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SYSTEMS, METHODS AND COMPUTER PROGRAM
PRODUCTS FOR MODELING A MONETARY MEASURE FOR
A GOOD BASED UPON TECHNOLOGY MATURITY LEVELS

FIELD OF THE INVENTION

The present invention generally relates to systems, methods and computer

. program products for modeling cost and associated revenue associated with a project

for the manufacture and sale of a good and, more particularly, relates to systems,
methods and computer program products for modeling cost and associated revenue

associated with a project based upon at least one technology maturity level.

BACKGROUND OF THE INVENTION

In many industries, decisions about projects for the manufacture and sale of a
good require manufacturers to estimate technical risk, or technical maturity,
associated with the state of development of the project in order to correctly determine
success probabilities and investment levels for the project. In this regard,
development of the project can include one or more different technologies, with
different technologies in different stages of development. For example, a project can
include a technology associated with materials utilized to manufacture the good that is
in one stage of development, and a technology associated a particular manufacturing
process that is utilized during the production of the good that is in another stage of
development.

Whereas information regarding technical risk can be useful to manufacturers,
such information is often qualitative. As such, it is often difficult to ascertain the
impact of risk on the success of the project. For example, one such group of
qualitative measures of technical risk, or technical maturity, are the Technology
Readiness Levels (TRL’s) developed by the National Aeronautics and Space
Administration (NASA). As shown in the Table, below, the NASA TRL’s represent a
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qualitative measure of the state of development of the project. As shown, the NASA
TRL’s consist of nine levels representing various stages of development. More
particularly, TRL 1 corresponds to the lowest level of technology maturation. From
TRL 1, then, the levels of technology increase through TRL 9, which corresponds to
actual successful use of a fully developed project in an applicable environment for the
project. At TRL 9, then, development of the project has typically matured past the
point of troubleshooting problems discovered during testing, which typically occur at

TRL 8.

NASA Technology Readiness Level (TRL)
TRL 1 Basic Principles Observed and Reported
TRL 2 Technology Concept and/or Application
Formulated
TRL 3 Analytical and Experimental Critical Function
and/or Characteristic Proof-of-Concept

Component and/or Breadboard Validation in

TRL 4 .
Laboratory Environment

Component and/or Breadboard Validation in

TRL 5 .
Relevant Environment
TRL 6 System/Subsystem Model or Prototype
Demonstration in a Relevant Environment
TRL 7 System Prototype meonstratmn in a Space
Environment

TRL 8 Actual System Completed and “Flight

Qualified” Through Test and Demonstration
TRL 9 Actual System “Flight Proven” Through

Successful Mission Operations

As will be appreciated, the state of development of the technologies associated
with a project can have a direct impact on the uncertainty, and as such the risk,
associated with the cost and/or revenues of manufacturing and selling the good. In
this regard, the ability to correctly estimate the technical risk impact on a project
enables manufacturers to make better decisions as to investment and proportion of the
investment to the level of project risk. Conventionally, manufacturers have not had
the ability to reliably quantify the technical risk of a project proposal that has limited
information, as extensive uncertainties, is concerned with new markets or

technologies, or does not yet have a well-defined scope or specifications.
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SUMMARY OF THE INVENTION

In light of the foregoing background, the present invention provides systems,
methods and computer program products for modeling a monetary measure of a good,
such as a cost and/or revenue associated with a good, where the model is based upon
at least one, and more typically a plurality, of technology maturity levels. The
systems, methods and computer program products of embodiments of the present
invention are capable of modeling quantitative risk/return as a function of qualitative
measures of maturity to thereby reliably quantify the technical risk of a good based
upon the level of maturity of the technologies associated with the good.
Advantageously,’embodiments of the present invention are capable of modeling the
quantitative risk/return for technologies at a number of different levels of
development, where each level of development has an associated technical risk, or
uncertainty. In addition, embodiments of the present invention are capable of
modeling quantitative risk/return in a robust manner to model monetary measures in a
number of different contexts, without modifying the model to fit a particular monetary
measure, good, project or the like. Embodiments of the present invention are thus
capable of easily assigning accurate quantitative assessments of risk and return
through the extraction of distribution statistical parameters characteristic of
representative capital and industry markets. Further, embodiments of the present
invention are capable of enabling accurate, rapid and standardized characterization of
cost and revenue uncertainties, and enabling rapid prototyping of business case
simulations that apply techniques such as the Monte Carlo techniques.

According to one aspect of the present invention, systems, methods and
computer program products are provided for modeling quantitative risk/return as a
function of a plurality of qualitative measures of maturity, such as technology
readiness levels. The method of one embodiment begins by determining a risk/return
distribution for each of a plurality of risk values, where the risk values can be ordered
from a lowest risk value to a highest risk value. After determining the risk/return
distributions, a qualitative measure of maturity is assigned to each of the plurality of

risk/return distributions based upon a respective risk value to thereby model



WO 2004/109457 PCT/US2004/017310

10

15

20

25

30

quantitative risk/return as a function of the plurality of measures of maturity. Similar
to the risk values, the measures of maturity can be ordered from a highest measure of
maturity to a lowest measure of maturity. As such, the measures of maturity can be
assigned by assigning a higher measure of maturity to a risk/return distribution for a .
lower risk value.

Advantageously, a risk/return distribution can be determined for each of a
plurality of risk values based upon a log mean and a log standard deviation of a
lognormal probability density reflecting a respective risk and return pattern of capital
markets, such as according to the Capital Asset Pricing Model (CAPM). As such,
each risk/return distribution typically comprises a lognormal distribution. In various
embodiments, each of the risk/return distributions can be normalized to a mode of
one. Additionally, or alternatively, an upper and lower bound of each of the
risk/return distributions can be truncated by a predefined percentage. In other
embodiments, alternatively or in addition to normalizing and truncating the risk/return
distributions, each lognormal risk/return distribution can be converted to a
corresponding triangular distribution. Also in such embodiments, assigning a
qualitative measure can include assigning a qualitative measure of maturity to each
triangular distribution.

According to another aspect of the present invention, a systems, methods and
computer program products are provided for modeling a monetary measure of a good,
such as a cost or revenue associated with the good. The method of one embodiment
begins by selecting at least one qualitative measure of maturity for at least one
technology associated with the good. In this regard, each qualitative measure of
maturity is associated with a distribution such that each technology is associated with
the distribution of the respective qualitative measure of maturity. As such, the
qualitative measures of maturity can be selected from a model of quantitative
risk/return, as such may be determined as described above.

Next, a monetary point, such as a most likely cost or revenue value, is
associated with each technology. A monetary distribution is then determined for each
technology based upon the respective monetary point and a respective distribution. A

plurality of monetary values are selected by randomly selecting, such as according to

- the Monte Carlo technique, the plurality of monetary values for each technology
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based upon the respective monetary distribution. Finally, the monetary measure for
the good is modeled based upon the selected monetary values for each technology.
Therefore, the systems, methods and computer program products of
embodiments of the present invention are capable of modeling a monetary measure of
a good, such as a cost and/or revenue associated with a good, based upon technology
maturity levels. In this regard, embodiments of the present invention can model
quantitative risk/return as a function of qualitative measures of maturity to thereby
reliably quantify the technical risk of a good based upon the level of maturity of the
technologies associated with the good. Advantageously, embodiments of the present
invention are capable of modeling the quantitative risk/return for technologies at a
number of different levels of development, where each level of development has an
associated technical risk, or uncertainty. In addition, embodiments of the present
invention are capable of modeling quantitative risk/return in a robust manner such that
monetary measures can be modeled in a number of different contexts, without

modifying the model to fit a particular monetary measure, good, project or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is a flow chart illustrating various steps in a method of modeling
risk/return as a function of measures of maturity according to one embodiment of the
present invention;

FIG. 2 is an illustration of a risk/return distribution and a corresponding
triangular distribution according to one embodiment of the present invention;

FIG. 3 is a flow chart illustrating various steps in a method of modeling a
monetary measure of a good according to one embodiment of the present invention;
and

FIG. 4 is a schematic block diagram of the system of one embodiment of the

present invention embodied by a computer.

DETAILED DESCRIPTION OF THE INVENTION
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The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.

| Referring to FIG. 1, a method of modeling quantitative risk/return as a
function of at least one qualitative measure of maturity is shown according to one
embodiment of the present invention. As shown, the method of this embodiment can
begin by modeling returns as a function of risk, or uncertainty, associated with
bringing a good to market. Returns can be modeled in any of a number of different
manners, such as by estimators or the like. In one embodiment, for example, the
returns are modeled from two return values and associated risk values, as such may be
determined by an estimator. Then, assuming an approximately linear relationship
between risk and return, the returns can be modeled as a linear function of risk based
upon the two return values and associated risk values. For example, according to one
embodiment, two return values may comprise 10.0% and 12.5%, with associated risk
values comprising 20% and 30%, respectively. With such values, returns can be
modeled as a linear function of risk as follows:

Return( Risk )= 0.25X Risk +5

where return and risk are expressed as percentages. As will be appreciated, in
addition to utilizing the return model as described below, the return model can be
utilized to model future revenues of a good, where the future revenues are subject to
an amount of uncertainty. For a description of such an application, see U.S. Patent

Application No. , entitled: Systems, Methods and Computer Program

Products for Modeling Uncertain Future Benefits, filed concurrently herewith, the
contents of which is incorporated by reference in its entirety.

Either before, after or as returns are modeled as a function of risk, risk/return
distributions are determined for different risk values, as shown in block 12. The
risk/return distributions can be determined for any number of different risk values but,
in one embodiment, the number of different risk values corresponds to the number of

different qualitative measures of maturity, as described below. In this regard, the



WO 2004/109457 PCT/US2004/017310

10

15

number of different qualitative measures of maturity are typically predefined. For

example, when the number of qualitative measures of maturity equals nine, the
number of different risk, or uncertainty, values can comprise those shown in Table 1,
along with risk/return distribution can also be defined by a percentage standard
deviation of the lognormal probability density reflecting a risk and return pattern of
capital markets. By determining the risk/return distributions based upon the risk and
return patterns of capital markets, the risk/return distributions can be robustly applied
to any of a number of different monetary measures without having to be modified to
fit a particular monetary measure, good, project or the like.

As shown in block 12, after determining the risk/return distributions, each
risk/return distribution can be normalized to a mode of one, as illustrated in block 14.
It will be appreciated by those skilled in the art that at the highest bounds of possible

risk/return, goods are typically dropped or re-scoped into different goods. Similarly,

Growth Rate | Uncertainty
10.0% 20%
12.5% 30%
15.0% 40%
17.5% 50%
20.0% 60%
22.5% 70%
25.0% 80%
27.5% 90%
30.0% 100%

Table 1

at the lowest bounds of possible risk/return, several factors, such as competitors
entering the market and reaching capacity of the market, act to limit the return. In this
regard, whereas the risk/return distributions can be determined to define the entire
range of possible risk/return, in one embodiment the lowest and highest bounds of
each risk/return distribution are truncated, as shown in block 16. For example, the
each bound can be truncated by a predefined percentage (e.g., 2.5%) so that the

risk/return distributions define the rage of most likely risk/return. According to one
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exemplar embodiment, then, the risk/return distributions can be summarized for a
number of different risk values, as shown below in Table 2.

More particularly, the lognormal standard deviation (LogStdDev), lognormal
mean (LogMean), mode (Mode) and % values (97.5% and 2.5% values) shown in

Table 2 can be determined according to the following equations:

LogStdDev = —%X ln(((Sthev/ Mean) + 1)/ Meanz)

LogMean = \/ ln((Sthev/ Mean) + 1)

M 0 d e = eLogMean—LagSthevz

Y%value = eLogMenn+L0gSt(1Dev><NonnsInv(percent)

For more information on such a method of determining the preceding values, see U.S.

Patent Application No. , entitled: Systems, Methods and Computer

Program Products for Modeling Uncertain Future Benefits.

As shown, Table 2 includes the mean value for each risk/return distribution.
As will be appreciated by those skilled in the art, the mean value cannot be directly
determined but, instead, may be determined as that value that uniquely satisfies a
lognormal distribution that has two constraints: (1) a standard deviation of X% , and
(2) a mode value equal to one. More particularly, as can be seen from the previous
equations, if the standard deviation is known, but the mean value is not known (as are
the lognormal mean and lognormal standard deviation values), solving for the mean
value is circular. As such, the only way to solve for the mean value is by utilizing a
search algorithm with constraints.

After defining the risk/return distributions, or after nonnaliiing and/or
truncating the risk/return distributions, the risk/return distributions can, but need not,
be converted to roughly equivalent triangular distributions, as shown in block 18. By
converting the risk/return distributions to triangular distributions, subsequent analysis
can be performed on more simiplified triangular distributions, as opposed to lognormal
distributions. And because the bounds of the risk/return distributions have been
truncated, the risk/return distributions can be converted to triangular distributions
without sacrificing much accuracy during the conversion. For an example of a

risk/return distribution and a corresponding triangular distribution, see FIG. 2. It
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should be understood, however, that the risk/return distributions need not be
converted to triangular distributions to practice the present invention.
The risk/return distributions can be converted to triangular distributions

according to any of a number of different techniques. According to one technique, for

StdDeyv.
Dist. | LogStdDev. | LogMean | 97.5% | 2.5% | Mode | Mean
20% 0.19 0.04 1.50 | 0.72 | 1.00 | 1.06
30% 0.27 0.07 1.80 | 0.64 | 1.00 | 1.11
40% 0.33 0.11 2.13 | 0.58 [ 1.00 | 1.18
50% 0.39 0.15 247 | 055 | 1.00 | 1.25
60% 0.43 0.19 261 | 052 | 1.00 | 1.32
"70% 0.47 0.22 3.16 | 0.50 { 1.00 | 140
80% 0.51 0.26 351 | 048 | 1.00 | 147
90% 0.54 0.29 3.85 | 046 | 1.00 | 1.55
100% 0.67 0.32 420 | 045 | 1.00 | 1.62

Table 2

example, the minimum and maximum values of each triangular distribution can be
selected to equal the truncated lower and upper bounds, respectively, of a respective
risk/return distribution. Then, like the risk/return distributions, the triangular
distribution can be normalized to a mode equal to one. Therefore, continuing the
example of Table 2 above, the triangular distributions associated with respective
risk/return distributions of Table 2 can be summarized as in Table 3, below.
As will be appreciated by those skilled in the art, neither the risk/return distributions
nor the triangular distributions need be normalized to a mode of one. In this regard,
as described below, a point, or most likely, cost or revenue can be mapped onto a
respective triangular distribution that has not been normalized. In such an instance,
the resi)e(‘:ti\/e triangular distribution can have a mode not equal to one, which can
then be accounted for when mapping the most likely cost or revenue onto the
respective triangular distribution, as such is known to those skilled in the art.

After converting the risk/return distributions to corresponding triangular
distributions, the triangular distributions can be assigned to different qualitative

measures of maturity to thereby model risk/return as a function of measures of
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maturity, as shown in block 20. The qualitative measures of maturity can include any
number of different measures that typically describe a number of levels of maturity of
a technology from inception through to fully developed. The number of measures of
maturity can vary as desired, with each level describing a different level of maturity.

Whereas the triangular distributions can be assigned to any of a number of different

Risk/Return Distributions Triangular Distributions
StdDev.
Dist. LogStdDev. | LogMean | 97.5% | 2.5% | Max | Min | Mode
20% 0.19 0.04 1.50 | 0.72 |} 1.50 | 0.72 1.00
30% 0.27 0.07 1.80 | 0.64 | 1.80 | 0.64 1.00
40% 0.33 0.11 2.13 | 058 | 213 | 0.58 1.00
50% 0.39 0.15 247 | 0.55 | 247 | 055 1.00
60% 0.43 0.19 2.61 | 052 | 2.61 | 0.52 1.00
70% 0.47 0.22 3.16 | 0.50 | 3.16 | 0.50 1.00
80% 0.51 0.26 351 | 048 | 3.51 | 048 1.00
90% 0.54 0.29 385 | 046 | 3.85 | 046 1.00
100% 0.67 0.32 420 | 045 | 420 | 045 1.00
Table 3

measures of maturity, in one advantageous embodiment, the triangular distributions
are assigned to NASA TRL’s, as such are known to those skilled in the art and are
described above in the background section.

The triangular distributions can be assigned to the measures of maturity in any
of a number of different manners. In one advantageous embodiment, each percentage
standard deviation of the risk/return distributions is associated with an equal
percentage uncertainty, or risk. For example, the percentage standard deviation of
20% from Table 2 above can be associated with a 20% uncertainty, as such is shown
in Table 1. Continuing, then, the percentage standard deviation of 30% from Table 2
can be associated with a 30% uncertainty, as such is shown in Table 1, and so forth.
Each uncertainty, in turn, can be associated with a different measure of maturity. As
will be appreciated, typically the more mature a technology, the lower the risk.
Therefore, each uncertainty can be associated with a measure of maturity, with the

lower levels of uncertainty associated with the hi gher measures of maturity describing
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higher levels of development. For example, consider the NASA TRL’s where level 1
corresponds to the Jowest level of development, and levels 2-9 corresponding to
increasing levels of development. Taking the percentage uncertainties associated with
the percentage standard deviations from Table 2, then, level 1 can be associated with
the largest uncertainty, that is, an uncertainty of 100%, while level 9 can be associated
with the smallest uncertainty, that is, an uncertainty of 20%, and so forth.

With the measures of maturity associated with percentages of uncertainty that
have corresponding percentage standard deviations of the risk/return distributions,
each measure of maturity can be associated with a risk/return distribution, and
therefore, a triangular distribution. Continuing the example of risk/return
distributions and triangular distributions from Tables 1 and 2, respectively, the
measures of maturity can be associated with the triangular distributions in a manner
summarized in Table 4, below. As shown in Table 4, each uncertainty is associated
with a NASA TRL, as well as with a return value, as such may be determined as
described above. In turn, each NASA TRL is associated with a triangular distribution,
defined by a minimum, a maximum and a mode, with a max/min and mean also
shown. It will be noted that each percentage of uncertainty is associated with a
triangular distribution having a maximum and a minimum equal to the truncated
bounds of a risk/return distribution having a percentage standard deviation equal to
thé percentage of uncertainty. Thus, 20% uncertainty is associated with a triangular
distribution having a maximum and a minimum of 1.50 and 0.72, respectively, which
equal the 2.5% and 97.5% bounds of a risk/return distribution having a 20% standard
deviation.

After associating the triangular distributions with the measures of maturity, the
triangular distributions and associated measures of maturity can be utilized to model
monetary measures associated with a particular technology. With that, reference is
now drawn to FIG. 4, which illustrates one embodiment of a method of determining a
monetary distribution, such as a cost or revenue distribution, associated with a good.
As shown in block 22, the method begins by assigning a measure of maturity, and
therefore a triangular distribution, to the technology, as such may be assigned by a
technologist or the like. Thereafter, as shown in block 24, a point cost (recurring or
nonrecurring) or revenue value, or more typically a most likely cost or revenue value,

associated with the technology is defined or otherwise provided, such as by an
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estimator or the like. As described below, the most likely cost or revenue value will
thereafter be designated as the mode of a cost or revenue distribution.

After assigning a triangular distribution and defining a most likely cost or

Tech.
Business Climate Triangular Distributions
Maturity
NASA
Returns | Uncertainty Max | Min | Mode
TRL
10.0% 20% 9 1.50 | 0.72 | 1.00
12.5% 30% 8 1.80 | 0.64 | 1.00
15.0% 40% 7 2.13 | 0.58 1.00
17.5% 50% 6 247 | 0.55 1.00
20.0% 60% 5 261 | 052 | 1.00
22.5% 70% 4 3.16 | 0.50 1.00
25.0% 80% 3 3.51 0.48 1.00
27.5% 90% 2 3.85 | 046 | 1.00
30.0% 100% 1 420 | 045 1.00
Table 4

revenue, cost or revenue associated with the technology, and therefore the good, can
be modeled based upon a cost or revenue distribution. In this regard, the cost or
revenue distribution can be determined, such as by mapping the most likely cost or
revenue onto the respective triangular distribution, as shown in block 26. For
example, the cost or revenue distribution can be determined by determining the
minimum and maximum values, or more typically the truncated minimum and
maximum values, that define the cost or revenue distribution. In this regard, as the
triangular distributions are typically normalized to a mode of one, the minimum and
maximum values can be determined by simply multiplying the most likely cost or
revenue by the minimum and maximum values of the respective triangular
distribution. Thereafter, the cost or revenue distribution can be defined by the
minimum and maximum, as well as the most likely cost or revenue.

From the cost or revenue distribution, a cost or revenue can be selected that
accounts for a qualitative measure of maturity of the respective technology and, as

such, the risks and returns associated with the respective technology, as shown in
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block 28. The cost or revenue can be selected in any of a number of different
manners. For example, the cost or revenue value can be selected according to a
method for randomly selecting the cost or revenue value, such as the Monte Carlo
technique. As known to those skilled in the art, the Monte Carlo technique is a
method of randomly generating values for uncertain variables to simulate a model.

After selecting the cost or revenue value, a number of other cost or revenue
values can be selected, such as according to the Monte Carlo technique, as shown in
blocks 28 and 30. After selecting a number of cost or revenue values, such as
selecting N values, a sensitivity distribution can be determined based upon the values,
as shown in block 32. In this regard, a sensitivity distribution can be determined by
determining a mean and a standard deviation from the selected cost or revenue values,
and thereafter defining the sensitivity distribution based upon the mean and standard
deviation. The sensitivity distribution can be defined to comprise any of a number of -
different types of distributions, but in one embodiment, the sensitivity distribution
comprises a lognormal distribution.

More particularly as to costs and revenues, then, when the values selected are
recurring cost values, for example, a cost sensitivity distribution can be determined
from the cost values. Alternatively, for example, when the values selected are
revenue values, a price sensitivity distribution can be determined from the revenue
values. In this regard, the cost sensitivity distribution generally assigns a probability
of producing one unit of the good to each respective recurring cost at which
manufacturers would produce the good. Similarly, the price sensitivity distribution
generally assigns a probability of a unit purchase of the good to each respective price
at which consumers would purchase the unit. The price sensitivity distribution and/or
the cost sensitivity distribution can then be used, such as to model demand and
associated profitability of a good, such as is described in U.S. Patent Application No.

entitled: Systems, Methods and Computer Program Products for

Modeling Demand and Associated Profitability of A Good, filed concurrently

herewith; and U.S. Patent Application No. , entitled: Systems,
Methods and Computer Program Products for Determining A Learning Curve Value
and Modeling an Associated Profitability and Costs of A Good, filed concurrently
herewith, the contents of both which are hereby incorporated by reference in their

entireties.
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As will be appreciated, it is oftentimes desirable to determine whether the
profitability of the good is positive before exercising a contingent claim, such as
whether to initiate or continue the project. Alternatively, it is desirable to determine
whether the profitability of the good is above a predetermined threshold before
exercising the contingent claim. Contingent claims oftentimes come in the form of a
call in which the manufacturer has an option to invest an amount of money, or
additional amounts of money, in order to start producing or continue producing the
good. As such, if the initial stages of the production and sale of the good have proved
unsuccessful and/or if the future prospects for the profitability of the good appear
bleak, the manufacturer will likely decline to invest the money, or additional money,
and thereby forego exercise of the call and will therefore decline to produce the good
or terminate production of the good. Alternatively, if the initial stages of the
production and sale of the good have been successful and/or if the prospects of the
profitability of the good are bright, the manufacturer will likely make the necessary
investment in order to begin or continue production of the good.

Regardless of the type of contingent claim, it is desirable to determine the
value of a good and, in particular, the contingent claim at the present time. By
detemﬁning the value of the contingent claim, the manufacturer can avoid overpaying
for production of the good as a result of an overvaluation of the contingent claim.
Conversely, the manufacturer can identify goods in which the value of the contingent
claim has been undervalued and can give strong consideration to investing in the
production of these goods since they likely represent worthwhile investment
opportunities. As such, by accurately capturing the cost and revenue risks, such és in
determining the cost and price sensitivity distributions, the demand and cost of a good
and, thus, the profitability of a good, can be accurately modeled. In this regard, the
systems, methods and computer program products of the present invention can
facilitate determining the value of the good and, in particular, the contingent claim at
the present time. For more information on determining the value of the project, see
U.S. Patent Application No. 09/902,021 entitled: Systems, Methods and Computer
Program Products for Performing a Generalized Contingent Claim Valuation, the
contents of which are hereby incorporated by reference in its entirety.

As will be appreciated by those skilled in the art, many goods are associated

with more than one technology that may have different levels of development, or
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measures of maturity. In such instances, a cost or revenue distribution can be
determined for each such technology associated with the good. For example, see
Table 5, which illustrates a good having a total of twelve technologies utilized to
bring the good to market, with each technology having an associated measure of
maturity and a most likely recurring cost value. Then, from the triangular
distributions associated with the measures of maturity and the most likely recurring
cost value, a cost or revenue distribution, such as a recurring cost distribution, can be
determined for each technology. In addition, a total cost or revenue distribution can
be associated with the good based upon the sum of the most likely cost or revenue
values of the individual technologies, as well as the sum of the minimum and

maximum values, respectively, of the individual technologies.

Technc];l; iz; i;)sst/Risk Maturity Mos(tj (I;Si:(ely Low High
Configuration Technology L2 | TRL 6 $100 $55 $247
Engineering Development L2 | TRL 7 $200 $116 | $426

Manufacturing L2 TRL 8 $400 $256 | $720

Integration/Support 1.2 TRL 9 $300 $216 | $450

Node Cost/Risk Inputs Maturity { Point Est. Low High

RecTechnologyl TRL 6 $600 $330 | $1,482 |
RecTechnology?2 TRL 7 $400 $232 | $852
RecTechnology3 TRL 5 $600 $312 | $1,686
RecTechnology4 TRL 7 $200 $116 | $426
RecTechnology5 TRL 5 $600 $312 | $1,686
RecTechnology6 TRL 5 $400 $208 | $1,124
RecTechnology7 TRL 7 $100 $58 $213
RecTechnology8 TRL 5 $2,000 $1040 | $5,620

Total Recurring Costs $5,900 $3,251 | $14,932

Table 5

To select a cost or revenue when the good is associated with a plurality of
technologies, a cost or revenue can be selected for each technology based upon the
respective cost or revenue distribution, such as according to the Monte Carlo

technique. Thereafter, the individual selected costs or revenues can be summed into a
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total cost or revenue for the good. Alternatively, a cost or revenue for the good can be
selected, such as according to the Monte Carlo technique, based upon the total cost or
revenue distribution, as such may be determined as described above. Like before,
after selecting the cost or revenue value, a number of other cost or revenue values can
be selected, such as according to the Monte Carlo technique. Then, a sensitivity
distribution, such as a cost sensitivity or price distribution, can be determined based
upon the values.

Therefore, embodiments of the present invention are capable of modeling a
monetary measure of a good, such as a cost and/or revenue associated with a good,
based upon technology maturity levels. In this regard, embodiments of the present
invention can model quantitative risk/return as a function of qualitative measures of
maturity to thereby reliably quantify the technical risk of a good based upon the level
of maturity of the technologies associated with the good. Advantageously,

embodiments of the present invention are capable of modeling the quantitative

risk/return for technologies at a number of different levels of development, where

each level of development has an associated technical risk, or uncertainty. In
addition, embodiments of the present invention are capable of modeling quantitative
risk/return in a robust manner such that monetary measures can be modeled in a
number of different contexts, without modifying the model to fit a particular monetary
measure, good, project or the like.

As shown in FIG. 4, the system of the present invention is typically embodied
by a processing element and an associated memory device, both of which are
commonly comprised by a computer 40 or the like. In this regard, as indicated above,
the method of embodiments of the present invention can be performed by the
processing element manipulating data stored by the memory device with any one of a
number of commercially available computer software programs. In one embodiment,
the method can be performed with data that is capable of being manipulated and/or
presented in spreadsheet form. For example, the method can be performed by the
processing element manipulating data stored by the memory device with Excel, a
spreadsheet software program distributed by the Microsoft Corporation of Redmond,
Washington, including Crystal Ball, a Monte Carlo simulation software program
distributed by Decisioneering, Inc. of Denver, Colorado. The computer can include a

display 42 for presenting information relative to performing embodiments of the
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method of the present invention, including the various distributions, models and/or
conclusions as determined according to embodiments of the present invention. To
plot information relative to performing embodiments of the method of the present
invention, the computer can further include a printer 44.

Also, the computer 40 can include a means for locally or remotely transferring
the information relative to performing embodiments of the method of the present
invention. For example, the computer can include a facsimile machine 46 for
transmitting information to other facsimile machines, computers or the like.
Additionally, or alternatively, the computer can include a modem 48 to transfer
information to other computers or the like. Further, the computer can include an
interface (not shown) to a network, such as a local area network (LAN), and/or a wide
area network (WAN). For example, the computer can include an Ethernet Personal
Computer Memory Card International Association (PCMCIA) card configured to
transmit and receive information to and from a LAN, WAN or the like.

In one advantageous technique applicable to embodiments of the present
invention, the methods according to embodiments of the present invention may be
embodied in a software or data module, component, portfolio or the like, that can be
manipulated or otherwise operated within a spreadsheet software program such as
Excel. Such a technique may be advantageous in a number of different contexts, such
as in the context of financial modeling and analysis. In this regard, modules,
components and/or a portfolio that perform various financial modeling functions can
be combined to gain a more complete understanding of a financial context. A brief
description of such a technique as such may be applied to the present invention will
now be described below.

According to such a technique, data capable of being manipulated to perform
at least a portion of the methods of the present invention can be embodied in a
module, which can thereafter be linked or otherwise associated with other portions of
the methods of the present invention embodied in other modules so as to formulate a
component. Then, if so desired, the component can be linked or otherwise associated
with other components capable of performing other related methods to thereby form a
portfolio. For example, methods of determining the price sensitivity distribution
according to embodiments of the present invention can be embodied in one module.

The module can then be linked or otherwise associated with another module for
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modeling demand such that the demand module-can model demand based upon the
price sensitivity distribution determined by the price sensitivity module. The demand
module can then be linked or otherwise associated with a module for modeling cost to
thereby formulate a component capable of modeling profitability based upon the
demand and cost models. Then, if so desired, the component for modeling
profitability can be linked or otherwise associated with another component to perform
another function. For example, the component for modeling profitability can be
linked or otherwise associated with a component capable of forecasting revenue over
time to thereby create a business case for the good. In this regard, such a component
capable of forecasting revenue over time may operate according to U.S. Patent

Application No. , entitled: Systems, Methods and Computer

Program Products for Modeling Uncertain Future Benefits.

According to one aspect of the present invention, the system of the present
invention generally operates under control of a computer program product according
to another aspect of the present invention. The computer program product for
performing the methods of embodiments of the present invention includes a
computer-readable storage medium, such as the non-volatile storage medium, and
computer-readable program code portions, such as a series of computer instructions,
embodied in the computer-readable storage medium.

In this regard, FIGS. 1 and 3 are a flowchart of methods, systems and program
products according to the invention. It will be understood that each block or step of
the flowchart, and combinations of blocks in the flowchart, can be implemented by
computer program instructions. These computer program instructions may be loaded
onto a computer or other programmable apparatus to produce a machine, such that the
instructions which execute on the computer or other programmable apparatus create
means for implementing the functions specified in the flowchart block(s) or step(s).
These computer program instructions may also be stored in a computer-readable
memory that can direct a computer or other programmable apparatus to function in a
particular manner, such that the instructions stored in the computer-readable memory
produce an article of manufacture including instruction means which implement the
function specified in the flowchart block(s) or step(s). The computer program
instructions may also be loaded onto a computer or other programmable apparatus to

cause a series of operational steps to be performed on the computer or other
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programmable apparatus to produce a computer implemented process such that the
instructions which execute on the computer or other programmable apparatus provide
steps for implementing the functions specified in the flowchart block(s) or step(s).

Accordingly, blocks or steps of the flowchart support combinations of means
for performing the specified functions, combinations of steps for performing the
specified functions and program instruction means for performing the specified
functions. It will also be understood that each block or step of the flowchart, and
combinations of blocks or steps in the flowchart, can be implemented by special
purpose hardware-based computer systems which perform the specified functions or
steps, or combinations of special purpose hardware and computer instructions.

Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for.

purposes of limitation.
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WHAT IS CLAIMED IS:

1. A method of modeling quantitative risk/return as a function of a
plurality of qualitative measures of maturity comprising:

determining a risk/return distribution for each of a plurality of risk values,
wherein the plurality of risk values can be ordered from a lowest risk value to a
highest risk value; and

assigning a qualitative measure of maturity to each of the plurality of
risk/return distributions based upon a respective risk vahie to thereby model
quantitative risk/return as a function of the plurality of measures of maturity, wherein
the measures of maturity can be ordered from a highest measure of maturity to a
lowest measure of maturity, and wherein assigning the plurality of measures of
maturity comprises assigning a higher measure of maturity to a risk/return distribution

for a lower risk value.

2. A method according to Claim 1 further comprising normalizing each of

the plurality of risk/return distributions to a mode of one.

3. A method according to Claim 1 further comprising truncating an upper

and lower bound of each of the risk/return distributions by a predefined percentage.

4. A method according to Claim 1, wherein each risk/return distribution
comprises a lognormal risk/return distribution, wherein the method further comprises
converting each lognormal risk/return distribution to a corresponding triangular
distribution, and wherein assigning a qualitative measure comprises assigning a

qualitative measure of maturity to each triangular distribution.

5. A method according to Claim 1 further comprising providing a
plurality of measures of maturity, wherein the plurality of measures of maturity

comprise technology readiness levels.

6. A method according to Claim 1, wherein each risk/return distribution
comprises a lognormal risk/return distribution, the method further comprising:

normalizing each of the plurality of risk/return distributions to a mode of one;
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truncating an upper and lower bound of each of the risk/return distributions by
a predefined percentage; and

converting each lognormal risk/return distribution to a corresponding
triangular distribution, wherein assigning a qualitative measure comprises assigning a

qualitative measure of maturity to each triangular distribution.

7. A method according to Claim 1, wherein determining a risk/return
distribution comprises determining a risk/return distribution for each of a plurality of
risk values based upon a log mean and a log standard deviation of a lognormal

probability density reflecting a respective risk and return pattern of capital markets.

8. A method of modeling a monetary measure of a good comprising:

selecting at least one qualitative measure of maturity for at least one
technology associated with the good, wherein each qualitative measure of maturity is
associated with a distribution such that each technology is associated with the
distribution of the respective qualitative measure of maturity;

defining a monetary point asséciated with each technology;

determining a monetary distribution for each technology based upon the
respective monetary point and the respective distribution;

selecting a plurality of monetary values by randomly selecting the plurality of
monetary values for each technology based upon the respective monetary distribution;
and

modeling the monetary measure for the good based upon the selected

monetary values for each technology.

9. A method according to Claim 8, wherein selecting at least one
qualitative measure comprises selecting at least one qualitative measure from a model

of quantitative risk/return.

10. A method according to Claim 9 further comprising modeling

quantitative risk/return, wherein modeling quantitative risk/return comprises:
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determining a distribution for each of a plurality of risk values, wherein the
plurality of risk values can be ordered from a lowest risk value to a highest risk value;
and

assigning a qualitative measure of maturity to each of the plurality of
distributions based upon a respective risk value to thereby model quantitative
risk/return as a function of the plurality of measures of maturity, wherein the
measures of maturity can be ordered from a highest measure of maturity to a lowest
measure of maturity, and wherein assigning the plurality of measures of maturity
comprises assigning a higher measure of maturity to a distribution associated with a

lower risk value.

11. A method according to Claim 8; wherein the method comprises a
method of modeling a cost of producing a good, wherein defining a monetary point
comprises defining a cost point, wherein determining a monetary distribution
comprises determining a cost distribution for each technology based upon a respective
cost point and the respective distribution, wherein selecting a plurality of monetary
values comprises selecting a plurality of cost values, and wherein modeling a
monetary measure comprises determining a cost sensitivity distribution based upon
the selected cost values for each technology to thereby model the cost of producing

the good.

12. A method according to Claim &, wherein the method comprises a
method of modeling revenue associated with a good, wherein defining a monetary
point comprises defining a revenue point, wherein'determining a monetary
distribution comprises determining a revenue distribution for each technology based
upon the respective revenue point and the respective distribution, wherein selecting a
plurality of monetary values comprises selecting a plurality of revenue values, and
wherein modeling a monetary measure comprises determining a price sensitivity
distribution based upon the selected revenue values for each technology to thereby

model the revenue associated with the good.

13. A system for modeling quantitative risk/return as a function of a

plurality of qualitative measures of maturity comprising:
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a processing element capable of determining a risk/return distribution for each
of a plurality of risk values, wherein the plurality of risk values can be ordered from a
lowest risk value to a highest risk value, wherein the processing element is also
capable of assigning a qualitative measure of maturity to each of the plurality of
risk/return distributions based upon a respective risk value to thereby model
quantitative risk/return as a function of the plurality of measures of maturity, wherein
the measures of maturity can be ordered from a highest measure of maturity to a
lowest measure of maturity, and wherein the processing element can assign the
plurality of measures of maturity by assigning a higher measure of maturity to a

risk/return distribution for a lower risk value.

14. A system according to Claim 13, wherein the processing element is
also capable of normalizing each of the plurality of risk/return distributions to a mode

of one.

15. A system according to Claim 13, wherein the processing element is
also capable of truncating an upper and lower bound of each of the risk/return

distributions by a predefined percentage.

16. A system according to Claim 13, wherein each risk/return distribution
comprises a lognormal risk/return distribution, wherein the wherein the processing
element is also capable of converting each lognormal risk/return distribution to a
corresponding triangular distribution, and wherein the processing element is capable
of assigning a qualitative measure by assigning a qualitative measure of maturity to

each triangular distribution.

17. A system according to Claim 13, wherein the processing element is
also capable of providing a plurality of measures of maturity, wherein the plurality of

measures of maturity comprise technology readiness levels.

18. A system according to Claim 13, wherein each risk/return distribution
comprises a lognormal risk/return distribution, wherein the processing element is also

capable of normalizing each of the plurality of risk/return distributions to a mode of
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one, wherein the processing element is additionally capable of truncating an upper
and lower bound of each of the risk/return distributions by a predefined percentage,
wherein the processing element is further capable of converting each lognormal
risk/return distribution to a corresponding triangular distribution, and wherein the
processing element is capable of assigning a qualitative measure by assigning a

qualitative measure of maturity to each triangular distribution.

19. A method according to Claifn 13, wherein the processing element is
capable of determining a risk/return distribution by determining a risk/return
distribution for each of a plurality of risk values based upon a log mean and a log
standard deviation of a lognormal probability density reflecting a respective risk and

return pattern of capital markets.

20. A system for modeling a monetary measure of a good comprising:

a processing element capable of selecting at least one qualitative measure of
maturity for at least one technology associated with the good, wherein each
qualitative measure of maturity is associated with a distribution such that each
technology is associated with the distribution of the respective qualitative measure of
maturity, wherein the processing element is also capable of defining a monetary point
associated with each technology, and thereafter determining a monetary distribution
for each technology based upon the respective monetary point and the respective
distribution, wherein the processing element is additionally capable of selecting a
plurality of monetary valuesl by randomly selecting the plurality of monetary values
for each technology based upon the respective Iﬁonetary distribution, and wherein the
processing element is further capable of modeling the monetary measure for the good

based upon the selected monetary values for each technology.

21. A system according to Claim 20, wherein the processing element is
capable of selecting at least one qualitative measure by selecting at least one

qualitative measure from a model of quantitative risk/return.
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22. A system according to Claim 21, wherein the processing element is
also capable of modeling quantitative risk/return, and wherein the processing element
is capable of modeling quantitative risk/return by:

determining a distribution for each of a plurality of risk values, wherein the
plurality of risk values can be ordered from a lowest risk value to a highest risk value;
and

assigning a qualitative measure of maturity to each of the plurality of
distributions based upon a respective risk value to thereby model quantitative
risk/return as a function of the plurality of measures of maturity, wherein the
measures of maturity can be ordered from a highest measure of maturity to a lowest
measure of maturity, and wherein the processing element can assign the plurality of
measures of maturity by assigning a higher measure of maturity to a distribution

associated with a lower risk value.

23. A system according to Claim 20, wherein the system comprises a
system for modeling a cost of producing a good, wherein the processing element
defines a monetary point by defining a cost point, wherein the processing element
determines a monetary distribution by determining a cost distribution for each
technology based upon the respective cost point and the respective distribution,
wherein the processing element selects a plurality of monetary values by selecting a
plurality of cost values, and Whereih the processing element models a monetary
measure by determining a cost sensitivity distribution based upon the selected cost

values for each technology to thereby mode] the cost of producing the good.

24. A system according to Claim 20, wherein the system comprises a
system for modeling revenue associated with a good, wherein the processing element
is capable of defining a monetary point by defining a revenue point, wherein the
processing element is capable of determining 2 monetary distribution by determining
a revenue distribution for each technology based upon the respective revenue point
and the respective distribution, wherein the processing element is capable of selecting
a plurality of monetary values by selecting a plurality of revenue values, and wherein

the processing element is capable of modeling a monetary measure by determining a



WO 2004/109457 PCT/US2004/017310

10

15

20

25

30

26

price sensitivity distribution based upon the selected revenue values for each

technology to thereby model the revenue associated with the good.

25. A computer program product for modeling quantitative risk/return as a
function of a plurality of qualitative measures of maturity, the computer program
product comprising a computer-readable storage medium having computer-readable
program code portions stored therein, the computer-readable program portions
comprising:

a first executable portion for determining a risk/return distribution for each of
a plurality of risk values, wherein the plurality of risk values can be ordered from a
lowest risk value to a highest risk value; and

a second executable portion for assigning a qualitative measure of maturity to
each of the plurality of risk/return distributions based upon a respective risk value to
thereby model quantitative risk/return as a function of the plurality of measures of
maturity, wherein the measures of maturity can be ordered from a highest measure of
maturity to a lowest measure of maturity, and wherein the second executable portion
assigns the plurality of measures of maturity by assigning a higher measure of

maturity to a risk/return distribution for a lower risk value.

26. A computer program product according to Claim 25 further comprising
a third executable portion for normalizing each of the plurality of risk/return

distributions to a mode of one.

27. A computer program product according to Claim 25 further comprising
a third executable portion for truncating an upper and lower bound of each of the

risk/return distributions by a predefined percentage.

28. A computer program product according to Claim 25, wherein each
risk/return distribution comprises a lognormal risk/return distribution, wherein the
method further comprises a third executable portion for converting each lognormal
risk/return distribution to a corresponding triangular distribution, and wherein the
second executable portion assigns a qualitative measure by assigning a qualitative

measure of maturity to each triangular distribution.
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29. A computer program product according to Claim 25 further comprising
a third executable portion for providing a plurality of measures of maturity, wherein

the plurality of measures of maturity comprise technology readiness levels.

30. A computer program product according to Claim 25, wherein each
risk/return distribution comprises a lognormal risk/return distribution, the computer
program product further comprising:

a third executable portion for normaiizing each of the plurality of risk/return
distributions to a mode of one;

a forth executable portion for truncating an upper and lower bound of each of
the risk/return distributions by a predefined percentage; and

a fifth executable portion for converting each lognormal risk/return
distribution to a corresponding triangular distribution, wherein the second executable
portion assigns a qualitative measure by assigning a qualitative measure of maturity to

each triangular distribution.

31. A computer program product according to Claim 25, wherein the first
executable portion determines the risk/return distribution for each of a plurality of risk
values based upon a log mean and a log standard deviation of a lognormal probability

density reflecting a respective risk and return pattern of capital markets.

32. A computer program product for modeling a monetary measure of a
good, the computer program product comprising a computer-readable storage medium |
having computer-readable program code portions stored therein, the computer-
readable program portions comprising:

a first executable portion for selecting at least one qualitative measure of
maturity for at least one technology associated with the good, wherein each
qualitative measure of maturity is associated with a distribution such that each
technology is associated with the distribution of the respective qualitative measure of
maturity;

a second executable portion for defining a monetary point associated with

each technology;
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a third executable portion for determining a monetary distribution for each
technology based upon the respective monetary point and the respective distribution;

a forth executable portion for selecting a plurality of monetary values by
randomly selecting the plurality of monetary values for each technology based upon
the respective monetary distribution; and

a fifth executable portion for modeling the monetary measure for the good

based upon the selected monetary values for each technology.

33. A computer program product according to Claim 32, wherein the forth
executable portion selects at least one qualitative measure from a mode] of

quantitative risk/return.

34. A computer program product according to Claim 33 further comprising
a sixth executablle portion for modeling quantitative risk/return, wherein the sixth
executable portion models quantitative risk/return by:

determining a distribution for each of a plurality of risk values, wherein the
plurality of risk values can be ordered from a lowest risk value to a highest risk value;
and

assigning a qualitative measure of maturity to each of the plurality of
distributions based upon a respective risk value to thereby model quantitative
risk/return as a function of the plurality of measures of maturity, wherein the
measures of maturity can be ordered from a highest measure of maturity to a lowest
measure of maturity, and wherein the sixth executable portion assigns the plurality of
measures of maturity by assigning a higher measure of maturity to a distribution

associated with a lower risk value.

35. A computer program product according to Claim 32, wherein the
computer program product comprises a computer program product for modeling a
cost of producing a good, wherein the second executable portion defines a cost point,
wherein the third executable portion determines a cost distribution for each
technology based upon the respective cost point and the respective distribution,
wherein the forth executable portion selects a plurality of cost values, and wherein the

fifth executable portion models a monetary measure by determining a cost sensitivity
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distribution based upon the selected cost values for each technology to thereby model

the cost of producing the good.

36. A computer program product according to Claim 32, wherein the
computer program product comprises a computer program product for modeling
revenue associated with a good, wherein the second executable portion defines a
revenue point, wherein the third executable portion determines a revenue distribution
for each technology based upon the respective revenue point and the respective
distribution, wherein the forth executable portion selects a plurality of revenue values,
and wherein the fifth executable portion models a monetary measure by determining a
price sensitivity distribution based upon the selected revenue values for each

technology to thereby model the revenue associated with the good.
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