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WO SR4/CENERATI NG Rl SK FORECASTS BACKGROUND OF AEIEZUS2004/003792
I NVENTION 10 1. Field of the Invention [001] This
invention relates generally to the field of
i nvestnent risk managenent and, nore specifically, to
a system nethod, and conputer program product for
generating risk forecasts by predicting future
voharhACToR BfSEi MgbBL1BASEDCKYSAEM, pMETHOD|, 0BNDf COMPUTER
stocks. 2. Discussion of gsruwsmackground [ 002]

Accurat e anskgman ngfillcENSHa@nd weisk ioessgtgal  to
superior investnent performance. A standard definition

of risk is the dispersion or volatility of returns for
a 20 single asset or a portfolio of assets, usually
nmeasured by st BAEHGRAND 4 GrHE [DOZNTStGhdar d
portfolio theory, and nodern anal ogues enbodied in a
range of value-at-risk (VaR) nodels, require

1estimmdies of v atrddddvi@nd covari ance between stock
returns 25 in order to generate a risk forecast. It is

[8Bhh knownithatn disding the Naly aamle L Q@i mG8 e1d of
matrix leads to unreliable risk forecasts si
ipveabwentosiginpapaganensr snflaveore BeecefitpateEd EPof

|8, b5l B ot B BoRILLOLLS Bl

rosdefotrecabtai byt beedecesagr yueavariahaeiliratr bX. sThgie
is a mani_festation of the so-called curse of

SBPRERAsPBAaPPEY LOELPENEF, SEREXSut - of - sanpl e foreéasting

performance of this naive estinmate is hanpered due to
Zgivﬁﬂfcu351on of the Background

[002] Accurate and meaningful risk analysis is essential
to superior investment performance. A standard definition
of risk is the dispersion or volatility of returns for a
single asset or a portfolio of assets, usually measured by

standard deviation.

[003] Standard portfolio theory, and modern analogues
embodied in a range of value-at-risk (VaR) models, require
estimates of volatility and covariance between stock returns
in order to generate a risk forecast. It is well known that
using the naive sample covariance matrix leads to unreliable
risk forecasts simply because too many parameters have to be
estimated from too little data. As an example, for a
portfolio of 200 stocks, 20,100 parameters should be
estimated in order to obtain the necessary covariance
matrix. This is a manifestation of the so-called curse of
dimensionality. Further, the out-of-sample forecasting
performance of this naive estimate is hampered due to giving

too much weight to the idiosyncratic component of risk.
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too nuch weight to the idiosyncratic conponent of
ri sk. WO 2004/ 097595 PCT/ US2004/ 003792 [004] The nost
weeomoyrsemy to deal with this problemis to i PEDES2004/003792
sonme structure on stock returns. In other words, it
Is assuned that stock returns are driven by severa
common factors. Consequently, volatility of stock
[0@4]” ns Eaa:armstarcgmrf}orbevaerxmomd@i i ttha-hicl atddidltepn is
factor retuy The ed risk nmo i S
Gl RIS Pabfor L RrERe ot SERRE CHERTEUP yetm OEiRp) Bomas.

itrageseskmbe tRdUcetbbRr rsuﬁsﬁsoérdlaﬁnsEﬂnaylbyvaﬁdl
to identify sources of risk. In, addition,_.a factor
CPPRRN nHABE ORfik eSONECERERE LB eVPHAFII1BY 26 BhPFkeFgturns

céﬂdlngéiy BBr@xb@?!ﬁ&drb§ktﬁét08§£€§11t§dgftEQEEB&Y’

factor 1isk makes it wor kabl achi eve nore
ratunnateThéosmacdnstkchgd risk modetassscall605h Bactor

PEr 5 f cto sk nDd has to address the ol | owin

e PR BRac Ry 1 hi bhy Bk Sha Foatfale FEdBevPhk, b 182h8Y e
cé@ﬁ@ndf ﬁim@ﬁglbﬁamﬁtynhﬂﬂtEMelﬁénuﬁﬁy gbiutdesi bfhassk. 1In
to be parsinonious enough to avoid over-fitting and

agdaranteca Ade§ont siskt nefedampkespekf brashekle to filter
ofit ALY, ohk gg%glheﬁbﬁ troBQEEDPééktéS§tht%E°Ck

returns rn order to reduce nolse and to achieve the
Adétoipoaliyons destbedrnaknmbde@ mnakest irenwvo2Bable to

d h d Ki f
R SRRy B D TEE 1 s oL
Ml W O

fS@ﬂBMEﬁ? @EQQE@"’P&QQHCt1E0ﬁusgeﬁérﬁéhﬂgb&ésko estimate.
forecasts by predlctlng future V0|atl|lm% A single
sofdi

Setounfls ahdhper tbobrodnohisivekso 11667] Y hés to be

pggglggggghgegkooght@% Eggﬁatbggr %h%tlng and guarantee

adequate out-of-sample performance. Finally, it must reflect
commonalities iﬁ stock returns in order to reduce noise and
to achieve the decompositions desired in making investment
decisions such as hedging, bench marking, performance

attribution, and segmented analysis.

SUMMARY OF THE INVENTION

[006] The present invention provides a factor risk model
based system, method, and computer program product for
generating risk forecasts by predicting future volatility of

single stocks and portfolios of stocks.

[007] According to one embodiment of the invention, the
method includes: selecting a set of securities; selecting at

least two risk factors associated with investment risk in
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nmet hod i ncludes: selecting a set of securities;

selecting at 30 |least two risk factors associ at ed
wowadoh/oysyest ment risk in 2 WO 2004/ 097595 PCT/US2004/003792

PCT/ US2004/ 003792 the securities; determ ning, for

each selected risk factor, the risk factor's return;

constructing a risk factor covariance matrix
th©r$%spnhUiag;tdethem$eiegteﬂori@kchfaele¢sed risk factor,

CAETPLESHAPSGP" S PHESHRS, b BELERES. B Bear

Tt 8 ¥ﬁeuse6ur| ifés I'nh sefecte%c

cSesut a:hdzésmadﬁliﬁr gbpragpoh@ingach srbegttdctédkrisk
factor, a risk factor |oading coefficient for each
f%%E%FFinPﬂSFHECtéég aErb?é%?Y%ﬁr?EécrV§R1F%€?omatrlx

cSP¥@§b§H8§n&aE5'Ehénggc§r1£9é§r§nfQﬁ@0§é1e0E58r§Q¥ of

producing a future forecast of the 10 risk factor
seovnithase deterxinand, pfo;ee@chgsehectedlnsyhcfa@tor, a

vari ma nto a ure reca
ey Rt e ol Patire PoPechtttsr | PRECRRIn oROREERY in the
s¥af i pR6§eclBLAGX thehel skNfhBeodetevatngtcei sKkctagt Ohto a
| oadi n coefficients, the future forecast of the risk

fFEE?@rg95e€6§EV|EhééehﬁtprﬂduﬁﬁﬁgtﬁefFEPE?efPéﬁééﬁ§tOf the
rQEktPﬁctbQ'88¥QQEQLb8 ¥aL] éﬁceaﬂat%¥é?ﬁgelﬁs pggd

together to determne a forecast
igaospnceatogavhaneaceamnatbxikointal & Seturet Leserasthe

el ected set of sec ties 008] .In_s referred
cBenehy reroducfhe 8 LtbreoEoterar Arnehe RaFPRKhfaRtic
vhtskntachatrh@adisnareosaf thei gatetRlinea st orkrhBebydesading
performng a time series regression to obtain the

C@@ﬁé%?#@ﬂ??rthﬁhéu§P§@kf§r¢@P§FnofotbﬁrFaﬁkoﬁ§0tpﬁ
CBOSfFéﬁI QEQEXS aﬁé Fﬂe Hse, 0L EBkécésetBEetﬁé”((?)

resu etter r's act or exposure estinates
1éhbeyn25atmcluarmanoé matmarkedt bactieed whpehheantbe
deter :10_1[1era %orecast of the variance-covariance matrix for

all securities in the selected set of securities.

[008] In some preferred embodiments, the step of
determining a particular risk factor loading coefficient for
a stock includes performing a time series regression to
obtain the sensitivity of the stock’s return to variations
in the risk factor’s return. Use of this feature can (a)
result in better risk factor exposure estimates, (b) allow
inclusion of a “market” factor, which can be a major risk
factor in terms of explanatory power, (c)reduce the number
of factors needed to explain stock price movements, and (d)

create demonstrably better risk hedges.

[009] Additionally, in some preferred embodiments,
implied volatility in the Chicago Board Options Exchange VIX
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factor in terns of explanatory power, (c)reduce the
nunber of factors needed to explain stock price

worpaeneisvs, and (d) create denonstrably bett ePCT/US1004/003792

hedges. [009] Additionally, in sone preferred

enbodi nents, 30 inplied volatility in the Chicago

Board Options Exchange VIX 3 WD 2004/ 097595
oPCTPS2e0u£60392adnpetohhesruskdmodedd] et cehbureskarket

e%%?%%?F????af%%iﬁf“?%isé%%§éggﬁ%?2iﬁQ? ?EaISFSEGanﬂ
@BYRL: 0P st A B 5 e AR G the

ptBseptesaibnt NYANt bNwedl eadesEEi BedubBudet @ahll BpboMtion of
w th reference to the acconpanying draw ngs. BRIEF

PPESERr PE| eNPofiTRELDRAN KOS PUBSENt ThBVaREsAPangtfg

A , < Whj €] r t repn d ;
AL B3, LSRR Ppe Do PELR P08 Sl el Bblfbanying
deawodgeent s of the present invention and, together
wWith the description, further serve to explain the
princi pl es ofBRIEF i DESOHIPITGNR OrHEm aif 28 EANGEr Son
skilled in the pertinent art to nmake and use the

[oo¥ent i orchd mdd@npEnydraMgseidd ke wiefel enee imugicrated
i ndicate identical or functionally simlar_elenments.
hagaini endl Egrmt RerFePE- hBSt sPargficafion, alténrekente

' ! e ‘ . ; ) . or
oBUShE s begs! e ghanbpeglc JAUEHLLYR LRke ebGBcrer
wiithusheatieagrappionessurfBeacserdengot exphatnbbdenent

eSphIEabRLSEL LD, 28RN oF! Sia7 iR EbTam! HRLER) axinaea
igi gHkapkenihesHl bt to make and use the invention. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the left-most
digit(s) of a reference number identifies the drawing in

which the reference number first appears.

[0012] FIG. 1 is a flow chart illustrating a process

according to an embodiment of the invention.

[0013] FIG. 2 depicts a typical balance between in-sample

and out-of-sample simulation results.

[0014] FIG. 3 illustrates a general purpose computer that
can be used to, among other things, implement the process

illustrated in FIG. 1.
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[0014] FIG 3 illustrates a general purpose conputer
that can be used to, anong other things, inplenent
W b@4psseess 25 illustrated in FIG 1. 4 WO PCT/US2004/003792
2004/ 097595 PCT/ US2004/ 003792 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [ 0015] While the present
i nvention may be enbodied in many different forns,
t her ®HTAIHEHT IMESTR IRGTEN OFh THét AREFARRED [EYSROTAMENT'S
enbodi nent (s) with the understanding that the. 5
[PoESENt disidleostivee pre stem th e nvemsiider m&yabearené»oamelde in
es of the ipvepntion

of the rinci
T CAGEEETGAT BPTRE hetPeRaent | OFPTDLERE PRFOCE, M edetail an
1@D@QQ£§€D§&Sembeﬁgééﬁtegﬁowﬂtﬁgtﬁé ﬁﬁ&ef@ﬂ&ﬁ&i@@ that the.

future volatility of a single security (such as a
psesek) @isalpsrreolfotefbaoceesideredsas sapreypmpdd oy the

p%ﬁggléfgs o%aEﬁgr1£bé§tf8geén§m¥§r§e9 £§€e£8é§' e%ﬂégt the

ecur | over a period isrep resen
imhensﬂ@moforEherm$1a§trabedaembodbmaﬂtr@us sel ect ed
risk factors representative of systemc risk of the

[0BL6ERl t ooyl dheasaty i eliongs fsuwet a®ldtS.lity of a
stocks), 15 plus a return representatrve of _a
S%@%%?l??cgﬁeEYflEu?hsﬁss%e%FP?% tort haPoseEAtiPyCt The

se@éP?@yég lQr 88£8€e fby'QébH@fﬁ& £h§£c€§fhr§§keﬁ58gl

system c risk factor as on a security Is represented
wbgralﬂathertbbaarngtuoef@fcaeaGCEmltFaQVQr dopdirhgd of time

coefficients . for ch sel ected, risk fact or, each_ .
i§ofebrenctlaq, b, BafootR: o S5cht s ef ik EbufRpl BLifafhirions
sélskramndel spqEattonst pepretentealveebar 8y dabmi 6VeisR of the

preselected period of time. In a preferred enbodi nent

nankebr tPowhi il EBef sEePEAEY RPLOBSE ai feahfaf UnSenipeks).
pgﬁ%vgr§8t8£naféb¥gséﬁEHEi%éeéf(éuggc@§1t§0£pgéﬁfgberlsk

specific to that security. The “exposure” or degree of
influence that each selected systemic rigsk factor has on a
security is represented by a factor loading coefficient f.
Factor loading coefficients for each selected risk factor
for each selected security are obtained by fitting the
factor risk model equation to historical return data over a
preselected period of time. In a preferred embodiment,
factor loading coefficients are obtained for an entire
universe of active securities (such as, for example, all
actively traded U.S. stocks). In addition, a factor
covariance matrix future forecast and an idiosyncratic
variance matrix future forecast are obtained and assembled
in a data file(s) along with the obtained factor loading
coefficients. Users, such as portfolio investment managers,
are able to use the data file(s) to calculate a forecast of

the variance-covariance matrix for all stocks in the



10

15

20

25

25 actively traded U.S. stocks). In addition, a factor
covariance matrix future forecast and an idiosyncratic
wo a0osmvmses mat ri x future forecast are obtai ned BEMUS2004/003792
assenbled in a data file(s) along with the obtained
factor loading coefficients. Users, such as portfolio
i nvest nent managers, 30 are able to use the data
ufiivetse o0 sabchbtateof tloeesastkofinttiee universe
vari ancescovariance matrix for_all _stfocks in th . VWD
COBBATRTSEBI PET/ 0%‘21?‘6]6%7’9%01%%?%%& T %OjéE’g%Z%oof
1hPEs ShOsK SmhRabbes UNbYLEE61160r responding to the
stocks included in the portfolio investnment nanagers'

(061910l 1 @d 0Q1%]s Bl 1ol ichalof hQWuEhatl iidd us x?athdg“s% 100,

a process 100, 5 according to an enbodi nent o
atpeedinontofan gehedaneémy of thekifvewmtast. Ppocgsserating
100 pegins at, step 102. | tep .102, .t or re risk
2 REEh SohRERAt ot oot el el BPaiddian HEe8 181g) HhKeen
162 ef erabby, mbhe vDENersetofsseh@csedrstrcksivdbse are
includes all of the relatively active securities in
seheckeflevant narket (but this is not required).

Assum ng, for exanple, that the U S market is the
[pel8lant Anaflesablvhertha paiyenss & ¢felcd@ds shf

ks
B T P e A
rébevananmSrkek Exchaties ihendASDAQiNatdpnal AdAukehyg, for

and _sone snmal] cap_stock i,e., "over the counter"),
YoR8F RFERCY Lol eantrtaebelS RS HF hGVEGE SORBRSE ) then

tREehgivedsembedsaBRkS  may ecbAsnki f b@daﬁ%ﬁ&%éﬁsgﬁns, 000
sources under alternative rationales. In selecting
stpeksf atrotyding sheckholrdmarhet BevaperkeSEpsk Brchange,

tgéfgﬁé%@&aheggggkaﬁgchange, the NASDAQ National Market, and

some small cap stocks (i.e., “over the counter”).

[0019] Risk factor candidates, according to some
preferred embodiments, are identified from different sources
under alternative ratiomales. In selecting risk factors,
one should aim to capture risk at different levels and

different directions.

[00201] The selected risk factors should be intuitive and
interpretable in order to simplify the portfolio evaluation
management process. Additionally, selected factors should
make a significant contribution to the model’s in-sample
performance. However, in-sample performances of the factors
collectively (total R?) do not reflect the model’s
performance in actual applications. This is because the main

purpose of any risk model is to provide accurate volatility
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different directions. [0020] The selected risk factors

should be intuitive and interpretable in order to
w@ReopldTsys t he portfolio eval uati on managenent POT/OSEE4003792

Additionally, selected factors should 25 nmake a

significant contribution to the nodel's in-sanple

per f ormance. However, in-sanple performances of the
fprecepss . cBheresefpyel yoplst ARCRRYSdbhabt hpee| acperkéstent

eg‘EQSE 3n Eﬁéf %HQEEE:L&Q aghual QBBkhEaEhogﬁedIQﬁnbsthe
ecause the main purpose of any ri sk nod 'S tO
fptavedeocdecuilaty wdl ahiel pbytGoW02004L89M68% is a very
.PCT/USZOO4/00379% f orecasts. Tgerefore, nly factors
PRI tRRVe 1§SPEr ST sPBAt VOB 88t 2 Htheu%ngFP{“P}ecan

pBerusRbHkel BEPERMI £bHRY .t BBe hHLHN €aMebati LhtYuBkat B8 the
portfolio. Parsimpny is a very inportant issue if one
megeli eshabbetteut 18f thanppbded’ peifioppmndée 6fti hbut the more

l.. .The re factors included_in-the _nndel . the .
R e i e
tbbi mgaycdacgorar angof eam okt tehesapphi” peLmpeet bvéngs
Throwi ng _too many factors into the "kitchen sink"
neiffr yrBERRYs ChBRs e PARREL OBhan i nf or nmation. 10
LOOZl] FIG 2 dgﬁicxs a typical balance between
[PA234npl E1@nd slRRits shpherigaiulkaliasire asfiveen e sample
ARl LEONLEL saxbie LAfLEALESH besupRel rAL hBekabAraRdaxis
the vertical axis 1ndicates the in-sanple an
ipdiicetesathkenpebtor min€estofroandl tkedveptical axis

.denonstration,purposes). The in-s | e curve 5is

S FaREFnG P oDin" CONBLGCEPE |« RECOPFGPAEP L FoPREZORRRER S

(heveal s zetiheokaWeRbndLFhBi A PUrpBEHENS” ThA EﬁLQEmFﬁe curve
y

.in- sanple fitting. Econom c variables are generally
1gverrappedndsubhtt RaRCcaygi tPorle Prieinali paint, which

r%@@&i%bukﬁg EXWaneéﬁﬁﬁnishing returns” in terms of in-

sample fitting. Economic variables are generally overlapped
such that additional information contributed by an extra
variable to a benchmark with a few most important variables
becomes very marginal. After a certain point, additional
variables will simply bring in more noise rather than
information and the out-of-sample performance will start
declining. This suggests the common modeling rule,

parsimony.

[0022] When applying statistical in-sample inference to
select risk factors, one may wish to keep in mind that only
out-of-sample performance really matters in the end. A risk
model is an investment tool used by portfolio managers, who
make investment decisions based on estimates of future

returns and volatilities.



10

15

20

25

30

variable to a benchmark with a few nost inportant

vari abl es 20 becones very nmarginal. After a certain
w@eionn975exidi ti onal variables will sinply brinBCT/HS2004/@3792

noi se rather than information and the out-of-sanple

performance will start declining. This suggests the

common nodeling rule, parsinony. 25 [0022] Wen

[20BByi ng Bt ot i B¢ ek ¢¢- slppdl Ememt epentee t bavert kot

i factans,; i t e in._m.nd that on

TETecEAT, G MR TR WSkl OBk RIS 00 che
seicsk 1 tiedelchas amel edsionemialtyeeld .usedrbyxpaptiigl 20 set of
mana o . nake invest ment deci si ons based on

wh
fagtp er%?a&faﬂﬁeaﬁéeé@.Hﬂ%ﬁﬁ@ngﬁdt@8|§vﬁwﬁm@é§c righ of
120046834285 mBGTHHS200ARB3 L9 ePPe3bnkn @ nRhel@idgd such

enbodi nent of the invention, different risk factors
ash&anadpenc Rys@nKdepéndiisg ofhtise omecupit ised ecliat ar e

[ alLyze r..ex e, a set of .factars_ that
A RlalE Hfpre BB gy, Buhlvedhe LRSsEn Hooke chan
wikeac kaalwyy inat vadeqeabelky .r epresent ot her stocks, such

as Canadi an or U K. stocks. Thus, one nay select a

[GioRlgr entTs edndf edissd Bhisnhen anal ¥z &g Lanadid the U.s.
stocks than when analyzing U S. stocks. [0024] In one

maxkE & mEhe &P LiREingyéncitons feiret RBoges: magkednkeector,
ihﬁgskeyhogaag gﬁatg&%wggge %%%n'a@@5§§tarze§%ﬁ;,58

I ndustfy, size and™gro ese factors are
cepptree dditffberant deggress odf coovealnat banbbetvsean aaddwithin

M t_hi different groups of stocks. For instance, , .
SFREPPE PES BF 0% GLREEn ¢« RE sang PRdGs: Py araLities of

s@bkken iAot hank¥mBy i haukekgt bkt ¥refchhaotabketl, fct or,

but also by volatility of
volatility of the market factor, but also by volatility of
the industry-specific factor. The present invention,
however, is not limited to this or any other specific set of
factors. These factors are listed merely to serve as an

example.

[0025] The market factor is defined as'a return of the
weighted portfolio of the largest stocks. The sector factor
is defined as the weighted average returns of top stocks in
a given sector. Similarly, the industry factor is the
weighted average return of all stocks in a given industry,
where “industry” refers to a sub-grouping of the sectors.
Variations in sector returns are partially driven by
volatility of the market as a whole, which has already been
taken into account by the market factor. In order to obtain
more meaningful and robust loadings, sector factors are
therefore orthogonalized to the size, growth, and market

factors; size and growth factors are orthogonalized to the
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the industry-specific factor. The present invention,
however, is not limted to this or any other specific

W@ 210409759% act ors. These factors are |isted nmere¢HUS®04/003792

serve as an exanple. 20 [0025] The nmarket factor is
defined as,a return of the weighted portfolio of the
| argest stocks. The sector factor is defined as the
mpgskght 8dchosr agedr énduasruf faepossoeks Phthagghednzed to

c iglarly, the.ind ry _f.a ' h .
BE bR egTaler B0e pe, LAY VAP YapBEhel, RBibHBgeqma to size,
gkbatRt r ygnd2havhkecefacndustr ytheepeosite @osubhgr elipengnd
of tﬂe sectors. Variations in sector returns_are
gparE al“-P(jtaFF’véﬁebf/raaéItéPPPil%\y’ BeaFHECHaPRetNgs Tturns on

aWhoheesyhial Q@§a@EP9agﬁaQe88est§EﬁB FAt Q-B8ER8URMARY have
the market factor. I'n order to obtain nore neani ngf ul

hagl vebuee pbathagsporsesrondfiangt atsrabut80 (Lthekbfier gase -

ort hgogonal i to.the size owt h, .an rke

sP4e, or oo EEY rByPBREH FacbbPees; SRR Hogsnarr,¥alegs of
thbhecoBr¥Ep3004Hh8945921i BGCEEUS2004/ 8034932ndMmahketrowth
factor; and industry factors are orthogonalized to _
taRECEECPBEPLRARL Br SEENWALERRENBPHBESPEY SBBFbNYS lakd lisy and
cSLE81 angk@wW h, and narket factors. The proxies for the

size and growh factors are traditionally nmeasured as

bHBsgh et ur . ' rﬁfl}‘ tr tn 00 oY

[i n s? ocks thé;‘{k%a@gbécﬂ?‘g% va uegl’oﬁtrt{s%étéc%?iroe%’pg%ll ng tor

rettirnbul( &) i arehicompased using oarieowshy ardoshdaring kata,
t ocks that have | ow val ues of he correspondin

WBEEF B A5 FHE SErOTANGY REGOGWEN SFaCt s fox pPATiey data

ifkbgobkkcanthanpuAt a8f ssbeekpyobati bhllycaAdbelBbtained from
covariances. [0026] Referring back to FIG 1, in st eg

m@gg’spﬁ@cggetoﬁccounting data includes such data as book

and market values, which can also be obtained from a number

of sources.

[0027] " In step 106, the “in-sample” calculations are
performed. That is, for example, a variance-covariance
matrix of the risk factor returns (¢.) (also referred to as
the risk factor covariance matrix (¢.)) is constructed, an
idiosyncratic variance matrix (I.) is constructed, and the
factor loadings (By) for each stock in the selected universe

are estimated, where

r 2
P Py Py
2
| P Pyt Pray
°, = : : : ?
" 2
| Pk Py Pk |
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returns (fkt) are conputed using market and accounting
data, where fkt is the return of factor k at tine t.

woveookee7semt a i ncl udes such data as stock pri cBGI/ESIH04/003792

can be obtained from 15 many sources. Accounting data
i ncl udes such data as book and market val ues, which
can al so be obtained froma nunber of sources. [0027]
ahd step 106, the "in-sanple" calculations are
performed. That is, for exanple, a variance-covariance
20 matrix of the risk factor returns (fit) (also
referred to as the risk factor covariance matri x
(fit)) is constru &ed, @n ”[digsyncratic vari ance
matrix (Et) is copstructed, and tlhe factor |oadings
((3k) for ea;h st pck iaixhe-seDected uni verse are
esti mat ed, ere P52 (Jol, t:(Q21,t 9KL,t 2 ~12,t
(P2,t T K2,t ~t " (P1K, t V2Kt [(Y OK t 9 WO
2004/ 097595 PCT/ Us2b04/©037920and oft 0 0 0 62,t
O 500 ... 6Nt and where <pij,t is the covariance
between factors i and j at

and where ¢;;,. is the covariance between factors i and j at
time t, ¢%,. is the variance of factor i at time t, and &% .
is the variance of a disturbance term g, associated with

stock 1 at time t.

[0028] Preferably, time series regressions are
implemented to obtain the factor loadings (By.)., or
sensitivities, of stock returns to the variations in factor
returns. In a preferred embodiment, factor loadings for
each stock are obtained by estimating the equation shown

below over the last 60 periods:

K
e =@ +katﬁik + &
=1

where r;, is the return of stock i at time t, t =1, .., T
and i=1, .., N (T is the number of observations in the
estimation window, and N is the size of the stock universe).
Risk factor returns are given by fy. ., k=1, .., K .

Parameters of the model include «o;, the intercept of stock
i, and B, the factor loading, or factor exposure to factor
k of stock i. g;.1s the disturbance term of stock i at time
t and has a mean of zero, and variance &;,. The loadings
(Bix) are computed from historical data and are expected to
truly represent the underlying economic relationship between

stocks’ returns and factor returns. Implementing such time
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time t, cp2i,t is the variance of factor i at time t,
and 621,1 is the variance of a disturbance termEit

wasmeoimbed with 10 stock i at time t. [0028] PCT/US2004/003792

Preferably, tinme series regressions are inplenented

to obtain the factor |oadings (R k), or

sensitivities, of stock returns to the variations in
SE&@E@rIGQEB@EdQnQIrasqﬂm#érré@teﬁbodﬁm&nﬁadﬂmﬁ(ﬂbadlng

adi_ngs, fo 15 each st ack are olRt ai by, estlnatln
RaTBdae 1 O oS Aok % RESTEEE o e Tods TRIOT

risk Ebbterahn*tbrhb % bﬁﬁlan&%br@hﬁb%e&ltﬂéﬁd&@% the
return of stock i at time t, t =1, ..., T 20 and i=1,

numbernof T frg toge mansiad ¢ crpdpiar isteski Prilse movements,
a%%tbqggkgg Wﬁﬁg%ﬂtfﬁ%iﬂuﬂé%t%qeri%ﬁeh%%.%@e S?&%

uni ver se) factor returns are given
awwantages Kay aRawamretiests of the nodel |nclude ai, the
intercept of stock i, and 8ik, the factor Ioading, or

[0acudr exfiosurehséos{ingt the 28s kit S600kihdowi §1Sethe there
dlsturb%hce termof stock i at time t and has a nean

15t az&rgdeard v RtHIFEE GStimptd oPoREERES1oR, 6P thee speed
wﬁQﬁp%h§@th9@‘Hh%%&%b%ﬂbnd@%auﬁagtéﬁe eiﬁﬁﬁgﬁds% le sizes

truly represent the underlying econonc relations
apet wepacisildrk y's efatlu misnattieirac boe netanggiflcant changes

BCH BeBb A B05 53 oelRrks gt dsdPofe “PRbaF Bopy assumption

fbet tertaiakpbadods,| eadi ife astieldt esciaklt@Wwith very
inclusign of a "market" factor, a major risk factor

1pK9€e FnEOoROEX Plidn A0S HGWER L OPEdQBe B eIRY aEiySE of
ihaetapsingeded ke exhl 2Rt QoK RRLGE tIBUEMERLS: on the

results of a stability analysis, 60 past time periods are
preferably used as the estimation window (for example, a
daily model may use the 60 most recent trading days and a
monthly model may use the 60 most recent months). The
estimation window of 60 samples is for the calculation of
individual stock loadings and the raw factor covariance
matrix. However, it is not sufficient for obtaining robust
generalized autoregressive conditional heteroskedasticity
(GARCH) parameters and an estimation window of 120 samples

has been used for GARCH estimation.

[0030] For stocks with an insufficient number of
observations it is preferable to use the average loadings
across stocks in the same industry. For stocks with a
reasonable number of observations but not full samples, it
is preferable to apply the weighted average of estimated

factor loadings and the industry average loadings. And the

11
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5 and creates denonstrably better risk hedges. O her

advant ages may al so exist. [0029] Wen choosing the
w@gaosiespon Wi ndow size T, there is a trade- oPET/US2004/003792

bet ween estimati on precision and the speed w th which

the information is updated. Larger sanple sizes 10 are

especially useful when there are no significant

e:mhtgem a5t irhee edhrfees t@nvi ashing® deRfnds s Faktrly on
oorrrr%%ssurg)é qn fort cerd ain periods, and the nodels

st et ed vv|t S\/eej'?‘§/a arge T do not put adequat e

d t d
QB B PR e L TR B9S2 iR e o
a@nﬁiéwi&;tﬁs)ﬂwe&ﬁpiéﬂepmjé@@mgar&egpf ef & afhys U§wb Asthe

the estimation w ndow (for exanple, a _,daily nodel may
f a0 ROGEr st mBreRtX t fbdi AgJd4Ps &%O&ynﬁm%w variance

magﬁg% L [Ty dse gaowjge% t1nrt%C %ﬁttu%ntf%%)ecam% o,

W n sanp es is for the cal cil'ati
redp&ft iveliw, dmhalusimkalcemﬁmg&p@mthtMI@w ’q‘—tacd:mture the

i t suf t f
R A HTT hREr s chbr Sr TSk 0 S o o st fuf et %y
w€PNd 1h PNl £ hehr oskedasihgi od \(Ml’@@r@ﬂ%ﬁé el

an estimation wi ndow of 120 sanples has been used for
egREH st nBeTwmr d 250 Pty | PIRREBEHe k STR PRe gfmbodiment,

1P T GBI DHEDOT o Ol o DR LENA 119018 d Lok SO EL8E APk Ehange

e aver oadi ngs —acr 0ss stocks in the sane
(CBOEIStYYX dF@ttlcsmock:stmd:h Bs weadanabtlze nowberfosample
observati ons but not anpl es

i fe |
DTS SHRYE (Heehe! GhLE HoRr e GOt st Ba e Kab b

e: 9801 H980 0o £ hey ERFESEEYaVer@ge | oadings. And the
11 WD 20047 097595 PCT/ US2004/ 003792 wei ght on

(6634 Rt edfachan |:0adid1gs deperds Pesid ifvely tRhing step

because it produces fine tuned factor loadings. More

and 2t+ll

specifically, in one embodiment, the factor loading
estimates are fine-tuned using Bayesian adjusting, which
filters out noise numerically generated during the in-sample

estimation process.

[0033] In step 112, the forecast of the variance-
covariance matrix for all stocks in the universe (V.,;)can be

calculated according to the formula: Vi; = B ¢.; BY + B,

where
_1311 ﬂ12 ﬂlK_
B = 18:21 1322 :BzK ,
| B Byr - Pw ]
and
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the nunber of observations. [0031] Referring back to
FIG 1, step 108 is referred to as the

wO omtAHgis9sanpl e” projecting step. In this stepPCL/082005003792

factor covariance matrix (fit) and the idiosyncratic
variance matrix (Et) are projected into future
forecasts ~t+z and Et+l, respectively, by using a
GARCH specification to capture the tine-varying
feature of stock volatility and further by wutilizing
informatio 1Vn |0?I|ed wpla ility to give the 10

esti mates formagd Iooklﬁg property. In one
enbodiprent ,| VuirnpPMed Volati ity in the Chicago Board
of Cptfons BEXchange (CBCE)| VI X option contract is
used in the out- of sanpl e projecting step. This
feature capfures’zvhe rarket]! s expectations of future
volatility. 15 [0032] Step 110 is referred to as the
fine tuning step because it produces fine tuned

ahactak-L0gdi ngss I ecoféggtgirfdé:%é@(ﬂeér? @{Bg?kes i and j at

enbodlnentljfhe factor est

tilineett uned ur§1,pglﬁayrw|mjaathastomgstm ch af it sc.

out noi se nunerically generated during the in-sanple
[20363t i neln gy OTESS. dd 3P udin &d ephd 12atdhe forecast of
tg%r%cast of the , variance- covarlance matrix for al

RESPR FR¥GAPVEFSECVLS ) an) bethafBEPAReforecast of
taeCondbagnteathe farAuhde Mgt%lx QZ BheteEhd, tu?ed

where 257111 112 .. AK B é"i"H C71/ 2K 13N
fagporNkoadangs? (B), and/or the future forecast of the stock
variance-covariance matrix (V,,;), may be stored in one or
more computer readable electronic files. Once the data is
stored in the one or more file(s), the file(s) can be
downloaded and/or imported into other systems designed to
analyze the risk of a particular stock or portfolio of
stocks as is well known in the art. And in step 116, the
data file(s) can be used by risk forecasting systems to
generate a risk forecast for a stock or a portfolio of

stocks. Such risk forecasting systems are well known to

those skilled in the relevant art.

[0035] FIG. 3 illustrates a general purpose computer 320
that can be used to implement process 100. The computer 320
includes a central processing unit (CPU) 322, which
communicates with a set of input/output (I/0) devices 324
over a bus 326. The I/0 devices 324 may include a keyboard,

mouse, video monitor, printer, etc.

[0036] The CPU 322 also communicates with a computer
readable medium (e.g., conventional volatile or non-volatile

data storage devices) 328 (hereafter “memory 328") over the

13



WD 2004/ 097595 PCT/ US2004/ 003792 2 VI t V21,t VNI, t
2 vi2,t V2,t VN2, t 2 VIN/t V2Nt VNt 5 and where
W@ 2004097585 t he covari ance between stocks i and PCHUS2004/003792
time t, and v2i,t is the variance of stock i at tine
t. [0034] In step 114, data, such as the future
forecast of the factor covariance matrix ((pt+l1l), the
bragt B2é -f Gihec dstt esfacto arhéetaiessy e ICRU 3 22ar iTaifcelevices 324,
rd % o(Et £l the fine ned _ fact.or | oadi.ng B),
aangllso)rgz%ﬁe a\%dt G &' F6re ca%zté St He glé‘@l?‘m e
Li-ance-covari a mat r i X +i), may be_stored in
[\c@g 73r rgg?%mé%n‘g%?e?a?ehﬁ(é{ﬂyée e‘}‘%{:]f? nfRdf pFeeuUnEHeg data
3BMe datial Sndhed datdd ke e cs, MR H ldeHocid R ices,
file(s) can be 15 downl oaded and/or inported into
36Ch - tey Sfe B TRSTIAFISE S 0 SugHalypz ®ooke Vieilgle .of a
particul ar stock or portfolio of stocks as is well
(0988 i n The memorwnd28naksepstidsestdeftdata 338e(syhe

u ri.sk -forecasti S e 0 erate a
Slcrél%s% I‘('\}(:gl St g’?ggs?%ﬁ’o rl%g léjt%{)ecl? or m%%ﬁo?é% 81'55&5&5 %g‘%stf‘g’&s.
1Bdlemensk nioreeasideny s pereeaice 108l.| dorwm tidnahose
skilled,inthe relevant art. [0035] FIG 3 illustrates
DX O§&RBFAN (HrSe WG IR Pe2usechie dawlsasptedhese

motRh @ENt VRIRGES anl 0 r 0 g4l-ncl
(;entrg}9 processi ?gzjegtr%iatn I(&%S%J) g?t}%%% vﬁ%cﬁla% fliq%s(sa}
deerimgsiecardovsi-t h a set of input/output (1/0 devices
324 over a bus 326. The I/0O devices 324 may include a
[R@@Pdar d,While the invention has been described in detail

above, the invention is not intended to be limited to the
specific embodiments as described. It is evident that those
skilled in the art may now make numerous uses and
modifications of and departures from the specific
embodiments described herein without departing from the

inventive concepts.
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nouse, video nonitor, printer, etc. [0036] The CPU 322
al so communi cates with a conputer readable nmedi um
W@ 200g/09758nvent i onal vol atile or non-vol atil e PGDUSED&003792
storage devices) 328 (hereafter "nmenory 328") over the
13 WO 2004/ 097595 PCT/ US2004/ 003792 bus 326. The
interaction between a CPU 322, I1/0 devices 324, a bus
WB26, iandlainedpiy:328 are well known in the art.
[0037] Menory 328 can include market and accounti ng
data 330, which includes data on stocks, such as
stock prices, 5 and data on corporations, such as book

val ue. A 0R838]od horef@ier 32l siaistryscs0fd Wad er 3afhcial
The  software 338 may include a nunber of nodul es 340
SEEHT L ABFenERTPHE SLRE §bép§t8PSpP§Cess 100.
Conventional progranm ng techniques may be used to
i npleEEntinese 99 mdwesriMsmsy 328 can al so store
the data file(s) discussed above. [0039] While the
i nvaﬂliemtm ajeelremtsctrwct)edsim Mettandts s, attdie with
inventio in gended to,be limted to the
1uygErPeR eﬁﬁs nF ECHUELFIGEA. 1t is evident that

t hose 15 skllled n the art ke nunerous uses
and CRHETT R orkO oY RRAREATH dal Ft AT S patd 111k
reabedr geptsy@ascri bed herein without departing from

the inventive concepts. 14 WO 2004/ 097595

PCT/d&22004{ Q03/D% Mhat fa%ééxa'd&%fl%nc]e dgethod for

generating risk forecasts in financi al securltles
ceonpebeindgnuheostbpssefiected risk factors;

constructing an idiosyncratic variance matrix
corresponding to the securities in the selected set of

securities;

determining, for each selected risk factor, a risk
factor loading coefficient for each security in the set by,
at the least, performing a time series regression to obtain
the sensitivity of each security’s return to variations in

the.risk factor’s return;

projecting the risk factor covariance matrix into a
future forecast, thereby producing a future forecast of the

risk factor covariance matrix; and

projecting the idiosyncratic variance matrix into a
future forecast, thereby producing a future forecast of the

idiosyncratic variance matrix, wherein

the determined risk factor loading coeffidients, the
future forecast of the risk factor covariance matrix, and
the future forecast of the idiosyncratic variance matrix can

be used together to determine a forecast of the variance-

15
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5 selecting a set of securities; selecting at |east
two risk factors associated with investnent risk in

WO b@4oe1505 i ti es; determining, for each sel ect eBCT/US}004/003792

factor, the risk factor's return; 10 constructing a

risk factor covariance matrix corresponding to the

sel ected risk factors; constructing an idiosyncratic

coabirdane enpitirt xc dorespandiergrtiaitBe ineche ticescicadt Bet of

sel ected set of securities; 15 determ ning, for each

S§EPEetedSri sk factor, a risk factor |oading

coefficient for each security in the set by, at the

| east, performng a tine series regression to obtain

the sensitivity of each security's return to

var iét i o methedeok i slaimck orvkeretnrihe 20cep opcid¢decting
e .LLsk f : ri : rix a_ future. .

P abkobe BELMLSOKR OREENRN bher BhBe g BpteBeing

secskitaetof roov ahicageeupablfi xubardnpiajleot blg tkeatively

I di,osyncrati,c,vari,ance matrix into a future forecast,

ACheVEby SFrEdletRg 18 Pu?gEQCFE@e@§§Fe5f the 25

i di osyncratic variance matri x, wherein the determn ned

risk factor | oading coefficients, the future forecast

of the risk factor covarjance matrix, and the future
f or etasinefMmeod @pbsshriatd ¢ wherektchmtyedecsd market

US t t h d r g ne fare .t he. ' e
19520 905/ o755 Bas) B30sRrof 565t et bRa kB LARET
stibstahtisédyr eflilesecnrtiiheecsekeatied sat thk Ne@cuUbik 8gcurity
Exchange, the American Security Exchange, and the NASDAQ
National Market.

4. The method of claim 1, where the step of selecting
at least two risk factors comprises the step of selecting
the followihg risk factors: market, industry, sector, size

and growth.

5. The method of claim 1, where the step of selecting
at least two risk factors comprises the step of selecting
the following risk factors: market, industry, size and U.S.

market.
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2. The nmethod of claim1l1l, wherein the step of
selecting 5 the set of securities conprises the step

wo@Roogedmes i ng securities fromthe group of PCT/US2004/003792

substantially all relatively active securities in a
selected market. 3. The nethod of claim2, wherein the
selected market 10 is the U S. nmarket and the set of
secuii tTles mechodest sldostabt iwthdyenh | tisecsitéd i €S
traded on th w York_Security Exchan t he

ARSI AR ™ §e5§FP??Cé£Eh&ﬁa lngﬁdCPWBrNﬁggAébeNﬁﬁﬁgnsﬁ
eMifhkatindb the Eogatebhed of claim1l, where the step of
selecting at least two risk factors conprises the

step of selecting the following risk factors: market,
I ndustry, sector, ze and growth. 20 5. The net hod
of claiml, rMhexe~ d[ﬁpﬁaﬁof selecting at least two
risk factors conprgses t he step of selecting the
follomnng risk factors: market, industry, size and
market. 16 WO 2004/ 097595 PCT/ US2004/ 003792 6.

The t d of cI | 1 wherein.the ste of dete ni ng
t he ?gc 5 Toad Cﬁg(gs% co se's "t’}heer%;‘trép ff S ting

pirbg cegtiati 6he Kish ¥bc€BrCENVKrtbncZ mgﬁglﬁeﬁﬂﬁg af future
claim1l, wherein the step prohectlng the risk
EPLELES L 6ORPEARES ﬁﬁ?rﬁ%epnpé ytiligieg fsfesmstion in

lﬁg@@gasgglggglgg?p of utilizing information in 10
inplied volatility. 8. The nethod of claim1, wherein

the step of

8. The method of claim 1, wherein the step of
projecting the risk factor covariance matrix into a future
forecast comprises utilizing implied volatility in the
Chicago Board of Options Exchange VIX option contract,

thereby capturing market expectations of future volatility.

9. The method of claim 1, wherein the step of
determining the risk factor loading coefficients comprises
the 'step of adjusting a risk factor loading estimate using a

predetermined adjustment process to reduce estimation error.

10. The method of claim 1, further comprising the step
of determining the forecast of the variance-covariance

matrix for all securities in the selected set of securities.
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projecting the risk factor covariance matrix into a
future forecast conprises utilizing inplied

wooiany1shsy in the 15 Chi cago Board of Opti onsPEXRTkmNGEN3792
VI X option contract, thereby capturing market
expectations of future volatility. 9. The nmethod of
claim1l, wherein the step of determning the risk
factir. | matktigod o | gerentst ori Sesforddies siepffancial
ad'us%Ln a risk.factor |oading estimte using a
SﬁF@Eé n88m§§ﬁ§%ﬁﬁeﬁ?epﬁ58833 0 reduce estimation
error._10., The nmethod_ of claim1, further conprising
t he SRERFEIRT ot 38t M RETHel FiRicast of the

variance-covariance 25 matrix for all securities in
the SRl et st brasecwr? tiedk faqtony 20w oorteed with

5 y§%gg4 Qg%?g% thd: sécggagggsfor generatlng risk

or ecast S i nanci‘al “securities corrprl Si ng t he

step(? ?érmlﬁ‘el ec;%n & 86t of (%stec ri tﬁlfs s$8! ectt_ﬁ%‘%t

| eas or's associ & |nvest
facsbri's trbeusacurities; detern1n|ng, for each sel ected
risk factor, the risk factor's return; constructing a

ri skedaetQicEOVArd ancs: MBdddor CRFd s ing 0kt he
sel ected risk factors; 10 constructing an
CPEr8§PREAANEC tPathgnE6LRELFEX T165r EBSPOREINg to t he
securities in the selected set of securities;

det eFPR I TiEL t ¥y aaraclﬂis@m@tirq sStertimnas matrisk

cBéﬁhgéoha?g ngocgﬁ SQEtE% E%Cghgeg%&EE¥edns%@eof
set , t he Ieast perFo

seegressiesn to obtain the sensitivity of each
security's return to variations in

determining, for each selected risk factor, a risk
factor loading coefficient for each security in the set by,
at the least, performing a time series regression to obtain
the sensitivity of each security’s return to variations in

the risk factor’s return;

projecting the risk factor covariance matrix into a
future forecast, thereby producing a future forecast of the
risk factor covariance matrix, wherein the step of
projecting the risk factor covariance matrix into a future
forecast comprises utilizing information in implied

volatility; and

projecting the idiosyncratic variance matrix into a
future forecast, thereby producing a future forecast of the

idiosyncratic variance matrix, wherein

the determined risk factor loading coefficients, the
future forecast of the risk factor covariance matrix, and

the future forecast of the idiosyncratic variance matrix can
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the risk factor's return; projecting the risk factor
covariance matrix into a future forecast, thereby

weemdoeisny a future forecast of the 20 risk fBCT/U82004/003792

covari ance matrix, wherein the step of projecting the
risk factor covariance matrix into a future forecast
conprises utilizing information in inplied
beoliakdl icbyetard poodetkirmgnthe itdiresyser afi eheakbaietce-
matri.x into a 25 futuri forecast, thereb % producin%1a
CPYRLIBTFEr BRESTXof OFnalli dPERYAELEEI dnvEPPaRed e set of
swhereirhckhe determ ned risk factor | oading
coefficients, the future forecast of the risk factor
covariance matri x, and the future forecast of the
i di osyncratic variance matrix can 18 WO 2004/ 097595

PCTIS2004L GQAA9%: de dinedh (ogetfer 4.9, datersine g

f orecas e vari ance- covari ance natri x
psedericings the trheksébetbedcsebrobnceesbtirikesntd 22 future

The ne hod of .claim 11, wherein_th
R S MR ST PP LRI R (I PSP e

chytge BEQF:@C@§t o@@%hb59§cﬂbhbbzvmﬂ bg@hbﬁdcontract to
volatility in the Chicago Board i ons Exchange

Cvpkuﬁﬁtm@ﬁk§én?K@§?tﬁ§lO@§ppﬁr§UﬁHrEeVOé%peé@§V|ons of
future volatility. 10 13. The nethod of claim 11,
wherein the step of selecting the set of securities
conprises the step of selecting securities fromthe
gr oujB of Thsaibettehmd adff yelddm Ilel arthazteij;n adie vetep of

.ties.in a, selected rket.
se? E&ng %he set of securgﬁles comprlses the step of
selecting securities from the group of substantially all

relatively active securities in a selected market.

14. The method of claim 13, wherein the selected market
is the U.S. market and the set of securities includes
substantially all securities traded on the New York Security
Exchange, the American Security Exchange, and the NASDAQ
National Market.

15. The method of claim 11, where the step of selecting
at least two risk factors comprises the step of selecting
the following risk factors: market, industry, sector, size

and growth.

16. The method of claim 11, where the step of selecting

at least two risk factors comprises the step of selecting
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14. The nmethod of claim 13, wherein the sel ected
market is the U S. market and the set of securities
w0 pkieses substantially all securities tradedP@nUS1964/003792

New York Security Exchange, the Anmerican Security

Exchange, and the NASDAQ 20 National Market. 15. The

nmet hod of claim 11, where the step of selecting at

tlheafb liweingskibacfacsorenpmaskett henstepref, selieet bhg U.s.

; following risk factors: market, industry, sector,
F76t-25 and growth. 16. The method of claim 11, where
the step of selecting at least two risk factors

conprises the step of selecting 19 WO 2004/097595

PCT/ US2004/ 003792 the following risk factors: market,

i ndust r yTheimethedl of Slaimrilet . whereihethet e of £
Bt hingVlebeLR e BLER AL i n ARLEr BLBLNG RIS 1y the
actor 2d ng tor each securi ;9 set conp ri 585

sper tompirigea pemtozarnes ar egmessecaﬁletso::ebtcalsmohheo obtain
?XenSItIVIt of each securities' return to variations
ER SEREMFLYR T¥alfoPas Ty 8EGPRITi65 8T e FHE MEPhYATdPtIONS in
tekai-askl ravhgrenLthgstep of determining the factor

| oadi ngs for the securities in the selected set of

securities conprises the step of estimating the

equation K 15 rit -ai +1fktfik+itl k=1 19. The

met hogd Sl e t ning

the ri sk acn?éogrﬂcf’léoad?wr}'g%%g f|]C|"‘Zﬁh se%)np}?elessggsgg $f1

determining the factor loadings for the securities in the

selected set of securities comprises the step of estimating

the equation:

a +Zf.;ctlBtk zt’ .

19. The method of claim 11, wherein the step of
determining the risk factor loading coefficients comprises
the step of adjusting risk factor loading estimates using a

predetermined adjustment process to reduce estimation error.

20. The method of claim 11, further comprising the step
of determining the forecast of the variance-covariance

matrix for all securities in the selected set of securities.
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the step of adjusting risk factor | oading estinmates
using a 20 predeterm ned adj ustnent process to reduce

w@gaouoerspdn error. 20. The nethod of cl ai m 11PCE/US20046003792

conprising the step of determning the forecast of
the variance-covariance matrix for all securities in
the sel ected set of securities. 25 20 WD 2004/ 097595

PCT/ 2152 00 44-R98FR 2f 02 lgeRe BYSL 6N F DEk GEFLE@LEPY {hSKinancial
forecasts in financial securities, conprising:

S@EVEHL RPNy CRERAS SE®Y ‘det ermining ri sk factor return

for each risk factor in a set of selected risk

f act@pEermming snears | for i detegahsiiorrieski fattog weturn

risk_factor,caovari trix of t lect.ed rds )
P e Rk AR UG g et SFOPCRELT Rating Birore”
i di osynerati.c. variance matpi x corresponding to a_set
of SeVECT et KBEGHIS | e o i TUBR T HRE | gt HRANST 6P
cestiriahicegmatet xe@@h thieskelkattar riBkt Fe csetof
selected risk factors, a risk factor | oading

coefddedredted OTmLALHg SEEMES t Fodt Ne e SRdt Phg S8h ey €8syncratic
securities by, at the |least, performng a tinme series

VPEGPESS BAtrdxokrainesPRadiagsitei @i sptopfeseiected
sSeqgytities’ 15 return to variations in the risk
%actor's feturn; first projecting means for projecting

the i f covariance_ matrix. into a future .

f or egcllé%%? %%lﬁé%%/l%? T ho R FUIE Jf%?'ecﬁ%? B3R et sk
fricsbrf ant @heceedr bdnee lleteidX riaRd faseeerd prejie® ifAgtor
means for projecting the 20 idiosyncratic variance

lﬁﬁ%ﬁ?% FREOLACEERGr & OF0PEERSFECUrREVeBY Br 6@lcioRg Sglected

SEEHHE%iEQr§9§SEtOEhEhthgkgsﬁggkékﬁﬁng a time series
regression to obtain the sensitivity of each securities’

return to variations in the risk factor’s return;

first projecting means for projecting the risk factor
covariance matrix into a future forecast, thereby producing

a future forecast of the risk factor covariance matrix; and

second projecting means for projecting the
idiosyncratic variance matrix into a future forecast,
thereby producing a future forecast of the idiosyncratic

variance matrix, wherein

the estimated risk factor loading coefficients, the
future forecast of the risk factor covariance matrix, and
the future forecast of the idiosyncratic variance matrix can
be used together to determine a forecast of the variance-
covariance matrix for all securities in the selected set of

securities.
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vari ance matri x, wherein the estimated risk factor
| oadi ng coefficients, the future forecast of the risk

wo 2oto975evari ance matri x, and 25 the future fRPCEUSED4/003792
of the idiosyncratic variance matrix can be used
together to determine a forecast of the variance-
covariance matrix for all securities in the selected

set PP. BReuUsVEten. o21cVWOIR004/ OPHEDEIin the set of selected
PCT/ US2004/,003792 22. The system of claim 21, wherein
SHB TS S5 e |USF b dhan itde iR &ft sdlistomtind ly all

H1QUR f1 s ukstiant i@lduidliles 18l &t igwalae B ket
securitiés in a selected narket. 5 23. The system of
claim 22, wherein the selected market is the U S.

mar ket and the set of securities includes

subst ant | I secgurities,traded on t New. Yor k
> Secu%?ty%ﬁ%x% %%é%,S?héiéher%%aﬁ$§%€%%Ptgﬁﬁxéﬁ%ﬁﬁé?d market
iandHeh @ . ISASBARQ kNatarehalhdViidketof EHe24i thhes siysilemeef

erei.n the set, of selected risk factors

Laim 21, . |
EE"Ckl)ﬁ‘ai‘F&Iall mn§é§ e Fldi 1SRG Fiesk tradesy £ liskdlew York Security
RS, 3R Wor 1AL AN A PMkchlm e aHE k&%@;tl\@@DAQ

of claim21, wherein the set of selected ris ctors
Nedmpriade aiketf.ol | owi ng ri sk factors: nmarket,
i ndustry, size and U S. market. 26. The system of
10 claim21, wherein the third 20 estimating nmeans
conprises neans for estimating the equation: K/~ rt
_ ai24ZjTkefskstem, of claim 21, wherein the set of selected

risk factors comprises the following risk factors: market,

industry, sector, size and growth.

15 25. The system of claim 21, wherein the set of selected
risk factors comprises the following risk factors: market,

industry, size and U.S. market.

26. The system of claim 21, wherein the third
20 estimating means comprises means for estimating the

equation:

K
By =0, +Zﬁctﬂik +é&

k=1

25 27. The system of claim 21, wherein the first
projecting means utilizes information in implied wvolatility
in projecting the factor covariance matrix into a future

forecast.
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k=1 25 27. The system of claim 21, wherein the first

projecting nmeans utilizes information in inplied
wooianyishsy in projecting the factor covari ane€r/Dsion4/403792

into a future forecast. 22 WO 2004/ 097595

PCT/ US2004/ 003792 28. The system of claim 21, wherein

the first projecting neans utilizes inplied volatility

in tde. @'ﬂee:agcst@marﬂ aifa iQpt2 Ion sviexehian gehe/| 24 xopt | on

contr [ roj ect the factor ova i,ance rix. .
PFRU6ALngt GPEPPOPLL4aEoSt ABPLBR BOLAbL L} FgLaFREt Chicago
BEXRACHEL bpRs oAk EubHRAGKOVRKI bptYon28enthg8csYsheRrefecting

claim 21, further conprising risk factor |oading

théjﬁgﬁtﬁg resAsipoccadpbsikngnthear Eskukactforecheiadi hjereby

' 0
S cRBhIRhEe R B BB R P aEY PHEMEb PRI oRRY
21, further conprising determ ning neans for

deternining the forecast of the variance-covariance

r all secu ties, in the 15 sel ected set of
Cocddt e i ST 1T D ot -5k

fa@eBEIQbaaaﬁg b@gu&uaﬁgeméahgcagk ahjtBeinpsknkactak factor
covari ance matri x, and the future forecast of the

lpade§9n@ﬁ§ﬂm@t¢§ruaﬁ@§ rapredetegmpgedrdiostpgntoprocess

10 t§C%[IeH§ggoé WRLIE 3L, g system conprising:

erm ni ng neans ermning risk factor return
for each rlsk factor in a set of selected risk
factors;

30. The system of claim 21, further comprising
determining means for determining the forecast of the
variance-covariance matrix for all securities in the

15 selected set of securities using the estimated risk factor
loading coefficients, the future forecast of the risk factor
covariance matrix, and the future forecast of the

idiosyncratic variance matrix.

20
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first estimating neans for estimating a risk factor 5
covariance matri x of the selected risk factors; second
we@saoumoetshhg neans for estimating an i di osyncr ap€TUS2004/003792

vari ance matri x corresponding to a set of selected
securities; third estimting neans for estimating,.
for each risk 10 factor in the set of selected risk
fact®rs,rasyss&mf acbaprisoagi ng coefficient for each
security in a set of selected securities; first

pr o] @6t &AGiNERR SméShis PO e8ét 88miAEnd | BKskaEhOfor return
covariance matrix into a future forecast, thereby

foro@3cingisks facteruid® roretasf srlegéed sk fadestors;
covariance matrix, wherein the first projecting neans
uti | Fxesti edbimatien neans npdr edsvbnatingty rhsk factor
QG0 LRSS0 Bl g Foyetdld 90sk FARI I nto a
ut'ure ftorecast; and Second projecting feans for
projectigg t he. 20 idios%ncra IC variance matrix.into a

fut UFE BT ettt E TR BB Pr bdticT R R F LR r &1 bdRagpcratic
vefrithed ea®SyRC Icalir@ speaidiaie & oTal ke, ofhesgide ddwe
estimated risk factor |oading coefficients, the

SAFFEE Srecast of the risk factor covariance matrix,

and 25 the future forecast of the idiosyncratic

var i Bted nastinaehng peansefor ogetHertino defer npacharisk

t vard - Vari i x _far. I
i ared " Ao Lol ST e IS Taghan o Lig vigotor
1204 /199 toed FRCTEHS2 T4 @AFFI2ecdZitThdnsystee off cGladigtited
31, wherein the first projecting neans utilizes

SSMMEEd Sl atility in the Chicago

first projecting means for projecting the risk factor
covariance matrix into a future forecast, thereby producing
a future forecast of the risk factor covariance matrix,
wherein the first projecting means utilizes information in
implied volatility in projecting the risk factor covariance

matrix into a future forecast; and

second projecting means for projecting the
idiosyncratic variance matrix into a future forecast,
thereby producing a future forecast of the idiosyncratic

variance matrix, wherein

the estimated risk factor loading coefficients, the
future forecast of the risk factor covariance matrix, and
the future forecast of the idiosyncratic variance matrix can
be used together to determine a forecast of the variance-
covariance matrix for all securities in the selected set of

securities.
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Board of Options Exchange VI X option contract in
projecting the risk factor covariance matrix into a

wo eaouiog7shHr ecast, 5 thereby capturing market PCT/US2004/003792

expectations of future volatility. 33. The system of
claim 31, wherein the set of selected securities is
sel ected fromthe group of substantially all

rel aB2velryeasybvemseguelains3in wheekent edemaiket. 10
34., The system of claim 33, wherein the sel ected

Hrediestt1nds Teedy @lmtl%%émé@ttldﬂ@eé&? itheghicago

Bl ' £
New Y%??(O ecﬁ%?ﬂg%xég&aéﬁgel}@% R?rler%?)élgl% curl tpg%%ecung

thec rarsdre Lamvpn f@WA{SDA(QelﬁlaNatlpconallth@r Kettur3b. foﬂm:ast
m of enthe set of ct ed
PR, Yesfis it el ol e A o S e

|ndustry, sector, size and gromh. 20 36. The system
of claim 31, wherein the set of selected risk factors

conp ses the following_risk_ factors: K mark
indué#ry hgj s¥shal P_stg 13HPket - ‘Q]BejgﬁlnTﬁ]éen‘é?ﬁo@if ofelected

selc@irMedbs wherRimndhe tdidd th%Stg‘r‘&tpl MLt a éltlal%y all

estimates a risk factor | oading for a selecte

red@ttaivedivd ag tsesursaop it idse isen olelseitect ethrket.

securities by, at the least, performng a tine series

25 WD 2004/ 097595 PCT/ US2004/ 003792 regression to

obtain the sensitivity of the security's return to

var i3 i drnisei nyshemsef ecletinr33zk Whaetorh sthiet eNecB8d market
stem of claim 36, wherein the third 5 estimating

?r??ygstsl -nlpEEel Frgk e £6¢ Péaderyridies includes

substantially all securities traded on the New York Security
Exchange, the American Security Exchange, and the NASDAQ
National Market.

35. The system of claim 31, wherein the set of selected
risk factors comprises the following risk factors: market,

industry, sector, size and growth.

36. The system of claim 31, wherein the set of selected
risk factors comprises the following risk factors: market,

industry, size and U.S. market.

37. The method of claim 31, wherein the third
estimating means estimates a risk factor loading for a
selected risk factor and a security in the set of selected

securities by, at the least, performing a time series
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security in the set of selected securities by, at the
| east, estimating the equation: K/~ rit - ai

WO ddoktdisosit k=1 10 39. The system of cl ai m BAT/US2004/003792

further conprising risk factor |oading adjusting
means for adjusting the risk factor |oading estimates
using a predeterm ned adjustnent process to reduce

residd i & (Wtailb 4 s isvstien ot dal Bedhrity’s
further conprising determning nmeans for determ ning

B o T gt itgme  iyartihen celesrad anick f@atior forreturn.
all securities in the selected set of securities

using the estimated risk factor 20 | oadi ng

coefficients, the future forecast of the risk factor
covadBanteenaysten ahdcltaemf 86 urehénetnashe othihé

i di.osyncratic variance matrix., 26 WD 2004/ 097595
S NG PG5 S TR R Ghiedr B Ak Pk (o™ 2
detiidiyng i ML edakiRIRdMPIRAUNG St tedhe least,
t herei n conput er-executable instructions, the

St idi e GpEitdiong: i nstructions for deternining
arisk factor's return, 5 wherein the risk factor is
froma set of twx or nore selected risk factors;
instruction £or+00spPrucing a risk factor covariance
matri x correspon@ing to t'he sel ected risk factors;
instruction for constructing an idiosyncratic variance

39. The system of claim 31, further comprising risk
factor loading adjusting means for adjusting the risk factor
loading estimates using a predetermined adjustment process

to reduce estimation error.

40. The system of claim 31, further comprising
determining means for determining the forecast of the
variance-covariance matrix for all securities in the
selected set of securities using the estimated risk factor
loading coefficients, the future forecast of the risgsk factor
covariance matrix, and the future forecast of the

idiosyncratic variance matrix.
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30

10 matrix corresponding to securities in a selected
set of securities; instructions for determ ning, for

we@2mh/09i5ek factor in the set of risk factors, PEI/DEXK4/003792

factor | oading coefficient for each security in the
set of securities by, at the |east, 15 performng a
time series regression to obtain the sensitivity of
eachdsecar tbypsteet pragramvaroatconsnehudbeg &i skmputer
projecting the risk

factor's return; instructions for
RO i BV et 6 Rt oo
ftheneRy iIRIRAUAIHY 18 i ordD asthpf the risk

factor covariance matri x; and instructions for

prOJ ?ﬁétPQcEPSnédEBNH%EQEM Yﬁé'é‘”ffek”%&{:é L ot Qeg}lrn,

future forecast, thereby pro ucrng a future foreca
wifertehie itdheoyirsdy didakarariisarfoemet siet, ofhemve ot here
ern1 ed r|§¥ factor loading coefficients, the 25
%%% 5F§§é AG°% e risk factor covariance matri x,
and the future %orecast of the |d|03%£cratic vari ance
mat rIXSCERCT bR uSBE FORBERRFT1RY dRt BFAf nE2atPEr Eg¥sFLance

Rt HBE MOHIARRRIAIGRY Hd et J@lddred %@J lfa%ecwg ties
in the selected set of securities. 30 2

2004£Q§€§§étf$ﬁ7£€¥096599§3881né D§h899HF£§El varlance

program product of claim41, mhereln the Selected set
et rS.ex worespaneEingle® sErmmitiies sel ecteed edragingdte of
égogg_o% substantially all relatively active
Securities in a selected market. 5 43. The conputer

roduct o im42, ere ,
progra tPuctyons %o etermlnygg, %or each risk factor in
the set of risk factors, a risk factor loading coefficient
for each security in the set of securities by, at the least,
performing a time series regression to obtain the
sensitivity of each security’s return to variations in the

risk factor'’s return;

instructions for projecting the risk factor covariance
matrix into a future forecast, thereby producing a future

forecast of the risk factor covariance matrix; and

instructions for projecting the idiosyncratic variance
matrix into a future forecast, thereby producing a future

forecast of the idiosyncratic variance matrix, wherein

the determined risk factor loading coefficients, the
future forecast of the risk factor covariance matrix, and
the future forecast of the idiosyncratic variance matrix can
be used together to determine a forecast of the variance-
covariance matrix for all securities in the selected set of

securities.
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the selected market is the U S. market and the set of
securities includes substantially all securities

wo e@deorses  the New York Security Exchange, theCT/US2004/003792

Anerican Security 10 Exchange, and the NASDAQ Nati ona

Mar ket . 44. The conputer program product of claim 43,

wherein the set of risk factors conprises the

f ol | 43 nDhei s&mptfiaet opsogham ket oduAHUSE r ¥y1las@RCL Ol , wherein
i ze and growth. 15 45. The conputer_program pr.oduct

B Gelon R Ser B 7S a® QRGeS Facgrdties selected

AP IthEe Y o |sQJW§tgmrtii%liltyf QNN MRKAL, active
industry, size and U S. markef. 20 46. The conputer

SPCOFAAMGS dduct sfladt@dnmarkeaiherein the instructions

for determning the risk factor | oading coefficients
conprise instructions for estimating the equation: K

/~~ 25 Kit = ai + Efkt fl + -6it k=1 47. The

conpdid er Tlpe ogompu peodpcdgoim chaodudd, ofher £im 42 hewherein
Lnstryctions for praqjecting the factor caovari ance

g P SR NG 6@7%@ %c?ru%gf@/to@@?igff{% e &F

sleldfubi @ ifeQr QeRS FRNMRAILER ANt ENUGE i2ANS Sfelh: UtdildsZitRB ded on
information in inplied volatilify. 48. The conputer

EpeodleamYerdd Fecuatt tyl dixehangenhdihei Angrtilgen Security

sASLCUR! T ang o Rckact kg Las.f aetor covari ance

matri into a tuture torecast conprise’instructions

for utilizing inplied volatility in the Chicago Board
of Options Exchange VIX option contract, thereby

capt yri mar ket expectati ons
P gi.nghe computeP program product of claim 43, wherein
the set of risk factors comprises the following risk

factors: market, industry, sector, size and growth.

45. The computer program product of claim 41, wherein
the set of risk factors comprises the following risk

factors: market, industry, size and U.S. market.

46. The computer program product of claim 41, wherein
the instructions for determining the risk factor loading
coefficients comprise instructions for estimating the

equation:

K
hy =6 +katﬂik + &
k=1

47. The computer program product of claim 41, wherein

the instructions for projecting the factor covariance matrix
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of future volatility. 10 49. The conputer program

product of claim4l, wherein the instructions for
waledoenoismi ng the risk factor | oading coefficiBCL/ES2004/003792

conprise instructions for adjusting estinmated risk

factor |oading coefficients using a predetermned 15

adj ustment process to reduce estimation error. 50. The

icrrh’q)ust effu tarreg rianp et clon@r id el Mgt udtiiderfor utilizing

risi i,nstructions for determning the forecast
é%ﬁ‘? J\Pg‘rlléhclé“ RIS i It x for all securities

in the 20 sel ected set of securities. 29 WO

2004/ 097595 PCT/ US2004/ 003792 51. A conputer program
product including a nachine readabl e nmedi um havi ng

st or 8- t RepeFATPUSEF LRYPONST Phedu¢hsofuciabmns4l, wherein

I f t rm a' risk
t?fa%{:r?cﬁasesrn u%éct ur f?l f%%t \ﬂw%ﬁjel r%’e r%i sk fnafcg:g)t oI° SV i & matrix
isgto of fAuimrer funrerasteleeted sd sksftaticarisng I”Ed]:r uﬁdlll(irtlng
for ,construct.ing a.ris fator covari ance matr

@% &1 ]H%Yt Hél 3905 IBOPE &Y &rfs Optlons Exchange
VI@@U’th(itdrprbcfr&rraQﬁnStﬂﬂ&:téHﬂ/g B th i1 0%y Rl e‘é&fé 48 ons

10 matrix correspondlng to securities in a selecte
ofetfugfures arodeittiilddzy -i nstructions for deternining, for
each risk factor in the set of risk factors, a risk
factor |oading coefficient for each security in the

set of securities; 15 instructions for projecting the

ri skd® actioe coweniancerogaimi prodtiot aof utLstmf 01 ec@bbrein

hereb duci ng. a future
gh ééﬂ%é%lons %or determining the risk factor loading
coefficients comprise instructions for adjusting estimated
risk factor loading coefficients using a predetermined

adjustment process to reduce estimation error.

50. The computer program product of claim 41, further
comprising instructions for determining the forecast of the
variance-covariance matrix for all securities in the

selected set of securities.
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forecast of the risk factor covariance matrix, wherein
the instructions for projecting the risk factor

w@owani@Eate matrix into a future forecast conpCi/B82004/003792

instructions for 20 utilizing information in inplied
volatility in projecting the risk factor covariance
matrix into a future forecast; and instructions for
proj Btt i Agcohputdropyngrani prvducantecludihyXai nhéhane

future forecast, thereb roduci ng .a, future 25

15 SR A 5 R i 6 HRRISE SRfer dife
itha rdRigloiN ebnid:Sks et or | oadi ng coefficients, the
future forecast of the risk factor covariance natrix,
and ihhe-hut YoRsl eEeCaSEePhih g 41 PSYRCEALLS, VAT LADGE,,
matri x can be used together to determ ne a forecast
vgfereial \rre anicdk FRONO2 0G4 /BITE S5 sSRCT/AFS206A /B0 3Xa2

covariance matyix for all securities in the selected
Sseee%{)tfe%ngéés&{riiaicé:sgr%z. The conput er program product

of claim51, .wherein 5 the jnstructjons_for utilizing

i nf OFRECTERCT A0 FGF| GEOSVORGETTE (5 Bbnbr fagtor covaridnce
itk GloreRe Joidiwd ldZivke ig@lldReq YAl idddbddt the

Chi cago Board of Options Exchange VIX option contract

in proiestéPgohheoti sknfact o1 £9Vahi BRESS H@fétfc'?%?iance

a future forecast to capture market expec¥at|ons
It @os Tesioariding t b BecThE tdempirer predgreamd reductE
if@s51’ wherein the selected set of securities
e€s securities selected fromthe group of

substantially all .relatjvely active 15 securitjes in a ,
sele%?%%r%%?{%?g Ear %ﬂ SO g?ﬁg?%ﬂ?p¥bﬂ%c?a%For in
teledis@t53f Whiekeifdictors, a risk factor loading coefficient

f.cl:
S

for each security in the set of securities;

instructions for projecting the risk factor covariance
matrix into a future forecast, thereby producing a future
forecast of the risk factor covariance matrix, wherein the
instructions for projecting the risk factor covariance
matrix into a future forecast comprise instructions for
utilizing information in implied volatility in projecting
the risk factor covariance matrix into a future forecast;

and

instructions for projecting the idiosyncratic variance
matrix into a future forecast, thereby producing a future

forecast of the idiosyncratic variance matrix, wherein

the determined risk factor loading coefficients, the
future forecast of the risk factor covariance matrix, and
the future forecast of the idiosyncratic variance matrix can

be used together to determine a forecast of the variance-
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the selected market is the U S. market and the set of
securities includes substantially all securities

wo e@doeorses 20 the New York Security Exchange, PEEUS2004/003792

American Security Exchange, and the NASDAQ Nati ona
Mar ket . 55. The conputer program product of claim 54,
wherein the set of risk factors conprises the

cbob-ownae &b%&1%5f%&C%QﬁSse@%&K%Ees|EQU%%%YSeﬁ%%E%H set of
size and growth. 56. The conputer program product of

SeCHIAtEesS -wherein the set of risk factors conprises

the following risk factors: market, industry, size

and U S. market. 31 WD 2004/ 097595 PCT/ US2004/ 003792

57. The conputer program product of claimb51, wherein
the 5stThetconsuter pedgram pnodidie of skldact®r, wherein

PP L e o e B0 FBERFG Ao 5 SEPiaed

vOeaesSitQn compr i@ Ak thhie t3enSl Fo L0k Zihe implied
security's return to variations in the risk factor's

VPé»ﬁ@rlﬁlts’s inThEe: Shdgese BeagfamipPetionsofxehanges VIX
ﬁ'%o %Q%ctnﬁk.#%nl%%%lw% t%%tkqg%r%gckg% f%%%%lance

|ng coef S conprise instructions
mastuaaumm@ h&utequatfiomecakt jtot capaiure hatrkieNollkpectations
fit = The conputer program product of claim
Oélfuﬁﬁgﬁe ﬁla%ﬁ&lFﬁétructlons for determning the risk
factor loading coefficients conprise instructions for
adjusting estimated risk factor |oading coefficients

u3|qg gredetern1ned
he computer program product of claim 51, wherein

the selected set of securities includes securities selected
from the group of substantially all relatively active

securities in a selected market.

54. The computer program product of claim 53, wherein
the selected market is the U.S. market and the set of
securities includes substantially all securities traded on
the New York Security Exchange, the American Security

Exchange, and the NASDAQ National Market.

55. The compﬁter program product of claim 54, wherein
the set of risk factors comprises the following risk

factors: market, industry, sector, size and growth.

56. The computer program product of claim 51, wherein
the set of risk factors comprises the following risk

factors: market, industry, size and U.S. market.
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adj ust ment process to reduce estimation error. 20 60.
The conputer program product of claimb51, further
W@ sPHg i nstructions for determ ning the fRPCEUSEN4/003792
of the wvariance-covariance matrix for all securities
in the selected set of securities. 25 32

57. The computer program product of claim 51, wherein
the instructions for determining the risk factor loading
coefficient for a security and a risk factor comprise
instructions for performing a time series regression to
obtain the sensitivity of the security’s return to

variations in the risk factor’s return.

58. The computer program product of claim 57, wherein
the instructions for estimating the factor loading
coefficients comprise instructions for estimating the

equation:

K
rit = ai + Zf}ctﬂik + git:
k=1

59. The computer program product of claim 51, wherein
the instructions for determining the risk factor loading
coefficients comprise instructions for adjusting estimated
risk factor loading coefficients using a predetermined

adjustment process to reduce estimation error.

60. The computer program product of claim 51, further
comprising instructions for determining the forecast of the
variance-covariance matrix for all securities in the

selected set of securities.
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