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A method for mortgage and closed end loan portfolio management in the form of an analytic tool designed to improve analysis of
past and future performance of loan portfolios. In accordance with one aspect thereof, the invention aggregates loan units into loan vintages,
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fedback to provide "yes" or "no" decisions regarding investments in various loan portfolios.
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METHOD FOR MORTGAGE AND
CILOSED END LOAN PORTFOLIO MANAGEMENT

BACKGROUND OF THE INVENTION

The present invention relates to banking and,
more particularly, to a loan performance analytic tool
designed to improve analysis of past and future
performance of loan portfolios.

Financial institutions such as banks own large
portfolios of mortgage and other closed end loan
instruments. Further, there is a constant influx of
applications for new loans and mortgages and, moreover,
existing loans are treated by banks as commodities or
products which they trade among themselves. Banks
underwrite loans and/or purchase loan portfolios of other
banks or sell portions of their own loan portfolios. In
doing so, banks customarily continually assess and
reassess the quality of various loan portfolios, which
quality depends on the interest rates earned on those
loans, the customer payment history on the loans and
other criteria.

As regards newly originated loans, the process
begins with loan applicants submitting applications to

financial institutions which then triggers an

SUBSTITUTE SHEET (RULE 26)
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investigation by either the bank and/or related service
organizations which check the credit history of the
applicant before the loan is approved. Typically, the
decision to grant or not grant a locan implicates various
credit screens that examine such factors as the loan o
value ratic (LTV) of the parzicular applicaticn cor the
debt to income ratio (D/I) of the applicant and cther
historical facts, which shed light on the commercial
worthiness of the given loan transaction. Once a loan is
granted, it becomes part of an aforsmentioned vast
portfolio of loans which a given financial institution
owns and/or services. The "qualitv" of the particular
loan heavily depends on the interest fees earned by the
financial institution on each loan and on the performance
of the loan which is dependent on the timeliness of the
payments by the locan applicant and/or on loan prepayment.
Loan portfolios represent ta banks two'separate
and distinct lines of business or sodéces cf income. One
business line or source of income flows from the
ownership of the loans and the earning of interest fees
thereon. The second line of business invelves the
servicing of the loan, for example, the keeping of
records, collection of periodic payments, enforcement in

the form of loan foreclosures, etc. Banks can earn fees

on servicing of loans which they either own outright or
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which they service on behalf of other financial
institutions. This is because it is traditional in the
banking industry to attribute to each loan a basic cost
of servicing which is included in the interest fees
charged to the customer. If a bank is able to carrv out
or perform these servicing tasks at a cost structure
which i1s below the originallv at+ributed servicing cost,
the bank is able to realize a profit from its loaﬁ
servicing business.

It is nct uncommon for large financial
institutions to immediately turn around and sell to other
investors portions of the lcans that they have booked, to
spread the credit risks and in order to diversify the
types of loan instruments that they are holding. The
same 1s true of the services end cf the business with
respect to which decisions are constantly made as to
whether retain or sell the servicing components of
various groups of loans. .

The loans that are retained for servicing are
assigned to a subsidiary of the financial institutiocn
which is a purely service organization that has developed
the methodology and précedures for servicing locans. A
portion of the loan portfolio can be sold to third party
loan servicing bureaus. It is common for banks which

sell loans to retain ownership of the servicing rights to
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earn the fee income thereon. In addition, many financial
institutions may decide tco purchase servicing rights from
other financial institutions.

In any case, bank managers are responsible for
managing loans totalling billions of dollars both as pure
loan instruments and as products that require servicing.
The decisions whether to retain differesnt groups of loans
or whether to sell them off tc other investors and, ¢n
the other hand, whether to purchase loan cortfolios Zfrom
other institution for ownership or servicing purposes are
bottom line decisions that have the potential to a‘ffect
the financial institution’s profits and/or losses to the
tune of tens or even hundreds of millions of dollars.
Hence, loan portfclios are constantly examined by bank
managers very carefully since different vintages of loans
can perform quite differently from one another.

For example, a portfolio of .loans representing
mortgages granted in a particular locality during a
particular time frame might be deemed to represent high
quality loan instruments, as for example in the situation
where the history of these groups of loans has shown that
the rate of default for that group of loans has been
extremely low and the interest rate on those loans is
high compared to present interest rates. Conversely,

another portfolio of loans granted in another regicn of
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the country which may have suffered economic decline may
result at some future date in large rates of default.
Assuming further that these loans weres issued at a low
interest rate, it is not difficult to understand that the
particular "product" -- the portfolio of loans -- would
be deemed to possess low value and be a gocd candidate
for being sold. Alternativelv, a shrewd bank manager
might see future value in a presently pcorly performing
loan portfolio and seek to buy at its current low price
structure for its potential improvement. In the same
vein, the "servicing” of such loans may be more difficult
and expensive due to higher default instances. A bank
might wish to sell off the ownership component of such a
loan portfolio, or the servicing rights thereof, or both.
Sometimes, however, a financial institution which has a
"servicing" subsidiary that is being underutilized may be
willing to accept loan portfoliocs of servicing rights
considered unattractive by other finéncial institutions.

In the prior art, bank managers entrusted with
making the aforementioned decisions have often resorted
to and relied on manual research and their intuition in
their attempts to predict, manage and select loan
portfolics for ownership and servicing purposes. The
prior art approach has failed to provide a

straightforward and easy to comprehend and administer
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likely course of loan instruments.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a system and method which improves
the understanding of the past performance of loan
portfolios.

It is ancther object of the invention to
provide a system which enhances the ability of financial
institution managers to choose which mcrtgage and other
debt instrument apvlications to underwrite.

Yet another object of the present invention is
to provide a system and method which enhances the ability
of financial institution personnel to make decisions
whether to retain or dispose of different groups of
loans.

It is also an object of the present invention
to provide a system and a method which is able to
dynamically and automatically evolve loan underwriting
criteria.

It is yet another object of the present
invention to provide a dynamic underwriting model which
is capable of being implemented in a general purpose

computer.
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It is also a further object of the present
invention to provide a system and methodolcgy which
enables automatic processing of loan applications through
a system that feedbacks information from a dynamic
processeor and which allows loan acceptance decisions tco
be made automatically and rapidly.

The foregoing and other cbjects of the
invention are realized by a svstem and process which is
tailored to analyze and select lcan portiolios for either
continued or future investment by a financial
institution. Each loan portfolic comprises a plurality
of loan units and the system operates by separating the
lecan portfolios into a plurality of loan vintages, in a
manner such that the loans included in each loan vintage
have origination dates that are on average of the same
age. The system of the invention preoduces an analysis of
the past performance of loan portfolies, as well as an
indication of the future performance-thereof in two
different formats.

As to past performance, the invention develops
the loan vintages in a manner such that vintages of
different years can be compared to one another
meaningfully because the loan units in each of the
different vintages are actually of the same comparative

ages. For example, when 1993 and 1994 loan vintages are
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compared, the lcans units that are being compared are of
the same age to provide more meaningful comparisons.
This is referred toc in the ensuing description as the
Crus Classes analysis system. In one embodiment of the
Crus Classes system, output results are graphically
depicted by means of a curve which represents the
difference between the delinguency rates of lcans in the
two yearly vintages. To improve the reliapility of the
results, an area of uncertainty is superimposed cver the
difference to allow users te focus their analvsis on
those locations on the difference plot which lies ocutside
the area of uncertainty. This increases the reliability
of the analysis and the ability to trust its results.
The area of uncertainty can be calculated as a +1 and -1
standard deviation, but the actual size therecf is a
matter of personal choice.

The early warning system (EWS) constituent of

the invention is one of the systems and processes which
predicts the percentage of the loans in a given loan
vintage which are likely to enter a "bad" state within a
predefined forward looking time window, for example, the
next two years. The prediction is calculated by using a
logistic regression formula which has been developed in
part on the basis of the analytic results obtained from

the Crus Classes analysis component of the invention.
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Finally, the so-called matrix link component cf
the present invention is generally similar to the
aforementioned early warning system in that it is a
prediction tool. It differs from the early warning
system in the respect that it is capable of forscasting
the percentage of loans that are likely to be bad at a
date certain within the aforsmentioned forward locking
time window. 1In all cases, the results of the analvsis
can be graphically depictad by ccmparing vintages T2 one
another, using various curves, bar charts and the likes in
a manner described herein. For imposing the integrity of
the results it is desirable that the number of loan uni*s
in the analysis be large, preferably in the hundreds of
thousands of lecan units and preferably at least 50,000
loan units.

As a general note and definiticn applicable to

throughout the present specification and claims, the term

"loan portfolios" means, includes and/or refers to booked
loans, applications for lecans for which underwriting
decisions have to be made and the aforementioned loan
servicing rights.

Other features and advantages of the presenﬁ
invention will become apparent from the following
description of the invention which refers to the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an overall block diagram of a dynamic
underwriting system and methed in accordance with the
present invention.

Fig. 1A is an explanatorv chart which shows an
example of the delinguency rates of variocus loans bv
vintage year for a given loan por=Zolic.

Fig. 1B is a tr=se chart and exemplar of an
actual family of diffsrent types cf loan grcups and shows
the rate of delinquency associatad therewith.

Fig. 2 illustrates a pricr art method for
assessingbthe profitability and performance of a
portfolio on a yearly vintage basis.

Fig. 3 illustrates a novel method of assessing
the past performance of loan portfolics based on yearly
vintages in accordance with the present invention.

Fig. 4 is a graphic that illustrates a method

of the present invention invelving assessing the relative
value of different vintage loan portfolios.

Fig. 4A is a table which illustrates
calculations performed to obtain data for the graphic of
Fig. 4.

Fig. 5 illustrates a further graphical method

of the present invention for showing both the past
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performance and the future predicted performance of loan
portfolics.

Fig. 6 is an explanatory raph provided for
explaining how a portion of the graph of Fig. 5 is
cbtained.

Fig. 7 illustrates the format of a roll rate
delinquency table for one year which is used in the
matrix link analysis module of the present invention.

Fig. 8 1s a table which shcws the methodology
and equations used in forecasting bad rate probabilities
in the matrix link component of the present invention.

Fig. 9 1s a plot cf the final results obtained
with the matrix link component of the present inventiocn.

Fig. 10 is a hardware/software block diagram cf

key components of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

By way of background and introduction, the

general envircnment for the method and system of the
present invention can be better appreciated by initial
reference to Fig. 1. As illustrated therein, home buyers
and refinanciers 12 typically submit applications for
loans to one or more financial institutions 14. These
institutions include loan granting departments that

decide whether or not to book given loans by applying
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various credit screens, i.e. criteria. One screen may
focus on the applicable LTV (locan to value) of a
transaction, the D/I (debt *o income) ratioc of the
involved transaction and/or cn the credit history of the
particular applicant.

Based on the aforementicned and other criteria,
a decision is made to accept or raject a particular loan
application. Each lcan that has been acceptad is added
as another lecan unit to a large por+tfolic of similar
families of loans, e.g. conforming lecans, jumbo loans,
government loans, etc. A loan has typically a loan start
date and a date by which the loan is expected to be fully
paid up, as is typical of home mortgage loans. A loan
that is issued for a fixed amount and period of time is
known in the trade as a closed lcan. These closed loans
16 are artificially split and treated as two business
securities or entities -- namely as a "loan" entity and
as a "servicing" right, as indicated at 32.

Each loan unit or instrument represents to the
financial institution an opportunity to earn a profit on
the differential between its cost of money and the amount
of interest earned from the borrower. Another profit
component is realizable from the servicing element of
each loan entity. That is, a finite budget for labor and

equipment use must be allocated when the loan is issued
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to service each loan over its life time. The banking
trade has traditionally derived substantial revenues from
the servicing of loan portfolics, to the extent that they
were able to service loans at a cost below the originall
calculated service allocaticn. Consequently, banks andé
other financial institutions scmetimes trade loan
"servicing" contracts. These contrac=sz ars routinely
purchased and sold in large units since they represent
income opportunities. For example, a pank which lacks a
servicing department might contract with another bank <o
service its loans at a set, per loan pricing arrangement.
The bank that purchases the contract does so with the
expectation of earning a profit on the project. If it
develops later that a particular loan portfolio
experiences a large rate of defaults, the extra servicing
needed to collect funds on the loans might render the
particular servicing contract unprofigable. In such a
situation, the service organization dight attempt to
resell the service contract to another service
organization which might be interested in it, for
example, at an increased service rate.

With further reference to Fig. 1, block 18
represents the department of the financial institution
which makes the decision whether to retain or sell a

particular loan portfolio. Typically these loans are
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sold in very large blocks, each containing thousands of
individual loan units. These loan units originating at
block 12 which are retained by the given financial

institution are represented by block 20. On the other

hand, as indicated by the block 22, a portion of the bock

of locans is sometimes sold off to investors and is
securitized. Therefors, it will be appreciated that
selling and purchasing loan por=folics reguires careful
examinaticn of various loan prcduct lines to assess their
viability, profitability and related fac=tors.

As already noted, another source of profit
flows from the servicing portion of the loans. Block 24
identifies the step which decides whether to retain or
sell the servicing component of a loan portfolio. Those
loans for which servicing is retained are serviced at the
bank which originated the loans as indicated at 26. The
servicing of the balance of the loans procured at block
14 is contracted out to third partieénfor services as
indicated at block 28. 1In addition, the servicing end 28
of the banking business is also able to purchase the
servicing rights as indicated at 32.

As described, the banking industry
distinguishes between ownership of loans and the
servicing thereof. Loans that are owned by a given

financial institution can be serviced by that
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institution’s own servicing subsidiary or the servicing
part can be contracted to third party servicing bureaus.
Indeed, not all financial institution have loan servicing
departments. Conversely, a bank with a servicing
organization can purchase the "servicing" component
associated with loans owned by other banks and render *he
servicing thereon.

In any case, 1t is self-evident that the
profits from earning interest on loan portfolics and from
the lecan servicing line of business is heavily influenced
by the performance of various loan groups vis-a-vis the
default rate of these lcans over the life of the loans,
foreclosures, collection efforts, loan prepayment and the
like. Loan portfolics which experience low default rates
are easy to service and are highly profitable to
financial institutions.

Traditionally, the decision to purchase,
retain, sell or create loan portfolios demands critical
analysis of the past performance of the loan portfolios
under consideration. Moreover, such decisions invariably
implicate assumptions and predictions as to how such loan
portfolios will perform in the future. Not surprisingly,
the decisions to bock loans at block 14 typically
depended on and required analysis and consideration by

highly skilled and experienced persons having very keen
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and sharp analytical powers to determine the potential
profitability of loan portfoliocs being considered.

The present invention departs from the prior
art by providing a dynamic underwriting method and svstem
30 comprising several key components including an early
warning system 32, a Crus Classes analysis section 34 and
a matrix link 36, all to be described further on.
Essentlally, the informaticn obtained from the subsystems
32, 34 and 36 1is designed tc be aprlied, via feedback
line 38, to the decisicn kox 14 in a manner which
systeﬁizes and provides a standardized approach to
forming the decisions whether to book loans. The
invention substantially increases the reliability,
consistency and speed of the loan acceptance decision
process. Further, the dynamic underwriting system 30 of
the present invention can also be applied via feedback
line 40 to the decisional box 32 which addresses the
decisions at block 32 whether to puréﬁase loan servicing
rights of lcans owned by other financial institutions.
Finally, the feedback line 41 provides feedback for
forming the decisions identified in blocks 18 and 24.

The invention shall now be described with
respect to the subcomponents of the invention, including
the aforementioned subsystems 32, 34 and 36, beginning

first with the Crus Classes component 34.
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Experiences has shown that the past performande
of a group of loans is often a key indicator of its
future behavior. Therefore, the first step in the
analysis process focuses on providing an improved
analytical tool for the examination of the loans’ past
performance. This is the function provided by the Crus
Classes system 34. The Crus Classes Subsystem 34
essentially represents a fresh approach tc the analvysis
of the prior performance of already beocked groups cf
lecans. The early warning svstem 232 is a forward locking
System which comprises a method and process that is able
to predict what porticn of the overall number of loans in
a particular loan group will experience 90+ day tardiness
in payments by the borrower(s) thereof at anytime within
a predefined time period, for example, the next two
years. By way of example, if the system preadicts that
thirty loans out of a thousand in a given loan portfolio
will experience 90+ day delay in payﬁént at any time
within the next two years, the EWS (Early Warning System)
32 will return the value .03 to indicate that it expects
3% of the loans in the given group to go "bad" at least
once during the predefined time period. Finally, the
matrix link component 36 provides a more scphisticated
analytical model, in that it not only assigns a

probability to how many loans will enter a 90-day default
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but, meorecver, calculates the expected number of loans in
default on a specific future date.

Turning first to the Crus Classes system 34, a
common technique used in credit risk management in the
mortgage industry is to group loans by commen intarvals
of origination, e.g. annually, o compars their
perfcrmances. For example, the mortgage industry might
typically wish to analyze the perfcrmance of 1994 vintage
loans. Vintage in this contex* means all loans that have
been originated in 1994. The classificaticn of loans
into yearly vintages by the pricr art has often resul*=ed
in significant distortions of analytical conclusions.
Unlike wines for which classification intc yearly
vintages makes sense, lumping all lcans originating in
the same year into a same "vintage" distorts results
because there are several exogenous factors which affect
how these loans perform and these factors intrinsically
vary over time in a manner which can produce significant
quarterly, and even monthly loan performance
fluctuations.

The present inventors have opted to use the
term "Crus Classes" for its similarity to the wine
industry. But Crus Classes, as used herein, differs from
and departs from the prior art approach of grouping loans

by annual origination dates. The invention overcomes
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some of the statistical inaccuracies associated with the
prior art’s attempts to lump loans into yearly vintages
solely on the basis of the origination of a loan in a
given year.

Traditional vintage techniques in the mortgage
industry allow bankers to gauge the quality of mortgages
as they are "aging". However, the inventors have added
certain statistical procedurss, such as hypothesis
testing, used in the process control manufacturing
environment, that allow the methcd of the invention to
test for the statistical significance of the diffsrences
in performance among the "vintages". The result and
benefits of the Crus Classes method to be described below
is that it provides several advantages over the typical,
prior art vintage analysis. For example, it incorporates
a measure of dispersion. Further, it sets an analysis
interval time shorter than a vear to ;ncrease accuracy.
This produces several advantages ovef‘traditional vintage
analysis: (1) it automatically adjusts the comparison to
account for different numbers of loans and for different
size loans; (2) the Crus Classes method also allows
management to set the confidence intervals; and (3) it
automatically adjusts the year-to-year comparisons for

loans with different credit volatility.
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However, prior to describing the specific
features of the Crus Classes method of the present
invention it is worthwhile to introduce the following
background information. Mcrtgage companies are vitally

5 concerned with the performance cf the loans they service

and own. Active management of any lcan portfolio

§]
o

-

requires the information needed =3 properly catager
the performance of the underlving lcans. On an axtramely
broad and wide-sweeping compariscn, delinguency rates are

10 generated and ccmparad to variocus classes of mortgage
loans and summarized on a national level.

It is common in the industry for different
financial instituticns to share data about the total
number of loans serviced by them and the appropriate

15 number of lcans that are in some form of delinquency.
Delingquency categories or "buckets" range from the least
serious, e.g. one payment past due, to the most serious

category -- namely, in foreclosure. The following is an

example prepared by the MORTGAGE BANKERS ASSOCIATION of a

20 delingquency chart:
Total Loans 1 Payment 2 Payments 3 Payments Loans in Total Loans
Serviced Past Due Past Due Past Due Foreciosure Delinquent
ar or or or or or
Qutstanding 30 Days 80 Days 80 Days F/IC Total
25 of of af of of of
22,426,005 733,330 163,710 141,284 230,988 1,268,312
% Deiinquent 3.27% 0.73% 0.63% 1.03% 5.66%
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Presenting delinquency performance in this
manner is helpful in quantifying total delinquency, but
it reveals nothing about the endogencus factors
contributing to the default performance of the underlying
loans. These endocgenous factors which affect the
performance of lcan portfclios include, but are not
limited to, some form orf:

¢ Performance history or age of the loan,

®* remaining time *to maturity,

* loan amount,

e interest rate,

® borrower’s credit werthiness,

® geographic locations, and

® underlying collateral type.

However, the effect of "age" on the performance of loans
is a main factor that mortgage originators use to discern
whether a group of loans was (or is) "good" or "bad".

The vintage of the loan refers to the time when
the given leoan or family or group cr set of loans has
originated or has been placed on the bocoks of the lending
institution. 1In the mortgage industry, loans are
categorized by year of origination, where all of the
loans originated between January 1, 1996 and December 31,
1996 are referred to as /96 vintage loans. The yearly

vintages and their corresponding delingquency rates are
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compared to each other to estimate relative performance
and value. Fig. 1A is an example of one such vintage
chart listing multiple vintages. This is a snapshot
taken at the last quarter of 199s. Therefore, the oldest
1995 vintage is twenty one months old. In the figurse,
the 1995 curve shows a delinquency rate on the order of
about 3% for the 1995, twentv cne mecnth old vintage. 1In
contrast, the 1894 vintage curve shecws a delinguency rate
approximately one half the size of the 1995 vintage for
the same twenty one month vintage. The mortgage default
rates of Fig. 1A significantly affect future loan
performance. Indeed, a single percentage rise in the
delinquency rate represents many millions of dollars in
losses to the typical financial institution which carries
a very large portfolioc of loans.

Further by way of background, mortgage loan
portfolios are quite heterogeneous, with many subtle and
changing variations in the basic prodﬁct characteristics
and behavior. An important consideration in the
methodology of the present invention is the evolvement of
a medel that preserves the heterogeneous nature of the
mortgages. Therefore, the inventors have grouped the
mortgages by various (endogenous) characteristics and
made inferences about the relationship between each of

these characteristics and the resulting level of default.
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A large number of characteristics results in an extremely
large number of combinations of groups to consider.

Fig. 1B illustrates the significance of
maintaining proper distinction lines between various loan

.

instruments based on origination. Thus, Fig. 1B shows
for a given financial institution a total loan porzfolio
value of, for example, several billicns of dollars, with
respect to which the cverall rate of delinguencv is .363%
(at tier 11 of the lcan tree ¢f Fig. 13). However, for
proper analysis the invention divides that loan pertfolio
into loan types including "conforming", "jumbo” and
"government" (originated) leocans, as indicated at tier 13.

cf default is the weighed

o\

Note that the overall rate .86

ate which varies from 1.25%

A

average of the delinquency
for conforming loans, .55% for jumbo loans, and 9.98% for
government originated loans. Still further, each of the
broad categories of conforming, jumbo and government
loans are further divided (at tier 15{ into ARM (adjusted
rate mortgages) and fixed locans. Note the significant
divergence in the rates of default. The same is true for
the next subdivision (grouping) which hierarchically
separates the third tier locan groups into low LTV loans
and high LTV loans. For example, a government, ARM and

low LTV loan at tier 17 has a rate of default of 0%,

whereas a government, fixed and high LTV loan indicates
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(for the sample shown in Fig. 1B) a delinquency rate of
13.51%.

The invention applies the Crus Classes method
on each node of the lcan tre=e shown in Fig. 1B and then
runs a hypothesis test to see if the performance of each
year vintage is better, worse or statistically the same
(at a confidence level of one standard deviation). It is
estimated that thers are 308 different combinaticns and
that it takes approximately 100 megakyites of computer
storage memory to analyvze and graph the results for the
model shown in Fig. 1B.

Analysis of past performance of loan portfolics
requires making a decision as to what ccnstitutes a
delinquent or "bad" lcan, as for example for the purposes
of creating a chart such as in Fig. 1A. In an embodiment
of the invention which has been reduced to practice a
first selection was to choose the definition of a "bad"
loan. It was chosen to represent a igan on which
interest and principal payments were at least 90 days
delingquent. That is, loans which are non-accruing or
non-performing for a period greater than 90 days are
deemed "bad”".

Further, since the industry is accustcomed to

and prefers to refer to the "vintage" of a group of

loans, for example 1993 vintage, 1994 vintage, etc., the
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Crus Classes method 34 also produces and presents its
results in terms of loan vintages. But, it groups and
selects vintages differently than the prior art.

The difference in "vintage" selection can be
appreciatad from the matrix tables of Figs. 2 and Z. The
abscissa axis 50 in Fig. 2 indicates the vearly quarter
of origination, for example, March ’92, June 92, etc.
The ordinate axis 52 indicatas the end guarter of a group
of loans, for example, June /36, March /96, March ‘95,
etc. The matrix data in Fig. 2 indicate the number of
months that have elapsed from the quarter of origination
to the end point. For example, a loan originating in
March ’S3 1is 36 months old in March ’96 as indicated by
reference numeral 54. Similarly, a loan originating in
June ‘93 is 15 months old in June ‘94 as indicated bv
reference numeral 56.

The appfoach of the prior ;rt has been to
select and aggregate as 1993 and 1992 loan vintages all
of the loans between the bracket lines 58 and 60 for the
respective years 1993 and 1994. Carefully comparing the
precise ages of the 1993 and 1994 vintage loans reveals
two aspects which may undermine and distort the
comparisons. First, the traditional approach reflected
by Fig. 2 compares loans whose ages differ on average by

twelve months. Indeed, some of the 1993 locans which are
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thirty six months old (see reference numeral 54) are twe
years older than the twelve month old 1994 loans
(reference numeral 55). The above approach skews the
results considerably since the performance of loans is
very age sensitive as can be appreciated from Fig. 1A.

It is far more meaningful to compare lcans of the same
age which originate in different vears. Therefore, it is
far mors relevant £s be able to ccmpare the performance
of different loan vintages, as of the time when they wers
at the same ages. For example, in seeking to answer the
question: which loan vintage 1993 or 1994 is better, it
is more relevant to know and compare the comparative
performances of the above notad loan vintages when each
was, for example, two years old. The Crus Classes methcd
34 of the present invention is able to do so.

With reference to Fig. 3, the present inventicn
selects as the 1993 and 1994 loan vin?ages, those loans
which are bracketed by the diagonallf-extending lines 62
and 64. In the selecticn method according tc the present
invention, the ages of the 1993 and 1994 loan vintages
that are being compared are identical to one another.

For example, for the year 1993 the ages of the locans vary

between 6 months to 24 months and the same is true of the

loans in the 1994 vintage year.
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To further increase the accuracy of the
comparison, each yearly vintage is divided into four
quartarly portfoliocs, i.e. first, second, third and
fourth quarters. All of the 1993 portfolios of the same
quarterly age are summed and divided by the total number
of all the loans with the same respective age. Referring
again to Fig. 3, the present invention separately
compar=2s the 1293 and 1994 24 month oid loans, then the
21 menth old loans and so on. The actual mathematical
calculations/analysis comparing loans originated in

and 1994 and the manner of calculating bad rates is shown

below in Tables I, II and IZII.

TABLE I
| Age Months) 3 | 6 9 i
# of Loans (n) iy f 1, o
}993 BAD rate (r) f rs ry
Vintage
STD Sart(r*(1-ry)/ms) Sart(r*(1-r.)/ng) Sqrt{re*( 1-ro)/na)
# of Loans (N) N, N, N
1994
( " -
Vintage |BAD rte (R) R, R, R,
STD Sart(R,*(1-R,)/N,) Sart(R,*(1-RY/N.) Sart(R.*(1-Re)/No)
Difference (R-r) Ry-ry Rs-r Rs-rg
11‘;3;‘ STD of (R-r) STD,-Sqrt(r;*(1- STD-Sqrt(r,*(1- STD,-Sqrt(r,*(1-
r2)/ny + Ry *(1-R,)/Ny) ro)/ng+RF(1-RO/NY) o)/ Mg + R *(1-Ry)/No)
Upper Bound +1*STD, +1*STD, +1*STD,
Lower Bound -1*STD, -1*STD, -1*STD,
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TABLE I
l | Age iMonths) | i2 | 15 ] 13 :’
# of Loans (n) | Dia g g i
1993 BAD mte (r) | fin Tig Tig i
Vintage STD | Sartir.*1-ri.)/n.) Sartir*/1-r,)/n,s) Sart(rg*(1-riy)/ng) |
# of Loans (N) | N., N N i
199 1T BAD mate (R) | R.. | R R.g
Vintage o — :
STD | SarttR,*1-Ri)/N.j | SarR.*1-R.g)/N.g; SArt(R.g*1-Rug)/ Ny,
Difference 'R-r) | Riavtia | Rigrs Rig-rig
1994- |""STD of (R-ry) |  STD,pSarttr. *1- STD.s-Sqrur,*(1- | STD.-Samir, -
1993 fnﬁm@?aqwuagn«ﬁ £ =R 1-RuG/N G | figi/ Mg = Rug ™ 1-Rugi/Nog, |
Upper Bound | -i*STD.. [ ~1*STD., f ~1%STD.,
| Lower Bound | -1*STD.. f -1*STD., I -1*STD.
TABLE I
| Age(Months; | 21 | ot oy
# of Loans (n) | ay | Ty by i
!'993 BAD rate (r) | ty | Ty o
Vintage STD | Sarttr. ®1-ra, /0y, SArTlry®( 1-ray)/Nay) Sarrw*( 1-r=)/nu)
# of Loans (N) | N., Nay | N-.
1994 BAD rate (R} | R., R., R, !
Vinuge : N i
STD | SarRs ®1-Ryy)/Nay, | Sart(Ray™ 1-Ray)/Nay) Sart(R*(1-R)/Naw) |
Diiference iR-r) | Rayersy | Rag-ay Roptor ‘
1994- F"STD or (Ror) STD-y-Sartir, * 1- STD.¢-Sart(ra,*(I- STD-Sartr-*1-
1593 Ty)/0y "'-R“.!*-’I'Rz:)/N::) £l = Rag*(1-R5 /N2 | P}/ Ny = Rop ™ 1-Reyj/ N |
Upper Bound | +1*STD., | ~1*STD., +1*STD- ;
Lower Bound | -1*STD., | -1*STDa, -1*STD-, !

Table I contains the calculations and
comparisons for 1993 and 1994 loans which have vintage
ages of 3, 6 and 9 months; Table II does the same for
loans aged 12, 15 and 18 months; and Table III does so
for lecans that are 21, 24 and 27 months. The first line
in Tables I-III sets forth the total number (n;, ng, etc.)

of loans of the given vintage. The second line in the
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Tables sets forth the bad rates (r;, ry, etc.) for each
vintage age. The third line calculates the standard
deviation (STD) of the bad rate, using the indicated

equations. The first three lines of Table I supply the

\0

5 relevant information and calculations for the 3, 6 and

A

month old 1993 vintage. The next three lines of Table
supply the same informaticn for the 1994 vintage. The
bottom four lines of Table I calculats +he differences
and compare the results for 1993 and 1994 vintage vears.
10 The last two lines calculate upper and lower bounds for
the standard of deviation. The two bounds are plus one
and minus one standard deviation, but management can set
this based on their tolerance for defaul+ risk. These
calculations constitute the Crus Classes methed 30 of the
15 invention whose effect can be appreciated from reviewing
the analysis results plotted in Fig. 4.
That is the values calculated in Tables I, IT
and III above for the differences between vintages 1994
and 1993 are plotted in the graph of Fig. 4 relative to a
20 zerc percentage base 71. The curve 70 represents the
magnitude of the difference in the "bad" rates of loans
of the same age. The value of the curve 70 equals r;-R;;
rs~Rs; etc. shown in Tables I-III. One would be tempted
to assume that the 1994 vintage performs better than the

25 1993 anytime the value of the curve 70 goes over zero
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percent and vise versa. However, such a mode of
analyzing the data would be subject to reaching wrong
conclusions due to statistical variaticns. To overcome
this drawback, it is more significant to ask whether a
vintage that appears to perforam better does so in fact or
wheﬁher it merely reflects a tempcrary phenomenon. To
answer the questicn, the invention uses a hypothesis
testing technique which allows the analyst to set a
confidence interval which is adjustable to allow for
different corporate risk tolerancs levels. Thus, the
confidence interval can ke equated to the amount of risk
tolerance management will accept in originating,
purchasing, retaining or servicing leoan portfolios.

These confidence intervals can alsc be used in product
profitability and capital allocations. Management can
then rank the vintages by product, program, age and size.
To this end, the Tables presented above also calculate
the standard deviation of the differ;nce in performance
and sets upper bounds and lower bound of +1 and -1
standard deviations for each quarterly vintage. These
upper and lower limits which appear in the last two lines
of Tables I, II, III are plotted in the form of curves 66

and 68 in Fig. 4. The area between the curves 66 and 68

is an area of uncertainty.
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With this in mind, since the invention
superimposes the curve 70 over the area of uncertainty,
one can state with greater certainty which vintage
performs better only in the areas outside the area of
uncertainty. Thus, the graph of Fig. 4 shows that the
1994 loan vintages are "better" %han corresponding 1993
loan vintages for loans that are 5, 21 and 24 months old.
On the cother hand, the 1993 vintage appears to be better
for loans that are 27 and 30 months old. During other
months, the result is toco close %o conclude with +the
chosen degree of certainty which vintage is bettsr. The
chart of Fig. 4 underscores the fallacy of the prior art
in referring to yearly vintages as better or-worse. One
must be more specific as to time and other criteria,
since relative performance changes dynamically with time.

While the invention has been described above in
relation to the consideration of vintages in yearly
quarterly units, note that in the loéh industry exogenous
factors such as changes in economy, unemployment and
inflation are time varying factors that vary greatly over
an annual interval and therefore the system of the
invention permits analysis based on the choice of any
interval unit. The important thing to realize is that in

general, a new mortgage loan is mores sensitive to small

changes in delinquency performance than an older
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mortgage. This is shown by widening of the confidence
interval bands over time. So in essence, the application
of the above described Crus Classes method corrects for
this fact.

The invention alsc takes and adjusts the
vintage rating based on quality comparisons for different
volatilities of default. In essence, using the system
lets the user to set policies with rsspect to
volatilities of default which is another form of risk
management. This is new to the industry.

The confidence level in the assessment of the
difference in quality between groups of loans depends to
a certain degree on the sample size of the loans. For
small groups of loans, one will always be less certain of
their performance. The real question is how much less
certain. This is answered with the Crus Classes method.
The Crus Classes method also automatiqally adjusts the
comparison for different sample sizes of loans in each
node or product. This is evident in the calculations in
the previously presented tables which always take into
account the number of loans. An actual calculation that
has been carried out to evolve the vintage comparison

graph of Fig. 4 in accordance with Tables I, II and TIIT

is presented in Fig. 4a.
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As described above, the Crus Classes method 34
delivers a comparison of two loan vintages either in the
form of a graph or tabulated data which permits one to
get a sense of which vintages are performing better.

This information can then be used in making manual or
automatic, computer generatad ves/nc decisions whether =o
originate, purchase, or tc maintain and sell various
vintages of loan products cr servicing rights as needed
at the decisional blecks 13, 24 and 32 of Fig. 1.

The basic pramise of the Crus Classes analysis
is that the future performance of these loan vintages
will match the past pattern. This may not necessarily be
true. To this end, the early warning system (EWS) 32 of
the present invention further enhances the loan analysis
process by incorperating an application of behavioral
scoring that has been specifically designed to be used on
closed end loans with longer maturities such as
mortgages. The EWS 32 is able to statistically predict
the probability that a group of loans will experience
credit performance problems during a future preselected
time period, without waiting for that loan to season. In
the case of mortgages, the time to season is typically

three to seven years. The EWS 34 is intended to provide

management with automated analytical tools which allow
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making decisions well in advance of the aforementiocned
three to seven "seasoning" pericd.

By utilizing the EWS, a mortgage originator can
perform portfolio analysis and ascertain which product
type, program, type of underwriting, property tvpe, type
of customer, origination channel, etz. is at risk,
without waiting for the mortgages to actually maturs and
entar default. The only constraint is the amcunt of data
attributes that the mortgage loan originator Xeeps on any
customer over time, which for the purposes of the presant
invention may be two years. The mertgage originator can
then dynamically adjust the flow of origination by
altering any credit criteria derived from a particular
attribute.

The EWS 34 constitutes the dynamic component of
the underwriting concept of the present invention. With
this concept, the decision maker can gstimate
improvements in credit quality for each specific type or
amount of change in a criteria, i.e. he or she can
calculate the marginal contribution cf any attribute on
record.

More specifically, the forward locking feature
of the EWS component of the invention attempts to
forecast the likelihood the borrowers will enter a 90+

days past due delinquency on their mortgages. This
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condition -- the occurrence of a 90~-day past due
delinquency -- is defined as a "bad" condition relative
to any locan. The EWS calculates the probabilities of bad
conditions cccurring by combining loan information with
5 the credit bureau’s current behavioral scors for the
given borrower. In other words, the EWS combines the
borrower’s current mortgage status (default status and
age) with a forscast that is based on the borrower’s
performance on other obligations and uses this
10 information to forecast the bad condition. The EWS
system makes three major assumptions:
¢ The future perZcrmance pattern of defaults
will be the same as in the past;
e The future performance depends upon the
15 current loan characteristics and is
dependent on past performance only through
the credif bureau scores. Therefore, the
EWS alsoc carries all thé~assumption of the
credit bureau’s score that was used; and
20 ¢ The EWS employs a logistic regression model
to accurately and sufficiently predict
default behavior.
The aforementioned "bad" condition is a
discrete (yes or no) event that occurs when and if an

25 individual loan is at least once three payments past due
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at any peoint during a forward locking preset time period,
for example, two years. Bad loans are assigned the value
"1" and goed lcans the value "0". How many times the
loan enters "bad" is not considered in the EWS. A good
loan is never three payments past due over the
aforementioned two year time frame and therefors is
assigned a lcan of a value "g", Preferably, in order t:z
provide reliable infocrmation using the EWS svstem, the
underlying portfolic should have at least 100,000 loans
and the loans should consist of diffsrent distributions
of ages, types, locations, etz. In an embodiment of the
invention which has been reduced to practice the number
of loans in the portfolic exceeded one million.

The EWS probability of loans entering the bad
condition is developed or calculated on the basis of
looking backward in time through a development period
which may similarly constitute a twc—xgar time period.
The EWS formula considers the age of the loan at the
beginning of development period; the credit bureau score
for the locan at the beginning of the develcpment period;
the delinquency status at the beginning of the
develcpment period; and the type of product, for example,

whether a government or conventional or adjustable rate

mortgage, etc.
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The following logistic model has been applied
to the underlying portfolio (govermment and conventiocnal
loans being considered separately). In the formula shown
below, P is the probability of a loan becoming bad at any

time in the coming two years:
Log(P/(1-P))=A +(B, *AGE) + B, *C0=83*D, + B4*D, - B,*SCORE + B,*NQ SCORE),

In the equation, AGE is defined in categories
of quarters from 1-40. Thersfore B, and AGE ars 40
dimension row and column vectors respectively. SCORE is
the mortgage score from a credit bureau rating company
such as the well known Equifax rating bureau, at the
beginning of the two-year time period, i.e. August 1994.
Note, if no such score is available, the invention
assigns the lowest possible value, namely 200. The
Equifax scoring scores vary from 200 to 1000. The dummy
variables in the above equation are defined as follows:

{ 1 if the loan is current at the beginning of the time period;

o= 0 otherwise.
1 if the loan is 1 month past due at the beginning of the time period;
b1 = { 0 otherwise.
{ 1 if the loan is 2 months past due at the beginning of the time period;
D2 =

Q0 otherwise.

NO { 1 if the loan has no credit score available at the beginning of the time period;

SC =
ORE otherwise.
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The coefficients A, B, B,, By, By, Bs and B, are estimated
by running the model over the underlying portfolio.

All of the forecasting is done at the
individual loan level and then the results are aggregated
into the portfolio of intersst by defining or grouping
certain locan characteristics (location, rate type,
maturity, LTV, etc.) to make cemparisons. Even though
the invention presents the mean probapility for a
predicted group, the information contained in the
individual loan level data is preserved because the
invention explicitly considers the dispersion around the
mean of the bad rate over time.

To forecast the probability of an individual
loan entering 90+ day default during the predetermined
time pericd (i.e. the two year time fraﬁe), all one need
do is insert the estimated coefficients and the
characteristics of that individual loan into the logistic
equation for "P" presented earlier. -

The logistic model in the form of the
aforementioned equation provides numerical results which
are suitable of being graphically presented as shown in
Fig. 5. The graph enables management to readily
interpret and form decisions based on the predictions

which it contains. 1In accordance with a further

embodiment of the invention, the results are feedback by
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the computer which then provides ves/no decisicns based
on predetermined default risk or profit criteria set by
the operator.

Fig. 5 is a snapshot taken in 1996 and depicts
loan experience locking both backwards to the past two
years and forwards over a similar two year time span.
The vertical solid bars 72 rspresent the current mean
(expost) bad rates for a pvarticular group over the past
two years. In other words, these bars show the mean bad
rate percentages of a group of loans that originated in a
particular year. For example, the bar 72 for the loans
originated in 1989 shows a bad rate of about 12.5%. >The
score for the 1991 loans is just about 3% whereas the bad
rate for 1996 is quite low (under 5%), reflecting the
fact that this vintage of lcan has not yet matured
sufficiently.

The hatched vertical bars 74 represent the
forecasted mean bad rates (exante) fdf the same group of
loans over the next two years. The value for the 1996
vintage is somewhere around 7% indicating an expected
delingquency rate of 7% even though the past two-year
performance had an actual bad rate of only about 2.5%.
The curve 76 represents the expected bad rate curve that

is obtained by modifying the forecasted bad rates by the
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risk ratio on nearby vintages, and this shall be
explained more fully later on.

One should not place much emphasis on whether
the curve 76 is above the solid bars 72, since this may
merely reflect the normal pattern of seasoning fer
mortgages. Nor should one place much emphasis on the
absclute height of each bar, since this may reflect
different expectations among the various groups cr types
of loans that are being analyzed. Instead, the graph of
Fig. S5 indicates three important benchmarks for raviewing
and forecasting the risk in the given loan portfolio.
First, note the jump which is indicated by the arrow 84.

L represents a jump which occurs when the differsnce
between the hatched bars 74 and the solid bars 72 is
greater than one standard deviation above the historical
age weighed performance for that vintage. The bigger the

jump, the more serious the quality problem. This measure

is particularly useful on younger vintages, e.g. the 1996
vintage to which the arrow 84 is pointed.

Second, the size of the portion of the hatched
bars 74 which protrudes above the expected bad curve 76
indicates an unusual level of risk in the past or the
future for that group of loans. Note the arrows 80 and
82 which indicates such conditions. Finally, the arrow

78 indicates a turning point which represents the point
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at which the first derivative of *he expected BAD rate
curve changes sign from peositive to negative: i.e. the
first time the bad rate drops as the loans age increases.
The younger the age at which the turning point occurs,
the earlier the portfolio’s credi+ performance will or

has matured.

The manner in which the curve 76 of Fig. 5 is
derived may be better understocd by reviewing Figs. & and
7. More specifically, the curve 36 is developed by
taking a snapshot at a peint in time looking at loans of
different quarterly ages and asking how many in each age
group entered the "bad" states during the preceding
predetermined time period, e.g. two years.

Initially, the EWS 34 develops for each
empirical two-year period of performance the bad rate

curve as a function of age in guarters. See the

quarterly bad rate curve 86 in Fig. 6.-

Next, using a moving average, the invention
smooths each curve to reduce the randomness of the
quarterly performance, thus obtaining the smooth curve 88
in Fig. 6. 1In fact, the slopes of the yearly bad rate
curve are calculated as the percentage change in bad
rates from one year to another year, which is known as
the risk ratio. To improve the integrity of the results

and protect against possible statistical aberrations, at



WO 99/03052

10

15

20

25

PCT/US98/13195

- 42 -

least eight two-year time periods are censidered, with
the means and standard deviations of the risk ratios
calculated.

To find the point on line 76 for 1991, the
invention uses the point on line 76 for 1990 which has
the expected bad rate for 1990. Multiplying this bad
rate by the corresponding mean risk ratio from Fig. 6
obtains the expected bad rats for 159 and its standard
deviation. This expected tad rats is used for the point
on line 76 for 1991. However, if the forecast bad rats
(bar 74) 1s within the expected bad rate, plus or minus
one standard deviation, the invention just substitutes
the expected bad rate by the forecast bad rate so that
the line 76 passes through the top of bar 74.

The third in the triad of dynamic underwriting
tools of the present inventions, the matrix link system
36, uses the information developed by the Crus Classes
technique 34 and early warning systei 32 to develop a
probability based prediction of how many of a given set
of loans will be "bad" at a selected future date.

More specifically, while the Crus Classes
method 34 analyzes the past performance of loan vintages
and the EWS system places a probability on a group of
loans entering the bad state within a preset time frame,

i.e. a window, the matrix link system 36 is designed to
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predict ﬁhe default status performance of a group of
loans at a preset point in time within the window of
operation of the EWS. For example, the EWS method is
able to say with respect to a group of loans that 3% of

5 those locans will enter a bad stata (30+ days in arrears)
at one time or another during a two year window. In
comparison, the matrix link is designed to answef’the
question how many loans will be non-accruing, i.a. in the
90+ payment overdue state, at the end of the first

10 quarter of the two year window or nine months into *“he
window and so forth, taking into consideraticn that some
loans may enter the bad state or exit therefrom due to
prepayment or on account of having been matured, or bv
cempleting foreclosure.

15 To perform its functions, the matrix link
system 36 predicts how many borrowers that enter a
90-days delinquency state remain thegg, how many loans
will return to "good" status and, fiﬂélly, in which
quarter over the predefined window, e.g. two years, will

20 these transitions occur. Note that a particular loan can
enter a bad state, return to a good state or remain in a
bad state. Loans may mature, pay off or complete
foreclosure during the predefined window period and thus
exit the loan portfolio being analyzed. 1In order to

25 provide a quantitative measure of the transitions of
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loans between different states, the present inventors
have developed a so-called delinquency transition matrix
in a form which, in cne embodiment thereof, appears as in
the table in Fig. 7.

In the table of Fig. 7, use is made of a
historical file spanning four vears and including vintage
years 1993-1996. The table shows the delinquency

cdans. Further, the

[

performance of a particular group ot
table stratifies the loans bv age of origination. Nota
that the table lists separataly the results for *hrse
different types of loans, namely conforming loans, 3jumbo
loans and government loans. In each case, it shows the
probability of a loan transitioning (a) from a bad state
to ; bad state, (b) from a bad state to a gcocod stats; (c¢)
exiting, i.e. maturing and therefore being dropped from
the sample of loans being considered, (d) from good to

bad, (e) from good to good; and (f) from good to exit

state.

Using the percentages listed in the delinquency
transition matrix in the Table of Fig. 7, one can then
begin to convert the information obtained through the EWS
system 32 into the forecasts of how the Crus Classes
vintages will perform at predefined time periods within
the window. The table in Fig. 8 illustrates the formulae

evolved by the present inventors which are as follows.
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First, the current age of the loan at the Gtime
of forecast is determined. 1In the table of Fig. 7, the
age of the lcans is indicated in years (1, 2, 3, 4...
10). However, in an actual implementation of the
invention, the vintages have been stated and the formula
is calculated in terms of guarters to ocbtain increased
accuracy.

For each group of loans of a particular age,
the inveﬁtion uses a 3-month transition matrix to
forecast three months forward, a 6-month transition
matrix to forecast six months forward, a 9-mcnth
transition matrix to forecast nine months forward and a
12-month transition matrix to forecast twelve months
forward.

Based on the choice of data in the previous
step, the invention calculates respectively looking
forward three, six, nine and twelve months:

1. how many gocd loaﬂé and bad loans will
exist from the portfolio;

2. how many good lcans will turn into
bad; and

3. how many bad loans will remain bad.

From the above data, one obtains the classic
"roll-rate" forecast which provides the first component

of the forecast. The above approach merely projects
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forward the results that have already cccurred in the
past, on the expectation that they will repeat
themselves. However, a greater benefit of the matrix
link technique of the present invention comes from adding
the additional information that is contained in and/or
obtained by the early warning system 32.

To this end, the invention:

(a) Calculates an empirical ratio
obtained as -- the cumulative number c¢f locans which are
90+ at each quarter (EOP) and divides it by the numbker cf
loans that are 90+ at least once during these four
quarters.

(b) From the EWS, the invention obtains
or forecasts the "bad" rate for the twoc-year window based

-

on the EWS method 32.

(c) Using the EWS, the invention
forecasts the bad rate and the empirical ratio abeove as a
new piece of information to adjust tﬂe classic "roll-
rate" forecast. This is in essence what comprises the
"matrix link" method 36. Fig. 9 provides the results of
the matrix link in graphical form. In the example shown,

the performance of different vintage loans is predicted

one year forward in quarterly installments starting in

1997.
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For example, the plot 102 shows the two-year
performance of 1995 vintage loans which range in age
(months) from 0 to 24 months, as viewed looking backwards
in time in 1997. The curve 104 shows the delinguency
rate percentages predictaed for the next twelve months.
For example, when the groups of loans attain an age of
27, the delinquency rate can be r=ad on the ordinats
axis. The same is true for this group of loans when they
reach an age of 30 menths, 33 months and 36 months. The
reason that the curve 104 has a predictad value below the
actual value 1s that the prediction in the matrix link
uses a moving sum average which weighs down the actual
sharp up-turn in the "bad" rate which has actually
occurred toward the end of the curve 102.

The above remarks are also applicable to the
curves 106, 108 which apply to the 1993 vintage, the
curves 110 and 112 which are applicable to 1994 vintage,
and to the curves 114 and 116 which apply to the 1996
vintage.

Note that the Crus Classes are less static than
traditional mortgage vintage analysis. Therefore, the
performance of the last three points'of any vintage can
still change somewhat, for better or worse.

The matrix link lines, i.e. the curve 104, 108,

112, and 116 also show where the inventors expect the
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last three Crus Classes points to adjust over the next
nine months.

The system of the present invention lends
itself easily to being implemented through use of a
general purpose programmable computer as illustrated in
Fig. 10. Thus, the general purpose computer 124
communicates with a local database 122 which raceives a
wealth of statistical and specific information about
various loans from diverse sources. For example, the
scurce of the information may be a national loan database
120 which is maintained by certain industry groups. The
general purpose computer 124 has the usual complement of
peripherals including an operator’s console 126, ROM 123,
RAM 130 and a hard disk 132.

The computer 124 operates under control of
majer software blocks which perform the dynamic analysis
134 in a manner already described. The main software
components are the software routines-136 which handle the
development and analysis of the Crus Classeé associlated
with the creation of the loan vintages. The early
warning system block 138 calculates probabilities of
loans going bad within a predetermined forward locking
window. Finally, the matrix link software block 140
forecasts the probabilities that a fraction of loans will

go bad within the window at a particular time.
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The analytical results developed by these
software subroutines or blocks 136, 138 and 140 are
tabulated in the tabulation software block 150 and
cutputted through an cutput software block 152. The

5 output can be in the form of a signal which drives a
printer which generates a graphical representation of the
results in the manner previcusly described.
Alternatively, the output may supply the results to the
console 126 for visual inspection bv the operator.

10 Alternatively, the operatocr qay pregram the computer 124
via the console 126 to provide yes/no answers as to
whether an investment should be made or continued to pe
made in a particular loan portfolio, again as already
described.

15 Although the present invention has been
described in relation to particular embodiments therect,
many other variations and modifications and other uses
will become apparent to those skille&.in the art. It is
preferred, therefore, that the present inventicn be

20 limited not by the specific disclosure herein, but only

by the appended claims.
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WHAT TS CLATMED TIS:

1. A process for analyzing and selecting loan
portfolios, wherein each loan portfolio comprises a
plurality of loan units, the process including the steps
of:

separating the loan portfolios into a plurality
of loan vintages in a manner such that the loans included
in each loan vintage have origination dates that are on
average of the same age and said origination dates of
each loan portfolio are all within a first time interval
and the respective time periods of the different loan
vintages being mutually exclusive of one another;

counting a bad rate of the loans in each loan
vintage by counting the loans in each loan vintage on
which payments are in arrears for a time period greater
than a second time interval during a time window having a
third time interval, wherein the third time interval is
substantially greater than said second time interval; and

providing a comparison of the bad rates of the
different loan vintages on a visually perceivable output
medium, to allow comparing the bad rates of the different

loan vintages.

SUBSTITUTE SHEET (RULE 26)
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2. The process of claim 1, in which the third
time interval is about two years and the third time
interval commences about twe years prior to the dates of

calculation of the bad rates.

3. The process of claim 2, in which the first

time interval is about three months.

4. The process of claim 2, in which the first

time interval is about one vyear.

5. The process of claim 4, in which the one

year first time interval coincides with a calendar year.

6. The process of claim 1, in which the

second time periocd is about ninety days.

7. The process of claim 1, in which each loan

vintage comprises at least 50,000 loan units.

8. The process of claim 1, further including:
allowing an operator to set the durations of
one or more of the first, second and third time

intervals;
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5 deploying a general Purpose computer for
enabling the computer to autematically provide "yes" or
"no" comparisons as to whether a given financial
institution should cheoose to invest in a particularly

identified loan vintage.

9. The process of claim 1, including:

developing a projection of bad rates for a
plurality of said loan vintages by calculating
probablistic bad rates for said plurality of loan

vintages during a forward locking window extending over a

(8]

fourth time interval, the projected bad rates comprising
an early warning system whose results are depictable on

the output medium.

10. The process of claim 9, in which the step
of calculating the probablistic bad rates for said loan

vintages is carried out by using a logistic regression

formula.

11. The process of claim 10, in which the
logistic regression formula is
Log(P/(1-P))=A +(B,*AGE) +B,*C0+B3*D, + B4*D, + B,*SCORE +B,*NO SCORE)
wherein, P is the predicted bad rate, AGE is defined as

5 the age of the loan vintage and B, and AGE are row and



PCT/US98/13195

WO 99/03052

10

- 53 -

celumn vectors of a dimension matrix of a predetermined
size, SCORE is a mortgage score from a credit bureau and
€0, D;, D, and NO SCORE are dummy variables, and the
coefficients A, B,, B,, B,, B,, B; and By are estimated by
running a model of the equaticn over a preselected loan

portfolio.

12. The process cZ claim 1, wherein the value
CO0 is assigned a value of cne if the loan 1s currsnt at
the beginning of the third time interval and zerc
otherwise, the variable D, equals one if the loan is one
month past due at the beginning of third time interval
and is zero otherwise, D, is assigned a value of one iz
the loan is two months past due at the beginning of the
third time interval and zero otherwise, and NO SCORE
equals one if the loan has nc credit score available at

the beginning of the third time interval and zerao

otherwise.

13. The process of claim 10, wherein the
fourth time interval is of the same duration as the third

time interval.

14. The process of claim 1, wherein the loan

units are closed loan units.
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15. The process of claim 14, wherein the loans

are mortgage loans.

16. The process of claim 1, including
separating all loan units into different groups based cn
type and thereafter carrying out said separation of said
loan portfolios into separates loan vintages based on each

type of lcan.

17. The process of claim 156, whersin the tyres
include conventional loans, jumbe loans and government

originated loans.

18. The process of claim 9, including
separating all loan units into different groups based on
type and thereafter carrying out said separation of said
loan portfolios into separate loan vintages based on each

type of 1loan.

19. The process of claim 18, wherein the types
include conventional loans, jumbo loans and government

originated locans.

20. The process of claim 1, in which the

ocutput medium is a graphical chart.
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21. The process of claim 9, wherein the output

medium is a graphical chart.

22. The process of claim 20, which includes
creating the graphical chart by plotting a difference
between the bad rates calculated for a preselected pair
of lecan vintages and including on the graphical chaz= an

area of uncertaintv.

23. The process of claim 22, wherein the area
of uncertainty is selected as a +1 and -1 standard
deviation of the difference in the bad rates for the

preselected pair of loan vintages.

24. The @rocess of claim 21, including
plotting on the graphical chart the probablistic bad

rates in the form of a first curve. .

25. The process of claim 9, including
developing a matrix link by calculating a bad rate of a
preselected lecan vintage as of a definite time within the

fourth time interval.
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26. The process of claim 25, including
developing delinguency transition figures for selected

ones of said loan vintages.

27. The process of claim 26, including
developing the delinguency transiticn figures by counting
the numbers of loans which have transitioned from (a)
good to bad state; (b) bad to goed state; and (c) a

] status as a loan.

28. The process of claim 27, Ffurther including
counting the number of loans which have remained in a bad
state and counting loans which have remained in a gcod

state.

- 29. The process of claim 25, including
calculating for at least one of the lean vintages matrix
link results comprising a ratio of a'predicted number of

bad loans divided by a predicted number of new loans.

30. The process of claim 29, including

plotting the ratio on the output medium.

31. The process of claim 9, including

automatically providing yes/no decisions whether to
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invest in selected loan vintages using the early warning

system.

32. The process of claim 25, including
automatically providing yes/no decisions using the matrix

link system.

can

}_J

33. A process for analyzing and selecting
portioliocs, wherein each loan portfolio comprises a
plurality of loan units, the process including the steps
of:

separating the loan portfolics intc a plurality
of loan vintages;

developing a projection of bad rates for the
plurality of said loan vintages by calculating predicted
bad rates for said plurality of loan vintages during a

forward locking window extending over a predetermined

first time interval, the predicted bad rates comprising
an early warning system the results of which are
depictable on a visually perceivable cutput medium, a
loan unit being included in the bad rates when payments
on the loan unit are in arrears for a time period greater
than a second time interval occurring during the forward
loocking window, the first time interval being

substantially longer than the second time interval.



WO 99/03052

(8]}

10

PCT/US98/13195

- 58 =

34. The process of claim 33, in which the step
of calculating the predicted bad rates for said loan
vintages is carried out by using a leogistic regression

formula.

35. The process of claim 34, in which the

logistic regression formula is

Log(P/(1-P))=A +(B,*AGE) - B,*C0~ B3*D, ~ B4=D, - B,“SCORE ~ B, *NO SCORE}
wherein P is the predicted bad rats, AGE is defined as
the age of the loan vintage and B, and AGE are row and
column vectors of a dimension matrix of a predetermined
size, SCORE is a mortgage score from a credit bureau and
CO0, Dy, D, and NO SCORE are dummy variables, and the
coefficients A, By, B.,, By, B,, B; and B, are estimated by
running a model of the equation over a preselected loan

portfolio.

36. The process of claim 35, wherein the value
Cb is assigned a value of one if the loan is current at
the beginning of the first time interval and zero
otherwise, the variable D, equals one if the loan is one
month past due at the beginning of first time interval
and is zero otherwise, D, is assigned a value of one if
the loan is two months past due at the beginning of the

first time interval and zero otherwise, and NO SCORE
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equals one if the locan has no credit score available at
the beginning of the first time interval and zero

otherwise.

37. The process of claim 33, including
depicting graphically in the form of a first curve an

expectad bad rats curve.

338. The procecess of claim 37, including
producing a bar chart showing current mean bad rates and
forecasted mean bad rates and superimposing the first

curve over the bar chart.

39. The process of claim 33, including
creating the first curve by creating a quarterly bad rate
curve, smcothing the guarterly bad rate curve by

averaging the values thereof with one another and further

5 smoothing the curve by taking a risk ratio thereof.

40. The process of claim 39, including
creating markers on the curves including markers which
show the changes in the first curve at a positive to a
negative slope transition thereof and markers which show

5 jump pecints of a predetermined size.
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FIG. 4A-1
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FIG. 4A-2
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