1 A METHOD AND SYSTEM FOR SELECTI NG ONE OR MORE VARI ABLES FOR USE W TH A
STATI STI CAL MODEL FIELD OF THE | NVENTI ON 5 The present invention rel ates
to a systemand nethod for selecting one or nore variables for use with a
statistical nodel. The present invention is of particular, but by no nmeans
exclusive, application to building a 1Q glassifier that, is capable of
predicting the class of an -observation. BACKGROUND OF THE | NVENTI ON 15

General |l y speakin a_statjistica | CLL pt,)

structure of Pab?é‘%ogf ANB’b%{rS}?IE&i %ﬁgo g%bﬂ{:@gﬁ?ygﬁﬁhéhs%lg??s %‘%%‘#B]?rﬁbéde} s in
the formof -a nathenatical TER®ITE HfSTATESNIHds M uned to have
generated the observations. The mathematical function 20 is usually
dependent on a nunber of variables that have been carefully selected to
ensure the nmeRIEMOFCIHE IHENGAONaccur atel y nodel s the assuned process.
SUMVARY CE THE I NVENTION 25 According to a first aspect of the present

i nvention, there is provided a nethod of selecting one or npre vaéi abl es
for use with a statistFegl pAsgert LRECRBIPRESLINPFI 5Pnf THESR R of : 30
creating a plyddd Yool seli@d4angubset srohor¥athabbbiesl fonl héyawitheadat a;
determ ning the perf.organce of &di scrim Eamt rul.e V\,henogsegl %é@lggch of
the subsets, YYRFIRLCAINTICER: - Firce PHEPRG LABEE6ACRUl-Ei VarP5T & Ror mal

cl ass densitim@s by no means exclusive, application to building a
10 elassifier that is capable of predicting the class of an

observation.

BACKGROUND OF THE INVENTION

15 Generally speaking, a statistical model is a
description of an assumed structure of a set of
observations. Typically, the statistical model is in the
form of a mathematical functiom of the process assumed to
have generated the observations. The mathematical function

20 is usually dependent on a number of variables that have
been carefully selected to ensure the mathematical function

accurately models the assumed process.

SUMMARY OF THE TNVENTION

25
According to a first aspect of the present
invention, there is'provided a method of selecting one ox
more variables for use with a statistical model, the method
comprising the steps of:
30 creating a plurality of unique subsets of

variables of multivariate data;
determiﬁing the performance of a discriminant
rule when usedlwith each of the subsets, the discriminant
rule being based on multivariate normal class densities
35 each having substantially diagonal covariance matrices; and
selecting the one or more variables from at least

one of the subsets that result in a desired performance of



35 each having substantially diagonal covariance matrices; and selecting
the one or nore variables fromat |east one of the subsets that result in
a desired perfornmance of 2 - the discrimnant rule. Gven that the
discrimnant rule used in the method is widely considered to be suitable
only for 5 independent nultinormal data; 2studies by the applicant have
surprising shown that that nethod is in fact well suited to sone data that

i s not indepe%tdi@g%{ﬂﬂm {1y exanple gene expression data. 10
Preferably, the step of creating the plurality of unique subsets conprises

the step of identifying a variable in the nultivariate data that is not a

menmber of ha set of Fh VAl Q:%atﬁ&@lﬁa@.q_isgﬁihﬁﬁah@eﬂ'hlfgi aéeaaﬁ.iaalahe Ej o the
set. 15 Thi s appr.oa "to, creating the subsets is .ha on. a_forwar

st epwi se vari é"%@l ISt te b dntigssre 1:tc’e&’r‘ﬁat’f" L& &8 ER%of ! N
creating the pindeddddernd il e SadlselatGomiddes bye tdiceppol iicdant hiwywieng

a 20 variable in the .set i ch ha t_,bee revi_ous| v r ,

renovi ng the KihiaRakid \/s\;g]?vgblt}a}%r (r)%at%é“es%g’t%.de% s%a?étag%rr%\éﬁge Sg%%(rggagﬁ S
based on a baclomsr dlatst dpvi’s el sv ardta blmslepeingismito mutladmoinped., Z5rPeshapdls v,
the step of d?}%{ .&ﬁ%ééﬁ%n Reldormance of the discrimnant rule conprises

assessing a i ctron error rate of the discrimnant rule. 30 Even nore
preferably, the prediction error rate is a cross-validated error rate.

Alternatiygly, the stepfedalAng nike tRep BE LekaRAeg ehe! BRudhictimbrant
rule is assessed usi ng.a ) . e .
- unigue bsets comprises the step of identifying a variable
in the multivariate data that is not a member of a set of

variables, and adding the identified variable to the =set.

15 This approach to creating the subsets is based on

a forward stepwise variable selection technique.

Alternatively, the step of creating the plurality
of unicque subsets comprises the step of identifying a
20 variable in the set which has not been previously removed,

and removing the identified variable from the set.

This alternative approach is based on a backward

stepwise variable selection technigue.

25
Preferably, the step of determining the
performance of the discriminant rule comprises assessing a
prediction error rate of the discriminant rule.
- 30 Even more preferably, the prediction error rate

iz a cross-validated error rate.
Alternatively, the step of determining the
performance of the digcriminant rule is assessed using a

35 1likelihood based appreoach.

Preferably, the desired performance of the



35 |likelihood based approach. Preferably, the desired performance of the 3
discrimnant rule conprises the | owest possible prediction error rate of
the discrimnant rule. Alternatively, the desired performance may be any 5
other desired error rate. Preferably, the nmultivariate data conpri ses gene
expression data. 10 According to a secomrd3aspect of the present invention,
there is provided conputer software which, when executed by a conputer

enabl es the coNRLAMILAREAELYeOlbmpL B8t €R8 TOFEEE DS bIdgddd st aspect
of the present invention. 15 Accordiggnto a third aspect of 'the present

i nvention; th& &FYs THE6vPictrg EdRBH brEyES nedi um contai ning the

software described in the second aspect of - the present invention. 20
According to a fourth aspect of.the present inventio there_is provided a
Sratistical ‘model for BrEarReribeR bl RS See b el ey e e
nodel i nch udeshere dessimedeevaoirabhes.t hat have been sel ected 25 using the
nmet hod described in the first aspect of the present invention. According
to a fifth aspect of the present invention, there is provided an apparatus

for selecting one 30 oPreberablyi abhesmibeivaraiafie Hatstenmstisss ganel |
the system ceaphisisAgn data.creating means arranged to create a

10 : According to a second aspect of the present
invention, there is provided computer software which, when
executed by a computer, enables the compubter to carry oub

the steps described in the first aspect of the present

dnvention.
15
According to a third aspect of the present
invention, there is provided a computer storage medium
containing the software described in the second aspect of
the present invention.
20

According to a fourth aspect of the presenf
invention, there is provided a statistical model fox
predicting a class of an observation, wherein the model
includes one or more variables that have been selected

25 using the method described in the first aspect of the

pregent invention.

According to a fifth aspect of the present

invention, there is provided an apparatus for selecting one
30 or more variables for use with a statistical model, the

syvotem comprising:

data c¢reating means arranged to create a
plurality of unigque subsets of variables of multivariate
data; _

.35 a processing means arranged to determine the

performance of a discriminant rule when used with each of

the subszets, the dizcriminant rule being based on



plurality of unique subsets of variables of nultivariate data, 35 a
processi ng neans arranged to determ ne the performance of a discrim nant
rul e when used with each of the subsets, the discrimnant rul e being based
on 4 nultivariate normal class densities each having substantially

di agonal covariance matrices; and a sel ectdng nmeans arranged to sel ect the
one or 5 nore variables fromat |east one of the subsets-that results in

a desired perfgripnce. of d e, disCrdTidAMeke o Peaber 8lkngt he data

creating neans I's arranged to create the plurality of unique subsets by
i denti fying a swestapiiblly iHagroahuaairdieRce BREEiCR%F P890t a nenber of
a set of variables, and adding the identified variable to the set.

Alternatively, the data cre tin%1neans is 15 arragged ﬁo %rggte t he
plurality of unique sub?e??iﬁ‘ft e SR AYTERO5H 58I B2 ROFhEDSePRFhPEN has
not been previmods| yarepied, fxa06 dieMmagty doke cifdehtl bubtetar ithllte from
the set. 20 Preferably, the, determni ne i ra Q) ermhpe the
perfornanceofr?ﬁ%f%#sﬁﬁi%ﬁqﬁﬁﬁr? I%?%%%Ing%%%sg%ng?eaggggéﬁg?F%%&éﬁggg'rate
of the discrimnant rule. Even nore preferably, the prediction error rate

25 1s a cross-validated gilAr, . il enal t¥eb¥infhRedaker gi Di-ng geans is
arranged to determne the perto ﬁpnce of the discrimnant rule using a
li kel i hood baste epprioadie I yrafidram s undgued svPsedsp T dCEPRYIEYH It Re
10 wvariable in the multivariate data that is not a member of a
set of variables, and adding the identified variable to the

set.

Alternatively, the data creating means is
15 arranged to create. the plurality of unique subsets by
identifying a_variabie in Ehe set which has not been
previously removed, and removing the identified variable

from the =set.

20 Preferably, the determining means is arranged to
determine the performance of the discriminant rule by

agsessing a prediction error rate of the digcriminant rule.

BEven more preferably, the prediction error rate

25 ig a cross-validated error rate.

Alterﬁatively, the determining means is arranged
to determine the performance of the discriminant rule using

a likelihood based approach.

30
preferably, the desired performance of the
discriminant rule comprises the lowest possible prediction
error rate of the discriminant rule.
35 Alternatively, the desired performance may be any

other desired error rate.

T,



discrimnant rule conprises the | owest possible prediction error rate of
the discrimnant rule. 35 Alternatively, the desired perfornmance nmay be any
other desired error rate. 5 Preferably, the nultivariate data conprises
gene expression data. Preferably, the data creating nmeans, processing 5
means and selecting neans are in the formsof- a conputer running software.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Notwi t hst andi ng any ot her enbodi nents

that may fall within tB?Gf%*g %}92 ng%glﬁﬁfé 1 JNEH S A o A ST TR

enbodi nent of the presen VEn now be descri bed, “by way "of
exanpl e only, aspessdosr dats-to the acconpanying figures, in which: 15
Figure 1, illustrates a block diagramof the conponents that are included

i n an apparatus, according to the greferned enbodi ment of the present

invention, that is arrBrAgéereblEel 68¢ BAE2 OFr RN RTHH e PIVTeIESEN th a
statisticaf npflehs aRd 261ELE4hE RebhkUsteatfstie ffomh dbBgE arBmbutde
various steps carried out by the apparatus of figure 1. A PREFERRED

EVBODI VENT CFI?ﬂ@*PﬁVER¥FEﬁr§5 As can be seen in figure 1, an apparatus 1
according to the preferred enbodi nent of the present invention conprises
data creating ;e eSSl NG pea d selecting neans 7. The data
creating neanJﬂb, ?ﬁ' A "3;-j“7 %IE gcting means .7 are in the
formof 30 a conputer running software. The data creating neans 3 is

arranged - gych that Notwithstanding any other embodiments that may
fall within the scope of the present invention, a preferred
embodiment of the present invention will now be described,

by way of example only, with reference to the accompanying

figures, in which:

15 Figure 1, illustrates a block diagram of the
components that are included in an apparatus, according to
the preferred embodiment of the present invention, that is
arranged to select one or more variables for use with a
gtatistical model; and

20 - Figure 2 illustrates a flow diagram of the

various steps carried out by the apparatus of figure 1.

A PREFERRED EMBODIMENT OF THE INVENTION

25 As can be seen in figure 1, an apparatus 1
according to the preferred embodiment of the present
invention comprises data éreating means 3, processing means
5, and selecting means 7. The data creating means 3,
processing means 5 and selecting means 7 are in the form of

30 a computer running software.

The data creating means 3 is arranged such that
it has access to multivariate data 9; that is data for
which each observation consists of values for more than one

35 wvariable. In the preferred embodiment the multivariate data
is gene expression data. An éxample of gene expression data

is the leukemia data set referred to in the article



It has access to nmultivariate data 9; that is data for which each
observation consists of values for nore than one 35 variable. In the
preferred enbodi nent the nultivariate data is gene expression data. An
exanpl e of gene expression data is the |eukem a data set referred to in
the article 6 entitled "Ml ecular classkfbcation of cancer: class

di scovery and cl ass prediction by gene expression nonitoring", mhich

appeared in chﬁ89612§6“ﬁ§ie§§iar@ﬁ@ggﬁfﬂt@cﬂﬁ{ £ R3INY: Eans: 3

processes the nmultivariate data 9 in order to produce a plurality of --
uni que subset s9dFCIEPFHELRRY %%aﬁﬁepﬁ%ﬂ%q%’? e TP FPTETSGR i al |y, the

data creating meanSodisteat g6idheadPedtsd aln tye Mndeniapee: sUbSIE, hyoes.
enploying a technique that is simlar to forward stepw se vari abl e
selection. Generally speaking, forward stepw se sel ection invol ves

i dentifyindg those vari abTles datd hereadirigy ardzatse datracesates abe not in a set

of vari abl es fagistice and ' emto the
set one at a m{rlr%{;l?%g?%{:% &aé%?%cess 0 eg}ﬁ%%e vandr |paj'g'ﬂ'leés]l€ité3btc£?e set

that results iwnighe svksetonst ofanti@#ﬂwrcaﬁlttlg,e efulimivpsl b slstte SRur t her
details on the forward stepwi se variable selection technique can be found

in nmost texts covering discrimnant 20 function analysis. One such text
can be found oBRseaBtighlivr nkhe data creating means 3 creates the

http://vwwy.cst aﬁﬁ@i&lﬂﬁy@ﬁﬁﬂ&@%ﬁé@ﬂé%ﬂ éﬂﬂﬂloyzﬁ'@ |aD\MEHﬂ:ﬂJJ®@dﬂia{ﬂ on
of a variable io t£1e f : t he rocessin rg;,%[\% E‘[g‘dales t he set (which
is effectivel ytBnEBH #he %I Y DR %) “Hi-scri mi nant
rul e, and nakesenerzel:bydspéa]thegpefémermilwt@wlsdﬁesamesm:ldn nartolwdse when ¢
used with the ¥&££@P£§§néntﬂo§% varigbles -in the multivariate data that
are not in a set of variables which are ‘in a statistical
15 model’, and adding them to the set one at a time. It is the
process of adding the variables to the set that results in
the c¢creations of the piurality of unique subsets. Further
details on the forward stepwise variable selection
technique can be found in most texts covering discriminant
20 function analysis. One such text can be found on the
Internet at

htkp://www.statsofting. com/textbhook/stdiscan.html

Following the addition of a wvariable to the set,
25 the processing means 5 applies the set (which is
effectively one of the plurality of umnigque subsets) to a
discriminant rule, and makes a record of the performance of
the discriminant rule when used with the wvariables in the
set. The processing means 5 continues this processes for
30" each variable added to the set; that is, the processing
means records the performance of the discriminant rule for

each one of the unique subsets.

The discriminant rule used by the processing
35 means 5 is based on multivariate normal class densities
each having subgtantially diagonal covariance matrices, and

ig in the form of one of the following functions:



set. The processing nmeans 5 continues this processes for 30 each variable
added to the set; that is, the processing neans records the perfornmance of
the discrimnant rule for each one of the unique subsets. The discrim nant
rul e used by the processing 35 neans 5 is based on nultivariate nornma

cl ass densities each having substantial+y7dt agonal covariance matrices,
and is in the formof one of the following functions: .7 ( 2 |

C(x)=argot 1 (x' -~~) +logecy.} (1) izl(lx6ki?IJII, x):ar?nin.. (xi -
jul)z (2) i=1 0J2 5 The fCEdtakoigt) on shgmes t hatlifhe cl ass
densities have diagonal covariance ndt'ticed, Ak = diag (o x1,..., ), whilst
the second function (2) assunes the class densities have the sane di agonal
covariance matrix, ). Ak=dlag 16 2'..." O Z P 10 In order to determn ne
the performance of the discrimnant f .QlLyhe processing nmeans 5 is
arranged to determni ne the Cpsggwnil, gieqﬁeJror rate of (Ehe predictor. 15
Once the processing neans 5 has appl i-ed €ach of the unique subsets to the
discrimnagt rule, the RAACGI9LR0 £ lBRISAS (§FAMkAGReNELLECORICHIBEEO!
rates to identify the subset that results in the |owest error rate. The
processi ng medePsiiism Y cdggong ls sioveripReof8 tsi cbre 20 vari abl es

(for use “ﬁth.&pﬁdﬁgﬁ}é§Lhﬁ,L podek) thensbbBend function (2) assumes the
' class densities have the same diagonal covariance matrix,

A, = diag (0'12 yoers o*ﬁ) .

10
‘ In order to determine the performance of the
discriminant rule, the processing means 5 is arranged to
determine the crogs-validated error rate of the predictoer.
15 _ Once the processing means 5 has applied each of

the unicque subsets to the discriminant rule, the processing
means 5 examines the recorded error rates to identify the
subset that results in the lowest error rate. The
processing means 5 then proceeds to select the one or more
20 wvariablesg {(for use with the statistical model) from the
identified subset (that is, the subset that results in the
lowest error rate) as the variables to be used with the

statistical model.

25 The use of the forward stepwise technigue means
that the apparatus 1 is effectively performing the

following steps:

1. Starting with an empty set of varilables;

30 2. For each wvariable of the multivariate data
not in the s=set, add té gset and determine the
performance of the discriminant rule:-

3. Add variable to the set which results in the
digscriminant rule having the best

35 performance; and



I dentified subset (that is, the subset that results in the |owest error
rate) as the variables to be used with the statistical nodel. 25 The use
of the forward stepw se technique neans that the apparatus 1 is
effectively performng the followng steps: 1. Starting with an enpty set
of variables; 30 2. For each variable of B8he nmultivariate data not in the
set, add to set and determ ne the performance of the discrimnant rule; 3.
Add variable to the set whi chcegeihlitng Netdes IS ivhilanttydll e hyingnthe

best 35 performance; and -a- 4, Continuing steps 1 .- 3 while the
performance of the discrininafif %Teé’r%c’f ’r%#fhg?u]ren zosrmgé?mf%v’s%?ect t he
one or nore variables for 5 use with the statistical nodel, the apparatus

1 is effectively carryi f ol ow r Qad : t a
plurality of uni quelsubsgltgsgo et \I;‘gor isgelblieg%\é g‘%lér)ruch% VOE%I%‘ i%%t%:ee %%gabgg?serfrﬁrni ng
t he perfor fancessf witkk 8hecetathsiicaloreodel, wHen apparatiash ledoh of the

subsets, the digeebwidany chbe iéigtbliﬁédfclﬁ)f‘i.cgﬂ'ﬂrlg}‘dﬁrdaﬂi &ydml cl ass

densities each having substan‘f;iLa |y diagonal covar) ance matrices; and
sel ecting the one or noreCRRRHRT & FrEmty bunighe subsgdss ket s t hat

result in a desaredbpekfof nare vridée tderslj scrimnant rule. In order to
brcsent 1nvention, the S CPEl MR R T Fp i S5 RO
DLBCL datd0 rule when used with each of the subsets, the discriminant
rule being based on multivariate normal c¢lass densities
each having substantially diagonal covariance matrices; and
selecting the one or more variables from at least
one of the subsets that result in a desired performance of

i5 the discriminant rule.

In ordexr to gain an insight into the performance
of the preferred embodiment of the present invention, the
preferred embodiment was applied to Alizadeh’s DLBCL data.

20 The DLBCL data can be obtained from http://genome-
www.stanfordd.edu/lymphoma. This data was collected from

42 patients and represents two classes of diffuse large B-
cell lymphoma (DLBCL), GC and Activated. The preferred
embodiment of the present invention selected just three

25 genes (variables) from the DLBCL data. The three genes
were then used in a classification which produced no errors
(re-substitution), and when cross-validated the classifier

produced about 5 errors (approximately 12%).

30 It is noted that whilst the preferred embodiment
uses the cross-validated error rate as a measure of the
'discriminant rule’s performance, other techmiques for
determining the performance of the discriminant rule are
considered to be suitable. For example, a likelihood based

35  approach.

Whilst the preferred embodiment employs a forward



20 The DLBCL data can be obtained fromhttp://genone

www, st anf or dd. edu/ | ynphoma. This data was collected from 42 patients and
represents two classes of diffuse large B- cell |ynphoma (DLBCL), GC and
Activated. The preferred enbodi nent of the present invention selected just
three 25 genes (variables) fromthe DLBCL ®ata. The three genes 4. were
then used in a classification which produced no errors (re-substitution),

and when crossteahtidal et it Llsagskibieh tReadugad 8804ie DL £RES
(appr oxi-nmat el i S noted th%t whi | st the gref rred enbodi nment

I
uses the cros véﬁhﬂﬁﬁé&’eﬁ¥8ﬁﬂfhﬁgb§§ 5 néﬁs&FeEBFl fgs< gFR&Fi mi nant
rul e' s perf or rdricgnadgtiver teetiwiiggees sfioh adbaekwandngtéﬁ£1@@r%@fﬂaﬂme of

the discrim nay si der ed b suit. For
| i kel i hood base&ég§é gpﬁ%gégﬁ% F% W%%% gPefgrreantn%P%F%éﬁggenploys a
forward 9 5stepw se vari abl e selectlon technique to create the plurality

of unique subsets, it iggepyhsaged,. % alas dgg ﬁéggﬁ%ﬁgﬁptlﬂyes such a

backward stepw se variable selectl cou e present
i nvention. 5 PESFEEP Hénaﬁﬁré@@a?€§fﬁﬁﬁﬁdmﬁmb§@lmﬁ§t weters pE? ohkhef the

preferred enbadurf&%rﬁaft@r 8at@ hBepelHbt HuALI akﬁreééfoﬁsclat@é ngegQgne
expr essi on data, F}f%resent invention can be used wt multivariate data
X

ot her 10 thatpﬁgﬁgn HCoRBISER. b?hﬁ%%dsWFFPeﬂuFﬁlY?ﬁﬁ%ﬁ? dpfp other

appr eci at®e0 t hhatthgenkeneepticesidasdathed herein is susceptible to
variations and nodifications other than those specifically described. it

15 shoul d be understood that the invention includes all such
Those skilled in the art will appreciate that the

invention described herein is susceptible to variations and

modifications other than those specifically described. Tt
15 should be understood that the invention includes all such

variations and modifications which fall within the spirit

and scope of the invention.



variations and nodifications which fall wthin the spirit and scope of the
I nvention. - 10 - CLAIMS: 1. A nethod of selecting one or nore vari abl es
for use with a statistical nodel, the method conprising the S steps of:
creating a plurality of unique subsets of variables of nultivariate data,
determ ning the performance of a discrimnmnant- rule when used wth each of
t he subsets, the discrimnant 10 rul e -being based on nultivariate nornal

cl ass densitiegr.gagd. havi ng substantially diagonal covariance natrices; and
sel ecting the one or nore variables fromat |east one of the subsets that
result in a desired performance of the discrimnant rule. 15 2. The nethod

as cl ai meg inclaimi, Vm.erﬁlm méﬂ‘l&bditcﬁg él_fléé%{g nghd R Ig(}direalﬂatﬁiagles
uni que subsets ri ses, the ste i.den ing a varla e in the
nul tivariate d%?% n%%t Wik ﬁ%tSEF?égﬁﬁﬁa ?é?i; ST Lsifg ddve ng

the identif5i edstveps adsfe to the set. 3. The nethod as clalned in any one of
clains 3.. or 2, wherei tep eterm ni the performance of the
L R B R e e B BRPERTRARE of the

dlscr|n1nant ruIe conprises as
di scri m nant rYﬁ%ﬂahﬂeﬂTQirmﬂlﬁx#&&;aﬁamda&hn n claim3, wherein the

prediction error rate i g4 &585SH Eh%a%%gf%&ﬁ%%CQaE?he égsérlégﬁan thod as

clainmed in any gne of the precedi esired perfornmance

of the discr |‘?H3r%1ﬁfh§rbllbg%ﬂﬁqus@§°t1hé’fl Skss (suhEssish| &ber ddiserilpinant

10 rule being based on multivariate normal class densities
each having substantially diagonal covariance matrices; and
selecting the one or more variables from at least
one of the subsets that result in a desired performance of
the discriminant rule.
15
2. The method as claimed in claim 1, wherein
the step of creating the plurality of unique subsets
comprises the step of identifying a variable in the
multivariate data that is not a member of a set of.

20 variables, and adding the identified variable to the set.

3. The method as claimed in any one of claims 1
or 2, wherein the step of determining the performance of
the discriminant rule comprises assessing a prediction

25  error rate of the discriminant rule.

4, The method as claimed in claim 3, wherein

the prediction error rate is a cross-validated error rate.

30 5. The method as claimed in any one of the
preceding claime, wherein the desired performance of the
discriminant rule comprises the lowest possible prediction

error rate of the discriminant rule.

35 6. The method as claimed in any one of the
preceding claims, wherein the multivariate data comprises

gene expression data.



error rate of the discrimnant rule. 35 6. The nethod as clainmed in any one
of the preceding clains, wherein the nultivariate data conprises gene
expression data. 11 _ . 7. Conputer software which, when executed by a
conputer, enables the conputer to carry out the nethod as clainmed in any
one of clains 1 to 6. 5 8. A conputer storakfe nmedi um conprising the
software as clainmed in claim?7. 9. A statistical nodel for predicting a
class of an observation,7wher ébmiphber MBeLtwaNe | withsh ORhel did@utdd by a

vari abl es that n d,.using the et hod defined .in_any one of
claims 1 to 6. %g%?}igggbpéggﬁ%gf% €s ‘?’3%‘??% %?lecatﬁrynnc’r"gt the iy }é%‘{]facﬁ
use with a statFdpimafd modeny ohe efs¢baimd 5l compfii sing: data creating
means arranged to create a plurality of unique subsets of variabl es of

nul tivariate data, a processing neans arranged to determne the 20
perf or mance bf a discri mtant ? (FeEReer Bkerade meskiom sfomptie imgddtes, t he .

di scrimnant rukefbehpg Ras€Thffed MM téVAIhafe normal class densities each
havi ng substantially diagonal covariance matrices; and a sel ecting. neans

arranged to select the one or 25 nore varjables fromat |east one of the
subsets that results in % desireshipbsfIddRaeRIcl Hdie fHGIdHINRAY J1dlees

11.. The apparagys_as % L.hed. in cl.aim.l10, . wherein th U(éata creating means

is arranged to c?e% e°}§ %rv%oﬁf'urvgﬁ’fvrbftrtﬁﬂn?ﬁ%]s&ﬁfg{ S5 e RS F%Fﬁg a

variable i A0 variables that have been selected using the method defined
in any one of claims 1 to 6.

10. An apparatus for selecting one or more
variables for use with a statistical model, the system
15 comprising: '

, data creating means arranged to create a
plurality of unique subsets of variables of multivariate
data;

‘ a processing means arranged to determine the _

20 performance of a discriminant_rule'whgn used with each of
the‘subsets, the discriminant rule being'based on '
multivariate normal class densities each having
substantially diagonal covariance matrices;vand

a selecting means arranged to select the one or

25 more variables from at least one of the subsets that

results in a desired performance of the discriminant rule.‘

11. The apparatus as claimed in claim 10,
wherein the data creating means is.arranged to create the
30  plurality of unique subsets by identifying a variable in
thelmultivariaté data that is not a member.of a set of
variables, and adding the identified variable to the set.

12. The apparatus as claimed in any one of
35 eclaims 10 or 11, wherein the'determining'means is arranged
to determine the performance of the discriminant rule by

assessing a prediction error rate of the discriminant rule.



the multivariate data that is not a nenber of a set of variables; and
adding the identified variable to the set. 12. The apparatus as clainmed in
any one of 35 clains 10 or 11, wherein the' determ ning nmeans is arranged

to determ ne the performance of the discrimnant rule by assessing a
prediction error rate of the discrimnant 28 e. 12 13. The apparatus as
claimed in claim12, wherein the prediction error rate is a

cross-val i dat ed error rat¥s. Thé aﬁbaramar agUe1asmelaiAedLhinany, Oggep 1 hhe
5 preceding clqi rein the e5|%§ per f or mance o i scrim nant

rul e conprises TEASBE S55OE Shcrgﬁﬁoyaaééétﬁﬁ phEor rate.

di scri m nant rule 15 ‘The apparatus as clalned in any one of 10 clains 10

to 14, wherein the nultiwgria d r S -gene .expressi on _data,. 16.
The apparatus as clalned%%h ah%mbnéﬁa%% cS;%%scf%EF%d e &F R ?% th&ta
creati ng neansPrERgiigie Siaigmeaheraig m%dasngedeaasfamamet té them of

a conputer rUuRiNG-SOHMH Sule comprises the lowest possmble prediction

error rate of the dlscrxmlnant rule.

'15. The apparatus as c¢laimed in any one of
10 claims 10 to 14, wherein the multivariate data comprises
gene expression data.

16. ‘The appafatus as c¢laimed in any one of
claims 10 to 15, wherein the data creating means,
15 processing means and selecting means are in the form of a
‘computer running software. '



