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_ The "credit worthiness" of a particular company or particular borrower, the two terms being

25 used interchangeably, or of a portfolio or predefined set of borrowers is a measure of the ability of

that particular company or of all companies within the portfolio to repay their financial obligations

(i.e., debt) or to pay the agreed upon amount of interest on their debt. The "ability of a company to

repay or service a debt" is accepted in.the banking community to be a function of the company's
"fundamental financial characteristics.” _

30 "Fundamental financial characteristics” differ in nature de(pending on the type of entity, its

business and the economic environment or market in which that entity, company or set of companies
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Applicants recognized that the high level of debt among southeast Aslan companies were the

25 firstsigns of a possible economic slow-down and that more defaults were likely to happen. Because
of the established practice in this financial market of not analyzing credit factors and the lack of
methodblogy and system to do so, Applicants anticipated that local banks would not be able to
monitor nor to manage the declining credit-worthiness of their clients. The recent financial crisis

in southeast Asia shows that Applicants’ concern were well founded. Applicants' testing of regionaln "

30 interest in southeast Asia for an automated process aiming at quantifying the credit worthiness of

borrowing companies using locally available credit factors, lead to the development of the present

invention.
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20 | Summary of the Invention

The present invention meets the above-mentioned needs by providing a system, method, and
computer program product for assessing risk within a predefined market. More specifically, in one
illustrative embodiment of the present invention, a probability of default quantification method,
system, and computer program product (collectively referred to herein as "system") assists banks

25 and other lenders in emerging countries or, by extension, any entity extending credit to borrowers
in a predefined market or economic environment. _

The present invention operates by processing client information (i.e., the credit factors) that :
banks have available to derive a measure of credit-worthiness for their clients individually, and for
a client’s entire portfolio as a group or set of borrowing entities in a particular economic

30 environment. The measure of credit worthiness derived is l-the underlying company’s(ies’)
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25 these characteristics hold true in most countries, especially in emerging countries.

Second, these tools use credit factors calculated for U.S. or Western Europe companies and
comparison to events of default having occurred in the U.S. or Western Europe. This is the approach
used by U.S. rating agencies and this is also the approach believed to be used by Oliver, Wyman.
The assumption made when this approach is used is that the same credit factors, (i.e., those of

30 American or Western European companies) should be used for any company, irrespective of its
accounting and cultural conventions. As all banks or entities extending credit in emerging countries

use different credit factors to reflect the information available and rflevant for their company clients,
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A further advantage of the present invention is that it uses a database of local companies or

entities within the market or economic environment of interest as a reference to apply the non-linear
25 regression technique. This contrasts with approaches common in the western world, for instance
those of most U.S. rating agencies, which use a database of U.S. companies as a reference. For
instance if the system is used to assess the probability of default of Thai companies, then the
database underlying the system will contain Thai companies or companies from similar neighboring
countries. Applicants have conducted tests which demonstrate conclusively that using U.S'.
30 companies as reference data leads to significantly over estimated probabilities of default and bias

the results.



those of nost U.S. rating agencies, which use a database of U.S.. conpanies

as a reference. For Instance if the systemis used to assess the -
probabi | it ywefoofkgéasul t of Thai conpani es, then the dat abRECE/USHALTNY i ng
the systemw ||l contain Thai conpanies e conpanies fromsinilar

nei ghbori ng countries. Applicants have conducted tests which -

denonstrate conclusively that using U S. 30 conpanies as reference data

| eads 10 ST 0N 1L CAL Y S Sk TR RO ik B S8 o B guts.

Yet Sti!tne ud HiduiAppRShtREY, ABeiBbd bBGveDhARYREn FoHE NS bRubSuistle fdsuls. T

nore stable results. e two known approaches, described above, have

been f oudepehdingondhesample pfitorapanies fior whichaprobability of defasltiisiquantified; he patterns

o SR Py A SR ki
f1 uct yat guyd '(i}hfidém &iﬁiﬂihéws%pi@me@ QERAVINg Dot High ebAIRE off defaulvhidia Tow

t hese approaches as having both a high probability of default and a |ow
pr obabi | ptopabilitylef dafault depeadingrop whichisamplesherporapanydelongsddy bel ongs to.

Further, the present, i nventi.on allo a lending institution t S

i npact of fut g"P e, th%%ﬁ%%wgﬁop ¥4 @P&di'gggﬂsgﬁ%%n H] #‘is(ggﬁ tgean(ﬁ@?‘?}e%f{ R’S"Fe
the presgfinokil 6Fihii@dtriallsbéhatios dinfanfeaftiodirfierit 8Pthe presentifivehtiol athe yidderTactos input
wei ght ed averages of the |ast threetyears of credit factors in the formo

ratios 1into the systtasare@nighiqdievernges afithe tast theeerearsef caedit fastoss ipthederm of ratios
t hrough the nual in f a new. ‘roll ed-over, i e f:

rea s BrsoseS ptiBnspanity, By diitisios cpm b ficpRRp AR el MBS of a new
years a”droﬂgdm&"t@ﬁﬁﬁﬁﬁ Agérafe iedit faétof Basell \OnUh€ value @F trddicfadioss i tHetevo prior
com ng year. Any such scenario i s processed by the systemto quantify,

t he pr obaedars andomhiow Bfesaenariofwillaffectinpin gredit fagtoss i the coming yeahpAny fichisgenasio

year of the scenario, 15 T e ' r ts |

better pit SERraSYohe SHeemy oMty it REBRolY OF bl @ihy, Sorac) B Btor
countri egemﬁmepﬁﬂagpéaﬂmgdeﬁm@r ovi des processed information that was
previously not available, and that is very useful to manage the assets, of

banksl5 | n” par fibepresent inyention resplt® ifea new Apd hetterPIrRFEYe 98 dhe crady Warthigess of

operating | ' I ' . ADSEHGE t
mar ket prggé??%@gggg&g% 151%{%}1&%%?. gﬁgh&gémﬁ{é %@@ arllg&l l?ra?ﬁsﬁ equity dlbf# |=El:e“s,a.s
The preseividiisly hovpailalsle, dldsthatsis yeiryl nsefulltd yndnape theesssers of bankso Un parthatiar ds
due to its automated nat hemati cal praocess that allows the consistent

and r api @resenpiinvention proves psefhiobanks (opgrating 1y SMSTAIRG COMMUTIAF RdieyR there existsan -
I nventi on r L I VALY ' i3 i 4 : |
mar ket oAzinps B lat e ROUERfor SR Bt BERMMAINER] Wiuid iyt TN pibockt
nat ur20 Fmveakiby aldohsignifichtly improvesten qirevidys pratfieesahie toritsrautomatgsb emilisineatical
alternatives in that it produces nore stable and accurate resylfs

Fur t her fPERRest Bt ahipwsise sAnusient avd repd g 3tgR o Er#aég\th_“% °f ﬁ%gag{tr @Fmem
and oper gh{ o further introduces analytical techniques in the field of emerging market credit assessment,

which was up to now mostly subjective in nature. Finally, the system is commercially different from
possible alternatives in that it produces more stable and accurate results.

25 | Further features and advantages of the invention as well as the structure and operation of
various embodiments of the present invention are described in detail below with reference to the

accompanying drawings.



vari ous enbodi nents of the present invention are described in detail bel ow

Wi th refer engRy sashiie acconpanyi ng draw ngs. PCT/US99/05978
-7- Bryef Description of the Figures

The acconpanyi ng draw ngs, which are incorporated herein and form part of )
t he specification, illustrate the present invention and, together wth
the description, further serve to explain the principles.of the

i nvention and to enabl e a perBuoiefdRescrp: ofithedrigurest art to nmake and

5 use the invention. : FIG 1 is a block diagramillustrating the
system architecture according to an enbodi nment of the present

I nventi on. L Sibcdi LI | ruct ur.e
of the general Thn%nagfglm E{l&%gdeﬂag%l%f J?%Sﬂ% intﬂg&rggﬁ%&n%xg%%f& g?l%ﬁtént 0 the
present i speeification, illostrate the prekéat ifvémion and, fogetiewwiiteteaiestription! Fintlier Gefveto

the reference %?égbasﬁ I s, popul ated accordi ng- to an enbodi nent of the
present i pithsprinciples of the inveption and tp gnable p persen slgllediin the pertingnt angtompake and
probabkl i §as RE ifleh@dlt Processing according to an enbodi ment of the
present invention. FIG 5is a flowdiagramillustrating the

det er mi nat i on FiG.dpisiablbckwdiaghins ilfustratifethersgbiehi drthitechire adéor@E 3y hh embodiment

processin ccordi ng t 0, an enbodi nent of the present .i nvention.
FIG 6 isoHDBPHSROIIEAUO™: i || ustrating the format of the general nenory

dat abase accor ¢ ioa di Xoasstelel i nyenti on. .
FIG 7is a flg‘\t/sﬂ |133rd<131ar%& ?P?l{l]%t raﬁgng {Ee%urc B glg?ﬁg??/g%l?j‘agﬁgﬂf &Q%‘%%fé%‘i%ﬁg
pr ocessi Ny an embadimentbfithe present iavémtidnnent of the present invention. 20
FI G Spl s a bl ﬁ*fk di a illustrating the graphical output capabilities

-

ramil], | :
accordPng to alIc.3is ag% Priagragy illpptzatinghow, theirpfeeance database is populated agtiogiing
9-13 are Wﬂ%ﬁm&ﬂﬁﬁe?&@&ﬁiﬂxfm&{oﬁphs generated by the graphics package

coupl ed to the present 1 nvention. FIG 14 is a block
di agram of an FiGrpise fowpidgramsliasdteningshé probhbility 6P efatR iprét@ssifg addording to an

present invention, ) ]
P emgo ent of the present invention.

FIG. 5 is a flow diagram illustrating the determination of optimal weights for the probability
15  of default processing according to an embodiment of the present invention.
FIG. 6 is a block diagram illustrating the format of the general memory database according
to an embodiment of the present invention. _
FIG. 7 is a flow diagram illustrating the probability of default projection processing
according to an embodiment of the present invention.
20 FIG. 8 is a block diagram illustrating the graphical output capabilities according to an
embodiment of the present invention. '
F1Gs. 9-13 are window or screen shots of graphs generated by the graphics package coupled

to the present invention.

FIG. 14 is a block diagram of an example computer system useful for implementing the
25 present invention.
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- 9- 1. System Architecture Referring to FIGS. 1 and
2, a systerybhomgess’ ding to the present invention includes thr@erusse/gserst s:
a credit or general nenory database 16, -2 processor 15 for inputting
financial data applying pattern recognition processing to that data, -
and an output graphic facility utilized in step 44 (as 5 described bel ow).
The system 10_uses as.,input the credit factors 20 already coll ected on

i ndivid Sys %ﬂﬁ*’é@‘%‘ﬁe e., any credit factor currently available, by

t he banks wanting to use the system 10. As illustrated in FIG 1, these
credit factors 20 cone fromthe conpanies the banks have extended | oans

to or ot herwi Beferrngto FIGsdil tand2s g systemol0 pecordingtipithe pregentiinvgntion includes three

informatiopn, e.q., .a _borrower r . || G [ .
14, e Bp Bt et BEBont uelnss 16, A Rockit 18 g8 BB Futels L BRh aBlvine
system lghtief® i’édégﬁiﬁ%ﬂi;ﬂﬁcdﬁﬁnglﬂ@llhat|daté;l\aﬁﬂ|aﬁtﬁlﬂp&%ﬁ?lﬁ5 facilityatilizateintaep ¥4 s
el ectronically by the conputer processor 15 Iinto the general nenory.
dat ab&s edeseribed belew).aFhesystem 1(haseg as inpus thewsedibfactors 20 plreadynellected opjirdividual

B oot oy copripaics, o R Urb P falle efret}favfilte oy (RETADYs PO R Bl fielsstem 10. As
that neefifusirfted th Fith 4| thastdtrédiEfab i 120 cdrfie fi6nd the bompshibsithe banitiuwe aktehled loans

menory database 16. A first colum 16-1 contains a code for each conpany or
bor r ower tolgr dgtherwise takenesedit yisk ensefzom publislyryalablg ipformation, §:§- a3 herrgwer 12 or

record o e ’ el 1 f .0f: i .
fi nanci a%ny\(l)\%%%égkaﬁpé}%gm?%@oﬁas ) ﬁ{? ‘(E'ar.e‘,ht Iacéglgsz,% Lgé)trlllg&ﬁgij y%%?.l&kvg&é‘t%l ‘())itmk using
col urs the systéfir @ fo@conipanize oy pablicly availibie Sclircedds hpukt atbinbally 6 €lectZéhicdllycby
particular credit factor 20 being identified op.of its columm.

h

These cr thgicompatar pracessor d 4 intp hegensral menepry satabase fﬁta cltugﬁetr%ﬁvgbt- thedatahase 36 can
oo 3 . ! .

G 1 or onb® a B of e pro@ts6i5ts. SR w e ALY BiofeilnGAF SuhBRE 1830 cltpfiyed in

credit fEpdiRandléat can be used. Different industries may require

different credjit factors 20. Once a bank using the system 10 has deci ded on
a set of credi¥6.2 illustrgies e datashatmepds todedppat and the foxmar o hedollpwad & the geperal

Ct 2 I f | '
7y R e e ol o Mt o

pr e- det esetrévgdreaSomsc OACsEcond ovlutnN 4642 coriaingid recoad of wimtheerthe wompaay deas asver

bel ow wi th_reference to fFI GS, .4 and 5, . a yei %ht, b, 43 associated with
each cr efefaulteden pneof its financial obligations in the past (1., I =yes, and 0 =no). A set of columns - -

16-3 store three year averages for each credit factor 20, the particular credit factor 20 being identified

at the top of its column. These credit factors 20 can be accounting ratios, industry ratios, or

20 subjective quality figures. Each emerging country and each bank can use different credit factors 20.

| There is no limitation on the number of credit factors that can be used. Different industries may
require different credit factors 20. Once a bank using the system 10 has decided on a set of credit
factors 20, for instance by a particular industry, the same credit factors 20 need to be collected for

all of the bank’s corporate or commercial borrowing clients within this industry or pre-determined

25 economic environment. As will be gxplai_ned in more detail below with reference to FIGS. 4 and 5,

a weight, b, is associated with each credit factor 20.



-10- 1. System | nput s . When the system 10 i s
initialized or first set up (i.e., before the first tine the system10 is
used), the uwersomessguct s a nanual conpany exam nation and sel aqiTws9/05978
process. The first part of the exarlfati on and sel ecti on process

i dentifies conpanies where any of the required credit factors 20 5 is not .
available. In this case, these conpanies cannot be entered into the general
menory databas 16 and its probability of default cannot be assessed.
Such inc Iet'ivsfeé'bﬁlffgscan be stored in a sub- section 16b of the
general nenory database 16 as shown in FIG 6. Second,
conpanies for which it is not known whether the conpany has ever defaulted
on one of Wihes the sxstem 30 is igitialized obfirst s¢tiupdi.c4 hefors thel firstitine the sy@malOdis

o ¢ he el e RS mlulbohy S AxariBiic At SRRA potes? e Rt rtbEbe
be asses %&ﬂmiﬂiﬁn%ﬁlééﬁbﬁéﬂ%fﬁgéxs gﬁiﬁﬁb& c&ﬁpgﬁ%sbme My of therequiRbPbrebit 2801920

with reference to the i agram of " Fl 4. These corpani es,

howevet, itnofayailpkley nthis ¢ase,ithesesgmparicp cannot be ensered inito ithegeneral memocydatabage
to the infaQr N al | I whi ¢ iftin rocess, i s also ..
describ eg @Hﬁﬁsﬁ%%ﬁﬁ& O?HAItﬁ‘gk %0{ l%eoz&ges ?‘p té\’é’il m%g’%tﬁ?%% cﬁ'ég? %?ﬁ?fl {n.qsub-
into a sigBetdit16Wof it gehsranemonl d4rEtuee 16 dakidwisi Bie, 616 called a reference
dat abase 16a which will be described below with reference to FIG 6.

Lastly; conpanbecondirompagies formduch it isaot krawmehether thecompany hassvendefaultedon one

defaulte . ' tifled. t his.,case, .t.h C ani es can
be. ont er O 1 STeg R ERNE buBAEor he Rt i fors 20 afs R AR TE Sresbheiitent TS 652
parti 0l aohjpaniesicn bé entérel ift6 tel gefieral RiLRIOPERISE POARNLIP Probabilitibd ofdefz@dn
in FIG 4. Further, in an enbodi nent of the present

20
i nvent i ofPe assessed Thy pesbability ebdefavit procassingwilbbe gxplained below witle refertacestocibe

dat ab . ' i it b ...
Conauer o diadfam bER U filbe hmbadtes, RowSyde bl (AT the 5B Fecogpition
conpani epredessiag to thd inforhekion avsitabliloehids ewhich fitdingprobess i€8lkd dBickiBEd BIFhG. 5)

testing purposes are representative of the type of borrowers in a user's
credit at i5 nPRg f the companigs cambe inpHited inte a pph-sestiop of thegeneral memory database
anon h ' ' nies.. The
rosent Houemen a e REDE Baba@ o Alth W e teeciBE] SARSHALISRGRRRTENTC 6.

conpares the cLaslyl companies @eadlberdit factons! 20 aahpaahesthey Habe evel difauleed are
dat abase ,16a. This pt ceaa . analyzes each credit factor 20
" nclepend KO afcdghified Ja this ase. Hise FRIBPAISRFaG b8 saered 19t both fasrgeneral memmory

cach comanke PO SOy onp B9 Rt NPUMFErdies dlBRE T8 by Slithg .

t he standiard devi ati on. Conpanies with 30 standardi zed val ues greater than

2.5 a identified as "outliers” and renoved fromthe reference
56 lt-’ur%xer, nan em‘:odlment of the present invention, before any of the companies are entered

into the reference database 16a, as illustrated in FIG. 3, a test of hémogeneity can be conducted to
identify "outlier" companies. The test ensures that all companies stored in the reference database
16a for estimation and testing purposes are representative of the type of borrowers in a user’s credit
portfolio. In addition, the test picks up fraud or false data among the credit factors 20 and tags the
25 corresponding companies. The present invention determines outlier companies viaa process which
compares the credit factor 20 data across all companies in the reference database 16a. This process
analyzes each credit factor 20 independently. In an embodiment, the mean and standard deviation
are calculated for each credit factor, and the value of the credit factor for each company is
standardized by subtracting the mean and dividing by the standard deviation. Companies with

30 standardized values greater than 2.5 are identified as "outliers" and removed from the reference

j



dat abase 16a. This process is repeated until no outliers can be identified

fromthe PR 9ofisodsEt @i ned conpanies in the reference dat pb2amsed/6sy78
As a result of’t e architecture or forist of the data base 16 as
illustrated in FIGS. 2 and 6, -and type of information contained -

therein, the reference database 16a is the sane as for. the general 5
menory dat abase 16,. since the reference dafabase 16a | sub-secti qn of
the gerdshasedfe; Phis process i Seeatedimtit A of adehuitiradrom faseoa f erined

dat aba?@oﬁn%&ﬁéshﬁk%éﬁ?er&ﬁé&fa@ﬂﬁ@e fgf abase 16a contains only the
C

conpani es on whi a conplete record of credit factors 20 and previous
hi story of dakautsult of thearchitectuteaty format of the dath baseSGascitiugvated ireFIGS. 2(and 6,

(Pre o o onpnpis okl ToSH B4R RGBSR R B e
the gy an%mggf gg%g&geefs, 'sin%eggir: tréfefence dafaBaROT6a isONsub-ReB8R 0fdné gehﬂﬁl memory

ref erence e lba to I ve patterns based on past experiénce of
t he rel database 16 pThedifferance between these tvexdazabaséyds thiat the ngferencs database16a contains

O kS i oS R AT SR e B

<

probabi Li.tN.fpi@ borrower 12 defaulting on its debt obligations. Mny
traditional credit analysis approaches predict default by classifying the
borrower into one of two groups-"good” or "bad." In reality, however,

bor r one cagsl. be cbvassjfied _ into many different groups, each with
their ol | ePefeBOMEEE¥t wort hi ness. For exanple, the credit

wort hiness of an internationally renowned nultinational corporation can be
very different fromthat 20 of a small conpany starting up using famly
saviligs. | n st sbesm nhEiS 3, wncethe maferencs databaserkfasis establiphedr omevesy tinevhew

are not quite gs credit \wort as the nmultinatio but ch.nore credi

wort hy. cotapasy Bk Eitetrd ot RPens] ek @habasd b, uie'Syelg T0VRppfie S Paern
the presQRbnitidk PRddeSiing RIthe séfbfchcd Aftabaab 16a &f dedive Phaiteri® badeid AT asOBGRI MR of
in the marKet place as a "probabi llthOf default", i.e., a nunber which can

t ake anghesglagionship hegwesn thearegit factars 0 ghepropanies|and their ebserved defaudisevegtss The

probabi i ty, of default close I r'a specific borrower 12
this medny theigpa %Sggfsfegﬁi%fs&ﬁsa‘i&gﬁgss l‘!t"‘g'd the borrower as being highly
unlijely to geparpbie shthélgfatent 20 idRsalcubil theProtability 608 BEIr6 Wk 12 defaulting on its -
probability of default close to_one 1) neans that the system 10 has

cl assi f idebf ebligations: ol¥apy sradifiangly cwﬂ&m“ﬂwi(smpoapbemam fdefaplt by classifying the -
babi Li . ; ) ' : . "
Dl ongi RaPRet 5ok b8 exfled " SRS B 2t BRI eBE Holo s Bl e thnsifiea
into many different groups, each with their own level of credit worthiness. For example, the credit

worthiness of an internationally renowned multinational corporation can be very different from that
20 of a small company starting up using family savings. In between these two cxtremés are numerous
borrowers 12 who are not quite as credit worthy as the multinational but much more credit worthy
than the small family business.
The system 10 of the present invention represents the range of credit worthiness observed
in the market place as a "probability of default”, i.e., a number which can take any value lying
25 Tbetween zero and one. If the system 10 assigns a probability of default close to zero (0) for a
specific borrower 12 this means that the system10 has classified the borrower as being highly
unlikely to default on debt repayment obligations. Conversely, a probability of default close to one
(1) means that the system 10 has classified the borrower as being highly likely to defanlt. A
probability of default of 0.5 represents a borrower who is classified as belonging to the "middle of

30 the credit worthiness range" group.



-12- By collecting relevant financial and non-financi al

I nformati on on borrowers 12, information previously referred to as
"credit factwne9/48086¢ is possible to predict future defaults asdmusowsers
First,- - as shown in FIG 4, -an inpufl2step 30 collects sufficient

hi storical credit factors 20 on the past per formance of borrowers.
Then, it is possible to analyze this information by conparing the credit 5

factors 20 of ' N .defaul ted a t hose who_have
never def aul « BACPpetE Peib it RRIE d dnd 0 RRBAciA1 i Biipieion S bortoes 4 atarigtion
~"war ni ngprevipaslyséfeiedto as tereditifacturs,? & io possitile Bélpredict futursl@dfautts as fHl16%S. First,
"signal s can be consolidated into particular patterns representing the

hi st or i c2 shown in EIGy4. ansiApy $iep 3B«ellests syfficiant historeal (redit factens202on thedpast

t he obs LnG agil: . . I ny . .
busi ness%s t Ha¥ &lde aul t egéri 'ﬁgéeni’ir{&d%%sf“b}eetﬁfyﬁlgrz\? @%@F@ﬁ%ﬁ?@%‘%ﬂm
fi nansi afacwirs2@ofcdmpanies wiyehaveriaghepast defailtodamthose who hadoé fewdr ddffuied! It is

approaches. |f therefore in . _the future, a business is observed whose
fi nanci aflse Patsiie fe &indiwithin thisjaformation, "wamingsigngls” that are indicative of impending

defaul te a ol 0 t 3 ' : | ar

[ al'y: ¢ oerot* ThE eidhals el 38 copbotideled fokf pleedlil paiEchs 5PN EINE ploftal
syst em 1fslaivnskip betweenghe sdluesof créditfacidseR@ 21id the observed inciddades bHdéfidt.

conpl exity an of the podem busjness envjronnent and the great

vol u | I

vol une 15 of gerr%mﬁ » FRany, usingsses that defapl o theis debicrepaymens Qbéngpgens may show
I nf orygyat 4 | : At .
noceasar sl SANTRAR ol Proe QRNel Fiofid as the dart BEASEME Abprbuctey, iferetopy in
t he the futes, obusinessiis observal whase finahciid istandrhentd kiow yas¢lese AfatdhS@sthose of a
aut onmat e attern rec I tio rocessing. . ... (o find_ patterns hetween the
val ues ogus&’ﬁf %Flté]ﬁfafﬁg‘g@f'@r 'g’ag dn thePashe Itgs éﬁ‘leiyeﬁli’é%s‘éﬁh businesses; also are likgly to
t hen use : ' ket Y AIe) - "
v g e R T A R B D
The .syst em 10Dyeatatbé comsplexityand yoluroe bf the triodern nisingss dnvironment and the\great volume
nmet hqgol g . e sented in FIG 4, which will now be descri bed, '
1157 e PR o SE Baespihe ey o0 thlfest femusting on nimerous Gredit factors 20.
Ref er r i n@ohdeqliéddy, ft.i ' gﬁhac' bt

pr ocessi n0 aﬁd,- iyn ® hg&éif’??%ﬁ%a? %%ﬁ{)he reﬁ%@@%%%?ﬁ%?ggeﬁngg?ﬂi\%i CE ©
stores t vauesofcreditdadtors 20and defaglt.GFhe systemnifiusesdntonated patiterd redoguition processing
bor r ower t with a.reference as.to t her they have_def ted-i
Che. past © Tt BRAl Bl Pl ¥ pal e ot e Rgndihe pehleenoa Ot g kot an
col | ect i theh yisésathede wittebrd ciSproseca e BE ExiStaizbdifowers in order to ?la%s%héﬁc BrRdYrs

e e

dat abase 16ais divided into two sections. One section, cal
" est i2fat esarding to their prebabilities of defaulis dheisystemel Gssadeudates these prababiilities nsingsthe

o tost DHBvAR npaBlbBEy, eEberfinmey s ¥ RishoAllay 6TREERR and s0”

I nputs of the two sections of the reference database 16a are described in

FIG 2. FIG 6 illustrates
IIl.  Assessing Risk: Patiern Recognition Processing

Referring to FIG. 4, the step 30 inputs data into the pattern recognition processing and, in

particular, to the reference database 16a, which stores the historical credit factors 20 available on

| 25 individual borrowers 12 together with a reference as to whether they have defaulted in the past. All
of these records, as illustrated in FIG. 6, are collectively referred to as "reference records."

- The reference database 16a is divided into two sections. One section, called the "estimation- .
database" 16c; is used by the system 10 to find patterns, while thé other section, called the
“validation database" 16d, is used to test the accuracy of the default predictions. The structure and

30 inputs of the two sections of the reference database 16a are descx;ibed in FIG. 2. FIG. 6 illustrates



-13- how the estinmation records and validation records within'the

estimati on dat abase 16¢c and val i dation dat abase 1 6d, respectively,
rel ate to t MO 9PIM8OB6Ati on nai nt ai ned wi't h;Bn the general menor PGEYSINSYS
16. VWhi ch conpany is nade t ot 9pel ong to which section of the

ref erence database 16a is left to 5 the user and has no inpact on the rest -
of the process described below, as |ong as the two parts of the

refer enCﬁ?&}%géé% iatiSh focdfdsndvhRlatiindEcordd Withihthe iiifnatiofldalaB3lefi Gnd validation
arbitrari ecide to sp reference datapase contarni ng
conpani edatabqseaﬁd,cres;iccugplmehtc to the inforinaton maintainedwithintbe genedal memdr@ database

t he val Ii ti on dat abase 16d. The |l ogi ¢ underlying the system 10
is to uséthe estimation database 1 6¢c to find the particular 10

conbi nation O’WI? ﬁ@%ﬁp&#k%ﬁiﬁgmﬁﬂg é&"tﬁgﬂfﬁdsiﬁt??o? thelefefdtial idatbhse 16X sleft to

credit -factors y the defaults recor In
the vdli dmtdsemxrdldtaahasmpacﬁ@n\zh& festzofshs process desophed@hldwemlongfas the mm;mlsm";he

Thi s conbinatio the be.retain by the s em 10 a as or .
Cal cul o Fifgencs dgabase e of siGiles sighe; e Bbes A, 108 IR, BRiCwi ecide to split a

conpani e cBhta AP dtin SE;
12. 15 ?efbﬂ:n&é‘?aer tgh:ghdat a h%osébhﬂelen | np%ﬁn?cr?ug gg%’gﬁe t he Jsdygt%%ﬂfggi d

carries 60to thecyalidatiersdathloase 16d. FI G 4 to determ ne a set of weights,

e "appl i ed 1 FpiBo uadedivits G sestest 3815t o e Beimatan it H0530 and e pasgiopfer
32 I s EBABItieh of bRBR f&&ors 20, aﬁ&w@?ghwwy m@aﬁm% tﬁéﬂ&ém%&damgqbemewm

to FIG 5. Because of the way f he processing IS wit prograrmed
in the syeaddoidedtifysthedsfanlis rasoBizdan thesrabidaticniatabrase tlédnw@hsﬂ sgafﬁc:iently high level of
There are nunero borrowers 12.1.0 the stimation database 16¢, .some of . .

whtch papecttaey. fBis rHRIGh Bk e ty B8 ol 10 si= Bisid r calCutating

bor r ower $rodaBiRIEs lof defanlt t&atantdhegoiagrsaﬂ ﬁﬁllan companie8 ¢t ﬂtesge%&a%ent&g QAatiBase 16
for each borrower. However, not every credit factor 20 i's of equal

|rrportan@l;d|‘f¢rwﬁhalr¢lbmg0\pal’512 default for each borrower. Some credit

f 20 h h fic b LT
Systeht 10 cpraRiiie SR Res B dmput o 88 10t S fo, SR N s34 i in
‘wei ght " 416 deRehinelaRet of &agh@rb %clﬁar' oPMAPif terins of BRFIRinRFLpdst UsFatkEsHde they

factors 20, then five %&ts wi | | be assi gned. Referring
to FI G aremélcd}@pmrpdltcf@m@na in the gstimatiop dgabase 16coBtap 32 is p reedude phsteps 46
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equat i Onsind programmed in the system 10, steps 46 to 52 are executed simultaneously.

20 There are numerous borrowers 12 in the estimation database 16c, some of which have
defaulted in the past. What is common to all these borrowers, however, is that the same credit
factors 20 are recorded for each borrower. However, not every credit facter 20 is of equal
importance in explaining past default for each borrower. Some credit factors 20 are more important
than others for specific borrowers. The system 10 represents this importance by assigning a number

25 called a "weight" to each credit factor 20. For example, if there are five credit factors 20, then five
weights will be assigned. |

Referring to FIG. 5, the system 10 calculates, in step 50, a probability of default, P, for each
individual borrower 12 by combining the values of the credit factors 20 and the weights, b, by using

the following equations:
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EQUATI ON ( 2) The neani ng of the synbols appearing in EQUATI ON (:1)
and EQUATI @)\ o&¥s03é e summarized in 5 TAiCBLE 1 bel ow. PCT/US99/05%7§
Values of a credit factor j for a partT4iJI ar borrower i b,
The constant of the logistic function bj The i ndividual -
wei ghts attaching to each credit factorj 10 W An

i ndi vi dual conbi ng,t_i=(zi1+o.w. ights, b, and credit factors for eacRgvAmTiONEl)
. m Total anmount of credit factors

TABLE 1 The expwlseion [err]is called a "logistic function,"”
and one illustrative formof this 15 logistic function is described in the
above-cited Hosnmer, D.W al ., Applied Logistic Regression 19892) a&
Chapter 1, Page 6 W:Fdtodi ;& "Hosmer"). One skilled in the rel TION (2)
art(s) would recogni 28 that other logistic functions can be used in the
present invention. Probability Pis the paranet er which indicates

whet her a specific borrower 12 will default, for a particul ar conbi nat,izg(p,
of wei gffhe meaningnef thh sypelsi appeating SHEQUATION, (bx wrfgeen@w gﬁ’éd’fe gdmmarized 1n
ment i on ve. the paranmeter 20 P varies between zero (0) and one (1).
The tecﬁﬂ‘lng‘gg tE)eflo‘c’gquati ng a function : the conbi nati(ozl of wei Lo
and credit ' : :
default, P) L : o CELS 5
this techni que gan Wesafueddtd cielit HooNEbr Afartichiaoréwet i Page 1. O her
ref erences frscitose—aTegressTomrteChTque W cihrcout o be enproyed] by
the system 10. Wany | Togecasait ehtholgisiqfarctipons can_be used by the systen] 10

and there e CQnSeqUENT Ty TRUN. flk LhithEil chokRh Aol 297 €51 ON

10 w; An individual combination of weights, b, and credit factors for each borrower i.

e
o Xl

m Total amount of credit factors

TABLE 1

The expression (1 + ™))" is called a "logistic function," and one illustrative form of this
15 logistic function is described in the above-cited Hosmer, D.W. et al., Applied Logistic Regression
(1989) at Chapter 1, Page 6 (hereinafter "Hosmer"). One skilled in the relevant art(s) would
recognize that other logistic functions can be used in the present invention. Probability P is the
parameter which indicates whether a specific borrower 12 will default, for a particular combination
of weights, b, and the particular logistic function being used. As mentioned above, the parameter

20 P varies between zero (0) and one (1).
The technique of equating a function (e.g., the combination of weights, b, and credit factors
20) to a probability (e.g., the probability of default, P) is known as "regression.” An illustrative
embodiment of this technique can be found in Hosmer at Chapter 1, Page 1. Other references
disclose a regression technique which could be employed by the system 10. Many regression
25 functions canbe used by the system 10 and there are consequently many different types of regression
equations. The system 10 makes use, in one illustrative embodiment of the present invention, of the
regression function called logistic function described in EQUATION 1. Because the system 10
applies the logistic function to a combination of several credit factors 20, this part of the process is

called "multivariate logistic regression."”
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The system 10 then compares, in step 52, the above two vectors to assess how closely they

20 match each other. In order to do so, the system 10 has to be able to recognize what a "good fit”
between two vectors is, and out of various good "fits” find the "best" or "most optimum" pattern.

In accordance with an illustrative embodiment of the present invention, system 10 defines

a "good" fit in terms of the values of the following function:

f(g) = Z {ln(l +e” )— Y,.w,.} EQUATION (3)
l

25 The meaning of the symbols appearing in EQUATION (3) are summarized in TABLE 2 below:

w, An individual combination of weights, b, and credit factors for each borrower i.

Y, numbers which take the value zero (0) if the borrower i has not previously default,
and one (1) if the borrower has previously defaulted

n Total amount of companies (clients)

30 TABLE 2
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20 function f(b) are called the "optimal" weights.

The principles behind the maximum likelihood estimation technique is a process of
automated iterative "trials and errors”, i.e., by iterating possible values for the weights, b, a large
number of times into EQUATION (3).

There are available many standard maximum likelihood estimation iteration techniques to

25 determine the possible value of the weights. The illustrative embodiment technique currently used
by step 62 of the system 10 is to start the process with a given value for the weights, increase each
weight by a small amount generated randomly and independently for each weight, b, out of a user
defined range, re-calculate the value of the function f(b), retain only that set of weights, b, which
generates the smallest value for the function f(b), and stop reiteration in step 56 when the function

30 f(b) is determined in step 54 to reach its lowest value, i.e., any further change in weight does not

further decrease the value of the proprietary function f(b).
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As a result, when the "optimal" weights, b, are applied to the credit factors 20 in the

25 estimation database 16 through EQUATION (1), this produces a vector of predicted probabilities of

default which most closely matches the known vector of zeros and ones representing observed
historical defaults and non-defaults of the borrowing entities.

The system 10, once the optimized set of weights are determined in step 54, stops using the

estimation database 16¢ because it has managed to extract frorﬁ the mass of data the optimized set

30 of weights which can be used to calculate probabilities of default. However, the process has not

ended because this set of weights has to be tested to assess the system's level of predictive accuracy
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set of borrowers and in this particular market or economic environment.

However, there can be cases where it is not certain which credit factors 20 are to be used out

25 of all those available. In addition there can be constraints on the size of the estimation database 16¢
depending on the computer platform used, and consequently only the most relevant credit factors

20 are to be retained. The system 10 therefore offe;s, in an embodiment, the option to select an
optimal set (i.e., a specific number) of credit factors 20 using a standard technique known as
"stepwise regression" whereby steps 30, 32 and 34 are first performed using any one of the credit

30 factors 20 in the estimation database 16c, then any two, and so on (i.e., j=1, /=2, . . ., j=m within

EQUATION (2)).
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being 25 chosen randomy using a Monte Car] o process. |n an enbodi ment, as

wil | be apgemly extragtsypanhdifferent cross-sections of the reference database 16a. This requires the

repeated generation of estimation database 16c and validation database 16d with borrowers 12 being

25 chosen randomly using a Monte Carlo process. In an embodiment, as will be appreciated by one

skilled in the relevant art(s), the Monte Carlo process can be performed using a standard Microsoft®
Windows™ library function call referencing the databases 16¢ and 16d.

Steps 30 to 38 are then repeated for both the estimation database 16c and validation database

16d, and the set of optimal weights and their predictive accuracy is recorded. The set of weights

30 returned by each iteration of the bootstrap algorithm is stored as a vector. A stability algorithm is

then applied to select the final weight vector to be retained and the predictive accuracy of this final

set of weights is returned as the accuracy of the process. The process to choose a stable set of
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for the years to cone. Because in an enbodi nent of the 20 present

I nvention, the credit factors 20 input into the system 10 in the general
menory da‘pabas}gr e%ti are the wei ghted average of the |ast three years of
credit factors ArP%bl e, scenarios can be

Referring to FIG. 7, the system 10 can also be used to run projections (i.e., probabilities of

default under different economic scenarios) for the years to come. Because in an embodiment of the

20 present invention, the credit factors 20 input into the system 10 in the general memory database 16
are the weighted average of the last fhree years of credit factors available, scenarios can be
accommodated in the system 10 through the manual input in the general memory database 16 of a

new “rolled-over" weighted average of future years of credit factors 20, based on how the scenario

will affect future credit factors 20. Both the old version of the general memory database 16 (i.e., the

25 one prior to the scenario shown as database (1) in step 74), and the new version of the general
memory database 16 (i.c., the one containing the scenario shown as database (2) in step 84) are
saved. FIG. 7, assuming the current year is 1997, illustrates how scenarios are accommodated in the
system 10. Steps 70 to 74 are identical in all aspects to the data input operations as described with

reference to FIGS. 1 and 3, resulting in data stored in the general memory database 16 similar to that
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hypothesis. It will be described bel ow how the probability of default
pr oduced FAR28HMEMd wi t hout a scenario) can be represented graphically to
facilitate their managemnent . \Y/ Qut put Graphics Facility
As indicated in FIG 4 and shown in FIG 8, the system 10 has an out put
graphi ¢ fWci | iQupet Epapliics Bdciliiphat i s, the process of present invention can
enpl oy any commercially avail able software
As indicated in F1G. 4 and shown in FIG. 8, the system 10 has an output graphic facility step
20 44. That is, the process of present invention can employ any commercially available software
graphics package to graphically represent the probabilities of default calculated in step 42 as will be
apparent to one skilled in the relevant art(s). The output step 44 extracts the probabilities of default,
P, calculated by the system 10 in step 42 and translates them into analytical graphs for credit risk
management purposes. FIG. 8 shows schematically how these graphs are produced. FiGS. 9-13
25 illustrate the graphs which can be produced in an embodiment of the present invention. These
graphs are described below.
As the system 10 can produce the probability of default for any borrower 12 in step 42, it can
also do so for a bank’s portfolio of borrowers (i.e., a group of borrowers). The results from step 42
can be grouped as belonging to probability of default ranges to be defined by the user, and these

30 groups of probability of default can tabulated in a histogram as shown in FIG. 9.
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and the results of the scenario exanple described in step 42.
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can take steps now to protect itself against the harnful effects of a .
recessi on. In a further application of the present invention, the lending institution can run scenarios
more than one year forward for each industry or economic sector within its portfolio and obtain a
25 picture of the future evolution of probabilities of default by industry for each year of scenario. This
is achieved by using the scenario option for each year of the scenario. Probabilities of default are
then calculated as described in step 42. Projections can, for instance, be inputted for a ten-year
period, hence returning a ten-year probability of default profile as shown in FIG. 11. This
information is particularly useful for long term planning as the bank will have some idea of the kind
30 of loan loss provisions it may need going forward. Moreover, the information allows the bank to

have a better handle in pricing future transaction. Given that the bank knows how the quality of the

credit it is taking on is likely to evolve, it can include some margins in deal documents to



In a further application of the present invention, the lending institution
can run-scenari os nore than one year forward for each mpg_.;lfs %9,@?
econoni ¢ se¥CP M ¥hin its portfolio anshobtain a 25 picture t uture
evolution of probabilities of default by industry for each year of
scenario. This I s achi eved by using the scenario option for each year
of the scenario. Probabilities of default are then cal cul ated as

descri bagdnipensite tbr%turﬁ‘islq'sem addition,ahe bink canrintlade somdeovenpnts ireils aounzents to
t en-year peri od henc returning a ten-year probability of default
profile l?féte‘éﬁm?titﬁel Elg hepfisks. information is particularly useful

for long termgh@np 'i%{?p?l dJf Qﬁdﬁgﬁﬁo&@b lﬂ?%r%ivﬁvgr?g%éd‘?&&s%ff pfdﬁb‘ibffl#‘ﬁlf @Bay1Pind

| oan | oss provi si ons i neea gol ng reover ormat1 on
al | ows tdre phsiaked by the systhmvl@ ia ststi. eWhien st @unmlpvm@mgrefdmue@nt step32GYystem

leen t hat the bank_ knows how the quality of the I S 1 k| ng
on i s51 i Kepffers gheoptiopdo use thestenwiss rrgEessioRdechpiqyie s tp FFSBE’QI fe]&Btf‘E: apep o
-23- t I

some coviasi SRR Gull bn 1 abifindl wekfing 1 aBSalo ¥y 228 13 ?*%‘52?‘#;?9 i

ri sks. significance used i3 chlléd thd ?starmdagdiaqahcoefficiemntcli andfthis isoplettétDor & gtaph me shovaust
predictors of probabilit def aul t ced by the system 10
i s shownFIGaién ‘Pfé%g‘i B%PP&E? -JR1 gcapg g%‘FW@Bgld?f‘ El}eédfﬂggedgﬁgqtgn;%é thymost
offers t |

ol ot veEniBRhiHobOabE i gl Wit S s fizE SOoHERNT KM AFLY RS nitd fnd
wei ghos, sébondasdit fmarsIZW ahb s@an:.hAf amdemto&[)by diesskitiegldn the re]fevant art(s), standardized
significance used is, C?{xfloéﬂ the "st andar coeffl Ci e " and_t Iges IS

pl ot t ed eR¢tiacights gascald tiv importanep @f jorindey HIFRETiG lgf)hn pMuifipie ragressiqn
can be dgharmnad a"bg% ddsBfbdd nliltltbélﬁrﬁwe: ﬁgﬁ hdetPvirta élea:@ﬁétcredu factors 20. To

significant factor due to its st andar di zed coefficient,
f ol | owedcdigulte stantardized cokfficientJonegecfornds a r@ﬂeslswhamhm sacB@ariabid 1mrmxa1ize@ﬁ>y

d Kill | di zed .. .
Coet 11 cf SRR PEw TGV By s crTpFY SR PeviRRST. Aepimaerized sor isicat
in ajsul b, lv@ellry%% éﬁén@ﬁxg on the fmgﬂr{' *zﬁnﬁx@& ngé’tﬁdtgﬁéféak&fsdbﬁiqjﬂghiﬁmem tae

i ndependent variables are the cred actors 20 cal cu
st andar demghlasdzaehau tthe ecm threeanedipfactfars 2@ must bg cessdared varefudlyorlndn mnag ifatures

normal i zed trac i.ts, ne d djvi.din estj mat
ey doaad Fastpmers 0 abaEs ol the ek il Bof Prar the itk 18 168 che P pretph P Fomers.
dependi ng on EBefurthetietihdméht Ahonesls thithe fitth dtAdtifSct6 M5 Oe mdRed SnifRARIBE BRIk
can enphasi ze that the tog three credit factors 20 nust beé consi dered

car ef ul | mwmmlsetlechsmyltfqmqfrt s factor for sl entireportiotior of hograwess 2 Thistis donre by
credlt WOr

bank |
Par 2t | rating RLvaAkTof iSSpdi eabR 20 B 1 Yoveha i e BRGSR mempy dembasg 1
si gni fi cakd plokttey Ra8khown in F?(E‘ @(aﬁgﬁoﬁﬁtﬂ'ﬁw ofob 'g@eg)hoéf 1. 33 igeHeang O bf

its entire portfollo of borrowers 12. This is done b extracting the
val ue f ovalbe§ io the emecalfm@mmw dztabasq Wsforghd criodit tfmeO ¢omsideredg cihervertioat agis yis

of the. gk gresptag By bofaics AR §REEnkth o fiond s 16 B AR i en

dat abasesdtfsdcibn bi@ie¢dripe] As Fae. t1<3rsh8Qs ,aQApe Aaider of Clienty ShthiS 8kandple shavé the fifth
25 credit factor 20 in the 0.4 to 0.6 range. In order to upgrade its credit portfolio quality, the bank must

redefine its strategies to capture clients with higher ratios in its portfolio.

The system 10 of the present invention is very useful in any country or economic
environment, but more specifically in emerging countries, to create previously unavailable processed
information on the likely impact, in terms of probability of defauit for each individual company, of

30 their known credit factors 20. Knowing a borrowers probability of default allows a bank or other
lending institution to price consistently across all credit transactions (i.e., to measure the credit

spread required, in a way which will remunerate adequately the lender for the credit risk taken). For
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25 published accounting records, although a limited number of years of information can be available);
and (5) clients' default experienced in the past.

A further use for the system 10 is by large corporate organizations in either emerging or

developed countries to actively manage their treasury flows and take a large amount of credit risk

on their own clients. A third possible use for the system 10 is by fund managers with unrated bonds

30 portfolios anywhere in the world as a way to screen issuers less likely to default.
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20 to be used as a basis for pred1ctmg future default.

If at least six candidate weights are found, then the next step is to pick one final set of
weights from this candidate set. First the mean accuracy of these weights is calculated. Then the
mean value of each weight is calculated across the candidate set. A vector is then constructed, each
of whose components are the mean values of the weights attaching to each credit factor. Thus this

25 vector consists of values in the middle of the range of each weight. If there are M credit factors 20
then this vector consists of M components. The set of candidate vectors together with the constructed
vector are then regarded as lying in a vector space of M-dimension. A metric is then defined in this
vector space as follows: Let d( x , ¥ ) be the distance between the vectors x and y. EQUATION (4)

then defines the standard Euclidean metric on this M-dimensional vector space as:

30 d(x,¥)=%(x - y) EQUATION (4)
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VIII. Example Implementations

The present invention (i.e., system 10, processor 15, or any part thereof) can be implemented

25 using hardware, software or a combination thereof and can be implemented in one or more computer
systems or other processing systems. In fact, in one embodiment, the invention is directed toward

one or more computer systems capable of carrying out the functionality described herein. An
example of a computer system 1400 is shown in FIG. 14. The computer system 1400 includes one

Or more processors, such as processor 1404. The processor 1404 is connected to a communication

30 infrastructure 1406 (e.g., a communications bus, cross-over bar, or network). Various software
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means can include, for example, a removable storage unit 1422 and an interface 1420. Examples

of such can include a program cartridge and cartridge interface (such as that found in video game

20 devices), a removable memory chip (such as an EPROM, or PROM) and associated socket, and

other removable storage units 1422 and interfaces 1420 which allow software and data to be
transferred from the removable storage unit 1422 to computer system 1400.

Computer system 1400 can also include a communications interface 1424. Communications

interface 1424 allows software and data to be transferred between computer system 1400 and

25 external devices. Examples of communications interface 1424 can include a modem, a network

interface (such as an Ethernet card), acommunications port, a PCMCIA slot and card, etc. Software

and data transferred via communications interface 1424 are in the form of signals 1428 which can

be electronic, electromagnetic, optical or other signals capable of being received by communications

interface 1424. These signals 1428 are provided to communications interface 1424 via a

30 communications path (i.e., channel) 1426. This channel 1426 carries signals 1428 and can be

implemented using wire or cable, fiber optics, a phone line, a cellular phone link, an RF link and

other communications channels.
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IX. Conclusion

While various embodiments of the present invention have been described above, it should

be understood that they have been presented by way of example, and not limitation. It will be

25 apparent to persons skilled in the relevant art(s) that various changes in form and detail can be made
therein without departing from the spirit and scope of the invention.

More specifically, though a number of applications of the present invention have been

described above, it will be apparent to those skilled in the relevant art(s) that system 10 can be used

to analyze a variety of financial risks. Changes to the method and apparatus of the present invention

30  will occur to those skilled in the relevant art(s) to adapt the system 10 for various lenders and for
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Appendi x Vi sual Basic for Applications Source Code of
the Proprietary Function (Equation (3)) " These are the VBA .
propri et arywopmnisosns used within the sx%dem 10 ' The funeCT/M™WS39/039781e"”
the logistic functions used within the "Witten by Alan Wng and
Andy Yang, Novenber 1997 "Terr] 1997 1Q Fi nanci al Systens, Inc. Al -
rights reserved. Option Explici t "Function to calculate the

wei ght ed data "' W 1is the resu of ighting credit factorsfor 1
conpany 10 'Cl is the constant from efléAEsti c function "Al are the
other weights frWuglhﬁsxl:%AEﬁlchuoﬁm&tcb@&eofmePr[(@%t@fﬁmMBﬁ ﬁf%hf(sﬁ act or e of

a particular conpany unction WD1(Cl ij ect

Qbj ect) Aﬁes%@@e@/ﬂ@pmpneﬁﬁ@*um&lus‘éd HRh {hee,tstemoSuﬂPr oduct (Al, A2) End
Funct i o The functiond #iae*t theXBgiftia fiinddonshsad Witih@e @1 | | kel i hood function "LL1
i's the |'ogrdeh kphiah Oy andPngYing, Noverhter naoni m zed to sol ve for 't he

wei ght s 'Z91997 1(Y¥igankial Syktems, B8UAN rights regeivedit i ng the credit factors

"Cbserved is the actual outcone of the conpany "i.e. = fail, 1 =
success Option Exfigincti on LL1 (WD2 As Doubl e, Cbserved As Int eger) As Doubl e
LLl = (Log(1l + Exp(WD2)) - Observed * WD2) 25 End Function

‘functi oﬁur{cnpndatahqulaaﬁf@wmteﬂé?ga | i keli hood function wit hout 'the WD 1
functl on WPDis ths respleof|wsighting|eredit feeford for Jisprepany s t o be 'mnimzed to

sol vaOf oCliirfe soesteghfram the logistic fepctipts t he constant fromthe | ogistic function
30 Al aﬁrlé’%‘h@%W@gh%?'ﬁﬁ??gﬁ‘%ﬂﬁW% | ogi st i c functl on ' A2 are the
credit faﬁa&tgc%?d“é“&mfaeﬂa IR Ny ' = fail, | = success

bs is the ac orary vari abl e cont ai ni ng
the wgi K’gﬁ?f%%o %@%ﬁ\zm\%@mﬁs{hq&nctl on LL2(C2 As Doubl e,
Al AS”Obj e ’ff)gf] hteger) As Doubl e 35 Di m WD3 As
Doubl e = CZ + Appl i cation. SunProduct (A, A2)

Function to calculate the log likelihood function
'LL1 is the log-likelihood, which is to be minimized to solve for
' the weights
20 ''WD2 is the result of weighting the credit factors
' Observed is the actval outcome of the company
‘i.e. 0 =fail, 1 = success
Function LL1(WD2 As Double, Observed As Integer) As Double
LL1 = (Log(1 + Exp(WD2)) - Observed * WD2)
25 End Function

'function to calculate the log likelihood function without
'the WD1 function LL2 is the log-likelihood, which is to be
 minimized to solve for the weights
' C2 is the constant from the logistic function
30 ' Al are the other weights from the logistic function
* A2 are the credit factors of a particular company
'1.e. 0 = fail, 1 = success Obs is the actual outcome of the
is a temporary variable containing the weighted credit factors ‘company' WD3
Function LL2(C2 As Double, A1 As Object, A2 As Object, Obs As Integer) As Double
35 Dim WD3 As Double
WD3 = C2 + Application.SumProduct(A1l, A2)
LL2 = (Log(1 + Exp(WD3)) - Obs * WD3)
End Function

‘function to calculate logistic function
40
' p_lis the probability

' WD are the weighted credit factors

Function p_I{WD4 As Double) As Double
45 p_l=1/(1 + Exp(-WD4))
End Function



LL2 = (Log(1 + Exp(WD3)) - Cbs * WD3) End Function "function
to calculate | ogistic function 40 ' "p-1 is the probability

"WD are thewsogsossl credit factors Function p-1(\W4 Aspdryubdoesoas
Doubl e 45 p-1 =1/ (1 + Exp(- V\D4))-31- End Functi on

- 31- What |s Cained Is: : A method for assessing the risk-
of a borrower defaulting on a financi aI obligation within a pr edefi ned

mar ket , r th teps of: (D) receiving a first input
i ndi cat |%r£fisv\€2‘? ?‘?tlae borrower has previously defaulted on a
5

financi al obligation; (2) receiving a second i nput conprising
a plurality of credit factors indicative of the ability of the

borrower],t o rgpesthéd fdrsssting tiskoet 4 Bdil'fd)\ﬂeﬁdb(falﬂﬁ?j&ﬁ kFRenéaY dligation within a
(3) determ ning, using sald first. |nput and said second input, a set of

wei ght s Rredefineg markef, compriging thecsiepsofsai d plurality of credit factors; and

() g L 8L 8l o il i e

met hod of figdneialobligauay;ei n step (3) conprises the steps of: (a)-
setting each of sail d set of wei ghts to a_pre-determned valu

(b) 35 cal cul @i ngreceyingy2 sepoadpnprt-gomaprising érPélHF’tlt}’f%fc‘tfﬁ% fws}esilaats\@tofdhe
wei ght S abflit 'orf%e borrow t8t3€}pilfr O%X%&Fal%% %ﬁc}d)e Entéaeﬁ A8t 15

(c) neasuaring said |ty ermn’ealevel of
fitness; (3) determining, using said first input and said second input, a set of weights to be placed

on each of said plurality of credit factors; and
4) calculating, using said plurality of credit factors and said set of weights, a probability

10 of default for the borrower.

2. The method of claim 1, wherein step (3) comprises the steps of:
(a) setting each of said set of weights to a pre-determined value;
(b) calculating, using said plurality of credit factors and said set of weights, a first
probability of default for the borrower;
15 () measuring said first probability of default to determine a level of fitness;
(@ determining when said level of fitness is not a good fit; and
(e) setting each of said set of weights to a new calculated value when step (d) determines

said level of fitness is not a good fit.
3. The method of claim 2, wherein said pre-determined value used in step (a) is zero.

20 4. The method of claim 2, wherein step (b) comprises the steps of:
(a) using EQUATION (2) to calculate a value indicative of the combination of said set of
weights applied to said plurality of credit factors; and
(b) using said value as input into EQUATION (1) to calculate said first probability of

default for the borrower.

25 5. The method of claim 2, wherein step (c) comprises the step of using said first input and said

first probability of default as inputs into EQUATION (3) to determine said level of fitness.

A



(d) determ ning when said |l evel of fitness is not a good fit; and

(e) setting each of said set of weights to a new cal cul ated val ue when
step (d) detwomwbasse said level of fitness is not a good fpt:wus99/059783
The nmethod of claim2, wherein said pre=¥eternined value used in step (a)

IS zero. 20 4. The met hod of claim2, wherein step (b) conprises the .
steps of: (a) using EQUATION (2) to calcul ate a val ue

:Olnglr g?f It yeo? 'T cr efé.1 eftit mlc? ﬁsmg”wg%mﬁlagt% (%5)&01111”.156(S 836 s\f\ep (%g gngﬁl I eggtﬁxaresagtlevel

| nput i noffitnEddAhh @ rhihimized bglmoteahsn & predddibrmghedambaky, | ity of def aul t
for the borrower. 25 b. The method of claim2, wherein step (c)
conprises the step of using said first input and said first '-d | ovel
il o] t 2f exmi ne sai %
g][ Ot???neﬂy ﬁ‘hgﬁfeﬁwéotec?mh{]@%geréﬂ s%cﬁgej’%ye%tﬂeﬁ] r?ﬁéo of ol aims,
wherein step (d) conprises the step of determ ning whether said |evel
[ by nore than _a pre-determ ned anount.

b
?Lef Imte'[] hbd of 1he 3 qrﬁ%@ %efrbznwwm Per (e spappiseice siepnitusing matigun hkehhood
8. ~ sIh tﬁ%ﬁaﬁqts?én&'ta'sgﬂ cach W €4if Dt éft‘%igﬁﬁ)to CRHRES 1}14}83&' R _of using

maxi me I I kel'1 hood. 5 estimation iterat to set ea set of

wei ghts to said new cal cul at ed val ue. 9. The rret hod of C:EEaJ,TTll’O\I
wherein gte e steps of ; usi ng

(2) to cdl cgl if%mrf%?% ‘?‘H’d CHRSTED SIFP () eompFissiine F'GHSBf sai d set  of

wei ghts appli g t Ousigh EQUAHIBNI(BYto¥h1chlatdh balli@fldRlative 3Ffhe combination of said set of

weights applied to said plurality of credit factors; and

(b) using said value as input into EQUATION (1) to calculate said probability of default

10 for the borrower.

10.  The method of claim 1, further comprising the step of graphically outputting said probability

of default for the borrower.

11.  The method of claim 1, further comprising the steps of:
(5) determining, using said first input, a level of predictive accuracy for said probability
15  of default;
(6) determining, when said level of predicative accuracy satisfies a pre-determined
threshold, whether said set of weights are unstable; and
€)] generating, when step (6) determines that said set of weights are unstable, a new set
of weights to be placed on each of said plurality of credit factors;
20 whereby said new set of weights are deemed sufficiently accurate and stable to be used as

a basis for assessing the risk of default within the predefined market of different, new borrowers.

12. The method of claim 11, wherein step (5) comprises the step of using said first input and said

probability of default as inputs into EQUATION (3) to determine said level of predictive accuracy for
said probability of default.

25 13. The method of claim 11, wherein said pre-determined threshold is 107,

E
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(b) using said value as input into EQUATION (1) to calculate said

probabi.lity of default 10 for the borrower. 10. The net hod of
claim 1, fwotshagesgonprising the step of graphically outputti RGTSEIN05978
probability of default for the bos?ower. 11. The net hod of
claim1l1, further conprising the steps of: (5) determ ning, -

using said first input, a level of predictive accuracy for said probability

e o 38! aulthe method of claim 10 Aihereiff L5 (4] Afiisct iR U | OV ©f

predi cative ‘accuracy satisfies a t'er threshol d, whet her
sai d set of (el ghdestirgy €achnsftsaid plurality of credit factors t07%) randogéy eelattied hewniraine
step (6), determ nes that sai.d set of weight sfa[ﬁre unst abl e, a new set

of wei gHhesein saigdiey valug isowitiun @ pessentage Jange RTHhe plevius¥alif-t factors; 20

wher eby sai ew ﬁz\q t Sid ﬁ:rQlﬁﬁ”@fd? % feh Gl v & st gRke |
to be used 32? "sﬁ%ﬂ%gn ’ss?l%réés?esm gt né&'ir iféﬁbgpﬁge?%ﬁg{%ftﬁl ' he

pr ed®ef ippetshbitity lof defatltdof fherberowenew bor r ower s. 12. The met hod of
claim1l, wherein step, n st input and

5), i ses..th f_ usi
sai d prEbhabi PERsy S)a’a!lr@Cngrar'pI{‘fIo gﬁl‘%‘?ﬁ@ﬁﬁi@ @E%hw?

2

sai d f]
_ PR : b‘ﬁ‘(‘?j °k ngster mi ne -
sai d | evel qf g;teﬁ%%ﬁga\ggéﬁrmhﬁ, ofﬁmessqggg%gmg lity of default.

25 13. The laim 11, ereln sal re-determined threshold is
10[err]. (e) setting each of said set of weights to a new calculated value when step (d) @8termines
14. The, et h of ¢laim11l, wherein step (6) conprises the steps of:

(a) Sagleyy 033"&?561‘5 g%ﬁt:ﬂ)}?ﬂ urality of credit factors to a randonly

sel ected new val ue wherein said new value is wthin a percentage range
of the previous val ue. (b) calculating, using said plurality
of t@ediSt f atheomsthaddfciinm 14 cvherkingaidjpersentage jange usedanaiterbial is fromf0% ¢ AA.t
for the borrower; (c) measuring said first probability of
default to determne a | evel of fitness;

16.  The method of claim 11, wherein step (6) comprises the steps of:

(a) receiving a number of desired iterations input;

(b) performing a maximum likelihood estimation iteration said number of times, wherein
each of said number of iterations produces a resulting set of weights; and

15 (c) using a stability process to select one of said number of said resulting set of weights.

17.  The method of claim 11, wherein step (7) comprises the step of using maximum likelihood

estimation iteration to set each of said set of weights to said new calculated value.
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(d) determ ni ng when said |level of fitness is unstable; and

(e) setting each of said set of weights to a new cal cul at ed val .ue when
step (d) detwonpmsss said level of fitness is unstable. €T B809/05978he
met hod of clam 14, wherein said percentad& range used in step (a) is from
0%to 1% 16. The nethod of claim11l, wherein step (6) conprises -
the steps of: (a) recei ving a nunber of desired iterations

' t; per f ' ' likelih estimati ..
Lorat i ofsai d ST gpseBiing B AR of ApfiRattey oEhono'er afilng b BRatsfal obtigations
I terati oRgthd Qgﬂs&ﬁned hfaskdtdomgprispig: of wei ghts; and 15 (c) usi ng

a stability process to select one o%. sai d nunber of said resulting set of
wei ght s. (a) 17.mearpHer seackdag @f plaraditynof firstvinputsiindisatie ¢f7Wwhetbapeichesf the

t he step i 'qwgl kel J .estimation iteration to set each
of said Eg{m‘g’ rsv\ri/%va ?és 0 ig%&gufﬁ%gv&g%ﬁ@ﬁ?%ﬁe l‘&ﬁﬁ'%. _

-34- 5 18b) .Anéatﬁtfeméo@fv.iﬁ? agfieralify bhSecbh@ knpits SorRpridiag atplufity of credit
borrowers defaulting on financial obl |tgat i ons wi thin_ a predefined

mar ket , EastRFsiiBdigative of the ability of eaph of theehosrowesy to repay wi fimangiablobligationyingthe
first Inpi&gﬁ*l&g Caldive of whether each of the borrowers have
previousfy defaulted on a financial obligation; 5 (b) nmeans
for receiving (e pl unednstfyr deterntniapghisingaidpleRlp ofFirstenpitdndrsaid plirakfy of E@dhd
factors [ndicative of the ability of each of the borrowers to repay a

fi nanci af"PYE} RRAHTREEY ofetsipf weights to beyplacdoen eashiof said plurality of credit factyrs for each
meansy of OBf%&%B%WS{-QmH‘Si ng said plurality of first inputs and said

bt

plurality of secon inputs, a plurality of sets of weights to be
pl aced on eaclidpf sagehepdlutasdbate thaf contaitista feaoidofos eficli beraewer] Whefeis giid record

borrowers; . and . d ] ner al dat abase that contains a
Fecord { BV fhassrresnerdiogats 0 s AnARE Eres of weighin shd Aot Arst inputs, and
Corresposkﬁafiﬂxraﬁg&fseé&idji_nghﬂgrféiléa}a)ib%o?feﬁrsanﬁf wei ghts, said plurality of

first inputs, an sal lurality of second inputs for each borrower;
and () (eheans forprsessing gaid cxesdnin sl geneent datibaseninsaier tgenkubite a

gg? ?(b)@z?g}o%agflﬁ}ethgfaﬁﬁllfgruéa% %f?l:\el!?onpor“(/)etr)'gbl Ity of default for each of the
19. The system of claim 18, further comprising:

§3) means for graphically outputting said probability of default for each of the borrowers.

20. A computer program product comprising a computer usable medium having control logic
stored therein for causing a computer to assess the risk of a borrower defaulting on a financial
20 obligation within a predefined market, said control logic comprising:
first computer readable program code means for causing the computer to receive a first input
indicative of whether the borrower has previously defaulted on a financial obligation;
second computer readable program code means for causing the computer to receive a second
input comprising a plurality of credit factors indicative of the ability of the borrower to repay a
25 financial obligation in the predefined market;
third computer readable program code means for causing the computer to determine, using
said first input and said second input, a set of weights to be placed on each of said plurality of credit
factors; and
fourth computer readable program code means for causing the computer to calculate, using

30 said plurality of credit factors and said set of weights, a probability of default for the borrower.

* c L M S *



19. The system of ¢l aim 18, further conpri sing: (f) means
for graphically outputting said probability of default for each of the -
borrowers. w0 99/48036. A comput er program product conpri Si ng PLTCUSHPOSHTB
usabl e nedi um having control |ogic “Stored therein for causing a
conputer to assess the risk of a borrower defaulting on a financial 20 -
obligation within a predefined market, said control |ogic conprising:

first cogputefpk eatdBler p) dueflst di& GA YAl Mird L &bl frogram
receive gp'fi r;rth [ npgt P gﬁ)i&%glmcat ?ve o?m%%et eér tﬁer&ggrm%s pro

pr evi oustgdedméansicoaprises:a fi nanci al obligation; second
conput er readall e program.code neans f.or causi ng the, conputer to recelve, a
second i NETHCOBA FEtdAble SroAFAm RO JRegRs O SRISInEAR FRRNIF faseleprlyel sgid set
t he abi | Bf%e%mttﬂeaﬁ}efdé&‘ﬂﬁinehwd&ﬁay a 25 financial obligation in the
predefi ned market; third conputer readabl e program code neans
for cdusing t kixtltoorpputer readable programeodeimieans for causing dhe fcomputer ppcalcwlatt, vsing
second i npyt .set. of. weights.ta.be plac on. eac f.sai | ural jty of
croait SR pjurliRre s ha sa 36 gt SR HiTwb R Rt defRult 5 she Yorfeere
means for caugkvith ESniREPia@AbIE Proprdrh Bbad MeattSfoP BaudthgShb oRbliferld fkbasdife said
credit factors and said set of weights, a probability of default for the
bor r ower first probability of default to deterrhiae @deyaloéfitnessigr am pr oduct of cl ai m 20,
wherein said third conputer.readabl e prpgram code neans co i, Ses:
fifth comput e S UAEABPRCHFAIAPIEPIORtHn Roskiuchis forsatiuns fhechmpulit il dssrranpe when
each @ s&ddeve®bf fitness i@fnov\@igbdl fit:ta@pda pre-determ ned val ue; 5 si xth
conput er readabl e program code neans for causing the conputer to calculate,
usi ng s aiténth comapter yeagable peegramicode sreans frr causing thetcogipulasitg hetsack of said
first pr iJ J I r r rs eventh conmput er
r eadabl e%&?}gd%ééén %g%%g%eg%lgmfager "c?ia‘ll}ﬁv%g‘ {ﬁgaé\gggtrtrlpcl?fn é’rut?rgeargégr;éff%grgg]i e mcas
first prdewhhidet yaioflevdbbifilresd o ndeagood fie a | evel of fitness;

ei ght h comput er readabl e program code neans for causing the conputer to
determ ne when 10 said level of fitness is not a good fit; and

inth t i
cach of o5 q THeCBRBAlerpRighih BRGRG JHRADD, WRbreFRMR! Ah BEmERAPHA G Brobfm
conplultSer codmntaimsecopizestm code nmeans

fifth computer readable program code means for causing the computer to use EQUATION (2)
to calculate a value indicative of the combination of said set of weights applied to said plurality of
credit factors; and

sixth computer readable program code means for causing the computer to use said value as

20 input into EQUATION (1) to calculate said probability of default for the borrower.
23.  The computer program product of claim 20, further comprising:

fifth computer readable program code means for causing the computer to graphically output

said probability of default for the borrower.
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determ nes said level of fitness is not a good fit. 22. The
conput er program product of claim 20, wherein said fourth conputer readable
program 15 WO®/4884ns conpri ses: fifth conputer recrasdomsors
program code nmeans for causing the conmpter to use EQUATI ON (2) to

cal cul ate a value indicative of the conbination of said set of weights
applied to said plurality of credit factors; and . sixth

conput er ppeadakl i the conputer to use said
val o a6 20" he Rl A bE R B bRl 20 BB oMt b 11ty of
default for t Hdthmmipmterreadable progiath code Theane €ifidhisifg BHeO@naiatEY 18 Wdferme, using
claim 20, fuyrther copprjsing:. . fifth conputer readable program
code meafddfyst IpRYs? ei W!eprg@ﬁﬁ‘(ﬁ gcurasy dorsgid prabeBilibiefdsfault,  said
probabil ity ofg atbbtaf . .

e 2§ tlphuet R pRALLR Khe means for capsing the cagppuret o determine, when
conpr i%i wgid level of predicativé adctifacy satinfics n presdetedntiaethagshold, ddeheresidsef sFweights

causing the ng]? ut er to determ ne, using said first input, a level of
predi cti P& WEENUY%f or said probability of default; sixth :
conput er readablaPEREnRE reaiibId TS ' Whe
when 5 said |evel of&gfr;edi cative a cur%?jc/ﬁ%gltﬁl s?f%%ﬁgggg%ﬁtglr‘%%%gél%&%heﬂ
t hr eshol daidwsixsh hemputer radatile pfogvan gbdesmeans dermines siat bhid setosfdveights are unstable,

sevent h caonput er.readahl e program cqde npans for causing the conputer to
generate? "\%E’esr??of welgggi 3 %g ipi‘l"%d OB %t}sa;dggargy%o%ﬁrgg,t BetIsde neans

det eryg nes t haihesbybafPiew fet T vttt AeQelsd Abe; '

to be placed on eag% of said Iurlal ity gf crg‘gllﬁtlepg%tagcr%?{%%{d%%l@{o%‘Hes(rggtgi
sai d newadasis §r azegsging sherisk t withihitb¢ pretéefmescnankat ef diffdresit,ateebdreovers.
used as a basis for assessing the risk of default within the
predefined market of different, new borrowers.
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