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present invention relates to a systemand nethod for
sel ecting one or nore variables-for use with a
statistical nodel. The present invention is of
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bui T'di'ng™ a IS ca e of predlctlng
the class of an f@%%@ﬁ?&tﬁoﬁTAﬁﬁéﬁé%éE BELTHE
I NVENTI ON 15 Ceneral ly speaking, a statistical node
is a descrigtion of ap assuned structure of a set of
0 , the statistical nodel is in
the formof a nathenatical function of the process
assuned to ave_gener T.
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t heLesh$iRO¢hdedia HEbEBﬂeOEfS§kédlc5gngneherclasseOf an
vari ables for use with a statistical nodel, the nethod
8#&@?? d°Phe steps of: 30 creating a plurallty of
uni que subsets of variables of multivariate data;

he el b aRReexof a discrimnant rule
WE%gﬁgg%ééﬁa§3lcabn 8? ﬁﬁc subsets, the discrimnant
rul e being based on nultivariate normal class

densities @eperally 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 function of the process assumed to
have generated the observations. The mathematical function
ig 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 INVENTTION

According to a first aspect of the present
invention, there is provided a method of selecting one oxr
more variables for use with a statistical model, the method
comprising the steps of:

creating a plurality of unique subsets of
variables of multivariate data;

determining the performance of a discriminant
rule when used with each of the subsets, the discriminant
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



35 each having substantially diagonal covariance
matrices; and selecting the one or nore vari abl es
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desi red performance of WD 2005/ 008517
PCT/ AU2003/ 000923 2 the discridinant rule. Gven
that the discrimnant rule used in the nethod is

g I&l %@ih& %sg E%lge suitable only for 5
e nt

pen nornmal’ data, studies by the applicant
have surprising showmn that that nethod is in fact

wel | sui tede.tl@enseﬂatd%a ahatriminghti pdeeendeat in the
mul ti normal , for exanp %ene e resslogédata gor
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| demtel fdageh \Whaitakilse nioe tindependens mlsl;lapprnaéehfp@ example
Ciﬁ% t‘% %S%ta% is based on a forward stepw se
Ee

ection technlque Al ternatively, the step
of creatlng the plurality of unique subsets conprises

the step of prdeabisii)0 the?@redl bEbkbechihfethot pmt‘ﬁm:l.ty of

has not be reviously re an
BT SRR BR S (P SEoPTEs LN AdiRgea variable
apipr agod ml tiagad are aldtac kibatd :L.-.sm@[:nmasmeumelrablfea set of

sel ect Ib(?l_n éef%hn'& %léfdlrr%? tFl)'{eefi%r éij%a%%l%f to t e set.

det®r i i ng mance o Iscrimnant ru
conpri ses assessing a prediction error rate of the

di scri m nantpyiyl @pp3daleretoRreaptiekeakl YubkBes is based on
prediction error rate is.a cross valldat%gﬁﬁrror

r & efonakd mlsRElSe Wt ahle Sl e TR LA -
performance of the discrimnant rule is assessed using
a Alternatively, the step of creating the plurality
of unigue subsets comprises the step of identifying a
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 technique.

Preferably, the step of determining the
performance of the discriminant rule comprises assessing a

prediction error rate of the discriminant rule.

Even more preferably, the prediction error rate

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

likelihood based approach.

Preferably, the desired performance of the
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prediction error rate of the discrimnant rule.
Alternatively, the desired peformance nmay be any 5

other desired error rate. Preferably, the nultivariate

d @i & e nanes ragee corpRieesi ehedabaestOpdsstbliengrediction

a second aspecgt ,of the present nyention, there is
pF5ﬁ°&é&agﬁhﬁ&t§% SSFF ﬁgﬁg wﬁpghr U én executed by a
conputer, enables the conputer to carry out the steps

descri bed i%%%%cngk %El?SpﬁﬁE ﬁgslgsdp§§§§3£mance may be any

i nventi on. cor |ng fo a third aspect of the

proddien dsisivad isgwont Wéte-i s provi ded a conputer

sLorage ngdlun1 containing the software descrlbed in

t he second aspect of th resent inventi.o

Accor di ng t@rngGGPFW'a§ 82?“3F1Vﬁ§16$858ﬁpa Somprises gene
| respids¥iord Rt .l s provided a statistical nodel for
predicting a class of an observation, wherein the

nodel includes one or nore variables that have been

sel ect ed 25 Agsionglinige teeehsgcoadc pspedti rft foef present

asﬂﬁ%nto.\foﬂ &1 UL SN A RMHUI UdmpAReR GoFtwa@ el whiith) when

aspect t'he present ~ i nvention, there is provided

apperertad Ry aséffé'eﬁqtrﬂjfror?éla@@%r Rfor S PRHEL s SR5FY Ot

USh oM 4 #epk deidSiiaRlidda (fildit sifsicamoforghid piregrent

dat a creatlng nmeans arranged to create a
invention.

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.

According to a fourth aspect of the present
invention, there is provided a statistical model for
predicting a class of an observation, wherein the model
includes one or more variables that have been selected
using the method 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
or more variables for use with a statistical model, the
system comprising:

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

a processing means arranged to determine the
performance of a discriminant rule when used with each of

the subsets, the discriminant rule being based on
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used with each of the subsets, the discrininant rule
bei ng based on WO 2005/ 008517 £CT/ AU2003/ 000923 4
mJI tivariate normal class densities each having
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ng means’ arrange sel ect the aone or
vaﬁm‘%ﬂﬂagstlfaﬂdm stidgomnl sinvasriange awisdcesvhapnd
results in a desired performance of the discrimnant

Lo e ho Anincire Robelh SR gt W re ox
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the data creating means is 15 arranged to create the

plurality ofp !“% gHb | i var
in the set é:}]Lwé%l nofﬁ{tiér?ﬁaprcg\%é&}ggy&%ﬁm)sveg %@r%nged
remwnr@awetwe?ﬂemfa]ehtwm dBHisus (gt &i 1d3§1t1fy1ng a

Prefeliably,id hﬁ‘lé’&ﬁﬂiﬂﬂf\ﬂawaﬂ:&d S Y aiatbd & member of a

determ pe the rforma ce di scri m nan
asSeEsPhg 3 et et | U e?"?’ h:ﬁ-ée ?Ihtel%lr rYarﬁlnag)nye to the

ruset. Even nore preferably, the predi ction error rate
25 is a cross-validated error rate. Alternatively, the
determ ning nmeans is arranged to determ ne the

per f or mance Afterratieeky m Hmtdata cupatigo peans is

| '5?%?}?&%& @@?@?eé‘@@r@ﬁ’é?hplﬁgafi@ e ehlyi qides@asd gL by
1den2§f§fng a variable in the set which has not been

previously removed, and removing the identified variable

from the set.

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

assessing a prediction error rate of the discriminant rule.

Even more preferably, the prediction error rate

is a cross-validated error rate.

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

a likelihood based approach.

Preferably, the desired performance of the
discriminant rule comprises the lowest possible prediction

error rate of the discriminant rule.

Alternatively, the desired performance may be any

other desired error rate.



di scrimnant rule conprises the | owest possible
prediction error rate of the discrimnant rule. 35

wWQo\Laosi0osst7 vel y, the desired performance may beP@§U2003/000923

10

15

20

25

30

35

ot her desired error rate. WO 2005/008517
PCT/ AU2003/ 000923 5 Preferaldy, the multivariate
data conprises gene expression data. e Preferably,

the data crealig HEYNS . ,Qr ﬁiﬁibgglaée”339§ 8Bflpriges gene
A the

sel ecting neans are orm of a conputer running
sW@l@!@ﬁ@ESCRI PTI ON OF THE DRAW NGS 10
Not wi t hst andi ng any ot her enbodi nents that may faI I

w thin the scope of the pre I nvention refe
enbodi ment g FseiBS %\"i‘é:ﬁt cERAGTS HERFBe pELEEEsing

desgdridethd shéd.é/@&rfﬁ n@aa:rmlae:eom:y,thn tlonme fofr @ncemputer

t he acconpa figures, in which: 15 Figure 1,
i TS esso% "fﬁqbe(:k di agram of the conponents that

are included in an apparatus, according to the

g:ﬁ{fﬁﬁ ﬁ%fﬁmoﬁ%ﬁﬂ“%ﬂmﬁ invention, that is

ot abl es for use with
a statistical nodel; and 20 Figure 2 illustrates a

fl ow di agr aRefwdies t R St maxares@ﬂmasym may
ap ar at us of figure 1. %PREFERRED I%I\/BODI =
@g%a%c%e 1?,% :Ef]i‘ 1nven 1on ? eferred

an ap
1 eﬂS@@ixdéJﬁ]ﬂ ¢p the prefeni echxemtmbmmﬁllofnqvhéoe descrlbed.

resent  inoven c
53 Rhy 4 EARBTS SER SePts e s GRS fompaying
CréagungsnEGMSWBlchproceSS|ng means 5 and selectlng

ggf[‘aazeafe g 1 0rim Qi3 s UMLK IdiYRE 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
statistical model; and

Figure 2 illustrates a flow diagram of the

various steps carried out by the apparatus of figure 1.

A PREFERRED EMBODIMENT OF THE INVENTION

As can be seen in figure 1, an apparatus 1
according to the preferred embodiment of the present
invention comprises data creating 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

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
variable. In the preferred embodiment the multivariate data
is gene expression data. An example of gene expression data

is the leukemia data set referred to in the article
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has access to nultivariate data 9; that is data for
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than one 35 variable. In the preferred enbodi nent the
mul tivariate data is gene expression data. An exanpl e
of gene expression data is the |eukem a data set

r T, Qupf I 0085

PERAOsh Bigsrated SRR A iR ecy) rnoer: olass
cldssidviezat iad stlasgnexedicition b g65¢eFFPERESEPRSS
PR I A Py, SBNARLE $e@N 1 nMBRii bRken886 :WRLCB37, 1999.
appeared in Sci ence 2 531-537, 1999. 5 The data

creating nmeans 3 processes the multivariate data 9 in
order to pratheCcdatapkurealkihy abangnBgpeosabsetsthé

varl bl es .of t rrult|var| t . ssenti.al

t e a:'t aarcraeta Iaea ans' E:%Ireérat%%s%r%éiufg %1 %trlué]%falf%tgf of
umrqulesmes:dapfewplmyhig%qfem qud ttilvariate data 9.
simlar to forward stepw se vari abl e sel ecti on.

CGeneral | y speaking, forward stepw se sel ection

i RAstsrsial lgentitie) idiGa KESRtIAY AFPEE 3y oFR@tes the

MU S a2 13 Q:ﬂairﬁquatsub@re&swy lehpl o9@ingol tRhalhles that
whj ch .arygt :}’@a tatlims% 15 nodel,’ andgdln t hem

t - HEBEAT 1 FOTXATHE T FTVESE (e 106 £64 5615 Bdi ng

t enaralibl epdakiyy Setrwahal stepniitse iseledigon involves
cre it i,que r
%ég¢é¥E¥1tq1J§§ﬁ%&¥%¥ ﬁiég lHWéﬂé lﬁ%& §1at% %E%a that

de stepvvl se varia sel ect
t expminple ddnre el ohysniaddss vddch @@\seer iifmg a statlstlcal

digdd M hafla a%fh:fﬂg‘cﬂﬂéﬁﬂ R aAnSiset G WMCh ttQXe .CAR is the
be found on_the, . Internet at

htRELIIFWR S 12ddiae ithe JERABLSHHO fhe S6in Hhah results in
F%lh@%:l“@.ttitﬁls&dﬂi tihen mfurmma:ryr ad elrtnqdehesxmste,ts 2% urther

eSSI P es, t he set qb
ef$%€?1 VeIt or\%éen?oﬁme daplél[j_‘re YRS of rulrﬂbqluee SSu ecsct S to
a teklzTique neam bwl@urai]cimam dedporapvsrimge discriminant
pefﬁﬁ%ﬁﬁgﬂm%ﬂglysis. One such text can be found on the
Internet at
http://www.statsoftinc.com/textbook/stdiscan.html

Following the addition of a wvariable to the set,
the processing means 5 applies the set (which is
effectively one of the plurality of unique subsets) to a
discriminant rule, and makes a record of the performance of
the discriminant rule when used with the variables in the
set. The processing means 5 continues this processes for
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
means 5 is based on multivariate normal class densities
each having substantially diagonal covariance matrices, and

is in the form of one of the following functions:
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is, the processing neans records the perfornmance of
the discrimnant rule for each one of the unique
subsets. The discrininant rul e used by the processing
35 means 5 is based on myfiwvaniate norial class
densities eachC@hvmmgH&; tanfraf%y%éw gonal (1)
covariance matrices, and ils i% the form of one of the
foll ow ng functions: WO 2005/ 008517 PCT/ AU2003/ 000923
gk _C? §Xx) = argmnk 1 (x' k' ) +log 6ki (1) j=1

[ X) = argmnk Y (X 2L 2) .1=1 61 5 The
first function &)= smqégK#héélthe class deﬁﬁltles

have di agonal covarlancefﬂatfaces Ak diag (6

k1,..., 6 ) muehidistsd FRraaeRd (fll)n%ts|s%e(92)th&%5lﬂi%sclass
the «cl| ass denS|t|es have the sane di agonal covari ance

meRsities hyve Giaashily WIALLARGF NI Sirder to
deAeEerdgf(azl_,..., o@e)’f hidRee the tkeondi fohcwivant(2)ubkesumes the

d d
Cr AU T B TS e P R o s gy e,

thﬁkpmhgﬂbéyngpheans 5 has applied each of the unique
subsets to the discrimnant rule, the processing

means 5 exam nes the recorded error rates to identify
the subset Fhaedak(ia SEGPRAES dles PohamaEe OFTide

pr@£§(§§i:ﬂﬂn£|i@@n§uﬁe } hee phesessisi A wedects tihe antrfed to
;Ttr) %?:%g:}./ge“ bé €8 éss vagf:l.da\./\é cg] etrhreozstraat.éeStéth:he pre&:.ctor.

Once the processing means 5 has applied each of
the unique 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
variables (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.

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

following steps:

1. Starting with an empty set of variables;

2. For each variable of the multivariate data
not in the set, add to set and determine the
performance of the discriminant rule;

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

performance; and
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the lowest error rate) as the variables to be used
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stepw se technique neans that the apparatus 1 is
effectively performng the {dIl-owng steps: 1.
Starting wwth an enpty set of variables; 30 2. For

each vari ablsg OdeﬂilﬁMhth%&k@Eeldata whellel Rhkhgerformance
set, add to set ar%d rrm ne the perfornpance of the

di scriminant rul & SPAAFABPE Y SV e 18 T RAPYATI -
results in the di scrl m nant rule having the best 35

per for mancesa0d 400 200390881 (RCILAUB0R: 000923 261 8e sor
4. Conti nui ng S or mance f

t hesedivsiciti rhhﬁarﬂtartmsmcgh md@;h'nghel BPpRgatuso lsdkect

t e (R iQFe 1PPTR M IRP IRT ftdle ﬂ%@%l“btﬁrbaa steps:
statistical "nodel, the apparatus effectjvely

carrying out GHR@tigg é‘wpllrg‘rﬁllﬁééf Qtfeb‘EJ-qEFeﬁFPﬁStﬁ of
Pl dB e D fo A Aulite valitisRies dfta;vari abl es of

mul tivari at ata;, determ ni ng _.the perfor

di scrim nant%eq_‘fl‘.rfn\rlﬁ?F‘é1 Ik g& E‘CSagﬁn% tﬁlscrlmlnant
S uhslet swk_xetrhe.tazﬁctmuh regath qmltéleb@umett&sedth@n discriminant
m&t)sjféa/?]l{% 2 ﬂ%\% lnﬁﬁstl 'att'ee%ox%%cih ch.%\é' nglensu:les

naI covarl ance matri ces;
s@wuh@rﬂmﬁe PR tan bigrld w adisgsned er&@m%wtr&ﬁ@& and

of the subsesteaetdtqhgr %&ié' tonleno& dRser edraabflersrr&%ﬁ at least

15 t he rlmnant ryle. rder to aln in
R Diihats, chat gkl 0 ikl petotiance of

thﬂa@rmlmmaﬂi imrle t he pref erred enbodi nent was
applied to Alizadeh's DLBCL dat a.

41”

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

produced about 5 errors {(approximately 12%).

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

approach.

Whilst the preferred embodiment employs a forward
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di ffuse large B- cell |ynmphoma (DLBCL), GC and
Activated. The preferred enmbddiment of the present
i nvention selected just three 25 genes (vari abl es)

f reyepgwie DB afhatea seﬂé@ thildhe Qe@hﬁ&ﬁ_[uewelbe cirbageustd

in.a cla sificati.,on whi ro ed _no_errars
(RTINSt Brat oG, fEe Soarrcag e et
(ﬂa&naﬁhayavepﬁmﬂﬂnﬁdnahome&.erbapkweaﬁpsaﬁpwaselyariable
1 t ] d t nat refern .
cragetier RIPREC R T Yhel BBt thlation,
measure of the discrimnant rule's performance, other

t echni ques &wa1d§t%b”h@b&%c&ﬁ@eﬁeEEQE”&HQQsQfthEe

di scriminant rule _are con5|%gr%g tqQ be suitable.
eSRRAEPE N 0d itheo PusfSEFe B sTRATETY. TREEESt 1"E’héhe
progflarined: ierde0 diafﬂ%ﬂtase ngelidyS g@nkeO E\i@ﬁ:‘és‘éﬁ)o&O%/t&OSihé

PEI 82003/ OOO%:Z n tbeepuse Var ts%la%%.tal %nd ta other
té%ﬁﬁ;q e 10 el qﬁw pl'ura |ty o unlque subsets, ©

i tthast @'anesaag@jretdﬁaton datter.nati ve techni ques such a

backward stepw se variable selection could be used

wth the present invention. 5 1t will be appreciated

that whil st Theee &&iddiesk iontbe eKE YhdflepPPgeciate that the

ermwgﬂarun R Bl thareifllild \SUdcRipt idhAled 1S vlam@@lons and

e e R

exghmslsi dre datdersiuese tddt (e iimveneizn iwdludes all such

apxpa[xe:l. cﬁié Ilﬁ{d HJB% f:.rlzvq{it& %nw%e.l.g:(in; 'égﬁq. Qﬁrt% %h t%e spirit
suscept | e to varla I ons an I cations ot
t rend t9nene Pedilie daveptdesori bed. It 15 shoul d be

understood that the i nvention includes all such
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sel ecting one or nore variables for use with a

statistical nodel, the nethedicomprising the 5 steps

of : creating a plurality of unique subsets of

vadraiees of nultivariate data; determning the

performance of a discrimnant rule when used with

each of the subsets, the discrimnant 10 rule being

based on mulit.i vara adetHoe & 5@1@%&1@@%&1@' oy Geeh var:l.ables

S T oh e (R SRe A are s Frofe R ofe SePTadang the
ofstdpes sufizsets that result in a deS| red performance of
the dlscrln%Q%EE15%Le E}Er%lﬁlgrOQEEHQQP@SsE QE dokn

claim1, wherein eating the plurality
oWW%ﬁﬂ@%mﬂfsé‘t@tW@m@f@eﬁﬁqﬁe step of identifying a

variabl e i nddi@rmimlibgV&hied %r@@&ﬁahﬁ%toESan@Es@rlmlnant
menber of a set_ of, 20 vari abl es, and addin

i daHtS fReR S RTiER $aahe ofeithe ?“bﬁ?é:sne?:ﬂ?@d djscriminant

claaimdoé:rngan;asmie ol nﬁilajmi&rhaw ndrmsflecdiag st Iaenstlenes
A S AL SR BP0 P WSS BB ey ana

the di scri msedec bigge th4e Oﬁheonrem@'@ yerdebilged frpm at least

Clcﬁié“c?!ﬁ ﬁﬁ@rﬁiﬂéeﬁéq%ﬂ@@egdl@ ﬁ'f raordersﬁ.tr%d‘ Pe? formance of

cross-val i dated error rate. . The net hod™as
cl Bheredi 5% aMyragie W a he precedl ng clai ns, wherein
the desired performance of the discri m nant rul e

conpri ses t@F loqﬁftnﬁgifkpl 'fg¥ﬁ¥ 1n claim 1, wherein
the step of creating the plurality of unique subsets
comprises the step of identifying a wvariable in the
multivariate data that is not a member of a set of

variables, and adding the identified wvariable 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

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.

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

error rate of the discriminant rule.

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 clained in any one of the preceding clains,
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expression data. WO 2005/ 008517 PCT/ AU2003/ 000923 -

11 7. Conputer software whichi when executed by a

conputer, enables the conputer to carry out the steps

defined in any opgy %ﬁt%gesBE%ﬁﬁgénGh§Eﬁpsthn exfcuted by a

conputer stora i um containing the software

dEPrMREEetn @P&%ﬂf\eﬁ the BoWPHEREt ERaF3kbYePlFofhe steps

PrRGigldNgnd atashe OF @ReOPEerwdihgnstwperei n the

nodel includes one or nore 10 variables that have

been sel ected using the nmethod defined in any one of

claims 1 - 6. 10A Acmppparatuiorbge sebéum ngnteéndng the

rnyg%tﬁg %Qkiiedp ny%g g%gq.a statistical nodel, the
f% g: dat'a creating nmeans arranged to

create a plurallty of uni que subsets of variabl es of

mul tivariate, dahdstatBERIead! Hﬁd@&a%rab&aaae@mg a class
determine the 20 perf ormance of di scr.i m nant e

wifdh s APSHTVR QDN WheTERR ShpsEPselt ABCArEEri ARRaRT moTe
I tdefiRay1Rgs ltaﬁ\ﬂ:dl'Me eleh valeatednasiby thassethod defined
densi ties eact}ir ? sub%tantlally di agona

covart 3 C& it and a selecting neans arranged to
select the one or 25 nore variables fromat |east one

of the subsgls thaf apao%%édth% 'flsra s@q%'crtgﬂgp%feow%fée

of the discrimnant rul . The apparatus as_cl ai ned
i (Vagighhery, fommeemt%@ mlértégﬁ Ingoredns tbe system
ard ity :.create the 30 plurality of unique subsets

by identifying a variable in
y y % creat%ng means arranged to create a

plurality of unique subsets of variables of multivariate
data;

a processing means arranged to determine the
performance of a discriminant rule when used with each of
the subsets, the discriminant rule being based on
multivariate normal class densities each having
substantially diagonal covariance matrices; and

a selecting means arranged to select the one or
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
plurality of unique subsets by 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.

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

assegsing a prediction error rate of the discriminant rule.



the nultivariate data that is not a nenber of a set of
vari abl es, and adding the identified variable to the

W@ 2G05/008527 The apparatus as clained in any oneP@f/AB2003/000923
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15

clainms 10 or 11, wherein the determ ning neans is

arranged to determ ne the pelRormance of the

discrimnant rule by assessing a prediction error

rate of theidi seahicNap %&E‘a'i:'é.'seasV\@13@91560Q§5éza1m 12, wherein

P / AU2003/ 000923 13., The %pparat s .as clai ned
HSREST 3T AHEPT 97 Spriéd e GG 56 g exrgr rate.

cross validated error rate. 14. The apparatus as

clainmed in of t he ece clalns wher ei

t he deswedq%')e/:rfore %ﬁ?aﬁ;%ﬂ%' sdgéfﬁﬁhlnan rgigne of the

cammdesing el diowes wheassinb [tdiep dediigteido perdiormancet ef the
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in any one of 0 clal frs - wherei i t
mAFEFargadie Qfatt&i%&ﬁﬁqréésma@éhéuém essi on data 16.
The apparatus as clalned in any one of clains 10 -
15, wherein_the ta creati roce53|n

means and séiPect i N7 UE ofi2 of
C ariuitrey 10 unriidng wdefdedar eehe multlvarlate data comprises

gene expression data.

16. The apparatus as claimed in any one of
claims 10 - 15, wherein the data creating means, processing
means and selecting means are in the form of a computer

running software.



