DATA COLLECTI ON CATALOGUI NG AND SEARCHI NG METHOD AND
SYSTEM TECHNI CAL FI ELD The present invention rel ates

woaosyi#¢®es and net hods for indexi ng and sear CRCTANZ2005/000134
patterns. In particular, the present invention
i ntroduces a packed data structure as an index useful
in searching patterns. The present invention is
particul arly useful for searching |arge patterns,
al t hough ot her sizes of patterns may be searched.
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genones: sequence simlarity, gene |location, the
| engdtterns. Such patterns may inciude nucleotide sequences, amino acid (e.g.
peptide) sequences, geological samples, binary data, textual data, etc. In the
particular field of bioinformatics, attempts are made to understand the information
15  stored in nucleotide sequences comprising DNA (and other nucleotide sequences)
and their translation into molecules of life, as well as efforts to understand peptide
sequences. In numerous applications in bioinformatics, it may be desirable to
search for particular sequences of nucleotides and amino acids. Text pattern

matching presents a major computational challenge because sequence databases

20  are growing exponentially.

At times, genomes from different species are compared and analyzed by using
techniques referred to as “comparative genomics”. Researchers examine different
features when comparing genomes: sequence similarity, gene location, the length
and number of coding regions (called exons) within genes, the amount of

25 noncoding DNA in each genome, and highly conserved regions maintained in
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15 array data structure. The index of this single array is often calculated by a function
that maps the search pattern into a numeric index. The array is then examined at
the location represented by the index. The array usually contains a reference to the
positions of the patterns that are being searched. For example, the SSAHA
(Sequence Search and Alignment by Hashing Algorithm, available through The

20 Sanger Institute, Cambridge, UK) method stores a single array for all possible
sequence indexes. For large pattern lengths, the single array methods will generate

a large and often extremely sparse array.

For large patterns the size or length of this single array data structure can become
substantial. This single array will need to provide an entry or storage position for
25 each possible unique pattern which may be searched for, but which may not

necessarily be present within the database to be indexed.



For |large patterns the size or length of this single

array data structure can becone substantial. This
woeingliessmasray will need to provide an entry or PETOZagE/000134

position for each possible unique pattern which may be

searched for, but which may not necessarily be present

wi thin the database to be indexed. This schene allows a

rapid search to be conpleted for any particul ar
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1pat Endrs isor nezsitfera prapgssitoat findhpatisrnsdasterthamexsting processes and

specification are hereby incorporat edeag, ref erence,. .
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an admi ssion that any of these docunents form part of
15 he arsoherely incorporated by reference. No admission is made that any reference
constitutes prior art. The discussion of the references states what their authors
assert, and the applicants reserve the right to challenge the accuracy and
pertinency of the cited documents. It will be clearly understood that, although a
number of prior art publications are referred to herein, this reference does not
20 constitute an admission that any of these documents form part of the common

general knowledge in the art, in New Zealand or in any other country.

It is acknowledged that the term ‘comprise’ may, under varying jurisdictions, be
attributed with either an exclusive or an inclusive meaning. For the purpose of this
specification, and unless otherwise noted, the term ‘comprise’ shall have an

25  inclusive meaning - i.e. that it will be taken to mean an inclusion of not only the

listed components it directly references, but also other non-specified components



general know edge in the art, in New Zeal and or in any
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attributed with either an exclusive or an inclusive

meani ng. For the purpose of this specification, and
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conposed of a plurality of data synbols, said data

Sy SLOSUREOFANVENTION! order with respect to one

another wthin the data collection, said nmethod of

cat al ogui ng belng characterised by the steps of; (i)
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location within the data collection having a storage address, and

15 (i) transforming the first data element into a first data item, said data item being

capable of being ranked with respect to other data items, and

(i) storing the first data item using an ordered catalogue data structure which

defines a plurality of sequentially arranged storage positions, and

(iv)  associating with the first data item the storage address from which the first

20 data element was retrieved, and

v) repeating steps (i) through (iv) for each data element required from the data

collection, and



(iv) associating with the first data itemthe storage
address fromwhich the first data el ement was

woebesitey®wd, and (v) repeating steps (i) througRCEiNZR005/000134
for each data el enent required fromthe data

collection, and(vi) sorting the ordered catal ogue data
structure by ranking the data itemstored within said

cat al ogue data structure. According to a further
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The present invention is adapted to provide a method, system and apparatus for
cataloguing a data collection. The system or apparatus provided may include at
15 least one computer system adapted to read a set of computer executable
instructions recorded on computer readable media. These instructions, once
executed by the computer system, may be adapted to perform the method of
cataloguing discussed below. Furthermore, the data collection to be catalogued
may also be provided in an electronic form, thereby allowing a computer system to

20 read and catalogue the data it contains.

Preferably a catalogue produced in accordance with the present invention may
consist of one or more ordered data structures which may in turn be searched to
find particular data or patterns within the data present in the catalogued data

collection.



Preferably a catal ogue produced in accordance with the

present invention nmay consist of one or nore ordered
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particul ar data or patterns within the data present in

t he catal ogued data collection.In a preferred

enbodi nent the data collection to be catal ogued may be

stored within an el ectronic dat abase. Database
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15  conjunction with the present invention.

In the preferred embodiment data elements may be formed from the stored
symbols of the data collection using a sliding window process. The size of the
window used may reflect the size of the resulting data element provided and a
sliding displacement value associated with the window may determine the number
20 of data elements which are generated from the symbols of the data collection. In
these instances an initial data element may be formed by the initial number of
symbols present within the data collection equal to the length of the window or the
data element to be formed. To form the second data element this window may
then be moved along a number of symbols equal to the displacement value
25 associated with the window, withhthis displacement value being equal to one

symbol at a minimum or equal to the length or size of the window at a maximum.



these instances an initial data el enment may be forned

by the initial nunber of synbols present within the
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catalogue required.

For the sake of expediency reference throughout this specification will be made to a
single data element being formed from five base pair symbols of a nucleotide
20 = sequence. However, those skilled in the art should appreciate that different types
of data elements of differing length or size may also be employed and reference to

this particular selection should in no way be seen as limiting.

Reference throughout this specification will also be made to data elements and/or
data items being formed from a number of symbols depending on the format of the
25 item or element involved. Those skilled in the art should appreciate that these

symbols may incorporate binary or any other base numeric symbols, other forms of
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data elements may be similar to a hash function used in information technology
data indexing applications which will result in a numeric format data item being

generated. Numeric format data items may therefore be easily ranked or prioritised

with respect to one another in a descending or ascending order.

20 In preferred embodiments the transform applied to data elements may be a direct
hash function. Direct hash functions allow for provision of data items which

encapsulate all the information present within data elements.

In some instances the size or length of the data element to be transformed may
result in a data index which is larger than that which can be accommodated by the
25 memory resources in computer hardware available. In such instances “lossy

hashing” transform operations may be employed, which can result in the same data
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Preferably the present invention may also use an ordered catalogue data structure
which defines a plurality of sequentially arranged storage positions. The data items
discussed above may preferably be loaded and stored within the storage positions
20 provided by the catalogue data structure, preferably with a sequential ordered
arrangement. In a further preferred embodiment, an ordered catalogue data
structure may be formed by an array. Arrays provide ordered linear data structures

consisting of a single sequence of storage positions.

However in an alternative embodiment, for a large number of duplicate data items
25 relating to the same data element to be stored, the catalogue data structure may

store a flag or reference to a further duplicate based data structure. This duplicate



data el enent searched for to look for the alternative
data item assigned to avoid a hash col lision.

weoenefsapatoby t he present invention nay al SO useP@mWNZ2005/000134
ordered catal ogue data structure which defines a
plurality of sequentially arranged storage positions.
The data itens di scussed above nmay preferably be
| oaded and stored within the storage positions

]SS kR W 35 B i P )V
pre ISFa‘l %f ?tg;%@g H@Egsesg?gﬁh%'b%tec&tt@%?ﬁgﬁt. 42k ?urthgr preferred

str ctu y an array rays provi

or dsﬁmsshlﬂnéﬁtes%h dafuplicate bedet'data SRIRRIS Mah BoRfboth Flelfgie data
sequence of storage positions. However 1n an

al t gesmadluy velwdabhid iaddition tofanraray obstoage addressesf In these instances
duplicate data itens relating to the sanme data el ement

$0 the cataleged datehetrushireinsyle effectivelit usech ta rstorergiatasitentsethgpugh
flag or reference to a further duplica

st e« g 6 Gl badeloh e e e ety oppd cata
:)lulr'l? éLIPC rus%s?I opéngg%s%otﬁe 8% ataqo ats?rubth%ngaema‘ U dhtg di de?tlg store

fage address e eac

el eggtgt,temg'n a further preferred enbodi ment such a

dupli cate based data structure nmay hold both the

single data itemvalue involved in addition to an

ar r qgis @bpext of thg eresedr iegsdisn may belengdoyen $¢ eatities tiehmnsumption

cat al ogue data structure may be effectively used to

18t 0Pk MeMmosy |r@we§ Heawitgd lor eatalggyey and fquaﬁ%'ﬁnﬂyeﬁ%qf@h @edata
the further icate

St r GRegie: Whe s i Sparth peStnpetborifeByE 268 b Gecon te
ngI t@%glldg&éj dhid QﬂuEt%Fé Iay n%@e{reofdr@&lﬂldbﬁteégé th{bﬁs %Pﬁ&%ﬁuy be

resent invent tO reduce

Conamgbteansteéplﬁaewauw &ﬁaoaérﬁ@a/amqw a@td ftéin Clot AUPIBER data
and subsequently search a data collection. Were a

. bi nakyneatzarByhrearoviag duplicatepddtaiteme fromavaiiy stoedatiptttyywdthin the
on the catal ogue data structure, a nunber of redundant
18earcetploguedala sturtye sHeh qegur[ﬁ@nt search steps may be eliminated, therefore

speeding the resulting search process.

Reference throughout this specification will also be made to the catalogue data
structure employed being an array, but those skilled in the art should appreciate
that other types of ordered data structures may also be used and reference to the

20 above only throughout this specification should in no way be seen as limiting.

Preferably the size, length or number of storage positions of the catalogue data
structure may be substantially equivalent to the number of data elements within the
data collection when a sliding window displacement value equal to the length of the
these data elements is provided. In such instances the size of the catalogue data
25 structure may be said to be substantially equivalent to the size of the data

collection. In such embodiments, the catalogue data structure may provide a

10



conpl eted stepping through the sanme value of data item

for duplicate data elenments. By renoving duplicate
wdav@/14¢wes from being stored directly within PO®NZ2005/000134

cat al ogue data structure such redundant search steps

may be elimnated, therefore speeding the resulting

search process. Reference throughout this

specification will also be nade to the catal ogue data

" e o OR T R van 3 BB lne' (38 R FéSources
:)r dl%hﬁpedqﬂtcenjﬁﬁ{’tigﬁ Wﬁlﬁ i ﬁ%@ferﬂh ntdf. Lﬁ@lgra@ﬂ'd ch&f RE@HFdata
ot y througho d

€ above “on ut thi's specification shou

i N fn CRMIIEMEE B8 sa§uentidllytibatied itoahe catBlogud B&tasdtiteture in the
| engt h or nunber of storage positions of the catal ogue

dat exrdst atuaiich therdata ienssarbsjeaatatedl | Agadghoweskr those akitlérkin the
nunber of data elements within the data collection .
Sheart shailld appneciale thad thediataivave slatenstrugiire mag ditially pe loaded with
Iength_of the these data elenents is provided. In such
i nsHaR deres ARy Sadigulgf orier SaqUSNBY AVt a structure may
be said to be substantially equivalent to the size of
t he I ' ; ' ;
cat G isnb G618 i FeHEhoBle W) BiRRichc kgPing siy enatn o
ut i hirfsst of btokgk poaitioMai of bheCatital st dataSrubie: MaEnétfnecessarily be
nmenory resources required in conjunction with the
pr e sguitalént we thiei siue. of Phee tiataadoligctior aibbrer @ sliding wigdeka data element
itemcreated may be sequentially | oaded into the _
1@ at geneRtionduecess iy ysaduwith wWindowedigniarement Valyg dasstthan the fixed
data ite ar enerated. .Agai n. however. those.skille
in féﬁgﬁ‘agﬁsth?hgﬂgoe'% %g‘? a{’teep'ioﬂ'g?é)'t 8 P58 olfém%Pat\% g forger
str Hgttcﬂ%@e E%X s{r&té{b %égybebﬁrolli(i’&pﬁqn Yrh '@w@?t Rghdr $8&I1utiBn to the
any particular order oOr sequence required.

Fur tdaard&sRarch RQmpididd.| ed in the art should al so
appreciate that the size, length or nunber of storage

positions of the catal ogue data structure may not
nec sferably padivarsipyeryalatanitem may he asjogiategiwithiiee sfarage address of
col l ection where a sliding wi ndow data el enent

1§endedatanplenpused to gengatrithg;datd ijMmy RN @Feqsialier pledeta items to

val %t%rég%sa%dltelgge% é\gyecrfoésxr%%rence these two types of information with respect

to one another.

* In a preferred embodiment, data items may be associated with storage addresses
through the provision of an additional paralle! address data structure. This address

20 data structure may be substantially identical to the catalogue data structure in such
embodiments and may align associated data items with storage addresses in a
complimentary manner to provide the parallel characteristic required. In such
embodiments any subsequent sorting, transformation or modification process
completed on the catalogue data structure will in turn be completed on the address

25 data structure to maintain the parallel association between data items and storage

addresses required.
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| ength of the data elenments to be provided. In such

enbodi nents a | arger catal ogue data structure nay be
wonresildedst o in turn give a higher resol uti on POTINZ2005/000134

results of search is conpleted. Preferably each and

every data item nmay be associated with the storage

address of the data el enent used to generate the data

item Such association of data itenms to storage

,ag? eﬁgﬁfﬁ}gﬂ%{\:ﬁf%r#%férgéoe @‘Peera “?gﬁ% Rér%ﬁeﬁ gqc{q\ée\?ss td}/aﬁaegtru% ure discussed
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addidel eabguRatiah | RlucRFd bl rafadan 8ib6 Wet profided Bd Smplement the
address data structure may be substantially identical

t 0 phrellat aharbcigristicslafitiee addresstdateestiuotussuehuiesdbodi ment s

and may align associated data itens with storage

addresses in a conplinmentary manner to provide the _

par Refeggnce fapaghost ihistspecifieadon mikrlsq be 128 t@ saipsashtnyention

any supsequent. sorting, transforpmati difi [

or 08B0V Mo PP I e BOAAMGg e ar A TR deTP AN Freoe

I N jidhbne I-ﬁ)%péreﬁ'\?% ek 1A %ﬁldd%)?ec%gé et Metndtife data
p e en tens

mai ntaln the para associ at1 on bet ata |

and sgilichird GRpleMEREESTR A B! ehPibybd taéHibventRE simefaans eshuired.
enbodi ment the parallel address data structure

di s€Euaseeathp) drvecavedanbe with ore citérpative enbrogliment,rthe catalogue data
i nstances where an array is used to provide the
10 at sineiure mextbg expanded oF alsainchide slpragerpositiors fesiprage padrgsses

to implepent the.parallel characteristics of the
addk@@'ngﬁ‘ca&’ BFPtopmt f@aﬁpggﬁ.'teﬁéfer ence t hr oughout
this specification will also be nmade to the present

| NV eRire@Bly SRk M QffaiGyRA KL Sr Rl @ hdLhechSlePhitiRhl Aahabl® data
associate'data itens wWith storage |ocations. However,

t hostemsthédeaidtd ifenidvaaybéd sarteauhtd nappoeidorat depbindiig on the rank or
alternative data structure inplementations may be
enplpdyridyl of eachctataeijem.t Fer e@mplaiimseng prgfemed @mbodiment, the lowest

15  ranked data item may be placed at the first storage position, and the highest ranked
data item placed at the last storage position of the catalogue data structure.
Alternatively, a descending rank sort may be applied in other embodiments if

required.

The sort operation executed with respect to the catalogue data structure may also
20 be executed with respect to any parallel address data structure employed. By
applying the same sort operation to the address data structure this will maintain the

association between specific data items and cross referenced storage addresses.

Completing a sort operation on the data items allows relatively fast find operations
to be completed on the catalogue data structure. For example, if a search is to be

25 completed for a data item with a median rank value then an initial investigation can
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For exanple, in accordance with one alternative
enbodi nent, the catal ogue data structure may be
wexpandedsor al so i ncl ude storage positions foPCSINIRGFH00134
addresses to nmaintain an association with related data
itens. Preferably, once the catal ogue data structure
has been filled with all available data itens, these
data itenms may be sorted into new positions dependi ng
on the rank or priority of each data.tem For :
ox affp[T2ds oF {5 eFespRrec g delflieh APRIIons 853l middie of the
ran ta.l y be placed at the first storage
posﬁ%gﬂ?e %ﬁ%gtﬁ%ﬂ%i ghest ranked data item pl aced at
the | ast storage position of the catal ogue data
St 1 |ed fuftRer phéfbesd\eHhbodrhaht tr G 6 AiEltaM syrAtit, bRQF torfifhent of
be applied in other enbodinents if required. The sort
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structure may al so be executed with respect to any
Dar distussechaeives $hejmost signifigantisyabelnkit ¢yrempomsnt g)g b§ rerpeved
the same sort operation to the address data s,jgructure
t hi 84 (s s SLISHTS 15 FRrtess SR SYTBRI o8 SomRRIPNL gl P Epamon to
dat g, | .Cr . r :
Corgl 47 T E W ARl RERR SF e R G A e o not

rel Q{aéli&?&lé{ td Efidredtlafith SRIRESH difdientidRitdR B0 Rl 8tRthidth 4 he
cat al ogue data structure. For exanple, if a search is

t 0 befardpntiodithéhowhere dailumerit fanmwiatatitean ispobivialied rthenkost
value then an initial investigation canbe made for the
19r esignifieand tligit bf the aumeriq dataitere Mmey st heoriered élieducs thememory

m ddl e, of the cat al org(ue data structure. In a further

pr efUremeRIRBUAL REESEMINEMBst si gni fi cant synbol , bit

or conponent of a data item may not be stored within

the,re E%t#r}e@gmﬁ)%' dt &ﬁ‘ﬁtﬁér‘lﬂb@e? aL& GHid é‘tﬁ{t}:g{n,? may talso be

di scus above. e nost significant sy or

CONMRAPRIPE MEnNSLL6EWIY 8@ phstent ifvinBortl A dlasd date strcturé May be
sorted, as this synbol or conponent will be common to

al | inldérmaentee tosprowidehpainters pardférendearto sapgjorsof die ¢ataogiatdata

structure and therefore is not )
16  structure where these sections contain data items with a similar rank.

in a further preferred embodiment such a class data structure may define a set of
storage positions which are to hold pointers to various sections or positions within
the catalogue data structure which in turn hold data items with differences in their
most significant symbol or component. Pointers may be made to the first instance
20 of a difference in these most significant symbols to classify general regions or
sections of the catalogue data structure as relating to data items with incremental
rank differences. For example, in embodiments where a numeric format data item
is used, a category data structure may be maintained which holds pointers to the
sections of the catalogue data structure at which there is a change in the most

25  significant digit of the data items stored.
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applicable to differentiati ng between different data

itens. For exanple, in a preferred enbodi nent where a
wauansriesdborm data itemis provided, the nbost PCT/NZ2005/000134

significant digit of the nuneric data item may not be

stored to reduce the nenory requirenents of the

present invention. In a preferred enbodi nent a further

ordered class data structure nay al so be enpl oyed in

con ion wth the present invention, A class da

str e Rl raes SpPURERCE ot o0Ruee oy S BreSofy an aray
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data structure may define a set of storage positions

whi clumeerie valoesrahging oo tiehreugho1 (800 @rel proviziet | D¢l&ssatata structure

positions within the catal ogue data structure which in

ur imaydhedmplementedevith peinters i sebiians ot the caiegotyesiata stusture which

significant synbol or conponent. Pointers may be made
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significant synbols to classify general regions or

fgcgﬁ ANSrtr prdiirPdr At gf‘fg?stsbtn% %Sgﬁéfufda@ac’ st b i'g%? also be

ata 1te W th 1 ncrenen ran erences.

exargpioyed h ESHARBLSFEWE!S thaliRéRnBinteHiBA! A doptehBbatd Blracture may
itemis used, a category data structure may be

mai rieapmddedvin give lanl aeniov pf drescirent detaselemeéents hetlf intthe data
cat al ogue data structure at which there is a change in
1Bhe RiRction faybg £atalagiieds agppPased ihthehataipdue slata sirustussiemployed
a flfrtl?er preferred enbodi nent a class data structure

may D& TOF °5aWd§WS§?Sray where this array defines a
nunber of storage positions equal to the nunber of

NDStSugh GRIdrderad Eorlidtt G stBRR! Say 88fhel PnlrAbYf of &loPage positions
itenms. For exanple, if data itens wth nuneric val'ues

r angiqog drriese thah e thegmatibuRORurabed gPruplgudesita slembats Svhich can

data structure may be inplenented with pointers to

secteXishsAsfan beappiecizied Py thosa skitediottos art Wis cinterd Watasstructure

hundr eds based, thousand based, two thousand based and

Sy 16gpid e comparatively large, and potentially will grow in size as the default or set
size of each data element increases. The maximum length or size of the content
data structure will therefore be determined by the maximum number of unique data

elements which could be contained within the data collection involved.

Preferably there may be associated with each storage position of the content data
20  structure at least one data element. In a further preferred embodiment a lossy
hash function may be used to associate a plurality of unique data elements with a
single storage position of the content data structure. In such embodiments a
relatively small, compact content data structure may be provided which has storage
positions associated with every single unique data element which may be formed

25 from the data symbols involved.
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In a further preferred enbodi ment at |east one content

data structure may al so be enpl oyed in conjunction
WQi200%/124f6 pr esent i nvention. A content data st PATINZR@5/000134

may be provided to give an overview of the current

data el enments held in the data collection to be

cat al ogued, as opposed to the catal ogue data structure

enpl oyed to retrieve storage addresses. Such an

0 rd qfr@fgra%g/%g NbnEA fats ts{rl.lllcﬁttl Prrﬁa ve sq%reg ?«ﬂtﬁln n‘F &8¢0 B riltg fstorage

torage positions equal

nur‘r‘rpaéln@fs A PoSIiR dilaiegatmea%&tt& d&bbﬁ?&ln&an mﬁéih@f at 1B5s5tSRB data

be appreciated by those skilled in the art

contelamend absocktteduwltiutie stordgd ﬂmeutlamraaaétaéllywﬁbsenlt it the data

and potentially will growin size as the default or

s et 8lleglonf These Rositivezr apestiwmindicatorsemsyesansiShef singld bitamcodings
ngth or size of the content data structure wll

Phe BAEME PP iHewhhlp berleanagbingitnondnipasr veiues in others,

d
¢ he SBeRHor oS B e b e oG ey o REPle il g gresent
assuleatid?d MuweGRS b uRl Y ﬁg) e(jﬂ?%?éd {hiaptﬂe ?n{rmtaFgf 5%855‘ n%{thors can

data structure at least o

pr efoerchesknetoaigimiserthe AumB&rsor bhes Reduitas td RipldHRdAt BR fHFEﬂgaded
to associate a plurality of unique data elenments wt

a sicatfeet detecstauglarqiiogditedon of the content data
structure. In such enbodinents a relatively small,

Rac el E%ﬁ?r?%%s“ e ?‘ré@ﬁ%s??m&%% S ane s aray

uni om th
ayre e 1 UEERRL BHb R fosnBol 1 BR FalleBlE 8P cidispe dot
may shadt@est Ar §|€blt¥\4a‘iﬂay rl:aﬁ"i‘l’s“é1 ré&dily tf&n%ﬁ 049 Ba@%ﬁ hoéljz%rc?mate
positive or negative indicator depending on et her "a

| eagtdicaives Watravidel therenrtterd siatacitratta ragdifedt he st or age
position is actually present within the data

coll ection. These positive or negative indicators my

c on&Teferably aseantand dBiat sty may e ysed denauickiy deiermaine svhether a

o t ngrgigulér dakfg %‘e(renaerr]\t %b;l)rggén w:tan tpne dgtealr C(}{Igét%(relsonl iﬂspection of the
storage position associated with that data element. The presence of a positive or
negative indicator at such a storage position can therefore be used to quickly
ascertain whether the data element involved is present within the data collection.
Furthermore in embodiments where a lossy hash function is used to associate

20  plurality of data elements with a single storage position of the content data structure
this quick check will indicate that at least one of the data elements associated with

the storage position are present within the data collection.

This technique may also be applied to speed up searches completed on the basic
catalogue data structure. An initial check may be made of the content data
25  structure to determine whether a specific data element is present, and if so a

search operation can then be completed on the catalogue data structure to find the
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dependi ng on the software and hardware pl atform used

to inplenent the present invention. However it should
woeo@Epps®ei at ed that the format of such i ndi caPOTAZeeNs/000134

be chosen to mnimse the nunber of bytes required to

i mpl ement the fully | oaded content data structure

i nvol ved. Preferably a content data structure may be

i mpl enented through a single array sinmlar to that

dis | e 0.t he, catal ogue and

adar o] R I E ElerlPy S RIEN A R P dameyt s o

f or nrescanthisl s2aR GrovesdlcARBIRRRILL 84, | ndi cators to

provi de the content data structure required.

Preferably a content data structure may be used to
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present wthin the data collection on inspection of

t he RERYeslgl RersIdanem witbsthei presant \inventiorh atEadht separate individual
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| .
Bnaielent °46 SR Evoruie) poseraon Jewl Raseriingios bemap a
ol AR ¥l B Sl Felh B aRGR oo pestien, he content date

I nvolved IS presen
Fur tshastomrr e Ak Nifsidadi i Lon
s Uoed Lo Aee ey DA R B g SREIoDE A b S B tne
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this quick check will indicate that at | east one of
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re presen ithin the data collection. This technique
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the basic catal ogue data structure. An initial check

ey ARBordRg %o é’fu_rﬁlgneasggato? ﬂ'fe éﬁ@i%?t bt me?e( ifs%écﬁ/gfeﬁ]fanrig%ﬁod of

whet her a specific data elene 'S presen

a selatecingofher presétite CoFNsdaldh pRntO WihiR {£ $alN cdifd€tion. catalogued
cat al ogue data structure to find theaddress associ at ed

wi t ubstentigivtas deseribed abote, sait etetioid beinty chivactdaded 5 1RIEBSs of:
IS not present this search process can term nate

early. In g further preferred enbodinent a plurality
of Jont'8REVIRGE SeXPH B%tem BIURRGE. prd

15 i)  forming a plurality of search queries by running a sliding window process over

the received search pattern sequence, and

iii)  retrieving a plurality of storage addresses from the catalogue data sfructure,
said search addresses being associated with data elements which match the

search queries formed, and

20 iv) . detecting the presence of the search pattern sequence received by inspecting

the spatial relationship between the storage addresses received.

The present invention may provide efficient techniques for database storage and

searching of a variety of different types of patterns. The pattern may comprise a
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provided in accordance with the present invention.

Each separate individual content data structure nmay
wenpisag4mme separ at e | ossy hash function to map RCT/NZ2005/000134

plurality of unique data elenments to a single storage

position of the content data structure. As different

| ossy hash functions are enpl oyed across each of the

content data structures, a check for the presence of a

particPI@% dat a elenqpt across all content d%ta

st r (PGPS 38q4ENeEq RERIGSReaHenaen g§oladica! safRls; Py fiafe, textual

party el ement is present within the data

col |d§§9%@%3€§’f‘§1 ogued. According to a further aspect

of the present invention there is provided a nethod of

det autferaplyt fie [RtePEHICEtTelchimt GhmBatdeqlidtfcedith HeNsedrched may

data col | ecti on catal ogued substantially as descri bed

abo\exceesidhel sine bhibe dbiai alemert asattbeatatgde the date cdleeto® involved.

of ; i) receiving a search pattern sequence, and ii)

Por i regnerab terma| seaycho pattases ataygerasisk of Ispauannes 10f data element

sliding w ndow prqcess .over the received search

pat tsé'lnﬁO'?, e‘ﬂg‘eﬂclg?gqgrﬂfeqt?ri ?“aF' 7l BYMRlY doyndyinaiwer gr giore data
st ok@egﬁen%ddresses fromthe catal ogue data structure,

sai d search addresses bei ng associated with data

el ements which match the search queries forned, and

i v) 16l piefariddrambodingpkses PRIEityQSt sbireh ge&ticemdiatd RihMNo find a single
sequence received by inspecting the spati al

r el detacreqhénselpetiem éncanfuactianovitigbe predend swestionecei ved.

The present invention may provide efficient techniques

f.or dat abase storage and searching of a variety of
b8 sepishied s gray ppirPisen down

—

& R P CERASEECT th fataepeponepra
S0} S SIS BB MR 5B e
Pr efr@idbr of fuBfesiat Vafiblls @dta RHRNE! fot¥eR¥ing a sliding window
sequences to be searched nmay exceed the size of the
dat redesseitht thissdokddvwobediag mbeagiueqtidiiatiediengotht ket pattern a fixed
! nv%lis\;/)g(cj:ément of data symbols, ranging from one through to the number of data
15 symbols usually present within a data element. In such embodiments an initial
search query may be formed by the first data element present within the sequence
to be searched. The next search query may be taken from the search sequence at
a point displaced from the start of the sequence by the displacement value fixed for
the sliding window. At this point a further data element size search query may be
20  generated, and then the windows slid on through the search sequence again by the
window displacement value and a further data element sized query can be

extracted. This process will then continue until the last full length data element

sized search query is extracted from the search sequence provided.

Those skilled in the art should appreciate that this sliding window approach will
25  generate a large number of search queries for small window displacement sizes

and a minimum number of queries when the window's displacement value is equal
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In general ternms search patterns may consi st of

sequences of data elenment synbols with a | ength
wanre@tiessos han that normal ly found in two or noPETOERES/000134

el ements. In preferred enbodinents a plurality of

search queries may be run to find a single data

sequence pattern in conjunction with the present

i nvention. In such enbodi nents the data sequence to be
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el ement present within the sequence to be searched.
be taken fromthe search

lggd@g)c(ptées}% &3%2}& Rk IS¢ AR PR GPEaiEn Brtare SeqUsnFR detection
seq ?&%gs bﬁag Bﬁ)cg\% Sr?%)?gg UEJH wlYe?\l #J ,{1%&%?' aéé%h évéerles h?ve been

Ing W n ol nt a emen

S! ZQur$ Géﬁﬁé}f BSR4 |583<\1at5)%trg&ﬁ‘r%rtatg%ﬂeraﬁqéi sER@o K& composed of
wi ndows slid on t rough the search sequence agai n by

t he datanskamerds with asseoietet! stoddgeenddredses. f ur t her dat a
el enment sized query can be extracted. This process
w Il then continue until the last full length data -

19 erWsﬁtpr%fﬁri%e@ﬁ%ﬂ"@ﬁ”td%F’?‘eFt@”é’itarF%i’ét?@cf’W $eREch results may
vi ded. Ki || th t

eSSV, bt 109 e il B oo

wi | |adgt%§§ Fficed fér%rpgafl@é’éﬁtagﬁcegfof ﬁ@%re‘mné}ﬁ%e I E& e le, in some

smal | w ndow di spl acenent’ sizes and a m ni num nu

of Gnitdrices awearcht fafteini MEPYE HetbicRR| P RBGIENCY af UStal éiements are
equalto the length of the data el enent enpl oyed. The

si zdowl which mhtctithe oxigimal ®eanch pequente aad Wheteethese data elements
control |l ed by the user depending on the nmenory

Pes AP storedgdiagenhard sequentially with respect to one another within the data

collection, as indicated by the retrieved or associated storage addresses involved.

In a further preferred embodiment an error threshold may be built into such pattern
or sequence detection processes through allowing a maximum number of
inconsistent data element symbols within a sequence while still classifying the
20  sequence as a pattern match. In such instances a threshold error level may be set
by a user, allowing the maximum number of symbol inconsistencies for a particular
length search sequence or pattern which will still allow a collection of search hits to

be classified as a detected pattern.

The pattern location is preferably determined within the database by consuming
25  relatively low storage space. The resource requirements are inversely proportional

to the time allowed for the searching method to complete. In particular, the present
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whi ch the present invention nmay use. By using a snal
w ndow di spl acenent at each step a nore conprehensive
weebosak4smear ch queries will be generated resul PCILNZ26D5800134

conparatively | arge nunber of search results. The

present invention may al so i nplenent a search pattern
sequence detection process. This process nay be used

when a nunmber of search queries have been run using

t he catalogag dat a Iructure to eneratg series

c
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a pa made t rough
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storage address retrieved for specific sequences of

dat packbé Gt tstuctines taxpradre inventichanay alloat the beation of eaparticular
pattern may be detected if a sequence of data el enents

Bir epdtteomor datd element fotbet iradilyfpyidn dfurtberact asdbeiside er igngth of
where these data elenments are stored a acent and
seqtienpatiern \orviai® 9'%?550‘9”@65%%@%%&%@ 934 tpiage ffy memory

da | | di d b
o Bep bt el e BoloriRl < Bahei RSGHBY, Rhich may be
pr ef:(ﬁ'ﬁﬁl@t d FIrRAGIHI SRRy tRPatRITQLithi % 85I, aPethérise of an

into suc pattern or sequence det ecti on processes

t hr p@RsainltiinBgos redurdasmequirster of i nconsi stent data
el ement synbols within a sequence while stil

classifying the sequence as a pattern match. In ch
10 nsTamawethad pravidecholay alsar ivelupe selectipryoff sg@?‘lrsyfuacﬂon that is
user, allow ng the maxi.mum

cOpRsTe BT Lesotige TRAURTENEL FARhe TR e daliepe are preferadly
Squt%pcdem Us oe? %“ ggfa%\gﬂrb%\n% H?nﬁérj thét r?é rlnf?é’va %earch speed that is

col ion e cl assi |ed as

det gribschdeat éfetﬁé‘ len§iHeoiPiRE tfals.| THeadre suht |téi:hﬁlﬁﬁéseé|@k%cﬁlable to
determ ned within the database by consum ng rel atively

| owegtremictg darg@adata séise elge sganomic sequencesneiuddiiionalecomputational

i nversely proportional

15 resources may be provided to further increase the search speed, although the
present method has been designed for searching capabilities over the resource

spectrum.

The data structure created for pattern searching and storage preferably includes an
array of index values ‘paired with an array of sequence positional information.
20 Optimized hash functions may be provided for indexing of large patterns with
decreased hash function collision. At least portions of the data structure may reside
in RAM, external storage mediums, e.g. disk, multiple CPU's, and/or multiple

computer systems.

The patterns that are stored and searched according to the present invention may
25 be useful in a wide variety of areas. For example, the patterns may form a

component in a data encryption system. In another embodiment, the patterns may
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to the tine allowed for the searching nmethod to

conplete. In particular, the presentinvention provides
woanosap#3ei zi ng resource requirenents for patt@CWNZ2005/000134

mat chi ng by using a scaling and sanpling technique

that decreases as the word size of the pattern match

i ncreases. Through the provision of one or nore highly

utilised or packed data structures the present

L,g;/qeeg:u:qgg rlr?a o%tt%e@%\évw%{;ﬁeatn{)rgcs&%tegg Efo rtpe,rn‘?)g%tn e paagerns may be
ggtr etiarggzgé) 5§ parf'Sf 4 8&3@4 6%K&5ml £ éﬁtems ntngf? 59131961 @sfeH f@rrfunctlon

FENERPT A EL5ES e res
ne”&’c{s)@nﬁ]%ﬁto HHuERiSn YS&hi ﬁ%%h@ﬁaﬁ@%ﬂdm&@d’h‘é@ﬁﬁ et \\ﬂnolél genomes,
hi gher” resol ution searc be conpleted for smaller
| engrich ofiadidgrientindigt h rstil dﬂ&iraerﬁhﬁdirﬁerﬁs Othe paittetniseare useful in
expense of an increase in the menory resources
5 equatalese chgipesieitriagel apalysis de roneysind, sounth@halvkis or processing,
sel ection of a sanpling function that is dependent on
r es@gmf d@exa emaceﬁeﬁv@cy ;an@lvmrqﬁlera@a'y%'ﬁ gf Jpig Pe?'a%a'%?fé?'"atmg
pre stor t of IeI ar.r
P ih ta aeesh af e 592 BGme o BaerPR ne? Fha e Judhatn pf e
of
ar J@ﬁ%ﬂ & ity B xﬁﬁg%%'%%g'"é“&gﬁ{%%{ SR i
genom ¢ sequences. Additional conputational resources
mayThie gattoni eedich @apabiliyhés particuledys deditablesfearush is peatharative
al though the present nethod has been designed for
1@ e ag@riamicp mpamwallhre@wr@eemaa% invevmerieins pREVEREATCOMBRIISON
data structure created ﬁéggattern sear ¢

st ofaRghiigse f Be BRIST AR Bf88 PETOR &)Y %’fm%@%%st’xﬂ%%@fmmg
Pf]“f rgaqgerﬁm éo%p%%gc?\r rg§ 3‘51}2@&8@&%39&1‘7‘6&' 95‘@' gssem \)/ dfr%gment

rmati on nctrons may b

for aidadn ﬂgjlrﬁ reb@dt&fg&@h‘ﬁcﬂ%@@n [{eBeiSy, ree@sed hash
function col l'ision | east portions of the data

structure may reside in RAM external storage nediuns,
e. gin oies EmbadimentpbtheiOptigsant oafiattier seardht prp¢assesompy bercombined
15? ysf/v?ttrmmthe present method and system to enhance the overall performance. For
example, the SSAHA method of genomic searching is improved by efficiently
storing the genomic information in the packed data structure of parallel arrays
according to the present method. The SSAHA algorithm creates a sparse structure
of 4% bins for the k-tuples. This structure provides a direct mapping from any
20 nucleotide sub-sequence to their positions in the sequence. This invention records
the position information efficiently and creates a dense structure of size (L/k) that

decreases as k increases and enables extremely large values of k to be used.

BRIEF DESCRIPTION OF DRAWINGS

The present invention is illustrated by way of example in the figures of the
25 accompanying drawings and the figures are not intended for limitation, which

figures are not intended to limit the present invention, and in which:
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The patterns that are stored and searched according to

the present invention may be useful in a wide variety
woho@riea®s For exanple, the patterns may form RCT/NZ2005/000134

conmponent in a data encryption system |n another

enbodi nent, the patterns maybe used in a

t el econmuni cati on system Furthernore, the patterns

may be analyzed as part of a clustering system The

pat erns may . al Sﬁljsqe used for functi

nut searti figsradgipo %’b?n?nb%dp?'ﬁ?%é’aﬁiﬂ@%gn Inppt pattern,
whol e genone

enbodi nment s, Sin e pgﬁ %ée\Pfrqug téger{ja'ge?r\ t{%grmelng%ftﬁ h é\’lgg&ﬁmémlon’
engi nes, |nage anal ysi s or processing, sound anal ysis

Or Pig@eessi NGs a bREk BiaganfsioRraRpIRERYS Fepirtentty thambityattern of
and anal ysis of data or signals originating fromthe
ocean or frorfigpadgan agtordance wijth tHecpresent ievendiomay fi nd

use in analysis of the human or aninal body, nDIecuIar

I ma |ng, and chem cal or spectral analysis,

Hat ear dﬁacbéafgbt'aqrw §°rf%trtrradar Fiﬁna'éasthﬁar’araéte' arrays
for use in co mcst i

requires massi @ufen%/é%? n?e ‘”‘"“E‘ ncséﬁ)tc'@‘%tlr)]gér/n 2
capabilities. The paired arrays of the present

I nVeRbied Mayis bR rlldr%f?&troftQ'ﬂ’ oR€ lehibfilest RREERERNg the input pattern
corrparl son, e.g. for genom c assenbly, data assenbly,

f ragnment asseﬂtbt:vyrn Figurdi1nip acepearicedvitt)dimopresent igérdios.
("repeats"), etc. In one enbodi nent, other present or
future search processes may be corrbl ned with t

pr eElSHEe Sret hoWOYRE bé,%eéfrﬁ"t%'cé'ﬂwﬁt?&é)ftartﬁ@StS\FétaéﬂgP'"g processes
f F
1 S;r gmﬁgcss ?)&%%lrltg ela % cbrc{a]a e entlo ger%rrtboo% n?etntt gé?fnt?t@ Bresent

genom ¢ i nf orgRdkioh sh@ t he packed data structure of

paral l el arrays accordl ng to the present nethod. The
SSAHA al gorlthm creates a sparse structure of k bins

f or Fiduee 6 ( - t Uihstrates Brbesicsschernatierflowpha oftkelsasic stiarabcand pattern
mappi ng fromany nucl eotide sub-sequence to their

positions in ddiestiveprsasseproviHed in asrerdanem Wit eoe G@b%‘@e“t of

position information effjciently and creates a dense
structure of GFPESpUiyvepioR

15 BEST MODES FOR CARRYING OUT THE INVENTION

The present invention includes a pattern search capability, which employs a
strategy for managing the search phase of pattern searches in a database. One
aspect of the present method includes a compact representation of a pattern in a
given database. The representation includes pattern information mapped to
20 positional information. This efficient representation allows any specific pattern to be

rapidly located.

The present method improves on previous single array techniques by employing
multiple arrays, i.e. at least two arrays, comprising cross-reference data to track

positional pattern information. The arrays are usually aligned in parallel to allow for
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decreases as k increases and enables extrenely |arge

val ues of k to be used. BRI EF DESCRI PTI ON OF DRAW NGS
woheospre®ent i nvention is illustrated by way oPCesanmis®00134

in the figures of the acconpanying drawi ngs and the

figures are not intended for [imtation, which figures

are not intended to limt the present invention, and

in which:Figure 1 is an illustration of one embodi rrent

for partitio nin ttern n ccor

e chantooted fue iRl G aheRAR o ibAments

Fig 1

repAistndpbds & esRielthall Pl '”?* s LRy b8 tfloved

accordance with the present invention; Figure 3 is a

bl ogkirgliapgy, dre refircdasl ag rind@xp] Arelyr,es e phekeg répresentation of the

paral l el arrays of Figure 2, 1n accordance with the

pr edatatof ithev datbbase; Tha frsFagay eonsisissofaiindek] veduesaii segod array,

one enbodi ment for searching the input pattern shown

$n Pergioreferredi o ac desadanicleaniayt hreinte tpribe dogatiom b spedie. sub-

Fi 5 sh bl k h t fl ha f a. basjc.
g P g%%ngic%wﬁ?%e&' St BB ShE e
enb%iél c?ttheoffrs tﬁ]m:éq{)éaﬂgn m?d?rqa dn%i”il‘?e s@cond array.
illus es a |c fTowchart of a basi

search and pattern detectlon process provided in

accyp fadssy spetific PAsx, EiiagixEartayahust be sgurer®@ns find the location of
i nventi on.” BEST MODES FOR CARRYI NG OUT THE | NVENTI ON

Thether spseific indey ém theoindéxn eirayd disa angtelt isefoundségr tie specific query
- capability, which enploys.a strate for mana
19eaP€ﬁst‘§§e‘h%fPaﬁ%ﬂ (%@?Pf%éaﬁffeh d$ er%%'aeﬂ &2 élagéfge 'f%ﬂtéon of the
asp he ese h | ud
repP@%%%P’% ﬁ% p%??% &Q ha%a§1§§ﬁg Saba
r ePREGELAh&Rory %édéd\%? aRidré %smpwa%@éremg QiatSRPRRE akfys are

searched to locate the matching pattern, rather than simply looking up the index

entlolchtrades off

into the array.

15 To create the data structure, the index][ ] array is populated by dividing the
database into non-overlapping chunks. Each chunk has a length of k. The chunks
are each converted to an index value. The conversion from an input pattern into a
numeric index is a process known as ‘indexing”. The index can be calculated in
several ways. The type of indexing strategy may vary depending upon, inter alia,
20 the word size (k), alphabet size (a) and/or the type of pattern being searched, such

as nucleotide or peptide sequences.

In general, if the template is small enough to fit into the word size of the CPU
(usually 32 or 64 bits) then the chunk can be converted directly to an index by
performing a base conversion. For example, for a pattern that consists of

25 nucleotides, each nucleotide base may be converted using A=0,C=1, G=2, T=3. If
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positional information. This efficient representation
all ows any specific pattern to be rapidly |ocated. The
wonresanssoet hod i nproves on previous singl e ar PAY/NZ2005/000134

techni ques by enploying nultiple arrays, i.e. at |east

two arrays, conprising cross-reference data to track
positional pattern information. The arrays are usually
aligned in parallel to allow foreasy cross-reference

of associ ated data. However, other nethods of

al | ntasRiale irgo faseiodiX infe the ward sizes 1B ERWKTGN R &ORYErgd to an
in the arra enpl oyed. A first array, herein
ref'@??’%ﬁf"\gg%ﬁssﬂ?‘%}?g%&[ ] array", is a packed
representation of the data of the database. The first

arr gy gr‘ﬂ&? elrrﬁt?rz‘t éﬂnd'ekl ﬁ"fé @'o?%sdwe@t rﬁ%%%éﬁnfq@)é ifor aSSIgnlng

herein re to as |on array pol nts

t heinh&C A1) 19fths RESdifd BassUNIRRE t&Bm-ﬁltllmte@éi&eﬂ@fsa’ﬂﬁSIﬁb index
and conprises pattern |ocation information. The index

¥ al vehsesaindtdyd sfzerafhabetrragresants gamiefieduaidtities, fitds pessible torstore
informati on of the second array, To find any specific
i ndex=32 leagthrieds (ellewingg bis of Z%é @,@almﬂi@dpetr&hﬁraﬁf&r E'H%S 64

N ng,q%m,peg;egﬁ%qﬁ%g,gg@rq?t@gg §Fnt i @ying Riis o

t he,pa) hg&fdnﬁgébér%%ral:te@ &Y ?}4 tﬁté /Bﬁé?’aéltﬁr 4 'Ii]gwatralfers)

| ocati© ern ase e conpact
approach of the present invention trades of f decreased

MENPKY trdfSigRNTR6cads dEa paitgrh &X aIlilefitiingx & oftdnegferred to as
The arrays are searched to|locate the -matching

1pat theshing’r Abdreris ahimnstuonmaywee@cﬂmengmaspplmgwwherﬁdb& indgx gan be
the array. To create the data structure,

arr gtprqueltﬁgbgptmaélu omwtapp,tgr'@ﬂllmgA teRhnigus arg%rgg t(hlhsrelrl aJ “lossy
k

The e Tir® QBN IRH LI B g S OfRen Sk belmtino e

conyREsi @ thé cHQn@ﬁ’uc' ﬂﬁ’é’lﬁatlmtth@rrﬂadpmgolsad@éﬂ%éﬁ *9@?&‘—4 for

IS a process Known as i nd exi ng The i ndex can
cal gudigdtiaes)i ot /a8y qeed0 f&ii)é&nnoTB@dé)yﬂeusﬁs |bmeh<asngg when k>32

strategy may vary dependi ng upon, inter alia,
15  (a=4)or k>12 (a=20).

" The optional lossy hashing method is a complex function that consistently maps a
pattern to a pseudo-random number. The key attribute that separates a hash
function from direct mapping function is that the maximum value of the index is
known in advance in hashing, whereas, for the direct calculation method the

20 maximum value is potentially unbound. The hash index value will always be in a

certain range. Furthermore, the nature of the hash functions means that sometimes

two patterns may hash to the same index value, referred to as a “hash collision”.

For each data chunk, the position in the database is stored in an associated
location[ ] array. The location[ ] array is usually positioned in parallel to the index
25 array and with its location data aligned with associated index value data of the

index[ ] array. Hence, for a given specific position i in the index[ ] array, index[i]
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the word size (k), alphabet size (a) and/or the type

of pattern being searched, such as nucl eotide or
woepisildeéIsequences. I n general, if the tenpl at eCTAZ2005/000134

smal | enough to fit into the word size of the CPU

(usually 32 or 64 bits) then the chunk can be

converted directly to an index by perform ng a base

conversion. For exanple, for a pattern that consists

of nucl eoti des, each nucl eotjde base nmay be converted
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Si zmdakghmg tdatzenae Be BbRed) @0EH &< sdtin] BYInc@asing inumescal order.
possi ble to store a /c=32 length pattern (allow ng 2
Hi t Sudr KWting pomysibe |patticelerly edesiralie ator e seaythirg lgegebipatterns.
/ 2 bits/character = 32 characters) or /c=12 peptide
pat fesaidingly.| bairaled lagaial ¢ Aoy Ly ‘%ﬁb§§P iserted f%glaﬁ%ﬁm data in

char ac ves 5 / char.act

chapaeldrestioniindts fun T beddGrRlolR ek b cgpymay be

to

Then st Shicly MRS ) Ay bk B %‘a%%'."n’g%%*?%a”ay

the index can be stored either optimally or

Submﬂhg | |h§Yex Sedrerdiniphase, o qhiek Kermioativer map tesmade as to
"l ossy hashin is when precision is l-ost during the

180nWhetEbANLAMDitieeY tkey't Eraresent i thadndextibrrray-ch varigly of efficient

enom c jillustration, the direct when kZzZ2

0 et s e STIREEY s Aok U s e SR o)

or uses | ossy hashing when k>32 (a=4) or/ q 12 (a=20).

The (g {;B"ﬁ hallOS ¥is I'bﬁ%n'tﬁ&cégétthé’(dnd SpeRific YRt $atch is found. To

functlon that consistently naps a pattern to a
s eloptiAizE Mgl edmmuniease, aThievdety atrhy,Hdpelh efblied to as “bitvector] [,

separates a hash function from direct mappi ng function

i s tnieytbetdoastrumieidrto puivkly deternfinddnehetired @ry specific index value is not in

15  the index[ ]. The bitvector] ] stores a single bit to represent whether a specific index
value occurs anywhere in the index[ ] array. By initially checking the compact

bitvector] ], there is no need to search the entire index[ ] array when the key is not

present in the database.

Furthermore, efficient search of the index| ] array may include performing an
20 interpolation search with an initial guess as to the position in the array. The initial
guess is determined as a function of the key. This estimation of the most likely
position of the key in the index| ] array, is an improved approach to standard binary

searches.
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known i n advance in hashing, whereas, for the direct

cal cul ation nethod the maxi mumvalue is potentially
wanbsundégde The hash i ndex value will always be PAT&Z2005/000134

certain range. Furthernore, the nature of the hash

functions neans that sonetinmes two patterns may hash

to the sanme index value, referred to as a "hash

collision". For each data chunk, the position in the

dat abase is stored in an associated | ocation[] array.
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information at position / . Once the pair of arrays

Bas uking thep presérd tnegihdaly epclo patésn mupyt bee seanthed eagaisbtha statabase.

the index[ ] array data may be sorted, such as sorting

by iThe peaieh prfterumray be Broken g k osiiappirgehunkgansenyerted into an
ticul arly desi l e f hj patt :
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MY tREpra§iBasly BestibK MetiodN Sindd @bare hit 383 ichh rétdfya number of
i ndex value exists in the index[ ] array. During an

10Nnd dits, sesmt ohingdexhaiies, ferejo reférratictb @s rfiehvakhit i, immendyeted. Each
made as to whether any arbitrary "key" is present in

t he entiyiastiis prray is gptry rkCoidinggialpbase Rasitior inkfMalit hods may

be enpl oyed for quickly finding whether the key

o5 Shlerl e iAE rhg By bl e B B ifo SRRt et
COMMERRh EAREIN tHe Ailst | HRGLOE rétblete to}RE RcBtiohSAEn RIcR8s the
bitvector] ]", may beé constructed to quickly

det @bsitidiei thhsdaneh paitash arareipbsitor iAdiRxdatabase, asswélbds tha chunk
the index][ ]. The bitvector[ ] stores a single bit to
16epriregegmcy whirther a specific i ndex val ue occurs

anywhere in the index[ ] array. By initially checking

t he conpact
Oncrerr%he hits have been collected a number of filter operations may be performed

to reduce the amount of results. Various filtering operations that may be performed
include filtering specific hits (or chunk matches), as well as filtering entire pattern

- matches. Some examples of specific types of filtering include filtering specific hits if

20 the frequency is too low; filtering specific hits if the frequency is too high; removing
all hits if the maximum frequency of any matched chunk is too high; and removing

all hits based on applying a threshold to a linear function of x*(maximum frequency)

- y*ihits|.

After a search has been performed the results from the hit filtering stage are in the
25 form of an array of hits, herein referred to as “hits[ ]". Optionally, a number of

ranking techniques may be used on the results. Some such ranking techniques are
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bitvectot[ ] , there is no need to search the entire

i ndex[ ] array when the key is not present in the
wdav@hasws Furt hernore, efficient search of thecTmaees/000134

] array may include perform ng an interpolation search

with an initial guess as to the position in the array.

The initial guess is determ ned as a function of the
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o1 SRR SR AR o B ODR RS micheB S Pl B Lo (von ac

searmjgeg)an return a nurrber of hits, a set of hit index

val ues, herein referred to as "chunkhlt[ 1", is
generated Each entry in this array is entry recording
dat dX&¥PLFokiti on i nformation. The set of chunk hits
nay‘be col l ated by converting the set into a set array

gt%&eﬁac entry in the hits[ ] array is a

THEL BPAREGHYRA 8H9'P‘F1‘f"6‘?ur‘rﬁ’?ﬁ%’ﬂ thafjg B wsleplide sequence
3 t d/ o t h

Sgskk“gg*‘s'*d;s’\m“ﬁﬁséaf@ REP L ETR FFEAUEARS SLELAE AsCitodh n an

t he illusfrgioR a1 6) BﬁF@uF@H' et %Qu@péﬁéﬁp?fZ)qasfé llJ—grnon verlapping
operations may be performed to reduce the ampun %

r es ebhtiguoléawindars applict ecrosgit. apeligiut SstpiehdeaiatteRis bl%ken into four
per fdgtraq:%(tjmks (14), “ATCGT, CGTTC, AGCAT and ACCGT". Each of the four chunks
15 is converted into a decimal index, e.g. 32, 56, 45 and 19 in an index[ ] array (16) of
a parallel array table (20), as shown in Figure 2. A location] | array (18) includes

data representing the position of each data chunk in original file. In this example,

the data chunk with the index 32 is at position 0, the chunk with index 56 is at

position 5, the chunk with index 45 is at position 10, and the chunk with index 19 is

20 at position 15.

To find the location of a particular data chunk, a chunk with the correct index is
found and the corresponding position is cross-referenced. According to the parallel
arrays table, if the first row is examined for the chunk having an index of 45, the

chunk will be found at position 10 in the original file.
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include filtering specific hits (or chunk matches), as

well as filtering entire pattern matches. Sone
wexenspkewe of specific types of filtering incl udeT/Nz2005/000134

filtering specific hits if the frequency is too |ow

filtering specific hits if the frequency is too high;

renmoving all hits if the maxi num frequency of any

mat ched chunk is too high; and renoving all hits based

o S R b S 5 20, o
been,Rapiko %Wﬁg ht?t(:)l[;: %8}5 #ﬁeshlﬁrﬁé)rmg%ﬁog?g] 'rrﬁ%y;r'lalv% Z%bl&ﬂﬁ 500,000,000

stage are an arr

r ef enired. WRertthereltré Sllarge nurfricPBathidsin t1fe it i
ranki ng techni ques naybbguuség onlthg re@ﬁﬁgﬁén gﬁ%eJtStoo

s uc imeactosurging de Bimply scanahe irag dn@Modk!Ter & =AML A more
of chunk hits; the linear function in the filtering

Sec tffisientreveh; teetmifiug isrehviredgap f uncti on, which

conbines the total pattern match with the di stance

bet uee he hit chunks. The output search results may

e SRR FRg 'S (3 SOR e paraleeresy Bele by fimippie. Ordeaibyfhg eble s
may of ' : [ patterns; | i st of

TR RLR 5 b4 Bt SRR IR L0 Bl . However,
SOr reMisSa6é, Sorting SPRBIrABIE beddRisP MHelR LRk hB& is Nas Rhe Igggrching,

the search string; and/or a set of sub-patterns

al i gathel then rihe aosition.dTiEasbried avhys( @2§ Horatebprds&fl)example are
EXAVPLE 1. A search is perfornmed on an original input

1Bat depited iukioyrs 3a corprrisigta nsted dngianii@eray 61) g A isgrted' IAcaion] ]
CGTI.C TCAGCATACCGT'. As shown in an

11 QLR HE) S (T P e @210 SR SrepiipR e ngydes an
has = -Qye i ng.C iLg wi_ndo lj,ed ..
acr gg'g)ki‘o? @flkﬁetﬂ%! n‘%{lfﬁp E’léﬁ%én%em Saéjﬁqélfe}] qray b‘?\ﬁvo{g% *hﬁt esitional

f ouinfétagort: Mg Hstes(pbf tlemet i Fad, Heh 6% by B g ?% %s ore%uired.

ACCGT". Each of the four chunks is converte
deci mal index, e.g. 32, 56, 45 and 19 in an index[]
arr 8y qomggrigsn, a single array technique usually requires much more storage

15 capabilities. For example, SSAHA requires 4*'+8C bytes ! where C is the number
of chunks. This converts 4128 bytes to (4096+32). Thus, according to the preseﬁt
example, the SSAHA process requires 64 times more RAM than the storage
requirement of the present invention to store the same stru&ture as stored by the
present invention. The savings realized by use of the present invention are

20 impressive as k increases on real data.

Figure 4 shows one embodiment of a method of searching. During searching the
k=5 template (26) is slid over the search string. Each of the chunks is mapped to an

index value.

;%Em the SSAHA: A Fast Search Method for Large DNA Databases, Genome Research,
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a parallel array table (20), as shown in Figure 2. A

| ocation[ J array (18) includes data representing the
weoasistizeree of each data chunk in original file. PCIVNZROS/000134

exanpl e, the data chunk with the index 32 is at

position 0, the chunk with index 56 is at position 5,

the chunk with index 45 is at position 10, and the

chunk with index 19 is at position 15. To find the

| ocati on_of articul ar _data chunk, a chunk with the
cor ra]té'@fe ?rﬁo%%rqpesmfr@iﬁﬁ d’?ﬁﬁ'ﬁ'ef“rﬂg‘?flﬁ?’?%é}fﬁi'ﬁ@? Ay freotthe ipdex in

i 1 ef Accor di. ng.. | [ el .
¢ abithE b SOFOAC Bl AR uf B RS MiefornigedS binary
haV!s‘é_ﬁrcﬁiﬁg,‘ Wl haY coilexd? @(IG? u gn Wiy s@?rcﬁmg,”%gta{hégrhnbound is

position 10 in the original For "a larg

t herfeund drld feste lretgtrhitdie) If @) wilIRSat the pBatidRE3bd BW or high, the
array table. For exanple, an array table for the hunan

e ndwiendeegre hdjueted bodithe PEeCOO jtBRGdent ri es. When there
are a |large nunber of entries in the parallel array

t abl [ I#'%tootime consumng to sinply scan the
arraEs(AM:ﬁd' ok for a matching index. A nore efficient
search technique is required. The first stage is to

SOr tpdBndtRE ke ap| t b

Oiginally, ?‘he tag%lrséé?ls&og {ien%é%ar F %‘8 %b?ﬁié F]eed 6oosc|11{r?rgnsearch
becaesmionesi Ai géhoRiiy s8ueHEE EolmParistRAsC H‘JaHQ-byHQé'lﬁ% Ghe present
in this case, sorting is desirable because the chunk

i ndénventonareldusingrthe bierembsaardt begelineaBhRET.tHueh of fhe 5 million HTG
position. The sorted arrays (22) for the present

O arfpide Artee Gepiis kalsamifer, gubspedes dishpeara srnomeswast ehpared

o B B350 S, 3 o &t
) dr e y

g ol bl SpREo e o 1 e ooty it hd el of e

i nf @LABTIMsthod. f TH: &pbRfieWas PeBERRY dnSanu@fl Otden 280with two
bytes of storage is required. By conparison, a single

ar r &¢-bitet.AGHgUEoeess@b [andr B2BB e RAKLCNMAY EinB%.OWAl&he present
capabilities. For exanple, SSAHA requires 4 +8 bytes 1
Twheivertiqns thenkiggRi fisejob, the greater the differential with other current search

methods.

Figure 5 shows a block schematic flowchart of a basic cataloguing process
executed in accordance with one embodiment of the present invention. At the
initial step A of this process the data collection to be catalogued is divided into a

20  number of fixed length data elements.

The next step of this process B a transform function is applied to each element
formed to result in a data item for each data element. Preferably this transform is

implemented through a direct hash function.

At stage C each data item is stored within an ordered catalogue data structure,

25  preferably formed by an array.
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of chunks. This converts 4128 bytes to (4096+32).

Thus, according to the present exanple, the SSAHA
wonrosazsssequi res 64 tinmes nore RAM t han t he sPOTAFR005/000134

requi renent of the present invention to store the sane

structure as stored by the present invention. The

savings realized by use of the present invention are

i npressive as k increases on real data. Figure 4 shows

one enbodi nent of nmet hod of se%rch ng.

seaftHAIRL FREN Figred %F@rﬁgfndf asseogiedivathdng e lgg\?{&_l?g %ﬁg\ory address
Seapc 913 c{a(a &g Eta&rblct‘,fﬁfg § hil—ﬁ\?&&k%asdt%t rr%g)eg, %\grtaﬁlg (}th step is

i ndéx" varges “TEM o agarch

Lar gém ey b E@hﬁgc‘ Sse SR %S&,%lréhadd?&%mes&@c@ree a

| ar ge nunper of ‘efficient algorlthns avai | abl e for
finding the index in the (index, position) array shown

in ki gher last3stagh €S ef thid prdsss bath ube cataivguy daéasiinturg, and the
whi ch has conplexity {log L). In binary searchi né:]

$ owastogiated paraliel asldfess ddtastructuedpesdided int preferredi gmbodiments) are
the value at the position is too | ow or t he

bouAdreddageden & @nkdndisaion Fravigedbkbs Igr qf fadiataiem.

EXAMPLE 2: Perfornance was assessed on | arge data sets

co ”P@{;Fede IlgstFeHésr § Wasu? %a{e‘ﬁgbtl& ?IS\WEH&WJ&S& é%r&?ge@;%é‘t’(em detection

sequénce conparison IS ust ng t e pr

I NV 8Ricb sy praidbdUs bbebrddmBe Gith bl%‘émﬁ&ﬂhéﬂl obMs rdsBAt invention.
BLAST. Each of the 5 mllion HTG reads of the Popul us

bal sam fera, subspecies trichocarpa genone was .
compraihe (ﬁratvstane d8e bf bishsecega fe @e@rqhmﬂyrrmq nﬁenqei ipreceived where
arisons). The present method resulted

co in
1R onpieAresshcs pf this palers indp be detpgied withipiafalalqqyed gatacplgton.
the search time of the BLAST nethod. The experi nent’

15 P9 TS0, AV SO A B e e
t he sBdrB$ pattern by applying a sliding window process to the received search pattern.

The number of search queries formed will depend on the displacement value

assigned to this sliding window process.

15 At the next stage 102 a plurality of storage addresses are retrieved from the
catalogue data structure provided, where each of the retrieved addresses are
associated with data elements which match the search queries formed in stage

101.

At the last stage 103 a pattern sequence detection process is run over the retrieved
20 storage addresses to detect a pattern through inspecting the spatial relationship

between the retrieved storage addresses.

The present invention has been described above in varied detail by reference to
particular embodiments and figures. However, these specifics should not be

construed as limitations on the scope of the invention, but merely as illustrations of
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i nvention, the bigger the job, the greater the
differential with other current search nethods. Figure

w6 260328596 bl ock schematic flowchart of a basi 8CT/NZ2005/000134
cat al ogui ng process executed in accordance with one
enbodi nent of the present invention. At the initial
step A of this process the data collection to be
catal ogued is divided into a nunber of fixed Iength

ALt AL b L O i o
%&Hé&[ﬂoh{‘ ﬁ?s%&lf’atlé 95 fafehodAd %e@érﬁﬁ@ E?st?]m as well as

Pre era IS trans |s I mpl enented t

di r ﬁfétmh%ﬂtsfdée With&L deﬁémﬁgt P tHe bRl cHpd & thd RGRritisn.
stored wwthin an ordered catal ogue data structure,
preferably formed by an array. At stage D each stored
dat Aspectsmfitre mssantinuerdidn Watehbeaehaleseribgil huwangf exempleyonly and
address of the data el enment which is used to formthe
Bat i sheuidhbe apnsecigteginat mm'@,ca&@r@pandsade@%ﬁ rBRYke Mde thereto
storing, these ddr esses | ddress. dat a

St ¢ WG gebarfpegtingt i spone eyBo Bed n A pBRSe ine.
t he cat al ogue data structure and the associ ated
paral |l el address data structure (provided in preferred
enbodi nents) are sorted based on a rank indication
provi ded by the formof each data item Figure 6
illustrates a basic schematic flowhart of a search
and pattern detection process provided in accordance
W th one enbodi nent of the present invention. In the
first stage 100 of this process, a search pattern
sequence i s received where the presence of this
pattern is to be detected within a catal oqued data
collection. At the next stage 101 a plurality of
search queries are formed fromthe received search
pattern by applying a sliding window process to the
recei ved search pattern. The nunber of search queries
formed will depend on the displacenent val ue
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assigned to this sliding window process. At the next
stage 102 a plurality of storage addresses are
woebesiteymd fromthe catal ogue data structure pPOVINIREH5/000134
where each of the retrieved addresses are associ at ed
with data el enents which match the search queries
formed in stage 101. At the | ast stage 103 a pattern
sequence detection process is run over the retrieved
storage addresses to detect a pattern through
|n3ﬂ&gggﬁgéﬂg§%g§atlal rel ati onshi p between the
ret addresses. The present invention has
been descri bed above in varied detail by reference to
pargicul ﬁheﬁ%%@bﬁaﬂélﬁngﬁé‘ga’é leBiclsh cdﬁﬁ)&@é’c%f,a BIERS of data
specifics should not be construed as |'inmtations on
t he scopsmblst $uid dats eprhbadnhaving a defined yrdaswith respect to one
illustrations ofsone of the present enbodinents. It is
to be f uanokier wilhid éhesdatroepliedtion, sichmethad ai dataleguingreingr
substitutions be made to the described system as
wel | as ﬂﬁWﬁ%ﬂ@e%PyW?§Kﬂ§8fMAthout departing fromthe
br oad scope of the invention. Aspects of the present

gnventio oul ‘C’IS r?gié‘fr@?&a‘ié |9§1Q{1ﬁgotrﬁ‘$rr¥oi(rjﬂﬁ%ll s%é?«lgﬂgkng o‘?glyd'}{bols

and it s reci at ed

addi ti ons ”B‘Ypr@s%nm@iqﬁ'l {nR et QII¥tibR Rl if8d Aatal dldindrit 88Thg
the scope thereof as defined in the appended

cl ai ms. WHAT \Afored A dvbtbigigd locatiomatithodthe tiate blidcioruihavingaa
data coll ection conposed of a plurality of data

synbol s, sai @t@ageag&?ﬁ@o@@ havi ng a defined order wth
respect to one anot her within the data collection,

sai d met {l? (i) ra‘nS ?Waihg%w gfal eEequnt ﬁ'{toag |r%[ ing ﬁergysa‘ch?ata

steps of} enen

1pni tial sequepg wngoéap§?l%f’Bé‘in@?aﬁ%\klthv\‘egﬂcﬂtotdﬂ?er@afaatems

collection, sald initral data el ement being stored
a storage quaﬁlon within the data collection having a

(iii)  storing the first data item using an ordered catalogue data structure
which defines a plurality of sequentially arranged storage positions,

and

156 (iv) associating with the first data item the storage address from which

the first data element was retrieved, and

v) repeating steps (i) through (iv) for each data element required from

the data collection, and

(vi)  sorting the ordered catalogue data structure by ranking the data item

20 stored within said catalogue data structure.

31



storage address, and (ii) transformng the first data

element into a first data item said data item being
woapahhkeof bei ng ranked with respect to ot her PAaMNZ2005/000134

items, and (iii) storing the first data itemusing an

ordered catal ogue data structure which defines a

plurality of sequentially arranged storage positions,

and (iv) associating with the first data itemthe

storage address.fromwhich the first data.elene S

7 et P ovel maiia of e Puieabringolzaptay pReR ICHEHTT MR the
for eac .hsifgatgfqheeéa?ggélfe Ja%n‘u%ﬁﬁj%ig rs%@éérﬁiﬁll fralent to the size of
collection, and (vi) sorting the ordered catal ogue

dat a st rielgataecieetiom@nki ng the data item stored within
sai d catal ogue data structure.2. A nethod of

catal oging a data collection as clained in claiml,
wheBei n Aethoidoé catloging adataaiofeniien daclaimedinanyprevipus claim,
substantially equivalent to the size of the data

col | ect i Wpereid thexcaigloqusdial stugiueg is firmgd Homanarray-
collection as clained in any previous claim wherein

t he ,cata e ructure is.for . fr f. i
el Y AT
in any preysbiRWStClefistre YEGERIE vidistradetdMiredESS through the
associ ated with storage addresses through the

provi si oprodisioa opaparbllet hddresh dagssidatupe. St ruct ure. 5. A

nmet hod of cataloging a data collection as clained in

claim4 wherein the parallel address data structure |s
for fed fA&Hhad ofeatalpging a datagollecdign g¢ claimed|ingriy? whergindhe

col | ecti Seg}alﬂa?agc;rgslsn%ga Struckire is?gr%egffro%l an arFrBay.:L

6. A method of cataloging a data collection as claimed in any one of claims 1
to 3 wherein data items are associated with storage addresses throughout

the storage of storage addresses within the content data structure.

7. A method of cataloging a data collection as claimed in any previous claim
wherein data items are associated with storage addresses through the

provision of a duplicate based data structure.

8. A method of cataloging a data collection as claimed in any previous claim
wherein the transform process applied to data elements provides numeric

format data elements.

0. A method of cataloging a data collection as claimed in any previous claim
wherein the transform process applied to data elements is implemented by

a direct hash function.
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to 3 wherein data itens are associated with storage

addresses throughout the storage of storage addresses
woRudsin4vhe content data structure. 7. A net ho®#CDMNZ2005/000134

catal oging a data collection as clained in any

previous claimwherein data itens are associated with

st orage addresses through the provision of a duplicate

based data structure. 8. A nethod of catal oging a data

col l ?Ct | 2 &ﬁod‘%f%!atgﬁgmgg c{%&yc %&I}Sbggﬁla%e@ |ma¥‘¢§r{eeéflglalms1

t he trans orm pr oces el enen

provi destyBIR&biA tﬁe%d@forrﬂ Proesd @ﬂﬁﬁ&i ® dath elémRE RAHpRMented
catal oging a data collection as clained in any

pr evi ousbyh &ssy MawdIfeidon.he transform process applied
to data el ements is inplemented by a direct hash
function.10. A nethod of catal oging a data collection

as dilai mAdnethpdgfgaiglegingfa defagatigction ag clgimgsdn eliaim {hwherein a
transform Cess . lied to data el enents is )
i npl errenf""éfge"ﬁk/"aggqt@gg&?cﬁ%ﬁ SXQFHEE AN 2 Search RReReRd high use
cat al ogi ﬂ‘r%c%a %‘i;@d%tg ﬁ%’gon as claimed in claim10

wher ei n falqesv 4 tion process is executed
within a search process whi ch use the catal ogue data

st rygt ur A.mekidod o ¥Blaldgfg Afdatrdolbalidh B8 cRInk iR afPpre@bild &4Im
as clained in any previous clai mwherein the nost

si gni f i ceheremythd olostaiignifiaairat synbolwof data itemns &t rot sidrediwithinrthe
the resulting sorted catal ogue data structure. 13. A
met hod ofeselib@psigdirgtaloctiadatashieteet i on as claimed in
any previous claimwherein a class data structure is

Pr oy dedA é’fho frggtta!% %g%fda?a éo‘ﬂ!e&%hgg cfi ng%ilﬁaﬁ é Lt]El. Q&im

as clainmed inc wherein a class ure
i's provi gagreltya é‘l&‘ssalfa’ia"é{ruml'&lg pRRldeges a nunber Of

14. A method of cataloging a data collection as claimed in claim 13 wherein a
class data structure is provided by an array which defines a number of
storage positions equal to the number of unique most significant symbol

present within data items.

15. A method of cataloguing a data collection as claimed in any previous claim

further characterised by the additional subsequent steps of;

(vii)  forming at least one ordered content data structure which defines a
number of storage positions equal to or less than the maximum

5 number of unique data elements which can exist, and

(viii) associating with each storage position at least one data element,

and

(ix)  storing within each storage position of the content data structure a

positive or negative indicator depending on whether said at least one
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storage positions equal to the nunber of unique nost

significant synbol present within data itens. 15. A
worRbisad46 cat al ogui ng a data col |l ection as cl aCmed2003/000134

any previous claimfurther characterised by the

addi ti onal subsequent steps of; (vii) form ng at | east

one ordered content data structure which defines a

nunber of storage positions equal to or |ess than the

maxi mum nurrh eJatao%eMQljlt%E?oc?a%oawi\;ﬁd tﬁ%@@é@%@%@é@g gﬂesent within

exist, and (vii1) associating

position at |gaghia@BfRche @ el enent, and (ix) storing
wi t hin each storage position of the content data

structure a positive or negative indicator depending

on whether said at |east onedata el enent associ at ed
Wth the storage position is present wthin the data
collection. 16. A nethod of catal oging a data .
col MNBct i BMesRodaf srtateaing A datacfofiectign wh elpigied i claihigperein a
data structure is fqormed froman array. 17. A nethod

of cat al wﬁ%ggta&gygurgéﬂo%qﬁ&w Sgag?ea/i med in any

previ ous claimwherein the catal ogue data structure is

usedzt 0 Ainfiho§ ehibio§ing @lddteFdofEiBh a8 XERRd IS SAHISIBGET dim

running a plurality of search queries generated froma
dat a el ewksrbingygrEmalogeaiaenstrictuldis udedretfiinddpeadific data element
catal oging a data collection as clained in claim17

wher ei n symbobsequah¢easyby sinningea Ritraliiy of $easchrquerieg generated from a

generated using a slidi ng wi ndow process. 19. A nethod
of cat al SR SPMENHSMMPOLRALERE: on as claimed in claim 18

wherein the results generated by the plurality of

seangh auehdifsy dr'Waidhig R RAEEREGioR %s Jlaimed in claim 17 wherein the

plurality of search queries run are generated using a sliding window

process.

19. A method of cataloging a data collection as claimed in claim 18 wherein the
results generated by the plurality of search queries run are processed by a

search pattern sequence detection process.

20. A method of cataloging a data collection as claimed in claim 19 wherein the
search pattern sequence detection process detects the presence of a
pattern on inspection of the spacial relationship between storage addresses

associated with data elements found by said search queries.

21. A method of cataloging a data collection as claimed in claim 20 wherein an
error tolerance threshold is used to test whether matching patterns

sequences have been detected.
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search pattern sequence detection process. 20. A

nmet hod of catal oging a data collection as clained in
woheismdBe wherei n t he search pattern sequence HeTREROIBM00134

process detects the presence of a pattern on

i nspection of the spacial relationship between storage

addresses associated wth data el enents found by said

search queries. 2 1. A nethod of catal oging a data

col Lecti |_ai A | aj j rQf:
CO Lt Ao AR 18, P I SN B i o oo
pat t er NS, REGHR RaRDgIEY h RRBFRIaAG! R B8Ry Brviofs BRINQRAidOmethod
detecting the presénce of search patterns within a

dat a coldenifdharackrited pomediepsoiccor dance with any

previous claim said nmethod being characterised by the

steps of; i) receiving a search pattern sequence, and

i i) forn ngresepingrasssarch netteraesgreanceandi es by running a

sliding wi ndow process over the received search

pattern sequence, and iii) retrievi.ng.,a plurality.of .

st or age Iadd %%aqulgﬁ('wr?i S@Q’icél %U&Ugg(%t nube ﬁc%%}n  Window

sai d search e i L e ahd
PRRALEERE eleLdbadBaRA baREAH s¥lehc 13

el enents whi the search queries forne

Iv) detecting the presence of the search pattern
sequenceiiiy ecetrigity Bypluraiip et tstorggel bhédregsat ifaim the catalogue data
rel ati onshi p between the storage addresses received.

23. A net hostrudtuleasaid seprefeaddressen baing @pspiciptad with datelaments
22 wherein an error tolerant threshold is used to test

whet her mat WGigNeh thesrack qURIISS dXMedh A heen det ect ed.

24. Conputer executable instructions stored on a
conput erivf e%@?e%r?g m:édbru,g@nce of the search pattern sequence received by

inspecting the spatial relationship between the storage addresses

received.

23. A method of pattern detection as claimed in claim 22 wherein an error
tolerant threshold is used to test whether matching pattern sequences have

been detected.

24, Computer executable instructions stored on a computer readable medium,
said computer executable instructions being adapted to execute the method

of cataloging a data structure as claimed in any previous claim.

25. A computer readable medium with computer executable instructions stored
therein, said computer executable instructions being adapted to execute the
method of cataloging a data structure as claimed in any one of claims 1 to

21.
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sai d computer executable instructions being adapted to
execute the nethod of cataloging a data structure as
wobheisnedsds n any previous claim 25. A conput er PCEATAWISM00134
medi um wi th conput er executabl e instructions stored
therein, said conputer executable instructions being
adapted to execute the nethod of catal oging a data
structure as clained in any one of clains 1 to 21.6. A

met %’.d 0 n{é‘iﬂo@lo? gétglg%iﬁ? g?gé S%LEtH&tééEQtaﬁtﬁlW éflﬁér.biﬁldleé’crﬁéd

herei'n escrlbed_mnt ference to and as’ | ustr at ed
by the ag@preRHteR@ast RMIEStca bR aR¥MPAYREY- drawings and/or

examples.
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