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CATALOGUING AND SEARCHING METHOD AND SYSTEM
TECHNICAL FIELD The present invention relates to systems and
methods for indexing and searching patterns. In particular, the present
invention introduces a packed data structure as 5 an index useful in
searching patterns. The present invention is particularly useful for
sparhing BEgH atterss Aol NBrESiARCoH Natdris Ry \be SYSTEM
searched. BACKGROUND ART In many fields, large amounts of pattern
: L 6cumulated and stored in innumerable databases.
v —trere-ts-a lack of the capacity to utilize the 10 enormous
amounts of data collected and stored. There is mounting interest in
campaeaisandieffisiontdatabase gearching teethidubs todedatead, Brrsa) 6P
different patterns. Such patterns may include nucleotide s QUENCES.: e as
amfifer fa‘eiéﬂ(@@tj!mﬂébﬁh%})%&ﬁéW@gf‘%&%%'g?gaatﬁﬁgggo|r?aa?)? data,
textual data .Inthe.. ' fi Qi ' ms.akeeful for
S e o L6 e B ebos
CREMESINGIRHNpéanchathierongblettideisequiartshsanel the Regeisktion
into molecules of life, as well as efforts to understand peptide sequences.
IS 3PP I ions in bioinformatics, it may be desirable to search
Segterces of nucleotides and amino acids. Text pattern
matching presents a major computational challenge because sequence
datebasesieRl, aeygroningterppaTtialia AeYiresrgrassmdaieband stored in
different species are compared and analyzed by using technigues. ...
refBRHEPEIBDIR dRbRRRE VR RITONTIE® I'%/easgg?gh%isﬂ%xg?ﬁ%@ef{%iﬁe}ietlg%e the
fegfies NN SOTPAFRNGIENNNLS: SHAUSBRRISTHERENS genetngatianest in
the length and number of coding regions (called exons) within genes, the
amounizof 25 riiodidedbrik Frewbing tarbRieusiia MEHR TYREINRIfifferent

regions maintained in . . . ;
%aﬁems. Such patterns may include nucleofide sequences, amino acid (e.g.

AWAY

peptide) sequences, geological samples, binary data, textual data, etc. In the
particular field of bioinformatics, attempts are made to understand the information
stored in nucieotide 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

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 focation, the Iength

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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bacteria and as complex as humans. Comparative genomics involves the
use of computer programs that can line up multiple genomes and look for
regions of similarity among them. Tools, such as BLAST" (available
through NCBI), are available to perform such similarity searches. 5 As
sedsnsedale B asnerated, puRle databaseR Ale [UANANROARR five
similar “sequéences: hereaﬁer, sequence fragments may be collected by
PeHRsmiIngIR HlusBE SRareh:rpuilt ntararargen canseaspsnBuidiognomes
consensus sequences and whole genomes requires pattern searches to
firahdtrbmiasKesipaatolegioirsifaBeds Tt S@Fing sB e el ard(available

layered meta-clusterin rches. In addition, 10 comparative genomics
re@ﬂ?@ I%%gé)niﬁfﬁ%?gagﬁ sa%)atf%ﬁ%gno%‘ﬁl fselpéllrﬁng)éﬁ%ar#fse %b find related
molecules. Given the current volume of sequence data and the speed at

5 whichdyisgrowing isganence sparithingpisaeftenra ratéiriryitogretebifosimilar
modern genomics. Most current searching methods look up pattern
POSIHBRN o r HRATBATRN a SIAYRECY Srapras dafadt it RYeTHE iRYSLSITRIZC &
SNl a5 el E3IRE' e ey & UnRD sl 2BRdIR s e RRie dhd
into a numeric index. The array Is then examined at the location
represendetomethednaes Phesarraparstadlyteoitdirma nefeternepda thagions,
positions of the patterns that are being searched. For example, th(? .
Sé%‘%ed(éé&%}ﬁﬁf@%éﬁ?m%arﬂl?GM%FWF?&%‘?HBQATSEFF%‘?& n aadition,

10 VAIRRIRNO YdRoHE 205ARORKJOSHIMIR-Canbaidaes WikfaRihabatates o
a single arraytor all possible sequence indexes. For large pattern
lergith sl the sindge desaGivathibd suritigenerateokskrgenandafiemd the speed
extremely sparse array. For large patterns th& size or I?n th of thi§ singl
ar SR RIMNE aReREEB R ST A" R iy é‘%‘ﬂ%ﬁe
pr%\gm.entry or storage position for

or ern
I'heed 1o

Most. current searching methods look up pattern position information in a single
15  array data structure. The index of this single array is often calculated by a function
that maps the search patiern 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 wili 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.
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may not necessarily be present within the database to be indexe

2005/124596 PC /NZ2005/000134 This scheme allows a rapid search to
be completed for any pariicular pattern but can he impractical for large
pattern sizes. A large number of unique combinations of symbols are
available to make up long length patterns which | turw)lace ignificant

daATISGPAE MBI P EETHTPLE SRS UL Y RRINEHKE SEERTE PV
metn QoS FYLRRImOr ?arqgaep%@&ﬁ darge 'ﬂ‘i‘&?&%ﬂﬂ@f smpleyeddmBFiatons
art methoé)s Is comparatively sparsely populated with data, again
resukiipgoinsaarelativielyiinesficient use lofigesogtoastiksrcanttish appreciated:
by those skilled in the art the memory resources used to implement such

sysiesifieaili pTereas @SREIREMAANY WAtRC MR SYRIRSALESH hdadllign dfch
the pattern searched for. 10 T [ e inds ;
paﬁgﬁosg?astg F t%SH“é’&?st#fg Sﬁﬁgs&%%iﬁ%ﬁfp%gsﬁgﬁg g n Svngﬁd i
sizesinbhe searrhreanabilitysihesld berefficientiinddaiempaattodetiease a
memory usage compared to memory requirements by current search

tecpinliyalydnaliden KIS SHIENGEM g SR D AR AREEFIB RS AY Appifcattitirs™ e
citg I%ghl%%%%cmcraggl?rcég &] e{‘g b%‘&&ﬁf@rﬁraé@&xb)éiﬁg?ﬁgn%? N%rease
adiission is made that any reference constitutes prior art. The discussion
of ¢hediefaiences-siateswhaktheiiraiithergtast ért, matihecapplicents
reserve the right to challenge the accuracy and pertinency of the cited
documents. It wjll be clearl stood that, although a n 1Qr
R e B R e
copstituiscas adrmiasion at ameef these:gepusapstisifosivparbefdiieient and
common general knowledge in the art, in New Zealand or in any other
coanmpatt o derieenratBENYHEEI e AERRATEB IfNSBARAlEUHERIEDEPngHent
urisgictions. e

fues.

%ﬁsgﬁilggeossible unique pattern which may be searched for ng 8%‘//\(}((»913 4

All references, including any patents or patent applications cited in this specification
are hereby 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
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
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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 WO 2005/124596 'CT/N

Z7200S/000134 or elements, This rationale will also be used when th
ARt/ BORp LI AP G AT b BR T Steps i

a methedioy ROcess ILisian eRictPHibR Riese L inventianipaddiess the

foregoing problems or at least to provide the public with a useful choice. 5
Further aspects and advantages of the present invention will become
applranoiesrofiieedristengioasiioptie mireeh iBegivieadiiEWESP S @mMpleast
or}lél. rQJ%g%hOSL%RcI;Em rIfalwé/e uI\@I}OmNeAccording to one aspect of the
present Invention %here IS prowdedoa method of cataloguing a data
collection composed of a plurality of data symbols, said data 10 symbols
havintya defised ordedwittagespé tidpresenamotmtionwthindbendataparent
collection, said method of cataloguing being characterised by the steps of;
(i) oMy LS eRdiseridmeniflam Aremiavas Gl 8BRSt SJibols present
within the data collection, said data element being stored at a storage
logaten. wibRethsrdrtasealiestion having a storage address, and 15 (ji)
transforming the first data element into a first data item, said data item
being capable of being ranked with respect to other data jtems, and (ii?
ch

st&ﬁ?ﬁ"ﬂﬁ@ff&?‘&%ﬁéﬁf‘é‘ﬁ%@ﬁ5’&?198?6!& B P ERIA R QG RA
defines gurlyralitLEsHRANG UG AEaHE P RIQIRDS: RASIUORD A ddivkata
associating with the first data item the storage address from which the first
20sytatbolidwant wasfiregievsd vathd€shadpe atingstdss iltthrdughaldy) for

each data element required from the data
collect?on, said metho% of cataloguing beﬁ\g characterised by the steps of;

(i) forming a first data element from an initial sequence of symbols present
within the data collection, said data element being stored at a storage

location within the data collection having a storage address, and

(ii) 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

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

defines a piurality of sequentially arranged storage positions, and

(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
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orderéd Catalogue data structure by ranking the data item stordd* itk 01
said catalogue data structure.. According to a further aspect of the present
invention there is provided a method of cataloguing a data collection

substantially as described above, further 5 characterised by the additional

subsequent steps of, (vig forming at least one ordered content data

stiiietures Qi Arieses FiAipEEE JRasraTE FolitEhs &y s faid i feastored
than the WH%H\?Q%B% 8’&#&!@%@u%§ta elements which can exist, and

(viii) associating with each storage position at least one data element, and
10 (ix) storing within each storage position of the content data structure a
positeedioy ey ititeirdivator depeiediny iDrenirstieersddmyides e omtpatal

element assocjated with the storage position is present wjthin the data

OB 5a Rl T RLBHL UL BRePES Bre e S btHBd., system
5 anthaRRAIAILS f0RnealangHNg B slaja-releEion: 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

médih. TREREHhHERHIINE YHBESLEREHaYY THERIMPUKT Siten? maper
be adaptgd {0 géf rohe method Plecatplooming discussed ReIOW unique

Furthermore, t ata collection to be catalogued may also be provided in
an electrdaig fvmeriterdly adowiiyg arebmputer system to 20 read and
catalogue the data it contains. Preferably a catalogue produced in

acgarflance ulth the preseRlnveninmay . FROSiSt ofone ALMACany
ordered data structures whic mgy n turn be searched to find patticular
data or patterns within the data present in the catalogued data

10 (i) storing within each storage position of the content data structure a positive
or negative indicator depending on whether said at least one data element

associated with the storage position is present within the data collection.

The present invention is adapted fo 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.

W
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Iment the data collection to be catalogued may be store Wlti“ll?{ an

electronic database. Database technology is well known in the art and
may be readily harnessed to store and retrieve larg volumes of data or
information. 5 Preferably the data collection to be catalogued may be

com osed of a large ber t mbol h h df d
i ST D SHBIGr TE A R e RSPy o Seros

Prﬁfz%m%eé?&%me&ﬁm%ga@mQ@I@&M@gﬁ@m@ iMeGIeatides art and

sequences drawn from the four base pair symbols A, T, C and C. The
seguense atadiichthesssyrbolbappedr sefdeisoares seejuereeat data or
which chunks or collections of these symbols are arranged with respect to
orf&CHRBYABY is highly relevant. However, those skilled in the art should
appreciate that other types of data elements, such as for example,

PeRtidaSaaURECasa 0aMgIvAlisampiadatastexidased daigoasany etherge
form of data which may be represented in a binary form may be held

wnﬂwmteedafaﬁétﬂIém@ﬁiwﬂlﬁ@feé‘m{@g’ué@fﬂﬁ?dlgrg@h}wﬁbf@p@mﬁotﬁ@e another
presen f# ve gggo%gdonpr?ferr%rﬁﬁrpg"%‘ea e %J%gﬁgﬂ?”ﬁ?e }ézs‘?/mbmg

sym bolS coIIec lon using a sh

W'Q@Q—% RigF8suERR kIR RuiReWingaW tise tha ayreliesbthesgizeonf Ahe, C
resulting data element provided and a sliding displacement value

aseoitigted Mithatieenin @O WiHiRyESEe RIS tharmeRibEIESr Batgeauence at
e'em%ﬂtam,n%h arr%cﬁeqiorcr%eoq ifn .t n%gbg %Q@R@;&O}&QM‘ tdMone

thése instances an mnitial data elemen may be by the initial

nugnaeteeflis HoHROIs prase rtovitvir thesatiibed mﬁmaeqsram tperesiafih that
of the window or the data element to be formed. To form the second data
e|éﬁﬁ‘@ﬁﬁ¥ﬁ%§\ﬁfqulﬁgg¢n’(s such as for example, peptide sequences, geological

sample data, text based data or any other form of data which may be represented
in a binary form may be held within a data collection to be catalogued in

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
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
associated with the window, with»this displacement value being equal to one

symbol at a minimum or equal o the length or size of the window at a maximum.
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then be moved along a number of symbols equal to the dis 2
233?61§5§6associated with the window, with this displacemen%%g ueﬁt@éﬁg‘”“
equal to one symbol at a minimum or equal to the length or size of the
window at a maximum. 6 WO 2005/124596 PCT/NZ2005/000134 Those
skilled in the art will appreciate that the displacement value associated

ek B e S

ollection. |

displagementivalue @ssasiatedwiththis:sliding windowiriosesstis seklents

the standard length provided for data 5 elements the resulting catalogue
opdasaasitucttirenwillfhavéna site sulbstantidil{hediaietented ks peefiaRd

S glecon e conversl e calons o S,
regeution Rﬂé‘?@é%ﬁg%‘é&% taiged-using sugh amataleodedataubstantially

structure, at the expense of the memory used resources. 10 Preferably, a
daiquelssenbmay erdefined asate seqjestice chisisaipair sypseiselwhiérger
the length of the sequence or number of sym%ols iqteg d into each

t
elERVIPEYS JBHBrRITHENBY ThaY Pt rBFAYISIGEe Py TR B ?rlqasé%‘é?m%a oy
rh’;%g%dn@%rdésgﬁﬁsﬁ furtherhelowas tharsize.ohhedata elemeis data

ed inCreases, the memory resource requirements of the present
ineentioreate treducedsCartuersetypl/Siseddier daes-elements may be
handled to give the system a higher search resolution, at the expense of

reguing urihelmeman esay Ben R RIPUds ey ARlouB e il
thé ‘SRS o¥‘expe(ﬁency reference throughout this specification will be
Mageite tesiaglgrdataielesagnseing farmee fodrmyfiveoisapéepaitedyimbotsch
of a nucleotide 20 sequence. However, those skilled in the art shou

Id .
applricRatdaRaieamiardrivtlscReEP HFACEIERALRES S IFERRIRRPEPLYEed:
m%%‘%&%&%rﬂm%e&%vﬂ J?Eﬁéeﬁfs?ot\qhe data elements handled increases, the

memory resource requirements of the present invention are reduced. Conversely,
smaller data elements may be handled to give the system a higher search
resolution, at the expense of requiring further memory resources fo provide the

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
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 o

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
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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throughout this specification will also be made to data elements andlor

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
umeric symbols, lher forms o WO 200524380 BCTINA2005(A00LEd
atpha numeric s%n ols or any other form or representation of information.

Ruthermate. ithe prderopiecRience afaanggemestof subosymiotsso
may also change the information contained within a data element or item

wehereeththesagfigenetoof synimions préBEntediaiay HHRENAIE She'BF nidid b
significant symbols 5 which can give meaning, importance,. riori
3P EER, S LTERE TR TS S D e iaEe

e g_?g gﬂame ore

kpaindacatians o Resitions witiindheAaimmotectionathasadmonien.

locations may be a memory address in RAM or on disc, or alternatively
may consist of a base address with an added offset indicating the osi{iiog

ab i HalRectRItR M BIRL B S ISR, BAkR oFatioss %dﬁ?&i?é‘%}“ﬂa%i e
19, e%?éot{aeﬁ%fgég NaYs %8%5%?99%@% Address Wich CRATRRRIQISRIR:, or

retrieve the data element involved: Preferably each and every data
elgmentefifhesolleeten is subjectaddtosa trainstormdopéetien initeting the
produces a data item from a data element. The data items ‘produced may

haoaligtthistahieR SMGWRBIEH fostEanket bP pHbTESBE Ut 257
f%%qye‘gﬁé%%’?s another.dna furihey Rafesed smbesimentsthet apsiMne

applied to data elements may be similar to a hash function used in
infatneitioredecivodleyy data indexing applications which will result in a
numeric format data item being generated. Numeric format data items

ma IRt he casi Tanked oh BN HRe o NERIPRRE R BQNE BASGm

in‘a désc ncﬁng or ascending order. 20 In preferred embodiments the

trajpsfalion appiiad jp daieselemantsamaldre a diegetelement. The data items
produced may have a format which allows them to be ranked or prioritised with
respect to one another. in a further preferred embodiment, the transform applied to
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.

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
memory resources in computer hardware available. In such instances “lossy

hashing” transform operations may be employed, which can result in the same data



hash function. Direct hash functions allow for provision of data items
wo 2\}\)/(I)%lﬁ'g?a'qr?capsuIate all the information present within data e%%%%(’)q?{oomw

some instances the size or length of the data element to be transformed

- may resultin 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
ol IGYRED RIS o CmE RLEE S WO S00RTSHEoR A (o
GIINZ2005/0001734  item being Rrogusediferdvaenigue data irlementte
In such instances well known rehashing techniques may be employed to
pevisiel antaltesnative idata itens frometizehisecenohitates el emetit, Hoaaseelne
such rehashing techniques generally increase the computational

overnRAatienehevesBarthef darRRINIAG FHEUNG RIPSRYPsARSEGY SHPEPauent
5 S%%ré%ghpb?&% %1%(%}4 rﬁ%&? o Et?mé%enmwilﬁi@ler&@ﬂﬂ%oﬂé%ga@%mem
searcned 1or perore

element eing able to find the current data item
withindihe: gatalegue bdmia stteietuiiad hsaumesemizodiieentsitvhene keEsipgue
hashing transforms are used, a retrieval validation process may be
infiEnsBHeBtEduring a retrieval or search process. As 10, each stored
data item is associated with the storage address of the.data element used

tojgegstatethsodatariteminthie wiginaldatacelemenirmayhe tetdeveddvieval
validate whether the correct data item has been identified. If

inoeliistmplescarempreseinpenrees teraata éﬁ&iﬂ\éﬁ#t"éé&%ﬁ%cﬂ"ﬂﬁ%ﬁd As
the daia Slement Tererl Ao SHRseAN el (R0ASNI0RL VN RIIARS B e

10 opee?‘% ioN may comp e ement searched for to
loqkdar theaitesnative eataiten assignatkiodawnidanbdashapltisiostrieved to
Preferably the present invention may also use an ordered catalogue data
streRlidate WERdEReaTa g IARiAItPBT 8ot BERRATG Mt g ddnagtsigigncies are

pog}g(s)gn '&%egﬁt%g%ag element searched for and the data element retrieved, a

subsequent rehashing or further transform operation may then be completed on the
15 -data element searched for to look for the alternative data item assigned to avoid &

hash collision.

Preferably the present invention may also use an ordéred 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
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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 egg“&&&ww%mgg@e alive smbodimant. 2 kg8uith the

number of duplicate data’items relating to the same data element to

bepsieiedotbe caialogiesdatastiamtdtelinay dstarearfiag on refeteaoed@aed
further duplicate based data structure. This duplicate 9 WO 2005/124596
PCTINZ 0TS/ /6001 84UpketE BatadstliifaGHEY RLRFIBL Bt single data

associate the data item with the plurality: of storal Ires
o S R B e B P Sl A A ances

5 duplicaie:Rased dataminusiuiradnay haldiveh thesingietatmtitermealieugh
involved in addition to an array of storage addresses. In these instances 5
theeaidingacigatarsieivrneenayBdenbenvilesbtis strdisrtatssts data
through providing a fl r reference, to the location of the further.
o e e R A LS BT B Sl Blrecty ctore
strygtsreAeging used to directly store, data Items. This aspect of the
present invention may be employed to reduce the consumption 10 of

memory resources required to catalogue and siubs ?uenﬁl search a dat%.
colSHHBF RIS IBFRET) SNATURTOPEN TSR o BB TR
10 ON then SALOAUE, GRIR SIEYEHIE 18 REMBAIOTHRAWIEE8, SAARE SRPS £athta

normally be” completed stepping through the same value of data item for
duphdettodati/ felenmebitsarByaarioviray dipliciaveaadtems frempiariyon the

stored directly within the 15 cataﬁ) ue data structure such redundant
e e et g e T

Prog&asieted stepping through the same value of data item for duplicate data
elements. By removing duplicate data items from being stored directly within the
15  catalogue data structure such redundant search steps may be eliminated, therefore

speeding the resuiting 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 fo the

20  above only throughout this specification shouid 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 vaiue 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



WO

10

16

20

25

BSI%E%Q&F throughout this specification will also be made to the catalqgue N

ata ‘sfructure employed being an array, but those skilled in‘the AreShaud
appreciate the' 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

store%%e positions of the catalogue data structure may be substantially

ed@ivEEn PN & HERAHGH bR NR PR R Ut e Bl BB JRSIER
o %mﬂgﬂiﬂg@%géﬁ?mm%? yale eavalio thelenalh of dhe, ibese.dalaa

elements is provi In such instances the size of the catalogue data 25
stitsctusesmay beysaid deqbersialis tantied!ynag tivatetd to thelsize ofichiecdaténe
collection. in such embodiments, the catalogue data structure may provide

a AN Do/ fieatis ¥ROT/ R ASORIBITES 4 FRIBKEA THgh feRfiiseled In the
Stféw&whaggﬁg%&gmgmﬁs,La?aaaﬁeoéﬁgem%flﬁwgﬁmai wggdléb with

conjunction wi € present invention. Prefera Y, each resu |ng ata

itepatareatedrimay peiseguentally loageddntedhiescatalogue data structure
in the order at which the data items are generated. Again however, those

skilled in the 5 art should appreciate that the catalogue data structure may
T B R R A Nl ST Bt AP Uee o 6 S dgnatrvor
requifear BrstbeiyaYitheserskilestdndoe astsbeuldiRlsnpnpieiaiestint be

the size, length or number of storage positions of the catalogue data
stretivaanialp ot necexshslyaie cobertianeribesettfesifiaconirfoyadata element

collection. where a slidin indow data element '10 generation c i
oGRS i et i A R merIATE [ RRBEERS e

datanglenmenisetaie periged. 16 sechremidadimenisid laigesdradatoguearger
data structure may be provided to in turn give a higher resolution to the
reiataasfiseartnh SEUsH fpTBRY PerTeradan P dadWaqiy R fep it sereiiendy the

be ssRried il siafage address of

Preferably each and every data item may be associated with the storage address of
the data element used to generate the data item. Such association of data items to
storage addresses may cross reference 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 parallet address data structure. This address
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
data structure to maintain the parallel association befween data items and storage

addresses required.

11
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data items to storage addresses may cross reference 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 parallel address data structure, This address 20 data

structure,may be substantially idenfical t0 ihe catalooys datg SITHEWER [Bseq

in_a {ur‘tﬁ% ; !
suCh‘embodiments and may align associated data items with storage

adghensemiba ieenaplimentapnamannesttaqrovidedhe pamllel used to provide
characteristic required. In such embodiments any subsequent sorting,
trahsforiation slathodiicatiorepréeEys Ceormsietbel B teEtboRietRita the

structyre will in turn. be completed on the address 25 data structure to
AR THE B B LD 5B R aeT JH A&t storage
addresses required. 1i WO 2005/124596 PCT/NZ200s°/000134 In a
furthespretemed gbodimentdheapanallit| asdiessiaddasthectuesent invention
discussed above may be formed by, an array, in instances where an

arflpRoiRe P 1o iBE ARk Batbgie Hald SRR dA'arig eatitiamee
Proyideshio 'ﬂb%%{)gg%é?g Rpl gharpdgsisics Al bsaddestAdRe data

structure require erence throughout this specification will also be
magedaih erpiesentdtentiely emplayuygdtparbtpathlelmet climsrageuted.
associate data items with storage locations. However, those skilled in th%;

artSR G HrEcRsE BRI WA Asraalyr ePadImsIEntBRERIBIOS e
be §MRIRY &P RSN LEF ABE iRHNSd SRHE n ERAB X ANBISalik addresses

accordance with one alternative embodiment, the catalogue data 10
strictusetaiaypbessxpaticteditr rals®intitaiesstorage positions for storage
addresses to maintain art association with related data items. Preferably,

on%ﬁre%?agﬁaoqugeu%g %E?a?&gﬂ%t%‘?a@ﬁx%%”h%@e&&w%sé‘H @Mﬁi@ibzlxgaq%% data

items, these data items may be sorted into new positions depending on the rank or
priority of each data item. For example, in one preferred embodiment, the lowest
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
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 aliows relatively fast find operations
to be completed on the catalogue data structure. For example, if a search is to be

completed for a data item with a median rank vaiue then an initial investigation can

12
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items, these data items may be sorted into new positions depending on
HETAR'Sr priority of each data item. For example, in one grefefr&y/05/000134
embodiment, 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 sortloperdiomieseethad Withdedspest & prsidarsiogaeadbs setdrps the
m%Xtailosouez a%es rxgc%ed with respect to any parallel address data

structure emp oyea.tﬁy" applying the same sort operation to the address
data structure this will maintain the association between specific data
iteims angarpssoeterencedratorage mdsregsésaCoynpleting @ sontponent of
operation on the data items allows relatively fast find operations to be

cofrff&éaB Mg ehbasiiRl a4t iRG R IO Wiethiplalof|us sekrehystts
be f ' Wi iak initi
E R ea iR ARl R R e
the presenaetafsthisidatn kene@tpasitiensingar teihemaiddi of thenmon to
catalogue data structure. In a further preferred embodiment the most

sigifigimiiepmpBiibi eiterisorenR of thp flais ﬁ%ﬁ?fﬁﬁay%%éeéq@r@wm
W'%Bs%é%i%?@ﬁwe%%%gl% i&&v&f%%ﬁt%%wﬁsg Eipeussei ahave.

The most significant s t or component may be removed once this
datasstrueina s dioratyesdhisisymizobon camapeneistpallibeicommast to
all data items within a particular region of the data structure and therefore

is ANEFRIGPI T GiReRSGATT FEnRRY D aifE R Hhia s, iRy memory
ex%'agll,%ngg@s preferred empodiment where a numeric form data item is

provided, the most 10 significant digit of the numeric data item may not be
stored to reduce the memory requirements of the present invention.
in a preferred embodiment a further ordered class data structure may also be
employed in connection with the present invention. A class data structure may be
implemented to provide pointers or references fo sections of the catalogue data

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 fo 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
of a difference in these most significant symbols fo classify general regions or
sections of the catalogue data structure as relating to data items with incremental
rank differences. For example, in embodimenis 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.

13
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structure may be implemented to provide pointers or references to

sections of the catalogue data 15 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

holdl pdiritersrretearogsbediivm oripositivasvtiire they datédoyee ideaaa array

tructure which in turn hold data it ith diff in thei t
SioMCa Y SHRB 61 1HBLRGA PoIFTETS Ris) B e ot er o o

insignerAQ ligdifigrenee i thesenastsigniticant symhals faslassiis with

general regions or sections of the catalogue data structure as relating to
dataitentsvaliths mengimetat tamewdiffdiefte srd-proexamplelass data structure
embodg)ments where a numeric format data item is used, a category data

strRGRE TTRPRE T M RRINGRRCR PRAIRIS SIS S3FaRe GiBimsraidich

caialogue, daiasiructure Abydichihere i5,8 FRanae iphihe HRsieR .
significant digit of the data items stored. 13 WO 2005/124596

PCT/NZ2005/000134 In a further preferred embodiment a class data
strilcfuferhriyPREICHpmM et pRAEReat Rty ofte thrataripietinedusenumbisobe

st%ﬁ}%ﬁo?&? i;ﬂoé‘o%; A Ig%%etﬁeuﬂge nﬁfiggo%oﬁigﬂif(i;%ﬁ{gnltjIaig‘g% symbols oy

use ank data’'items. For example, a ltems wi numeric values

rangingréuaradl tthpug arl 0\00ar epravidet ea: class aimestturtidard mayiata
be gqplemented with pointers to sections of the category data structure
whith®

i e BRisatdlae Bdsat crsasd e heseriaRraassin alucBae cinalayed
SO0 fg;gqﬂéoeaswglg’grag@égggq embodiment at least one content data

structure may also be employed in conjunction with the present invention.
A content data structure may be provided to give an overview of the
currdAb gatararspterrsthel date thisuging TTRESIRtieon nbneet atalisirasdpesitions

Op%cc)iﬁgpc}ro igf]s% (Egg%ll(?gcjld,‘eedr%%rsnt{lpncthj&%gp %Ifo Xgi(cj]ue data elements which can
- exist. As can be appreciated by those skilled in the art this content data structure
could be 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
structure at least one data element. In a further preferred embadiment 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

from the data symbols involved.
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ieye storage addresses. Such an ordered content datq,élirww% 1000134
wo %ﬁ%t%)?}é&‘\?ge a number of storage positions equal or less than to the

maximum number of unique data elements which can exist. As can be
appreciated by those skilled in the art this content data structure 15 could
be comparatively large, and potentially will grow in size as the default or

setpRize-pf each data element| GIRARER A_% @%%é@%ﬁnihll%n%() O(gfsligest%frage

the content data structure will therefore be determined by the maximum

numiséioof unigueidata relgatentsddich copiddecantaiaed withindhedatai.
collection involved. Preferably there may be associated with each storage

po&iBIF Y fseockttent tathe2B YrurtDPE iRNeast Sl arsssieinvaiinitha data
f er [ lossy _hash function may be used to )
s P e AT b a0 R S0 R SR Sroocinge

5 pogitienntf thememiesidatrosiNoiineodR A UbeBOdiIMERIS aaBlativeWhers,
small, compact content data structure may be provided which has storage

podiERts At iR aainaeVE) Bighaimitriotatseteinéntlahion haytrsent

[ 25 f h bols i | .14 WO, 2005/124596 P;
el bt e e e A

withinapastnabitaisiolegeeposilionsoatpesitivg ireneg alipR NIEateully loaded
depending on whether at least one data element associated with the

stofABEBOSHGH IS ERIRYS e sent within the data collection. These
positive or negative indicators may consist of single bit encodings 5 in

1 OSOmﬂeﬂFﬁB@m@ﬁhmﬁt@o@P@'ﬁﬁ? SDIRGIR R IRLBIRFHAHES dhgle array
an

others, depending on the software hardware platform used to
im RNt ieap risssdAvemienyioveerettitelibe damogppreciatettiat data

the_format of such indicators can be c% sen to minimise the number of
bytggugg}éireg tgl?r%%learﬁ%%t%% iy 0 8e S RS H iy @PPropriate
invelestors to provide the content data structure required.

Preferably a content data structure may be used to quickly determine whether a
15 particular data element is present within the data collection on inspection of the
storége 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  sfructure 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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and address data structure. A single array can be readily formed and
loaded with appropriate indicators to provide the content data structure
required. Preferably a content data structure may be used to quickly
deterqfine whether a 15 particular data element is present within the data

Q418w ot TRk STofiRedalfo PiRTRepb StibrPER o clater! aith eheanertis not

colféc

clemesinTig BiERAIS a2 BAsile B Ngative 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
embodifHenes Whtrees lovbpdiash!fanctionits uSedrtierassagiate:2Qrpluradilybe
of %@ta.glements WiH‘l a single storage position of the content data

striicture this §arekEREEK TN iRgiddRs thad AR onBash tighgasie individual
elepaanis agsaciaied with festorage e.%ﬂ&%argsgge%gﬁ Wik the data,
collection. This technique may also be applied to speed up searches

corfipletéy drvthebatits elmloyscodatinsie stureyApoisiitial eheekdnayheiata
maqe of the c&ntg, t data 25 structure to determine whether a specific
Sir A5 Ijrﬁ

e SEHY, 4tV S°a LoSHOR e afiEHIEY tRETEe Sach of the

data elementis p

compresedmthecatalague data stugibreleding the .1
200n/124596 PC's/INNz200s'/000134 adgress assoc%tgﬁ?/?tﬁrt#g tga%? ment

eleRFEMEORINfEYESIT date deitacieenesrisradtcpreseatidhis searech pregessthat
ca éﬁrgﬂ'na e.early. In a further preferred embodiment a plurality of

coritent (J%riaast rﬁi ey %8&98%”‘&' I\‘}fbtga frecRiRpliRRS AR present
invention. Each separate individual 5 content data structure may employ

a séprergind dssyfrisi fspetioor toepapanpiwvelity O fHEMGER dalg8le MEMS of
toa e§incgle s&c})?ra[ge osition of the content data structure. As different
losSy RasH ftifciOREars AnpRiey BRBYs e4ilhiofiata collection catalogued

substantially as described above, said method being characterised by the steps of;

i) receiving a search pattern sequence, and

ify  forming a plurality of search queries by running a sliding window process over

the received search pattern sequence, and

iy  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

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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content data structures, a check for the presence of a particular data _
WO Eléiéht across all content data structures can reduce unce‘?%ﬁfﬁ%zggﬁtfgmnﬂ

whether that 10 particular data element is present within the data
collection catalogued. According to a further aspect of the present
invention there is provided a method of detecting the presence of search
patterns within a data collection catalogued substantially as described

ab@VEICEHTE PRIHBACBeRRP M sssissed IRPIRE e PpRHTe i Pladriialg alextual

seq{fg‘lé\ %ﬂg%%%&%equence, and 15 ii) forming a plurality of search queries
by running a sliding window process over the received search pattern
sequence, and lii) retrieving a plurality of storage addresses from the
catBletjuebtyataestraittureyr skt starehiagdnbstesheingadsdriatedruiti may
data elements which match the search queries formed, and 20 iv

oD (1 B GBS LA ECEIa e Yeceialerisy imvolved
sinspeciing-the-spatial Jelationship betyeen e 5%%@8&999{ E°88ta element

received. The present invention may provide efficient techniques for
datareisgssteitage dagitisearciingrahatvatrietyrofitliffierent types ofrpattesndata
The pattern may comprise a 16 WO 2005/124596 PC INZ200S/000[34
nudiERt ®sequence, peptide sequence, geological sample, binary data,
textual data, and so forth. Preferably the pattern or data element symbol

sequeneenda beiseanehed Mayraexcseding sizerrbthe Wataelamant Hsatle
to catalogue the data collection involved. 5 In general terms search

patfEiAS ARG CERALP BB SGOEAEEY 3f Bdhe Sreafahinggriissls with a length
greater than that normally found in two or more data elements. In

10Prefgrsesch mbedimanis i RInRIBL o ReAC BAWELIeRN AN RRTUR tB-diRgh &own
Sm?rl\teo sets of symbols with a length equal to the length of a standard data element. A
number of queries for various data elements may be formed using a sliding window
process with this window being moved sequentially along the search pattern a fixed
displacement of data symbols, ranging from one through fo 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 furthér 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

17



data seqguence pattern in conjunction with the present invention In.
wo %(1)108 em ('odime%ts the data sJequence to be separched for %§%§%§§ﬁgﬂmu
down into sets of symbols with a length equal to the length of a standard
data element. A number of queries for various data elements may be
formed using a sliding window process with this window being moved

sequentially alon? the search pattern a fixed_displacement of data

sy [$3HGiARG o HPENh 8 MBUGHTE TS nuiib &F35r datie ymuBRow may
US%@Q%@B%?B@%WAEB%@ 99‘%@lﬂ%e&&péﬂgﬁ%gr?m@%mﬂtﬁe%h%&% ailable
e formed by

search query may by the first data element present within the

sequeticehdpheseanebethiThenext searchigy ery mayvhedtakeis fiamartheat at
search sequence at a point displaced from the start of the sequence b

theSARp R MBI ARIBPARERN O 76 iBFALFMNESRE ﬂ“‘tﬁ%q%‘i?fﬁ?qidﬁg'éﬁng
5dat s'c‘?&ﬂ]%%?iaﬁi%éjfﬁ%%ﬂﬁ%g [PaY:e #Q generated, and then the
| roug

windows slid on t the search sequence again by the window
displacement value and a further data element sized query can be
extidetedesEhisiprotess mal thien taritmee! untibthenlast it lesmtbndatdetection
element sized search query is extracted from the search sequence

proRidfetS THESEPERARSS AThE 2 HEAJNIE i PHECRSICt RSP BRIy have been
windaw,aRPrRach Wil de @anelaleiddaraganamier Afeprareh uetiRsied of

small window displacement sizes and a minimum number of queries
wheéatariemierdow!th displaicéeretreafuasiisesgeal If WO 20051124596
PCTINZ20051000134 to the length of the data element employed. The

105126,0f hergiding-insdawmay. Rueferably be.ceatalled by the Usehcuits may

depending on the memory resources available which the present
invéationdadyrogsh By irsspgedemalkiveingaviatispddoashenbatweachhsteyoeaage
more comprehensive set of search queries will be generated resultin

5
in LUBRPRRIHGNR I RPREIfiTLRGURREEEh %@uﬁ@*ﬂ‘i&pé%’eﬁ%ﬁ\%%ﬁ rome
-May,alsQInRIeMER! 3 563FCHRAKEHRCIMERCE HEIEEHAN of data elements are

found which match the original search sequence and where these data elements
15 are siored adjacent and sequentially with respect to one another within the data

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

In & 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, aliowing the maximum number of symbol inconsistencies for a particular
length search sequence or patiern 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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ave been run using the catalogue data structure to generate a Series o

hits composed of data elements with associated storage addresses. 10 In
a preferred embodiment the detection of a pattern from the search results
may be made through an inspection of the spacial relationship between
the storage address retrieved for specific se%uenc}ﬁs fd%tli elem

s

) 1s.
FAMERARRADREOTHIED % GRLTYAIRE S oo RSP e HRTI Miia) b AL B Io by
seqience-pfilata slemaMmhare founpd whichdnateh shesokiginglsegsehhr the

sequence and where these data elements 15 are stored adjacent and
seguentiatytavitharespect tohoneatothepvidthinothendatarcoldutiol, Wigsed or
indicated by the retrieved or associated storage addresses involved. In a

fURRRSHra R HEH BB divh BFRSSA! dPYSP tRPCZRYIAIRTA B I5aHE Thbd SREF cular
Patter, ol SRALERGE ABLSRIOR RIRCRRRAS HIHGBHOWID G2 MRXIMERYth of

number of Inconsistent data element symbols within a sequence while still
classifyingihen2 tisequencenasiapatierntneatelulinguthaingtaneesra memory
threshold error level may be set by a user, allowing the maximum number

of EYRISEH ISRt MBS pariaisr Vieh G WdarctP bl strerrormay b
Pagiern e vl sl allow 3 selsciamalSeaebdisds, e fassifiedasan

detected pattern. The pattern location is preferably determined within the
datrabvese: lytconsminge2auretatiealyréow storage space. The resource
requirements are inversely proportional to the time allowed for the

searching method.to complete, In particular S (@I :
that
00RO PP 2R OB 1 St e R g e
resRigetRI$R] diremeksdorepaltermatchigbyondsitig apatating andpreferably
sampling technique that decreases as the word size of the pattern match

incyesdd THYUWYPERIPEURISHOR SRR MTKTERSIGHE atfREa oPPRLKE i
dafaSUUCIUIeS MRPISRRNINYRNLRD Nayallowsthe eANANAT APEUGHR o

extremely large data sets, e.g. genomic sequences. Additional computational
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.
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
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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)(%%%ggr%ﬁor data element to be readily found. Furthermorg, NE S128 134
ength of the pattern or data element increases the resulting load place on
memory resources used are decreased. Conversely, a higher resolution
search may be completed for smaller length patterns within a data
collection, at the expense of an increase in the memory resources
required. 10 The method provided m%%/{narllsgo include seleﬁctiontgf a be
samphi i cliol? BTAT R VAL EE re SBUPEE TR Guire et s may be
Furtheomore. the patierns e Siglerably starpckina selobpatalisbariayson
in a manner that permits a search speed that is independent of the length
of dhecarmays. inetpresentiiechhiytesare soldiidetosextremiepkaageomes,
data sets, e.g. genomic sequences. Additional computational 15 i
re3BtireH8YRAY LA dE I fafcer SREASE e é.Péear%?ﬁgBl?eafeawﬁg{i&r{”

th%a!%ea%%”é&gcﬁ 0 e desioned-issearching sanpbilites ayesstig,

resource spectrum. The data’structure created for pattern searching and

stesageoprrierabhtinchidesanralyay of index ysiuesdpsiredsigithlanrariraying
of sequence positional information. 20 Optimized hash functions ma% B?the

prEvMCEerBrAR X IITLTIAFg e B A h NGl LR BFIAE A RSP A RO
colljsion; Atieast RAions Al e dalisrie s may wsifeda BAMsis.

external storage mediums, e.g. disk, multiple CPU's, and/or multiple
computer systems. The patterns that are. stored and searched according
to Théspretiert FrzseitioarABI25 beatiselalyn desialls dpetyser Bregnpartve

example, th tterns may farm a_compopen ﬂﬂeeh alagl E%@OQ arison
s.ygf:‘i-:-nrﬁ)ql’?rl %Sa?rﬁ‘cg) hé’ g%‘%o{%%'gﬁﬁ tnﬁgspsgﬁeﬁ]%se%nay ?s WSC’)%OOSMZEEEG rIlD
dYNZ2002000L3hirke asedt ibr antelecssmmunictdiomsy stenseB dothsrriuomdng
the patterns may be analyzed as part of a clustering system. The patterns
mMeRHESD NSRS fgHetidar genomic assembly, data assembly, fragment

assembly, finding repeated genomic regions (“repeats”), efc.

in one embodiment, other present or future search processes may be combined
with the 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
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
accompanying drawings and the figures are not intended for limitation, which

figures are not intended o limit the present invention, and in which:

20
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genomes, and orthologue finding. In still other embodiments, the patterns
are useful in 5 database engines, image analysis or processing, sound
analysis or processing, radio or deep space frequency analysis, and
analysis of data or signals originating from the ocean or from space. At
times, the patterns may find use in analysis of the human. or animal bo
Ut imagihg A ENBF o SOEE iy S AR Bt Sebaigr
capability is parficylashy fesiable fpedsedncompaEative ik draenanmigion;
that typically requires massive investment in sequence comparison
capabilities. The paired arrays of the present invention may be used for
peHfistiisiag patiem ek Siaase, & kAT RIP FEFIERIssRMBY Ngdpput patter of
assembly, ragrment Bl AndNeReaRdAenomE oINS
(‘repeats"), etc. Irrone embodimen , other present or future search
processes may be combined 15 with the present method and system to

5 enhanee the overallpeifatmaacecFartekample fehe SShAaotetEofrrays
genomic searching is improved by efficiently storing the % nomic
information in tH¥ %Qt’fé'ég RS SIRRRERBE B IR By AXEG g to the
present method. The SSAHA algorithm creates a sparse structure of 4k
bing;fardhe k-tupies Mg Siouckahprevitesadirecsmappingtfrompanptem
nucleotide sub-sequence to their positions in the sequence. This invention
records the posHiBWIrifdTigich BfiefariRp ey ki eEes e HEE Helicture
of size (U/k) that decreases as k increases and enables extremely large
values Rf & to besysgd ; RRIEERERERIGIIRN &k PRA\WMNGSih@rocesses
present invention is illustrated by way of example in the figures of the 25

10accompanying drasvirigs amdagrorfignres Wik rveintatstiTerlimitdtionpresent
which figures are no},inten ed to limit the present invention, and in which:
20 WO 2005/1225868'BCT/INZ2005/000134

Figure 6° ilustrates a basic schematic flowchart of a basic search and pattern
detection process provided in accordance with one embodiment of

the present invention.

15 BEST MODES FOR CARRYING OUT THE INVENTION

The present invention includes a pattern search capability, which employs &
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 1o 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 o track

positional pattern information. The arrays are usually aligned in parallel to allow for
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pattern, in accordance with a preferred embodiment of the Present

invention; Fiug re 2 is a block diagram of parallel arrays representing the

input pattern of Figure t, in accordance with the present invention; 5

Figure-3 is a block diagram of sorted arrays representing the parallel

arays &EE%%%&%MQ &ngrgcg&%% vcyg@ the pEeRenLdnyentionand Ef@,ﬁmeﬁts

is an illustration of one em%o Iment for searching the input pattern shown

in figurethoi aceekdaneenithdiie: prasenttiaeniiemdigareripelows a

block schematic flowchart of a basic cataloguing processes 10 executed

in accordance with one embodiment of the &,esent invention; an??él:ﬁ%u&eth
e

6 ifiultratEea BASE SIRERTN oL B badic KARth SaHA

defgelion poceemRLeViHRAHRAGcHdaneR WIth aRg.cmMRaliment ootatarray,
present invention. 15 BEST MODES FOR CARRYING OUT THE
INWEDIT N Tde presetdai@ritionraglugdesits pattem lsesiich capability, sub-
which employs a strategy for managing the search phase of I%attern

seBREREY i alGataifhses Gt BEHECEo! tALreS&AL IR Eilig&ecaindex
COMRAG! SERISRRNANON, A S PAEHR R SMRIA FALARERS, JMe second array.
representation includes pattern information mapped to 20 positional
information. This efficient representation allows any specific pattern to be

rapieIjrie eateencriiie presehernetbd afmiBHes BhsrevistsingI&arragtion of
tec,(l;ljglgsggafpcy il%gg 'F{’Vlﬁé’ ;f{{] )l(t IQ!’ a?.”@%h%a%ﬁtiie EEHN .ear_{!ff‘é/%pecjﬁc query
] comprising cross-reference ata to'trac posmona patt n mformatlon,
10 The:argymeneis yallyaligredrin panalieisteaiowdort2ind/ 20052460 e

11CT/NZ2005/000134 . )
pattern in the database. The compact approach of the present invention trades off

w

decreased memory usage for a more complex searching strategy. The arrays are
searched to locate the matching pattern, rather than simply looking up the index

into the array.

15  To create the data structure, the index[ 1 array is populated by dividing the
database into non-overlapping chunks. Each chunk has a iength of k. The chunks
are each converted to an index value. The éonversion 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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easy cross-reference of associated data. However, other methods of
%ﬂib%ﬁ"feﬁ‘ts and methods of cross-referencing the data in the é}}/}g%)%/mmm
be empioved. A first array, herein referred to as "index[ ] array", is a

packed representation of the data of the database. The first array

consists of "index" values, A second array, 5 herein referred to as

"location[ 1 array", points to the location of specific sub patterns in the
datebiaselafdcom prigesofatiorm torativhsiato ivabdomkTise riexnvaiiaesootn
the first array are paired with the location information of the second array.

TAiRY YPSHRRHICHRASE: the index] ] array must be searched to find the

location of the specific index in the index array. If a match is found (i.e.
the,speifisfiveny dQrsishe) dherthedyairerdacatiophy ascayiisiexamiaghing
to find the location of the pattern in the database. The compact approach
of ithiepresert. ilventiomeriifesast WeeieasEd-RikinisaPusaRE TR MBrddex
com lex searching strategy. The arrays are, sear

H?ﬁga'ﬁ%ﬁe? Stﬁ‘gﬁ‘? a%“se, mphy 8&{}%‘%8‘{ %QI?FRICFGX !{?f%%g%ﬁ%]&a%g)ysmm
15 aTR-6PeRIR NS ARl sileine othesindest] arayrsRenated hydividiag 64
the database into nor,-overlapping chunks. Each chunk has a length of k.
ThigiteHiunkiés/areresieh TaAVEERRI BrPnele RabieT AfteBh (@lRIRerfoRits o

attern.into a |c inde I a

Th TR AR e oo Tlg ey S Epe fhag, S0 )
strategy may vary depending upon, inter alia, 20 the word size (k),
alphabetsidatita) mmdéss thentypeasfepate mmenegsisdrhiedtaicrefaged o as

»nuc“:leotide"or eptide sequences. In if the template i sma '
10 G RS R A I O R CHh LT S0P D) R TR

15

20

chupl capiiecpvesic b disestby imarn iIndechyigReriersiag & hasein as “lossy

conversion. For example, for a pattern that consists of 25 nucleotides,
eathstimEotideNbaser eaiaip basclonl S LEm PImVaTsDR 107 e PRt ity the

index. For the genomic illustration, the mapping is direct when ks32 (a=4 for
nuclectides) or k=12 (a=20 for amino acids), or uses lossy hashing when k>32

(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
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

jocation[ ] 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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WO 2005/124596 PCTINZ2005/00013 i the template is too large to fix

e e Word size, the chunk can be converted to an index Us 6@%’%}90”4
function. One embodiment of indexing may employ a direct mapping
technique for assigning index values. in the specific case where a 64-bit
integer represents the index values and a=4 size alphabet represents
genetic nucleotides, it is possible to store a k=32 length pattern (allowing

2 bifsrort@ thedindssitilitiest pesithardottegvesy 64 bitsco 2esivofshar deteficn] |
32 characters) or k=12 peptide Patt_ern allowing 5 hits or 2°=32
po¥SHiIGE BRYI Rt A te §iVEa 6Y Bid %“Sﬁs?gﬁa?ﬁ‘é?fé‘r a 12 characters).

This translation process from a pattern to a numeric index is often referred
to @sckGndashipgarrhteradbactistipoties hstyweesdirgchmanping:wbease, the
the index can be stored either optimally or sub-optimally. A technique,
refedesd kot aintas o Ssystitashipie!) BovwReing reisiaasneiHeivg tReder.
copversion of the pattern intg.the index..For the genomic.illustration, the
mgﬁéng%%ﬁm%cp \?%e%%@ ' é’ﬂl org?ﬁ%rca\%lgtic?gg) Sr k. %in? (a@% fcg)ra ems.
amipALIER), PleUsarlossiaiashinerivherkp32aiks (ardd b krdidda—a8h in
The optional lossy hashing method is a complex function that consistently

mapsrtielpakaden with hscidordhel drelihfvey. THe Reyestifipexe] tigay may be

Sel??é&‘tt%sq%%?sﬁr}é[“w%%@ﬁ 0 from direct %885"65%‘2%“%’1 150 "f};[c}th; array,
maximum valug of the maex i& Known in advance in has Ing, whereas, for

the direct calculation method the 20 maximum value is potentially

unboumgl. aFhiadrasséacbingaibestillcalguigis Beténndnai@gnaimaarigemade as to
Furthermore, the pature of the hash functions means that sometime 0
A BFAEEh  RLEHT D Cal e REEk i, PERETAchs A il o el
coligigndshRaeach HRR S kulbg ReRiigWiRciRe- ddabassiigsstored 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
asSORiEs hyakealiidsisbiipsase that no specific exact maich is found. To

optimize this common case, a bit vector array, herein referred to as “bitvector{ 1',
may be constructed to quickly determined whether any specific index value is not in
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
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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_indexf j array. Hence, for a given specific position i in the index4 ' array, .
wo %H%kf%’”és WO 2005/12459 , PCT/NZ2005/0001_34 referd to {ﬁéﬁ%&éﬁé”"“
value at position i in the array. in the corresponding location( | array,
location[i] refers to the location information at position i. Once the pair of
arrays has been populated by processing the entire database, the index] ]
array data may be sorted, such as sorting by increasing numerical order.
5 Suchsosprgiinady hepartodlarideidablesfuckisarstirg Ty pateinst no
Accordingly, the paired location| ] array may_he also sorted to maintajn
(o DI 1SR RNARE LB IBALPHREy AL EFgo o
indexfd.agay may be used to quickly find whether any arbitrary index
value exists in the index|[ ] array. During an index searching phase, a
quick determination may be made as to 10 whether any arbitrary "key" is
presefitdririeing &[ apdpearvanatporettientaibirp dehiay Been indexed
employed for quickly finding whether the key exists. For large k yal i
5 o GO 16 LA ot e et Al e et M e

COMMBQR£35@a8 i Magtes Brsayr hereiniefepdderasikbitvectonidiemals an
be constructed to quickly determined whether any specifi“c index value is
notireytisearierfeFhbemivaetorerstorss eeaigé Betd. reprdsierfesent the

heth ific i I ] ' ' .
T D B L o S T ereca i RaLei s Saafete tne

entire indoxbbaraaanben tharkey et cpepsentsinibe catabase.a number of
Furthermore, efficient search of the index| | array may include performing .
ac

10 an Nito, &S| Btidrres HAP Vil e iIRERAIGUBSS aS g L po StRSASRE

array, T_'ﬁ%J\ﬁgttlﬁag]%geg&g?rgsgﬁgwh%%gs@ fnstion pbinedsay- This

estimation o ost likely position of the key in the index] ] array, is an
improved approach to standard binary searches.
The set of chunk hits may be collated by converting the set into a set array of hifs[ ].

Each entry in the hits] ] array is a reference to the location information, such as the

position in the search pattern and/or position in the database, as well as the chunk

15  frequency count.

Once the hits have been collected a number of filter operations may be performed

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

. 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 6? x*(maximum frequency)

- y¥|hits|.

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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result of the index searching stage may include that no index match is

found, or that a set of indices is found coupled with the matching set of
locations. To find matches from input search pattern within a database
that has been indexed 5 using the present method, each pattern may be
searched against the database. The search pattern may be broken into k

overfapping CRURKYE BHIRSRIerheal G aliedings dr aeligre fritiendéisring rgation
refaiseikios aSEat L AR IR BIASADL e éé?a%p%ht AIEREREN the

of the index entries in the search[ ] array Is searc usi e previously
destsibeckrethech Sinoe @actdhit search can return a number of 10 hits, a
set of hit index values, herein referred to as "chunkhit[ ], is generated.

Each oniy

In thisﬁprr%gé entr recording database position information.
The seto

SRR SRR B CEH SHATY R Yarinf aaraifaye
of hitsp: :E@,cmﬁaé@yalméh6@%%%\4&&%6&%@%%&%@4%%@@9{}, and their

information, such as the position in the search pattern and/or position in
thesdatabaseeasvdhiars shidechenke 15 sregiiieryp qaitetn ratentiienhitshed the

have been collected a number of filter operations may be performed to
S LhHOTT B FATHL VRABLE T Ay O e B e el as

perfgrsagy 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
speti its"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 apglyiog i@ Huesheid enaahinearfEnelan RFémaxinn . fIRAIBRASY ssquence
_y*[hitsl. After a search has been performed the results from the hit
filteFRigPERe helifife TCGTTCA G CATAC C G T. As shown in an

ilustration (10) of Figure 1, the input patiern (12) has a k=5 non-overlapping
contiguous window applied across it. The input sequence pattern is broken into four
data chunks (14), “ATCGT, CGTTC, AGCAT and ACCGT". Each of the four chunks
is converted into a decimal index, e.g. 32, 56, 45 and 19 in an index[ | array (16) of
a paralle! array table (20), as shown in Figure 2. A location[ ] array (18) inciudes
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

al 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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25 form of an array of hits, herein referred to as "hits[ ]". Opthnaljylé {?SH‘“‘”“
ranking techniques are 25 WO 2005/124596 PCT/NZ200S/000134

based on the total number of chunk hits; the linear function in the filtering
section above; and a delta gap function, which combines the total pattern
match with the distance between the hit chunks. The output search

re§its IRESPLE Seiin etz el e devrsilpduror Extimpreatisea Bayighle. For
may ifcide, I3t of %@%ﬁ?&?%ﬁﬁeﬁ% a st of matc '“gep%{}c?g{‘f%]cgﬁ 0,000

their scores ranked thelr sorted scor€; a specific sub-patte

maiciies theesemsen:s0 ngigndlpirsetohsbrpateraaligned ¥siBgi@s oo
third party tool (such as bl2seq’). EXAMPLE 1: 10 A search is performed

onlifif GRgRENTp iR pintyreeaat e arar eotidecselguencetatom prising A" Adre
C i‘léiélmGeT r-EhCEe%hGi % AxsTréA‘ C C C T". As shown in an illustration (10)
of Figure i the inpuPﬁaﬁern Mf’ as a k=5 non-overlapping contiguous
window applied across it. The input sequence pattern is broken into four

dataekiuhksba), tAJQGE, BGTT GrAGEATeNHARCS Dridiach, afdhenie is
four chunks 15 is converted into a decimal index, e.g. 32, 56, 45 and 19 in
an”REERTT GHAY PLE)SBIC A i5arATEIRGTAG AR Poysers fehstmicneidireer.
A lcationk 2t | RS RO agh o
i e AT S e e
32ridray gositidhe0 ptisdtichuikevithried exrbis ig2t) pasitien etaat chumkowithre

indé-:‘x 45 is ?ﬁfosition 10, and the chunk with index 19 is 20 at position
15°53HHd Hedd EatioP BP S AREr HAE shl pika (ARLAR fitkptied (sl |

ind@is(fourd:aad the £e4TaaRRNENIGPOSILRR I8 GEASSTRIe e 8 dnaiudes an
According to the parallel
array of 4 for the chunk indices and a parallel array of 4 for the positional

information. If 8 bytes per element is used, then 64 bytes of storage is required.

By comparison, a single array technique usually requires much more storage
capabillities. For example, SSAHA requires 4"7+8C bytes ' where C is the number
of chunks. This converts 4128 bytes to (4096+32). Thus, according to the preserﬁ
example, the SSAHA process requires 64 times more RAM than the storage
requirement of the present invention to store the same struéture as stored by the
present invention. The savings realized by use of the present invention are

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.

"From the SSAHA: A Fast Search Method for Large DNA Databases, Genome Research,
2001
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arrays table, if the first row is examined for the chunk havin i of
WO A5 Chunk will be found at position 10 in the original file.q)ﬁg /\‘Wr’%%?’(:’%‘“““
2005/124596 PCT/NZ2005/000 934 For a large pattern there will be
(Lengthdk) columns in the parallei array table. For example, an array

table for the human genome may have about 500,000,000 entries. When

there are a Iarge number of entries in the parallel array table, it is too time

cond\FHifGE S ﬂ‘i@ﬁly‘@Bﬁﬁrtﬁ%%ﬁ*%ﬂbﬁ‘@QBEBW‘ﬁ)ﬁ‘éﬁH@Qéﬁﬁﬁdiiﬁéfékm& ifdre in

5 effici arch.techni is required.. The first. stage is to sprt.th .
par@l%el?@?r%% t%(%lel r{}) t%%%%d%ﬁ%rf&i%&'\ﬁ?ﬁh% tﬁ; esqlas r?ﬁi%?f%o‘r %H%gy Efhnea Y
positiorthegauserpesitiommaytheused)fon seaichisgchiawey ki tiSund is
case, sorting is desirable because the chunk index is used for the
sedftRfhgnd desEctaienaigdsitibther weusorfclianesisoRR) for b pirdigntihe
~example are 10 depicted in Figure 3. comprising a sorted index(_j array
J(lggcéjﬁlg Saasr%ﬁce”a' ﬁt(?é%%%nﬁeggoacf ?iés)' orﬁg‘-S, an array table (22) of 8
elements is required, which includes an array of 4 for the chunk indices
andedAdraliekarray of 4 for the positional information. If 8 bytes per
element is used, then 64 bytes of storage is required. By comparison, a

sin eﬁarragntechni ue usuall req%l[es mL{ch more storal%

5
capa%llcl){llgs. F—%rwe?(arﬁspﬁg?ﬁ AHAT eui935a4'sﬁ§+8(€'8§/?es%\A%ﬂe%r@rfs ﬁ?éjmh
numikeni@feshunkgerdnigccoaygites 18 byites{oi{4AREE 38). T4HS, the present

according to the present example, the SSAHA process requires 64 times

moRVRART fihUHeots sgEere earenietiebneh BifkeSeRenerition mibesrETC

1othe SAME-BHICIE, AR S0Kef I, Lesert IveRtion, THESavings oo
realize by use of the present invention are impr SSR/e as k Increases

on raal data.dtigurerkahewonsirmhodinentes)a Thethed of searchingsulted
During searching the k=5 template (26) is slid over the search string.
Eadh dIHBPEREARS i@ hRIIHERCRS 4,782 times faster than the search time of the

BLAST method. The experiment was performed on an AMD Opteron 244 with two
64-bit 1.8GHz processors and 12GB of RAM running Linux. With the present

15 invention, the bigger the job, the greater the differential with other current search

methods.

Figure 5 shows a block schematic flowchart of a basic cafa!oguing 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 sach element
formed fo 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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m&%&y@ye. From the SSAHA: A Fast Search. Method for LargaBNAs /600134
Databases, Genome Research, 2001 27 IWO 2003/124596

PC1'/NZ200S/000134 There are a large number of efficient algorithms
available for finding the index in the (index, position) array shown in
Figure 3. These methods include binary searching, which has complexity

(.)(log L). |n binary searching, a.low/high bound is found and tested in,the
G H R D i R SR G R 0 O B Gt LG HaLeiE Bgress
adjustediand-e procassisiterated. EXAMPLE 21 BRITormRRAAWAS step is

assessed on large data sets compared to current search techniques. A
geronpictse guentmedmparidomrisan idersyalising tins prasesituitvention
and using the current search baseline, BLAST. Each of the 5 millon HT G

10, reads, of the Popul I i b I '
Bhe I i T e T

ectively 25 million comparisons),
presestispelheckresuiiadsinateempanisqprofia sequences b F8amimes are
faster than the search time of the BLAST method. The experiment was

perfoteAdds an AMIK Ogierinn 2uvidith tnbedaupielBdHA B be®ssors
and 12GB of RAM running Linux. With the present 15 invention, the bigger

the-johthegreater the differantiph it Qthar irEesiserreh: mekiadsstection

Figure 5 shows a block schematic flowchart of a basic cataloguing
processsaxergtetiiracudedancdtivithe emebedThedinidng ofasrnpresation.
invention. At the initial step A of this process the data collection to be

Caﬁﬁ'ﬂ%“ﬁ@}@t&"‘éiq%ﬁ BiRi@ A LUMbeL LI AN dafa (lemeRisy Wigre

next step of thiS process B a transform function is applied to each element
the presence of this pattern is to be detected within a cataloqued data coliection.

At the next stage 101 a plurality of search queries are formed from the received
search 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 fo this sliding window process.

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
storage addresses io 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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formed to result in a data item for each data element. Preferably this

WO 24EnErortf is implemented through a direct hash function. APStHg&XEI&4eH
data item is stored within an ordered catalogue data structure, 25
preferably formed by an array, 28 WO 2005/124596 PCT/NZ2005/000134
At stage D each stored data item is associated with the originating
memory address of the data element which is used to form the data item.

PrefaFalSly s RtefPiS eBRfsiBIed by sthrify Bfedd BAUERE PG Brtaméler

aq“{ldggi\%%a(%%t% chz[us?&grﬁt'ul{c])rgge I%/S Starﬁe?delgz. g f Fﬁés ers(l) ?$%§ Eﬁé@emeas well as
catalogue data structure and th associated parallel address data
struskies(BravigecdWipie@rpediemiedinesis) Bseosonafdiasesion a rank

indication provided by the form of each data item. Figure 6 illustrates a
basic schematic flowchart of a search and pattern detection process

provRGSE 7 SBreRERe VRIS EhhseBifRS TR WAV RRTBIERSIY At
the firststage 100 of this Brocent:-A GRG0 Q@&Pﬁ‘dﬁ‘g%ﬁ%}‘ﬁé‘%& iBERiyed

where 10 the presence of this pattern is to be detected within a
catétogueddatacobectierscApdhiecnextstdgin 0 Inanplapaktydef seanreh
queries are formed from the received search 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

&
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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 29L0YD WISE
WO 2005/124596 PCT/NZ200 5/0 00 134 some of the present
embodiments. It is to be further understood that other modifications or
substitutions may he made to the described system, as well as methods
of its use without departing from the broad scope of the invention. Aspects
of the present invention have been described by way of example only and
S |t should be appreciated that modifications and additions may be made
‘ WitNbi#t departing from the scope thereof as defined in the
appended claims. 30 WHAT WE CLAIM IS 1. A method of cataloguing a
. data cRliectioncempassd eia Rlwality of fatssymbals. pald data

symbols having a defined order with respect to one another within the
datavotifestion daifdavethsdafitataleiusdgeindgti anssidased pyothe

SteREﬂ?rfw A %%rt%'@gneﬁ%%t data nf' i Q#Cfé%ﬁ'&g%%ogye'?‘dgs quencing Al e
ols present” within the data collection, Said data element bem

storgebatog storage location within the data collection having a storage
address and (ii) transforming the first data element into a first data item,

ncidata %emmbglg c{%[ga Ie ofE) arg!rr\] ked wi tuherrles e tS to otlher d%’%%
ite % an (WS s?(orlng fi rs{n 3 em using aﬂ 5?21?09 e data
structure Mmhtrde&mes@thm,lay@ﬁsemmlbeagam@ﬂeswmgege

positions, and (iv) associating with the first data item the storage address
from Whlc}lﬁ:ﬁgon within the data collection having a storage address, and

(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

(iii) 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 data element was retrieved, and

(V) consecutively repeating steps (i) through (iv) for each adjacent data
element from the data collection, where each subsequent adjacent data
element is farmed from the same number of symbols as that used to form

the first data element, and

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

stored within said catalogue data structure.
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WO 2f'5%;lgigf\;@(?eIement was retrieved, and v) consecutively repealtﬁ?@%)& ﬂ)mw ¢ LLOYDYV

through'iv) for each adjacent data element from the data collection,
where each subsequent adjacent data element is formed from the same
number of symbols as that used to form the first data element, and (vi)
sorting the ordered catalogue data structure by ranking the data item

stored wjthin said catalogue data structure. 3'1 ended Sheet WO.
2006112 ASESB BTN DB OGBLA 5t o LA it X Gt "

collectiogas£laimeddnslaimid swheneinstbe-sizaiRfiihe catalogueardadae of
structure is substantially equivalent to the size of the data collection. 3. A

method tfecdatdogitepi@data collection as claimed in any previous claim,
wherein the catalogue data structure is formed from an array. 4. A method

°f3°aFa'°§ir'%%tﬁodoaé"f‘cfa?é'x‘égh\}@?ﬁ%%t‘é'@&%%ﬂ 0 A0 RHEYIAHS S/AIPdvidORIaIR,

data items are associate storage addresses through the provision

of a paraliedraddessdatystrusiiseubiud meihaddofeataloging. a data
collection as claimed in claim 4 wherein the parallel address data
structure is formed from an arrz‘y method of patarlogin

. O. dat )
c hoctioh T UL AV SAas CEATET 35 SAEIor Ll Heigs i
associatggWith sterage,adiressesdiionahald:dhe slawage-ahsiosaas:

addresses within the content data structure. ?. A method of cataloging a
data colleutitricasot kaipnesddrediseprdeipggutiim. wherein data items are
associated with storage addresses through the provision of a duplicate

bassed d%’iln%ttrﬁ&}l*brfecataloging a data collection as claimed in claim 4-wherein the

parallel address data structure is formed from an array.

6. A method of cataloging a data collection as claimed in any one of claims 1
fo 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.

9. 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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8. A method of cataloging a data collection as claimed in, an¥ revious LLOYD WIS

WO 2843, VAR L0014

it Wherein the transform process applied to data elemeh
numeric format data elements. 9. 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. 32 WO 200
511 245 4 6 PCT/NZ2005/000134 10. A method of cataloging a data
colféction* SHIRMAE ARG DM EDT EMFALCT &5 & AEreih e a S foRHTS !

process appliad t9,data elements iz implemented by 8dassynashoiemented

function. Il. A method of cataloging a data collection as claimed in claim
10 wheréin alcetyieyat ialitlation process is executed within a search
process which use the catalogue data structure. 12 A method of

cataloging a data collection as claimed in.any previous.claim wherein.the
e b7 ha s b e AR e LR
sorted catalogHe, drigisH priEss L Admethesiaf calalrgineaedattnicn use

collection as claimed in any previous claim wherein a class data structure
is providéek ¢Aaiagwetiatdstticaraloging a data collection as claimed in
claim 13 wherein a class data structure is provided by an array which

defines a;numper of SIArage RASHonsLAUA! 10 INGRUMBST, Of NS, aim
%o # f

most significant sym present within data items. 15. A method o

cataloguingeactiatieecaliectionfasrtiaimied ol aaty peendduisctlaimreduithierthe
characterised by the additional subsequent steps of; (vii) forming at least

one ordeF%ﬂJEGHtE?ﬁt‘?fafat%lﬁ%iL%tWﬁ‘Héﬁnes a

13, A method of cataloging a data collection as claimed in any previous claim

wherein a class dafa structure is provided.

14. A method of cataloging a data coliection 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.

18. 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 dafa 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

{(vili) 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



number of storage positions equal to or less than the maximum 5 nu

WO Y ?ﬁé{u’é data elements which can exist, and (viii), associaflf J ﬁﬁ“&d&%‘m

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 33 WO 2005/1124n%
PC'R/N7°2005/000134 ~. ., data element associated with the stora
position is preséiie RHATHE A RO R Sy 2gehatHod gfpégfgfgd%@f%
data collection as glaimeg ig;glaim 15 wherein a content data structure is
formed from an array. 17. A method of cataloging a data collection as
claimed in any previous claim wherein the catalogue data structure is
used to find specific data element symbol sequences by running a
plurality of search queries generated from a data element symbol

seguence. ﬁ&gg gg&l@gﬁqﬁm&g«ﬁe%@nge@s%mwm A AN a

claim 17 Ity of search queries run are generated using a
sliding wind@wt quecess:td?. id\ienetiotbof @atataging a data collection as
claimed in claim 18 wherein the results generated by the plurality of

search queri are process c})b earch attern sequenc

de gCthl’ﬁé‘nggﬁséio%t Ol%'@%h%ga do (')%rllnadség e colfééfl rﬁ\é'lgsucsilgl?ﬁnéd
in claim 1@0herein dbeicRrrehPaHelseauence datesionipiasesement
detects the presence of a pattern on inspection of the spacial relationship

betweensstoragecaddness ey raspgiateer ithod areee AHanRs feRttaasA D 2

.Search qggtg\eﬁement symbol sequence.

18. A method of cataloging a data collection as claimed 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 coliection as claimed in claim 19 wherein the
search patiern 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 fo test whether maiching patierns

sequences have been detected.
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21. A method of cataloging a data collection as claimed in claim 20 LLO

WO RhékEIYan error tolerance threshold is used to test Whethe?%é{%ﬁﬁ'ﬂamm“
patterns sequences have been detected. 34 WO 2005/1'24S96
PCIYN/200h10()0138 22. A method of detecting the presence of search
patterns within a data collection catalogued in accordance with any

previous claim, said method being characterised by the steps Ofﬂiﬁé
receiving a" &84t ‘ﬁaﬂ%‘ﬁ?@@bﬁ%%é’é‘?%eﬁ)%r?ﬁﬁ%ha‘Eﬁ&?ﬁl y%‘f‘ et
queries By, ABING. ARG WIRAQMRELCHRS AUEIHaGiSEERIMER SBRIFhethod
pattern sequence, and lii) retrieving a plurality of storage addresses from
the catalogne datacsinseture fisaitkseaich addresses being associated

with data elements which match the search queries formed, and iv
detecting the presence of th% search F%ahtgrﬁnes%agence received by
inspectigb @ ¢ storage addresses

th escﬁé\@fécf fetation "’?peﬂ% ween

received. 23. A method of pattern detection as claimed in claim 22

wherein @gn em@mitelesapluthreshole:is tisetid¢ddestwhethieg mattting window
pattern sequences have been detected. 24. Computer executable
instructions sRFSESIPYEEHHpeRePE S6815TR RALBRTIRRILERG % Bhthuter

executable instructions being adapted to execute the method of

cataloging) a datAcHHdCEUEARIGI aiMAS Hy AR i8IS 6HRIRe 2&ifogue data
computer readable medium with computer executable instructions stored

therein, said computer ¢ sataieddstriea S Beintragigstadiciaretreents

the method of cateloging,a data S{HEhte a5 faRg in any one of claims

iv) detecting the presence 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,
sald 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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W021 35 WO 2005/124596 PCT/NG2005/000134 26. A method 0
CAtAl &jmqﬁ a data structure substantially as herein descrlbedp\fvﬁﬁim”o“mom
reference to and as illustrated by the accompanying drawings and/ox
examples. 36
26. A method of cataloging a data structure substantially as herein described

with reference to and as iliustrated by the accompanying drawings and/or

examples.,
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