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SYSTEM AND METHOD FOR DATA
COLLECTION, EVALUATION,
INFORMATION GENERATION, AND
PRESENTATION

This application is a continuation of Ser. No. 09/042,592
filed on Mar. 16, 1998 now U.S. Pat. No. 6,078,904 of
George J. Rebane Cosner entitled “Risk Direct Asset Allo-
cation and Risk Resolved CAPM for Optimally Allocating
Investment Assets in an Investment Portfolio”, the entire
disclosure of which is hereby incorporated by reference
including the microfiche appendix attached thereto, as if set
forth in its entirety herein.

MICROFICHE APPENDIX

This application includes a microfiche appendix, includ-
ing 1 sheet of microfiche and a total of 36 frames.

1. INVENTOR
George J. Rebane

2. BACKGROUND
2.1 Field of Invention

The invention relates generally to the field of methods and
software products for financial analysis risk management,
and more particularly to methods and software products for
investment portfolio design and the selection, analysis of
investments and the allocation of investment assets among
investments.

2.2 Background of the Invention

2.2.1 CAPM & CML Background

In this section we present sufficient background of the
Capital Asset Pricing Model (CAPM) and the Capital Mar-
ket Line (CML) to establish the departure points for deri-
vation of the present invention: Risk Direct Asset Allocation
(RDAA) and Risk Resolved CAPM (RR/CAPM). A com-
plete tutorial on modern asset allocation methods, particu-
larly the CAPM and the related Arbitrage Pricing Theory,
may be found in any one of a number of good texts on
corporate finance [4] (A bibliography of reference is found
at the end of this disclosure).

The practical application of any quantitative method of
portfolio design based on securities’ covariance requires the
selection of a ‘short list” of N risky stocks or other securities.
Several studies have shown that the investor begins to gain
“almost all the benefits of (portfolio) diversification” at
N=8, “virtually no risk reduction” for N>15 [14], and
measurable liabilities increasing beyond N=30 [15]. The
nomination of the short list may be approached as a formal
problem in multi-attribute utility [1]. We proceed here with
a specified candidate set of N risky securities whose singular
utility to the investor is their ability to contribute to a
successful portfolio design.

The motivation for going beyond the CAPM, with its
ever-present companion query as to “whether variance is the
proper proxy for risk” [21], is in the answer that variance is
only the progenitor of risk and not its final measure.
Between the two there is a road, unique to each investor, to
be traveled that lets us individually answer the question
“how much of each of the N securities should I-—not he and
not she—buy and/or hold?” This question is answered by the
present invention.

2.2.1.1 Risk

In the CAPM risk is measured by the rate performance
dispersion of a security as expressed by its historical rate
standard deviation. A primary problem with the CAPM is
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2

that once established, this ‘sigma’ is applied uniformly to all
investors independent of the amount they intend to invest or
their individual aversion to the possible loss of investment
assets. Thus the CAPM has a very egalitarian view of risk,
and treats all investors equally, regardless of their total
investment assets available for investment and net worth.
The levels of risk and the concordant performance of a set
of risky securities are quantified by their covariance matrix
usually computed from specified historical data.

Suppose we have a candidate portfolio of N risky secu-
rities S;, i=[1,N]. We select a past performance epoch Tpp
and compute the symmetrical NxN covariance matrix [5] for
the securities as

cov S=E{(s-p)(s-10)"} @

where s is the rate of return (column) N-vector of the
securities and y is the vector of mean or expected returns
computed over a past epoch T, where

w=8,, i=1,N. (@)

We now allocate a portfolio fraction f; to each of the N
securities with the elements of f summing to one. The total
rate of return variance of such a portfolio is then given by

0,°(f)=f"cov Sf 3

which shows the dependence of the portfolio’s return vari-
ance on the allocation vector f. In modern portfolio theory
[4] it is o(f) from (3) that gives the uniform measure of
portfolio risk for all investors, and thus constrains CAPM to
treat all investors equally.

The expected rate of return for each risky security over the
investment horizon (T,) is predicted on the basis of its beta
(B) computed with respect to ‘the market’ (e.g. S&P500) as
follows.

()

2
_ Tim _ covisi, Ru)
ﬁl =5 -T2

T T

The familiar beta is further represented as the slope of a
straight line relationship between market variation and the
security in question. The frequently omitted alpha (o)
parameter defines the intercept of the least squares regres-
sion line that best fits a set of security and market return
rates. A method for predicting a stock’s price R,, from a
prediction of market performance R,, over T, then yields

$=a PRy

®)
The classical CAPM formula for §; [4] generates the

Security Market Line

©)

Si = Rgr + f3; x (historical market risk premium)

= Rer + Bi(Ru — Rer)

where Ry, is the current risk free lending rate (the historical
market risk premium has been calculated at 8.5%) and R,,
is the expected return on the market over the investment
horizon.

Keeping in mind the ability here to use other predictive
security return models, in the remainder we will use the
more straightforward (6) for predicting the performance of
a security and understand the quoted ‘sigma’ (standard
deviation) of such a security to derive from the regression fit
of K points [5] over Tpg.
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— @)
o = \/ﬁkEI{Sk — (@ + BiRu )P

Combining a security’s expected rate of return and its
standard deviation then yields the needed parameters for its
assumed probability density function (p.d.f.) which fully
characterizes the performance of the individual security with
respect to the specified future performance of the market R,,,
over T;.

For the RR/CAPM and RDAA developments below we
additionally acknowledge an uncertain future market and
express this by its variance o,,” to reflect the dispersion
about the predicted mean return R,,. This additional uncer-
tainty will be reflected in a given security’s ‘sigma’ to yield
its total standard deviation as

®

OTyi=\/0i2+ﬁy2cMz

2.2.1.2 The Feasible and Efficient Sets

From corporate finance texts [4] we learn that a set of
points termed the feasible set can be represented in 2-space
where expected portfolio return R, is plotted (FIG. 1)
against the standard deviation s; of the portfolio given in (3).
The expected return of the ‘risky’ portfolio allocated accord-
ing to f is simply

o ©
Rp= Z 15
P

The efficient set is defined as the upper boundary of the
feasible set drawn upward from the ‘minimum variance
point” (MVP) since it is not reasonable to choose portfolios
with the lesser expected gains for the same ‘risk’ as mea-
sured by the portfolio’s o,. Therefore, according to the
CAPM the optimal portfolios are all represented by the
infinite set of optimal allocation vectors {f*} that define this
upper boundary. The CAPM proceeds to resolve the problem
further by introducing the risk free lending option which
gives rise to the Capital Market Line.

2.2.1.3 The Capital Market Line

As shown in FIG. 1, when we introduce the risk free
lending option at rate Rgz, we add the (N+1)th instrument
and increase the dimension of the investor’s decision space
to N. The CAPM argues that the optimum portfolio now lies
along a line—the Capital Market Line (CML)—that origi-
nates from (0, Rg;.) and is tangent to the efficient set at some
point E for which a unique f* can be discovered. Selecting
a point between (0, Rp;) and E defines what fraction should
be invested risk free with the remainder being invested pro
rata at f*. Points closer to E represent a larger fraction going
into the risky portfolio of N stocks.

We note that the computation of the efficient set per se is
not required for the solution of f*. As seen from FIG. 1, it
is clear that if the slope of the CML is maximized within the
constraints that f is a fraction vector whose elements sum to
unity, then we would automatically obtain point E and the
resulting CML. The needed slope is given by

Re(f) = Rrr
tantl = —
ae(f)

(10)

where Ry and o are the coordinates of E which depend on
f. The optimal risky fraction is then obtained directly by
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4
solving the constrained non-linear optimization problem

(78]

(11

which yields R *(f*) and o.*(f*) from (9) and (3) respec-
tively.

The resulting (fractional) portfolio design f, is finally
determined from

fP=[fRF> (1 _fRF)f.R * T]T

by appropriately selecting fzz.

The Capital Market Line is presented as the efficient set
of both risky and risk free investments and culminates the
CAPM’s efforts at defining a portfolio by leaving the inves-
tor with yet another infinite set of options from which to
choose. At this point the CAPM simply asks the investor to
apply his/her own method for picking fzz, or as stated in [4]:

“Her position in the riskless asset, that is, the choice of

where on the (CML) line she wants to be, is determined
by her internal characteristics, such as her ability to
tolerate risk.”
The CAPM offers no guidance of any analytical method for
determining each investor’s allocation of investment assets
on the CML.

We note that during the course of the CAPM solution
there has been no discussion of actual cash amounts to be
invested. The presumption being all along that, however
finally obtained, the risky portfolio fractions fz would apply
equally to billionaires and blue collar workers. This assump-
tion thus fails to recognize that individual investors have
distinct risk preferences that are intimately tied to their
overall investment assets and net worth, and that as a result,
would select different allocations of their investment assets.

Accordingly, it is desirable to provide a computer imple-
mented method and software product that accounts for
individual investor risk preferences as a function of the
individual investor’s financial profile, and thereby deter-
mines for a given portfolio of investments (i.e. short list), the
optimal allocation of the investor’s assets, or any portion
thereof, among the investment assets.

3. SUMMARY OF THE INVENTION

The present invention, the Risk Direct Asset Allocation
and Risk Resolved CAPM, overcomes the limitations of
conventional portfolio design methods including the CAPM,
and software products by determining for an individual
investor that investor’s risk tolerance function and selecting
a monetary allocation of investment assets according to both
the risk tolerance function, and quantifiable risk dispersion
characteristics of a given allocation of investment assets in
the portfolio. Generally RDAA and RR/CAPM are based on
integrating key elements of modern utility, securities’ per-
formance prediction, and optimization theories (see, e.g.,
[11,[2][3]) that relate to risk averse behavior in matters of
monetary uncertainty.

3.1 Investor Utility and Probability Preference Curves

In accordance with one embodiment of the present
invention, a risk tolerance function (“RTF”) of the individual
investor is determined. The risk tolerance function describes
the investor’s probability preferences at each of the number
of monetary amounts relative to the investor’s total assets.
More specifically, at a given monetary amount A, the risk
tolerance function for an investor defines the probability
PP(A) at which the investor is indifferent between 1) receiv-

12
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ing the monetary amount A, or 2) accepting the risk or
gamble of receiving an investor defined putative best
amount A, (for ‘happiness’ representing monetary content-
ment at which net worth the investor is willing to suffer
essentially zero risk for further increasing his net assets)
with probability PP(A) or losing his monetary assets and
ending up at an investor defined putative worst amount A,
(for ‘despair’) with probability 1-PP(A). The amounts A,
and A, enclose the investor’s total net current assets A;.
Preferably all investment amounts and outcome calculations
will be based on A, and appropriate changes to this value.
Some investors may instead consider Ay to be net investable
assets or even their net worth. Overall then, the risk toler-
ance function quantitatively defines the investor’s risk aver-
sion or risk seeking behavior with respect to his unique
monetary range of specified monetary amounts. Thus, the
risk tolerance function is specifically scoped to the inves-
tor’s actual and unique monetary range which includes his
total investment assets so that it realistically quantifies the
investor’s preferences with respect to potential outcomes
effecting the investor’s assets, and hence usefully describes
(i.e. quantifies probabilistically ) the investor’s preferences
as to the market risk presented by various allocations of
investment assets within a portfolio.

The investor’s risk tolerance function is derived interac-
tively in a straightforward and systematic manner through a
sequence of decisions involving so-called reference
gambles. Examples of several risk tolerance functions for
three different investors are shown in FIG. 2. In this figure,
the normalized PP value aries between O and 1 as the
monetary outcome ranges from the investor’s putative worst
amount A, to the amount of monetary contentment A,
such that PP(A,)=0 and PP(A,)=1. It is seen that the risk
averse behaviors assumed here are represented by concave
downward functions. The straight line joining PP(A,,) and
PP(A,,) is the expected monetary value (EMV) line which
characterizes the behavior of a risk neutral individual. Con-
sequently the risk seeker’s curve lies below the EMV line
and is concave upward.

We note that the different risk tolerance functions in FIG.
2 represent different individuals as indicated. The fact that
one risk tolerance function, RTF3, goes into negative terri-
tory states that this investor is willing to assume some
resulting debt as the worst monetary outcome of risky
investment schemes. It is reasonable, though not necessary,
to assume that most mature or older investors will be risk
averse with A;,>0 such as in RTF1 and RTF2. All reasonable
investors will exhibit A,>A.

The monetary difference between the PP curve and EMV
line at a given PP(Ag, ) value is called the investor’s risk
premium (RP) and is seen to be the amount the investor is
willing to forego or pay in order to avoid the (fair) expected
value gamble at PP(A). In the figure we see that all other
asset parameters given equal, Investor #1 is more risk averse
than Investor #2 since RP1>RP2. Investor #3 appears to be
a young person with little total assets who would be risk
seeking soon after going into debt.

3.2 A General Overview of RR/CAPM and RDAA

For any given allocation of investment assets among
investments in the portfolio, a probability density function
can be determined which describes the rate performance
dispersion of the portfolio’s predicted market performance.
Conventionally, this probability density function is typically
expressed with respect to a portfolio defined by fractional
weightings of the investment assets, since CAPM is unable
to distinguish between the risk preferences of different
investors. In accordance with the present invention however,
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6

the probability density function of the portfolio’s predicted
market performance is expressed with respect to the inves-
tor’s available investment assets, and more particularly, with
respect to the investor’s risk tolerance function. Thus, this
probability density function describes the dispersion of
potential monetary gains and losses to the investor given a
specific allocation of the investor’s investment assets among
the portfolio. For a given probability density function, there
is a mean or expected value of the probability density
function. The probability density function of the portfolio,
for example, describes the overall expected performance of
the portfolio in monetary amounts.

In accordance with one aspect of the present invention,
once the investor’s monetary risk tolerance function, and the
probability density function of a given investment allocation
are determined, it is possible to create a probability density
function of the investor’s probability preferences with
respect to the investor’s risk tolerance function. This prob-
ability density function expresses the dispersion of risk
preferences that the investor would experience as a result of
the investment allocation. The expected value of this prob-
ability density function of the investor’s probability prefer-
ences thus describes the overall risk preference of the
investor for the specific monetary allocation of investment
assets (as opposed to the conventional asset independent risk
analysis).

In accordance with the present invention then, investment
assets are allocated to the investments of the portfolio by
maximizing the expected value of the probability density
function of the investor’s probability preferences. The prob-
ability density function of the investor’s probability prefer-
ences is determined as a function of the probability density
function of the portfolio’s predicted market performance
with respect to the investment assets allocation policy and
the investor’s risk tolerance function. The investment allo-
cation that maximizes the expected value of the investor’s
probability preferences best satisfies these preferences as
they are defined by the investor’s risk tolerance function.

In contrast to conventional approaches, the investment
allocation here describes the actual monetary amounts of the
investment assets to be allocated to the investments of the
portfolio. Further, because the investment allocation is deter-
mined with respect to the investor’s unique risk tolerance
function(s), it accounts for the investor’s own particular
asset base and their risk aversion or risk seeking behavior
relative to such asset base. This contrasts with conventional
methods that do not account for either the assets or the risk
preferences of investors, and hence treat all investors as 1)
having exactly the same assets; and/or 2) having exactly the
same risk preferences and tolerances. For this reason, as
shown above, conventional approaches based on the CAPM
produce only an infinite set of potential allocations, leaving
it up to the individual investor to arbitrarily allocate their
actual investment assets from among the possible solutions
along the CML.

The probability density function on the probability pref-
erence of the investor’s risk tolerance function may be
determined in a variety of manners in accordance with the
present invention. In one embodiment, this probability den-
sity function is determined by numerically mapping the
probability density function of the portfolio with respect to
the investment assets through the investor’s risk tolerance
function and onto the probability preference axis. This
embodiment is preferable where there is a significant prob-
ability of the investor’s total assets falling below AD, the
despair amount. Such an outcome is typically predicated by
a large rate standard deviation for the portfolio given the
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investment allocation. The allocation of investment assets
amongst the portfolio investments is iteratively adjusted
until the expected value of the probability density function
on the probability preference axis is maximized. FIG. 3
illustrates an example of the mapping of the probability
density function of a given portfolio allocation through an
investor’s risk tolerance function onto the probability pref-
erence axis.

In an alternate embodiment, the expected value of the
probability density function of the investor’s probability
preferences is determined by direct computation. One
method of direct computation is by solution of:

oo 13
E(PP| f) = f QKA f)dA 3

where:
g(A) is the investor’s risk tolerance function, g(A) €[0, 1]
for Ap,=A<A, and g(Ap)=0, and g(A,)=1;
A, is the investor defined putative worst monetary
amount or ‘despair’ amount;
A, 1s the investor defined putative contentment monetary
amount or ‘happiness’ amount; and,
h(Alf) is the probability density function of the invest-
ment portfolio’s predicted performance with respect to
the investor’s total assets given allocation policy f.
The solution to (13) may be usefully approximated by a
truncated Taylor series expansion of g(A), the investor’s risk
tolerance function, about the expected value of h(A|f). One
such implementation resolves (13) to:

(14)

d A2

. 1(d® g(A
E(PPu):g[uA(zmz[ < )] ;

This form of the equation can be readily optimized over
the selected securities for each investor to yield the actual
monetary allocation over such securities to the investor’s
maximum expected monetary probability preference.

An examination of (14) is particularly revealing with
respect to asset allocation. The first r.h.s. term is simply a
mapping of u, onto the PP axis and is consistent with the fact
that all sane RTFs are smoothly and monotonically increas-
ing with A throughout their entire range. The second r.h.s
term is of particular interest since it adjusts the expected
value of the mapped cash distribution according to two
factors—the curvature of the risk tolerance function and the
cash quantified standard deviation of the total portfolio both
reflected in the u, region of investor’s total assets.

We recall from FIG. 2 that risk aversion is represented by
the RTF lying above the EMV line and thereby curving
downward with increasing A. This translates to a negative
value of the second derivative and means that a term
proportional to o,,? is subtracted from the direct mapping of
u, through the RTF. We will refer to one half the RTF’s
second derivative evaluated at u, as the portfolio risk
compensation coefficient (RCC). Therefore as we assume a
portfolio design that increases its expected gain along the
CML, we see that o, also increases. Since the RTF flattens
out with increasing A, the RCC becomes less negative, but
the increasing o, effect begins to dominate and the mapped
mean, according to (14), reaches a maximum and begins
decreasing at the optimal allocation point. The opposite
occurs for risk seekers whose RTF falls below the EMV line
in the u, vicinity; here the RCC is positive and the risk
compensation adds to or augments the directly mapped PP
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value of u,. This rewards the investor in such a region of his
anticipated total assets. Again, in the practical application of
the invented algorithm and methodology to realistic short
lists of stocks, the ‘risk seeking portfolio” at a high RCC may
be characterized by high variance being traded off against a
low mean because the risk seeker fully expects the high
variance to work for (not against) him. We presume that
current portfolio designers can take comfort from this analy-
sis since a directly evolved form of CAPM risk as defined in
Modem Portfolio Theory is very much present in the new
RR/CAPM method presented here, albeit expressed in mon-
etary (not rate) terms and mapped into the conflict resolving
preference probability space.

In accordance with the present invention, the foregoing
analysis and computations are embodied in a software
product for controlling and configuring a computer to
receive data descriptive of various investments and their risk
characteristics, to interactively determine an investor’s risk
tolerance function, to allocate investment assets to an invest-
ment portfolio, to compute the probability density function
of the portfolio’s performance with respect to the investor’s
assets, and to compute and maximize the expected value of
the probability density function of the investor’s probability
preferences. Additionally, the present invention may also be
used in a broader context as a monetary risk management
tool to determine asset allocations among sectors (e.g. large
cap, bonds, growth, value, technology, metals, and the like)
and also to select among candidate projects (e.g. acquire
XYZ Inc., 3introduce product line A vs. B, buy new pro-
duction facility, and the like) in a corporate planning envi-
ronment.

3.3 User Interface Features

In accordance with another aspect of the present
invention, there are provided various user interfaces that
graphically capture and represent the investment allocation
of the investment assets, along with useful information
describing portfolio performance. One user interface graphi-
cally displays for each investment in the portfolio the
allocation of the investment assets to the selected securities
in terms of both monetary and percentage allocations, along
with user definable upper and lower bounds for the alloca-
tion. There is also displayed a graphical representation of the
expected return of the portfolio given the investment
allocation, preferably shown with a confidence interval.

The upper and lower bounds for each investment are
dynamically manipulable, and can be adjusted by the user to
change the range of potential allocations to the investment.
As the user moves an upper or lower bound to allow an
increase or decrease in the allocation, the overall investment
allocation policy among the portfolio is automatically
recomputed in order to again maximize the expected value
of the probability density function of the investor’s prob-
ability preferences. This user interface thus allows the user
to easily and dynamically manipulate the investment allo-
cation and observe the impact of such allocations on the
expected return of the portfolio.

4. DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1 is an illustration of the efficient frontier and Capital
Market Line in the CAPM.

FIG. 2 is an illustration of example investor risk tolerance
functions.

FIG. 3 is an illustration of the mapping of an investment
portfolio’s probability density function (translated onto the
investor’s total assets axis) onto the probability preference
axis.
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FIG. 4 is an illustration of a system in accordance with the
present invention.

FIG. 5 is an illustration of the software architecture of the
asset allocation program of the present invention.

FIG. 6 is an illustration of the overall data and process
flow in accordance with the present invention.

FIG. 7 is an illustration of primary graphical output from
the main user interface of the asset allocation program.

FIG. 8 is an illustration of a user interface for interactively
editing competing scenarios of future market performance.

FIG. 9 is an illustration of a user interface for interactively
generating and comparing multiple portfolio designs under
uniform market conditions.

FIG. 10 is an illustration of a user interface showing a
reformatted correlation matrix and related risk adjusted
returns for a selected list of candidate securities.

FIG. 11 is an illustration of risk tolerance cases for
creating an investor’s risk tolerance function.

FIG. 12 is an illustration of a gaussian distribution of a
portfolio where maximum loss is limited to the sum of risky
investments.

5. DETAILED DESCRIPTION OF THE
INVENTION
5.1 System Architecture

Referring now to FIG. 4, there is shown the configuration
of a computer system in accordance with one embodiment of
the present invention. The computer system environment is
generally a conventional computer system that has been
configured by one or more software products to operate in
accordance with the methods of the present invention, to
determine and provide the allocation of investment assets to
investments in a portfolio, and to output and display various
user interfaces enabling the user to operate and control the
system and software product.

Computer system 200 accordingly includes an address-
able memory 203, and a processor 205, along with conven-
tional input 206 (e.g. keyboard and mouse) and output (e.g.
display and printers) devices 207, communication links and
hard disk or other mass storage unit. The processor 205 is
conventional, and executes software stored in the memory
203. The computer system 200 may be implemented with
conventional hardware, such as an IBM compatible, Intel
Pentium® based computer. The memory 203 stores a con-
ventional operating system 211, such as Microsoft Corp.’s
Windows 3.1 or Windows95. Also provided is a conven-
tional network interface 213 for accessing public commu-
nications networks, such as the Internet.

Loaded into and executing from the memory 203 are
components of an asset allocation program 201 in accor-
dance with an embodiment of the present invention. Refer-
ring now to FIG. 5, the asset allocation program 201
includes an RDAA module 301, a GUI manager 305, a data
handler module 307, and a communications interface gate-
way 308. An optional RR/CAPM module 303 may also be
included. The GUI manager 305 includes a main module
309, a short list maker module 311, a portfolio editor module
313, an RTF module 315, and an account management
module 310. An application executive 302 controls over all
operation flow and preserves system state data.

5.1.1 Main Module

The main module 309 of the GUI manager 305 provides
direct and arbitrary access to the four other user interface
modules. The main module 309 provides for logon/off, and
security password management to secure an investor’s
account data from unauthorized users. The main module 309
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also allows the investor to select or nominate a current short
list of investments or a portfolio for analysis by the RDAA
and RR/CAPM modules 301, 303. Once the investor has
logged on and selected a portfolio, the main module 309
allows arbitrary access to the other components of the
system for conducting analysis of the selected portfolio.
5.1.2 RTF Module
The RTF module 315 manages an interactive dialogue
with the investor to construct or edit the investor’s risk
tolerance function. Once the risk tolerance function is
established, it is labeled, stored, and may be repeatedly
accessed by the other system components. The RTF module
315 supports the following functionality:
Launch and execute interactive dialogue of reference
gambles to define a new RTE.
a Select and retrieve an existing RTF as working candi-
date.
Launch and label new working candidate RTF.
Input/edit A, ‘despair’, A, ‘contentment’, and current net
asset A, amounts.
Performs both sanity and verification checks on the shape
and stability of a new RTF.
Display working candidate RTF graphically.
Select multiple RTFs for comparison and display.
Request and execute RTF verification procedure by gen-
erating a series of inferred reference gamble decisions
from the nominated or working candidate RTF.
Label, store/discard working selected RTF.
Nominate a stored RTF as current RTF for use by RDAA
and RR/CAPM modules.
5.1.3 Short List Maker Module
The short list maker module 311 provides for selection of
a number of investments for inclusion in a short list of
investments to be analyzed by the RDAA or RR/CAPM
modules 301, 303. In this disclosure, “investment assets”
includes cash (own or borrowed) and other liquid assets that
may be invested by an investor. “Investments” includes
stocks, bonds, commodities, precious metals, and any other
securities or financial instruments in which an investor may
invest. The short list maker 311 provides the following
functionality:
Establish a connection with a third party securities data
service and database 319 for searching for investments.
View, nominate, and edit selection criteria for selecting an
investment.
Select a current short list (SL) of investments or portfolio
for analysis.
Display graphical and data tables for each candidate
investment.
Access expert advice services 319 via the communica-
tions interface gateway 308.
Compute risk correlation matrix for all investments in
current short list and display.
Display, edit, and/or nominate current short list of invest-
ments as new short list.
Label and store new short list and/or nominate as the
current short list.
5.1.4 Portfolio Editor Module
The portfolio editor module 313 provides for selection
and editing of a portfolio of investments. The portfolio
editor module 313 provides the following functionality:
Select a current (default) or stored portfolio for editing.
Elect to include/exclude data for currently owned invest-
ments from an actual portfolio into the current portfo-
lio.



US 6,405,179 B1

11

Generate/edit the financial factors scenario.
Select financial factors scenario as the current scenario.
Edit limits from existing or provided default values.
Command RDAA reoptimization of current portfolio.
Edit all input amounts within specified limits.
Label/store or discard current portfolio.
Command generation of list of current buy/sell orders
from the current and actual portfolios.
5.1.5 RDAA & RR/CAPM Modules
The RDAA module 301 and RR/CAPM modules 303
implement the analysis and optimization of an investor’s
investment allocation as set forth above with respect to (13)
and (14) above, and as further explained below in §5.6. The
GUI Manager 305 is responsible for presenting the outputs
of the RR/CAPM and RDAA modules on the display 207
using the user interfaces of the present invention, as vari-
ously described below with respect to FIGS. 7-10, and for
obtaining user inputs for controlling the application.
5.1.6 Account Management Module
The account management module 310 provides a user
interface to one or more online investment systems, such as
a brokerage house to access and update an investor’s
account. The account management module 310 retrieves and
displays securities data, corporate financials, market perfor-
mance data and other research information. The account
management module 310 also provides for individual trades
in the investor’s accounts, and transfers the list of current
buy/sell order to the investor’s investment account for
execution.
5.1.7 Data Handler Module
The data handler module 307 includes a format and output
module 317 and a file manager module 323 which commu-
nicates with a local file storage system 321. The data handler
307 manages formatting and outputting of data to the input
and output devices, and retrieval and storage of data to the
local file storage system 321.

5.1.8 Communications Interface Gateway

The communications interface gateway 308 provides an
interface to external databases containing securities data,
such as corporate financial data, industry performance, secu-
rities price and performance data, investment advisor opin-
ions and consensus ratings, and the like, including, in some
versions, more comprehensive portfolio management ser-
vices without the portfolio analysis and optimization func-
tions as provided by the present invention, as commonly
available from brokerage houses, investment firms, and
other sources.
5.2 The System State

The asset allocation program 201 is ‘stateful system’ in
that its internal data representation consists of a formal list
of data structures and related status parameters having
current values. The asset allocation program 201 performs
certain functions and processes automatically and in
response to user input depending on the current state of the
system. The following is a list of ‘state variables’ that are
stored by the asset allocation program 201:

Current RTF: the investor’s RTF that is used to calculate
the optimized allocation of a given set of investment
assets.

Current Short List (SL) Nominations: a set of N invest-
ments selected by the investor for optimized allocation.

Current Short List Performance: for each of the invest-
ments on the Current Short List, predicted performance
parameters including a covariance matrix of market
performance data.

Current Actual Portfolio: a set of investments currently
held by the investor, including for each investment, a
label, purchase price, purchase date, current price.
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Current Allocation Constraints: investor specified limits
on the percentages or dollar amounts of the investor’s
investment assets to be allocated to various ones or
groups of investments including a Value at Risk con-
straint that applies to the overall portfolio.

Current Market Prediction: an estimate of market return,
for example, one based on a benchmark market index,
such as the S&P 500 or the Dow Jones Industrial
Average.

Investment Horizon, Market Appreciation and Standard
Deviation: the Investment Horizon defines the length of
time for the investment; Market Appreciation is an
estimate of the annualized return during the Investment
Horizon; and Standard Deviation is the standard devia-
tion of market returns.

Current Rates: loads on individual investments, manage-
ment load, tax rate, and borrowing rate.

Current Computed Portfolio: Origin—Optimized, User
Input, Proportionally Recalculated. Invested own funds
amount, security labels, security amounts & portfolio
fractions, borrowed amount, expected return amount
and standard deviation.

5.3 System Operation, Standard User Sequence

Referring now to FIG. 6 there is shown an overall process
flow of the operation of the asset allocation program 201.
The process flow described herein is exemplary of a useful
process flow with the system configuration outlined above.
However, the system may be operated and configured in any
of a number of ways to satisfy licensee requirements for
their intended markets (e.g. consumer, institutional
commercial) and need not have both the risk direct and risk
resolved loops.

5.3.1 Generate/Update RTF

Prior to any optimization of a portfolio, the investor
creates 601 at least one RTF to define his risk preferences
using the RTF module 315. Once generated the RTF is
stored and accessed as needed by the RDAA and RR/CAPM
modules. The investor may review and update his RTF at
any time, periodically or when a financially significant event
has occurred. The process of creating the investor’s RTF is
further described below in §5.4.

5.3.2 Generate/Retrieve Short List

Independently of establishing an RTF, the investor selects
603 a short list of candidate investments for optimization by
the RDAA or RR/CAPM modules. Selection is performed
via the short list maker module 311. The short list may be
derived through any of a number of ways including direct
input of recommended securities from experts’ lists, invest-
ment advisors, or any other source. The investor may
generate any number of alternate short lists, which can be
individually labeled and stored for later retrieval.

For each short list, the investor specifies predicted future
performance data for each investment asset. The future
performance data may be the alpha, beta, sigma, R2, and
cross correlations related to the Efficient Market Hypothesis
approach or derived from any other predictive theory,
including estimates that may by available in the securities
database 319, information from investment advisors, or
inputs which just reflect the investor’s own assessments of
the future performance of the investments. Regardless of the
Market Hypothesis used, the short list maker module 311
computes and updates a covariance matrix for the short list.

5.3.3 Generate/Retrieve Financial Factors Scenario

The investor specifies 605 a scenario of financial factors
that will be used to define the optimization requirements.
The scenario is input and edited by the user via portfolio
editor module 313. The investor inputs values for the
following:
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Representative epoch for securities (and market). These
values define the time period over which the optimi-
zation of investment asset allocation is to be computed,
and compared with market performance over the same
period.

Input/edit current actual portfolio. Here the investor iden-
tifies the investments to be included in the
optimization, preferably by security label, and includ-
ing purchase price, purchase date, current price. The
price information may be accessed and provided by the
account management module 310.

Current market prediction data, including the Investment
Horizon, Market Appreciation, and Standard Deviation
data. Again, this data need not be manually input by the
investor, but may be extracted from existing online
sources via the account management module 310.

Where individual securities are already known, the inves-
tor may input current loads on individual securities, and
the investor imposed contraints on each short list
candidate, owned stocks, invested, loaned (risk free),
and borrowed amounts, Value at Risk. It also includes
the buy/sell and portfolio management fees, tax rates,
and purchase cost, etc. of owned stocks. Specifically
for the stocks it includes the alfas, betas, sigmas,
correlation coefficients, valid data epochs (may be
different for each stock), for the stocks and the market
predictions from FIG. 8.

Finally, the investor labels the Financial Factors Scenario
for storage and later retrieval.

5.3.4 Generate Optimized Portfolio

The investor generates 607, 609 an optimized allocation

of investment assets for the current short list, including
owned securities, of investment assets, using the RDAA
module 301 and for the RR/CAPM module 303. The opti-
mized allocation specifies the dollar amount to be invested
in each of the short list investments to achieve the optimized
risk reduced investment return. To initiate the optimization,
the investor selects a current short list and its related
Financial Factors Scenario, and one of the optimization
modules 301, 303. The selected module verifies that a
complete dataset exists for portfolio computation. The opti-
mization module then computes and outputs for display the
newly computed investment allocation. The computed
investment allocation, and accompanying short list and
financial factors is labeled and stored for later retrieval and
if desired, editing. If the short list or financial factors
scenario changes, then the investment allocation needs to be
recomputed.

5.3.5 Edit & Review Computer Portfolio

Once an investment allocation for a portfolio is computed,

the investor may review and edit 611, 613 any of the
variables defining the portfolio using the portfolio editor
module 313. The investor selects either the current portfolio
for editing or a stored portfolio for retrieval. The following
variables may then be edited:

Input data on any original short list member (whether
included in portfolio or not).

Edit short list securities’ investment constraints and/or
amounts.

Edit own investment assets constraints and/or amount.

Specify of new candidate investments for the short list,
including obtaining new candidate investment perfor-
mance statistics, testing a new candidate investment in
the current portfolio design; launching a query into the
securities database 319 to find specified investment
candidates; or launching an agent into Internet to find
a specified candidate.
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Edit borrowed investment asset constraints and/or

amount.

Interrogate predicted portfolio performance through edit-

ing portfolio return confidence intervals.

Edit securities” predicted performance parameters.

Following editing, the investor then commands recompu-

tation or reoptimization of the portfolio to produce a
revised computed portfolio which itself may be further
edited or discarded or labeled and stored.

5.3.6 Access Brokerage Services

With one of the computed portfolios, the investor then
accesses his online investment account via the account
management module 310. The account management module
310 automatically compares the current actual portfolio with
the newly generated portfolio, generates an editable buy/sell
table which, upon execution 615, changes the investor’s
actual portfolio to match the computed portfolio. Depending
on the facility of the online brokerage service, the investor
may issue a comprehensive buy/sell order or use the gen-
erated buy/sell table to place the individual orders as
allowed by the service and obtain an updated actual port-
folio.

5.4 User Interface Features

In the form of annotated screen designs in selected
figures, the present invention provides a number of new user
interfaces for editing and understanding the performance
and risk characteristics of a given portfolio. The user inter-
face displays are as follows:

5.4.1 Portfolio Design

Referring now to FIG. 7, there is shown an example of an
interactive user interface which provides for the primary
output of the asset allocation program 201. The portfolio
design screen 701 summarizes what investment funds are
invested (own 729 and new SL candidates (2—10)), under
what constraints they are to be allocated (the bold brackets
707), the actual monetary amounts which the RDAA module
301 or RR/CAPM module 303 allocated to the risky and risk
free vehicles (ten securities are shown with their ticker
labels 713 indicated along with the risk free amounts 727),
and finally the risk compensated portfolio’s predicted per-
formance 717. Additional data, such as the computed PP
value of the current design and dollar amounts may also be
included.

The portfolio design screen 701 is constructed as follows.
Along the X-axis are listed each of the investments 711
included in the computed portfolio, each investment listed
by its corresponding label 713. Also listed are columns
representing risk free funds 727, the investor’s total avail-
able own investment funds 729, and borrowed investment
funds 731. For each of the investments 711, a monetary
amount invested in the investment is shown in bar format as
a bar 709 with respect to two Y-axis scales. A first Y-axis 703
is scaled as percentages of the investor’s total investment
funds (equal to the investor’s own funds 729 and the
borrowed funds 731). A second Y-axis 705 is scaled in
currency amounts. Thus for each investment 711 or invest-
ment funds 727, 729, 731, the amount to be invested
according to the RDAA module 301 is directly shown.

The portfolio’s predicted performance is displayed by the
rightmost bar 723 and bracket 735. The height of the bar 723
indicates the expected cash return during the investment
period; the percent return 717 is also indicated as a percent-
age of the investment funds. The bracket 735 displays the
symmetrical performance uncertainty within a confidence
window 719 into which the portfolio’s return will fall. In this
example, the optimized portfolio will yield an expected
return of 12% and with 90% certainty the portfolio’s return




































