor that the portfolio depends on.

Turning now to the details of scenario-based compression, in accordance with a particular
embodiment of the present invention, compression engine 20 can be configured to perform
scenario-based optimization as follows. A portfolio or subportfolio to be compressed is passed to
a cashflow and embedded option analyzer that returns a set of maturities for all instruments in the
subportfolio, a set of underlying risk factors, and a range of strike prices for any embedded
options.

The output from cashflow and embedded option analyzer, along with a description of the
type of analysis to be performed (e.g., 10-day VaR at 99% confidence, 1-month VaR at 95%),
then serves as input to a replicating set generator. The information concerning analysis type can
be obtained, for example, from a user through a GUI or from a configuration file. The replicating
set generator outputs a set of replicating instruments that effectively “spans,” or covers, the target
portfolio. The output from the cashflow and embedded option analyzer and the information
concerning analysis type also serves as input to a scenarios generator that returns a set of
scenarios and time points under which the replication is to be performed. The scenarios
generator may generate scenarios dynamically, or may retrieve previously-generated scenarios

from, for example, a database. In general, the operations of the replicating set generator and the
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scenarios generator are governed by a simple rule-based system, an example of which 1s set forth
below.

Acting on the set of replicating instruments, the target portfolio and the set of scenarios, a
simulation module determines the values of every instrument in the target portfolio under every
scenario at the specified time points. The results of the simulation module are then input to an
optimization problem module, which formulates a linear programming problem to find the
optimal replicating portfolio. This problem is then solved using standard linear programming
techniques and associated software (e.g., the CPLEX™ application distributed by ILOG of |
Incline Village, Nevada). The solution to the problem is a set of positions to take in the
replicating instruments that best matches the behavior of the target portfolio over the specified
scenarios. Finally, a construct compressed portfolio module constructs the compressed
replicating portfolio from the output of optimization problem module. For example, the construct
compressed portfolio module may generate a report identifying actual market transactions to
carry out in order to construct the replicating portfolio. The set of instruments contained in the
replicating portfolio (i.e., the replicating instruments) might include many difterent types of
instruments, including instruments with optionality (e.g., bond options, caps/tloors), in order to
provide a more robust replicating portfolio for non-linear instruments.

The scenario-based compression model rests on a number of assumptions. For example, 1t
is assumed that a compressed portfolio will be used as a surrogate for the corresponding target
portfolio over some finite period of time (hereinafter, the “rephication period”). During the
replication period, it is assumed that only a finite number of events or scenarios S can occur;
however, there is uncertainty as to which of these events will actually occur. Accordingly, the
probability of an i future event occurring at some point during the replication period is denoted
by p' € R.

A second assumption underlying the scenario-based compression model 1s that only a
finite number N of financial instruments are available for creating the compressed portfolio.
Because the compressed portfolio will only be used as a surrogate for valuing the target portfolio
and its attributes, it may be made up of any instruments whose prices are known. Moreover, the
liquidity of the instruments is not relevant unless the compressed portfolio is to be used for
purposes other than valuation (for example, hedging).

Fig. 5 sets forth notation conventions that will be used in explaining further the technique
of scenario-based compression. In addition, a superscript 7 will denote the transpose of a vector
or matrix. Applying the convention described in Fig. 5, let ¢, = ((9),» (¢2), - - - (9N, )’ be the

known values, at the start of the replication period, of attribute a (a = 1,..., A) of each candidate
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instrument for the compressed portfolio. From time to time, we will drop the subscript “a” when
a generic statement applying to any attribute is made.

Further, let D, be the S by N matrix that gives the possible values of attribute a (a = 1,...,
A) of each instrument in each scenario. That is, each entry (d;), 1s the value of instrument j (j =
1, 2,..., N) at the end of the replication period, if scenario 1 (i = 1, 2,..., S) were to occur.
Similarly, we assume the target portfolio has attributes valued at ¢, at the beginning of the
replication period, and attributes valued at t, = ((t,)., (T,),, - . ., (%,),)  (@= 1,..., A) at the end of
the replication period depending on which scenario(s) actually occur. A portfolio is charac;terized
by the vector “x,” with each component x; denoting the amount the portfolio contains of
instrument j (3 =1, 2,..., N).

E(7) = p will denote the expectation of Tover the probability distribution p. Finally,
E(D,) = D’ p denotes an N-dimensional column vector of expected values of attribute a of the
instruments in the compressed portfolio at the end of the replication period.

Given the foregoing, a tracking function may be used to measure the degree to which a
compressed portfolio matches a corresponding target portfolio under the possible values that the

attnibutes might assume during the replication period. The tracking function may be expressed as

A
T(x)=)_ ID, x-t_|.
i=1

The actual choice of norm used to measure the deviations between the compressed portfolio and
the target portfolio will depend on the context and the desired statistical properties of the
solution. For example, one could choose standard regret or maximum error as the error measure:;
and all errors, only positive errors, or only negative errors may be minimized. In this measure,
weighting constants w, are used to emphasize one attribute over another and to apply a

conversion to consistent units. For example, if standard regret, including all errors, is chosen

then

|D, x-t_|=w_E(|D x-T |)=w_(ps |D, x-T|).

As another example, 1f maximum error, including all errors, is chosen then

ID, x-7 | =wamaxslz (d’j)a xj—(‘t,)al.
j=1

In order to guarantee that the target and compressed portfolios are as close as possible over the
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entire chosen period, it is natural to require that the values of relevant attributes for both

portfolios are the same under current conditions. This leads to the following set of boundary

conditions: q,'x=c_;a=1, ..., A.

In view of the foregoing, a scenario-based compression model may thus be expressed in a
relatively straight-forward manner. According to this model, there always exists a feasible
compressed portfolio (that is, one satisfying the equation below), provided there are more
independent instruments from which the compressed portfolio 1s selected than there are attributes

that must be matched at the start of the replication period. This model can be described

mathematically as follows:
T'=min_T(x)=min_)  |D, x-T,]
a
subject to qzx =c_=1,...,4. That is, the equation 1s to mmimize the tracking function over all
possible amounts of each instrument in the compressed portfolio, while at the same time ensuring
that the total value of such instruments is equal to the value of the target portfolio.

In accordance with a variation on the above-described embodiments of the present
invention, a compressed portfolio generated by, for example, compression engine 20 of the
embodiment shown in Fig. 1, may be subjected to post-processing where the compression
process generates instruments that depend on new risk factors (1.e., risk factors that were not
present in the original, uncompressed target portfolio). These new risk factors may be provided,
for example, by a market risk factors’ distribution module. In accordance with this variation, a
scenario generation module creates a set of scenarios based on these new risk factors, or
alternatively adds the new correlated scenarios to an existing scenario set, after which the
institution’s risk profile can be calculated using the compressed portfolio and the new scenario
set. Such post-processing is described further in the above-cited reference titled Analytical
Compression of Portfolios and VaR, the pertinent disclosure of which is incorporated herein by
reference.

For compression techniques such as analytical compression, the risk factor space will
typically include some new variables (e.g., the compressed yields). To simulate the value of the
global portfolios under changing market conditions, with both compressed portfohos and
portfolios that are not compressed, scenarios must be generated from the joint distribution of the
market factors and the new risk factors. These joint distributions are readily available from the

yield sensitivities which describe the stochastic processes they follow (see the discussion of

analytical compression above). If a scenario set in the original risk factors exists, each scenario 1s
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augmented to include the new risk factors (using, for example, Eq. 8, 9 and 16 above).

The following examples are presented to further illustrate features and advantages
provided by embodiments of the present invention. The first example involves application of a
compression engine, such as that shown in Fig. 2, to a simple portfolio, and demonstrates both
the accuracy and possible time savings that may be realized. Consider a small portfolio of long
and short positions in 38 US government bonds with maturities ranging from 46 days to 12 years.
The current time that was used for valuation purposes was July 22, 1995. This portfolio, which
has a theoretical value of $9,482,415.3044 USD, was valued using an upward sloping discéunt
curve whose values at the various term points were approximately 5%. The portfolio was
compressed using delta bucketing and analytical compression, after which a VaR number for
both the compressed portfolio and the target portfolio were calculated using a Monte Carlo
simulation.

Referring again to the embodiment of Fig. 4, data packets describing all of the
instruments 38 in the target portfolio were input to load instruments routine 40. Given that the
target portfolio was small, 1t was possible to load all of the instruments at one time. Output from
load 1instruments routine 40 was then input to sort and divide routine 42. In this case, the output
from sort and divide routine 42 was identical to the input because:

(1) the only user-defined key attribute was specified as “discount curve,” and all

instruments were discounted using the U.S. Treasury curve; and

(2) 1t was determined that all of the instruments would be subjected to delta bucketing

and analytical compression (1.¢., none of the instruments would bypass
compression routine 48).
Output from sort and divide routine 42 was then passed to cashflow generation routine 44 and
aggregation routine 46, resulting in the cashflows of the 38 bonds being generated and
aggregated 1nto a single ACI consisting of 143 cashflows. This single ACI was then passed to
compression routine 48, where 1t was subjected to compression processing using both the delta
bucketing and analytical compression techniques.

First, delta bucketing was applied to the portfolio containing the 143 cashflows, resulting
in a reduction in the number of cashflows from 143 to 13. These 13 cashflows occur at the
standard RiskMetrics™ term points, as discussed more fully in the above-cited RiskMetrics™ -
Technical Document. Next, this reduced set of cashflows was passed to an analytical
compression subroutine, and the positive cashflows were separated from the negative cashflows.
In each 1nstance (positive or negative) the yield was calculated and the cashflows were

compressed to a single zero coupon bond. The output from compression routine 48 consisted of
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two zero coupon bonds -- one with a positive notional and one with a negative notional. In
addition, two new risk factors, based on the yield to maturity of each zero coupon bond, were
created.

Fig. 6 shows the 13 cashflows produced using the delta bucketing compression technique.
Note that a cashflow was created at the 15-year term point, which is three years past the longest
maturing bond. Fig. 7 shows the cashflows of the compressed portfolio produced by applying
the analytical compression technique to the result of the delta bucketing compression. Here, the
first zero coupon bond created has a cashflow on February 22, 1998 of (39,554,346.0729) USD,
and the calculated yield is 5.1185%. The second zero coupon bond created has a cashilow of
60,098,278.9511 USD on September 18, 2001, and the calculated yield 1s 5.5537%. The
compressed portfolio consists of the two compressed bonds calculated as set forth above.
Scenarios based on the two new yield risk factors were added to the original scenario set using a
scenario generation routine, thereby enabling a VaR number to be calculated for the compressed
portfolio.

To further demonstrate some of the advantages possibie through application of such

embodiments of the present invention, a comparison was made of 1-day VaR results based on the

following risk management techniques:
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