1 DATABASE AND METHOD FOR EVALUATI NG DATA THEREFROM Fi el d of the Invention
The present invention relates to databases for storing e.g. financial data,
and in pawbi2oulms4480 conput er-i npl enent ed 5net hods of ceosigB20in/00g7sa

dat abase, storing data in the database_and/or nethods of manipul ati ng data
stored in the database. The present invention further relates to
conput er -i npl enent ed queryi ng nmechani sns for obtaining and/ or eval uating
data from 10a dat abase, in particular to querying nechanisns for obtaining
m ni mum or maxi mum val ues from ce of nunerical values stored in the
dat abase. Backgr¥F BHR YERAQR (FOR BYALYARENG DATA; THEREERQM e for storing
and relating data within 15e.g. a conputer system Different database

ar chi t ect miesd exii shhedgpesdt ign on t he i ntended usage. The primary use for
general purpose databases is to nanage and facilitate data entry and
retrieval .j I,0 he relevant .application.. A trend has been
t he ener ggiﬁé(:ég%%tsnﬁegpggpééﬁn dr:etlaat;cgége tgog%l%:ck? ect ufroé:s Sg%?%ﬁ:{ zée'og to work

wi t h spectinanappl idedti oandoimipest iCodpk eko evamiutprodessengnt«CEP) is a

t echnol og oW | Iltering, re I . regagj ng and/ or
corrptr}ti ng%%%}?(gdegalo%ﬁﬁﬁgggégﬁ%é%aa[ 6(1]{]‘51 Qé‘?’%?gf i éntg%#cllr}% d%gg a?gsﬁl&% data is
usual |y 2styearsr atngd oat métlybdd rafgurendbesabing strtrestiored be Bmved in an
appropriayge. database to allow it to be evaluated, whether in real time, or
at a later stage. Several specialized database products have energed which

attenpt to store such data, which is generated in quantities that normally
over whel ntBene¥Fesiens0pir pos e at Bdsds I e 1 9iEs 2 080 / TPIBAL8 PCTREBIEIT/001784 2

Table 1 shousy pPechent Bat A5 aaiihahhead @/ o Mss A1NaCERga@ptd catdons, and
provide different functionalities for manipulating CEP data. Table 1

Prodifct Dese?iiRassn TecRABFbEL AhdPu WeFBErd yirghiseet 6P retlRle pridgri et ary
dat abase ppiimized tRxWALK W idedighnf beguency-d idraneahal i BRI ket dat a

stored in the database.

Background of the Invention

A database is a structure for storing and relating data within
15 e.g. a computer system. Different database architectures exist
depending on the intended usage. The primary use for general
purpcse databases is to manage and facilitate data entry and
retrieval in relation to the relevant application. A recent
trend has been the emergence of specialized database
20 architectures optimized to work with specific application

domains.

Complex event processing (CEP) is a technology for low-latency
filtering, correlating, aggregating and/or computing on real-
world event data, e.g. financial data. Such data is usually

25 generated at high frequencies and so needs to be saved in an
appropriate database to allow it to be evaluated, whether in
real time, or at a later stage. Several specialized database
products have emerged which attempt to store such data, which
is generated in quantities that normally overwhelm general

30 purpose databases.



Proprietary,non- relational in-nenory database KX systens KDB+ Hi gh
performance database to nonitor real-tinme events and detect and report

faul ts fowodati@msssasensi ve applications Optim zed, col umpbassstotahaisase
StreanBase Event processing platformwhich allows for devel opnent of
applications that query and anal yze hi gh-vol une real -tinme data streans

I nt egrat ed devel opnent environnent along with specialized conpiler 5 These
products aimto provide inprovenent of both underlying database

t echnol ogi es. and processing capabilities. However, data storage and

queryi ng 5RPteth iSp4S oPre ‘éc‘b‘%\tt&‘alts agei pyaEkatiedosuisactdrditg to

convent i 08gh1 HNGRFSES andiht &y thewa rildahabasas idng 1welbs sebt ed to

perform ng traditional transaction-oriented operations, they do not provide
an ef fi ci BAiRRATI"EoFES| #3%# ng | arge anounts of contiguous data to be
accessed and/or eval uated, other than standard querying nethods. 3 Such
requests fteié ar ge anounts of contiguous data are relevant to the provision
of descriptive statistics where the inportance of individual records is
less than, the overall description. Descriptiveigtatistics are now beconing
5i ncr eas Pr?d%cg t)anctr 8§perg| aI l'y for high- freéu%ﬁc;sll ﬁ?’gh vol une |dat a
appl i cat foas—The—process—of—evaruvating—targe—g¢ont+gtous—datasets—1s
central [¥hawspond| gl eestatmaste calopdestyrivpt | yéreptiztreguesns. The
financi a es t n pr. r ents. Data
provi ders %q%%g\n gﬁ%gtgﬁg‘eaér(pgtg%il%ésﬁt?u?(? ok?lg' @hl i g#%% glé}lqa%gm%% and

smal l er ¢lients (e|figh-dramkenayyéstancsyl Baikt ngawkaset he | arger cliients is
ei ther dpne direct|y, through 3rd party vendors (e.g. Vhayu) to provide
themwitp all nmarket data in order to allow forf the 15construction |of

sophi sti patedand pccurate statistical vari abl €s. However, at present this
i s not pp&siwISESTN [ MEMERPF B rmenreriasalia®e (8 cosPBEHESEE: t¥d™M th fhe | arge
bandwi dt hxgd complhatitenalediequié &¥RALs Negded | boted@lak ¥84dNg the ¢onplete
mar ket fped. Therefore, smaller clients are only 20provi ded wi th market
snapshot 5 or summaf feECtWAREHEBAFY AL B%v Fo8r \rﬁri abl e approxi mations.
Furt hernpre, when jgg@qheémvghgp@l@bmsor Xi mum val ue in a stning of
val ues stored in a|database, typically all the|records in that data string

have to pe refrieved and eval uated
StreamBase | Event processing platform which | Integrated

allows for development of development
applications that query and environment along
analyze high-volume real-time with specialized
data streams compiler

These products aim to provide improvement of both underlying
database technologies and processing capabilities. However,
data storage and querying or retrieval of the data is still
carried out according to conventional processes. While these
10 databases are well-suited to performing traditional
transaction-oriented operations, they do not provide an
efficient means for allowing large amounts of contiguous data
to be accessed and/or evaluated, other than standard querying

methods.



25t 0 determ ne the |ocation and/or magnitude of the m ni mum maxi num Thus,
the operation is costly in ternms of the 1/0O bus usage and/ or network

bandwi dt hwotoisatsgon in retrieving the dataset, and i nprtergeonfoolse
conputation required to evaluate 30t he_dataset. These costs will increase
as the nunber of values in the requestéd data string increases. 4 In
particul ar, conparative experinentation nay be extrenely costly, due to the
cost of retrieving and eval uating a nunber of individual data sequences.
Summary of the Invention 5ln a first aspect, the present invention provides
a dat abaseufrretussitig faat &2 r ghiWUns sc8hf FHRF LG §énér afe an

i nter nedi at Lo HASCIdPEn@NpPhvi NSt @dsdat pri$0 A tidrakkowhems erpf fi ci ent
mani pul ati on of the stored data. More particul arl the first aspect of

) ed ( . y
the preseMfPPFRANAS OF 1DARYIGHIDYITEEZIgat BHERSS 1D ithec8HFFglted to store

a sequencge&Er fidisin.i NPUbcY B UBSe XWratheE ks &rel,rbw belcoming  Wherein for
any value of n, x, lies between x,+i. and xn_i__in the sequence, and has

assodi at ed"EIS NI Ya 10BE RN} riRe AL GE FAT IR THpmeeF¥nt Y& ue p, that

i's cal cul abeehnd romMay appteesdisgs t o a conversion algorithnm and an out put
val ue zn, wherein z, = zn-i + Pn; t he dat abase being further

fi t t t I | it f t . val .. 20The_dat ab [
art of at BOMAGT s yet ERT 6T e CArAE) A nt SN (0 *PPOM 5° Set™ B2 nput

val ues. The fegmsindimputovataiei x;ided geseraptivea duineregaksval ue and i s

typically a time val ue. The second input value y, may be a variable
descri bin | i L5 6 i l.u de. 5 of
all the sg%%n ﬁ%ﬁgﬁgﬁvgkﬁg£@€$q$ronﬁftgog%?9£$€§fﬁ%f¥gglg?oﬁid%%§ out put

val u® z, aay belentg. PEg2neiovrddrdordepl withheoth large institutional

clients (e.g. banks) and smaller clients (e.g. retail
investors). Dealing with the larger clients 1s either done
directly or through 3¢ party vendors (e.g. Vhayu) to provide
them with all market data in order to allow for the

15 construction of sophisticated and accurate statistical
variables. However, at present this is not possible with
smaller clients due to costs associated with the large
bandwidth and computational requirement needed for delivering
the complete market feed. Therefcore, smaller clients are only

20 provided with market snapshots or summaries, which only allow

for variable approximations.

Furthermore, when determining the minimum or maximum value in

a string of values stored in a database, typically all the

records in that data string have to be retrieved and evaluated
25 to determine the location and/or magnitude of the

nminimum/maximum.

Thus, the operation is costly in terms of the I/0 bus usage

and/or network bandwidth utilisation in retrieving the

dataset, and in terms of the computation required to evaluate
30 the dataset. These costs will increase as the number of

values in the requested data string increases.



cumul ative total of a different function p, of the second input value yfl.
5By providing a database in which the second input value y, (e.g. the price
of a stookpws/wsased in cumul ative formw thin the out pot/gBzbiomoriss t he
dat abase stores the second input value in internediate form 1i.e.
pre-conputed or partially-processed fofm This means that, in general ,
fewer 10operations are required to generate descriptive data fromthe

dat abase of the first aspect of the present invention, than is the case for
conventional databases, in which the data is stored in raw, unprocessed
form Thud? Partd ddésndcaBpeEdtiehexpresaettatrirnmegnlpr evteRely 15

conmput er - 5Pt BERERA BB RO+ G cUkatbRoh@ ApRaLYat iR & sebeaf second
i nput val ues y" corresponding to a portion of a sequence of first input

val ues x"°CExiHdiifyetr AT A=SEIWIFS5, conprising extracting from a dat abase
according to the first aspect of the invention at |east an output value z",
wher ei n 28umtary fgener ahyettiornret hod of the second aspect of the invention
al so includes the step of extracting fromthe database a further output
val ue z", rein.n=a, ing the method of the secon spe f_the
inveﬁtionl¥ﬂ§f§€%ﬁbfﬁgfkgh %@?r?ﬁfsﬁéFaﬁﬁg%”%%%bfﬁiHég?g gh%%%%éﬁﬁs aspect of
t he i nvenfeomtaningsdeypi cahlgh pessioblfégtved alcgeateeatheaguantiti es shown
in table h Iev f t se Qf e, ou val ue zb
correspong?%gﬁg%g?ﬁ% gﬁég%¥ﬁfﬂ%!&gggg%egg%%%%%%%afnggrégtFQé% l{Jt)wptionally
al so t he nurpuffiybden01nsQRGAUSRACT/ CB2616/ HOIE8Y dateal ue za correspondi ng
to the start of the data sequence of interest: Table 2 Function pn

Descri ptiygrsStatisidga-ayai tiable B 3s¥8.SUWM R pYRsMRaN; Ay&l@ags, i on =yn2

Variance Pn = Xn.Yn Correlation of first input values and second i nput
val ués may provide a database that is configured to store a seguence

of first input values x, wherein n=1,2,..1i,

wherein for any value of n, x, lies between xp4+1 and

Xn-1 in the sequence, and has associated with it:
a second input value yg;

15 a conversion value p, that is calculated from yn

according to a conversion algorithm; and
an output value z,, wherein z, = zp.1 + pPns

the database being further configured to store the

plurality of output values z,.

20 The database is part of a computer system for calculating a

quantity from a set of input values.

The first input value x, is generally a numerical value and is

typically a time value.
The second input value y, may be a variable describing a
25 financial transaction, e.g. price or volume of trade.

The conversion value p, may be equal to y,. In this case, the

output value z, stored in the database is the cumulative total



Therefore, according to the nethod of the second aspect of the 5invention,
a range of descriptive statistics relating to a contiguous data sequence
may be gewenatwdedag retrieving just two output val ues fromGB20at@ibEse
according to the first aspect of the igventi on. This reduces retrieval
costs conpared to using a conventional “dat abase, where typically all 10data
val ues in the sequence of interest.have to be retrieved. Hence the costs
associated with 1/0O bus usage and/or network bandwi dth utilisation tend to
be | over for,ihe ethednaf i the: seaoRd 9spetn af tbhe. | Ny iR, VB3 ygonpar ed
to conventional data evaluation nethodS. The conputational costs associ ated

15with the nmet hod of the second,aspect the i nv ion.al so tend to be
| over t hah™¥ o?" dﬁvé’ﬁl&%né’r M98t REdS 9 Th Jédic?foﬁﬁﬁycg)hpﬁlfattr}eonal costs

associated with the method of the second laspect of the invention may be

especi al | yunel atiarst tiogali agneidi £ fgnshitc fvnonbon Theofetiwdsasfoncdhengatond
20aspect gf &%}G&li nvention nmay allow all end-users of nmarket data (whether

| arge i nstl%u i'onal clients or smaller clients such as retail investors) to
generate highly accurate and conpl ex descriptive variables, as required,
even g f t@?)’p%ﬁdl@ﬁg abligtafald BLGRSISht BRe e ddrRl MRpket vieed.y This is
because only small anmounts of data need to be sent to the client, and only
mini mal  coRpUt dthoPHEEdSTtd PP Per fidr FEETBY Yhewulandve| foParticul ar, if

nul tiple negnastthealatpadevihat 4.6l ahe docHihe saveedative SRIdE, the costs
of setting up a database according to the first aspect of the invention

will be rapPdt yWadhsr tPséBte BRFEARGS dPY™ t he® daRHHASEPIFCENRT first aspect of
t he invenphen; a1l 1l0Wws cbeksedbeshdh Ng T iBBNeANPOFRA QN i0f gbherdaf argdescription
within the stored data itself and thus reduces 10 overall costs on a per
requdst bSRFEAWHETT PHE JSTYbERD §% JEREERFBQRT TR WitV PR bt HbEST the
second aspe€ivfe td¥e thBveDtOspte o@sthef pgeermatinkgndeses i fHdves

statistics, using the database of. the first aspect., of the present invention
b oenor ol P Fa, 105 AL RORGLHEY: G RESEF b id BhtacBEEuEhee of

i nterest. sfbrsd iis inawgonhpasteds=C@dwant i onal dat abases, in which the cost
of generating descriptive statistics is approximtely proportional to the

size of t at.g se | nt erest r i t generati ng
descri pti @@ug’t alfhl %t ?’%g,ggghée)é%éa%ﬁdba@% gffgtgﬁge{tf%%tggﬁeg?og?&%%gi nvention

al sol5r educespytier dowtl cobntedpartdtdds @ fexpérv henirat isoquenglte obpar isson of two
data sequ e i nt.er ugh t | -ty t ol dll ver two
di fferent g?‘?nif g%rdlo% s.lgégkf?ect |%fi’l"y!,:.k%(%lyne;a/srIJ Zx;d'é?x?;pf[e%vg Ig(%:};gtll%;nt :62 avi ng an
enbedded sewwtdeorfoférat oknpily rd ugsnas atxdnioy ndsEngntiies et Mol of t he

second aSB&EISrlgi Qxk RYERL A ONe I dh %O'Elja_iirﬁﬁééé’%é’!&ﬂ?ii%%etgamEﬁQaélersQf t he

first aspect of the invention. e conversion-value pn of the first
aspect of aspect mierthicoangontiobeta ligiaghl §ncoritex “ediikabhe Wesated from a

plurglity,of

In general, the method of the second aspect of the invention
also includes the step of extracting from the database a

further output value z,, wherein n=a.

Using the method of the second aspect of the invention in

25 combination with a database according to the first aspect of
the invention, it is typically possible to calculate the
quantities shown in table 2 through the retrieval from the
database of the output value 2z, corresponding to the end of the

data sequence of interest, and optionally also the output



raw data val ues. For exanple, the conversion value pn may be a 8

custom sed i ndex that provides partially-processed input variables for

i ncl usi orwonotiseqst put val ue zn, which is used in cal cecatdBrom/donsaesponse
to user requests. This pre-conputation_of a highly conplex variable or
5custom sed i ndex may all ow a reducti off in the anbunt of data to be
retrieved fromthe database in response to a user query and nay al so reduce
t he nunber of computational steps to be carried out in response to each
query. In particular, the pre-conputed variable may be re-used to answer

di ff er ent Verse§ ZROGREFF BRONIIRGs tPﬁEP%a%‘i?fgt Sfertdr| detd | L9BIFEFS Phe raw data
val ues usegtddstcal cul ation of the pre-conputed variable may be wei ghted
statically or dynamcally. That is, each raw val ue may be assigned a
specific i ght, when constructing the pre-conputed variable (static

wei ght i ng?g%fe 5t he wei ght may vary with tinme (i.e. may be updated for each

r ecor d) . ~Ha—the—case—of—dyhrame—weight-hrg—each—welghted—varable—(or

i ndex) i sFexpeinsi ve t 0 |Podudetiandssatidel asostvasaybhgs associ ated wifth
providing _a pre-prepared index that can be re- 20used several tines ijn
response }%no;u er quer i ess[\fHe particularly high. As an exanple, in the
context pf financial applications the concept of providing a conversijon
val ue pnfthat—Ts a conptex—functiomrof—=a—pturatityof-measured—vatues can
be used B Z5¢enstruct |dMevdr keErégpitalizati on weighted i ndex of stodk
prices, ere the weight of each stock in the index can change based lon its
changi ng| prket? capi t al iZatii@re Dependi ng on usage of such an index, [it
could lead to a dramati|c savings in both data and conputational costg over
performng 1 ndex 30construction for each indi vidual _request. 9

Pr e- conpirati & Bf dat a (i‘ircfeﬁFSV}Paeog %b?ﬁferlé’ipblﬁ Values ind 15Cord a donpl ex
vari abl e) also allows fangdtevazeesti on of nore conplex multilevel
operations which can bg considered to be descriptions of descriptiong. An

addi tion financi al. bapplicatiqns ex e [s that of constructiqn of
sever al ?#lh|%eesoréaacﬁcﬁag‘gﬁn%ﬁtoao?& msg@?o%ist%isﬁﬁfga 33%%?%‘#9 6 their
mar két cajptedtdizat i enrédegg.of nbustripal ve ospani ses dsndeXatied ecoraruni cat i ons

conpani es é{gﬁ%@%USng§aw§%%é%ﬁgé Q%B?%tggﬁggégéquyndi g%?sfgqfag%

i ndi vi dual anies and i ndices erent su rrder to
noni t or tted rounpugnenives nfigemer alatabhee databasiemgotot hbef fis¢t aspect of the

i nvent i on, L5. Gonfd gyeed, 0, siare values ol (he Liost iyt variabl e)
that are evenly-spaced al ong the sequence of first |npuf val ues, such that
x4-1-xn 1&TMgsrsal by, uskhey ea xaprivendivhat dataksyse hehentetypd cdietywedn
suCGeSS| Wfafd TRINALUEE Lo | KRR e AL G Lol B35 LNAL fAglS, DS
preferably less than 0.05s. Typically also, the at abase 1S configured to
store, e.Rgncentdeqaente dfsddyadtedvaliabslihcturdivsggevendi100atecarkds,

bandwidth utilisation tend to be lower for the method of the

second aspect of the invention, as compared to conventional

data evaluation methods. The computational costs associated

15 with the method of the second aspect of the invention also

tend to be lower than for conventional methods.

The reduction in computational costs associated with the
method of the second aspect of the invention may be especially
relevant in financial applications. The method of the second
20 aspect of the invention may allow all end-users of market data
(whether large institutional clients or smaller clients such
as retail investors) to generate highly accurate and complex

descriptive variables, as required, even if they are not able



20preferably over 10000 records. The database of the first aspect of the

i nvention may be an adaptation of a conventional database. Mny

appl i cat iwo0(1m3gu48t he anal ysis of financial data) nmakepussBDiddorB4seri es
data which is continuously grow ng. In725t his case, an objective may be to
find a subsequence of data in history that best matches the | atest
subsequence. In many cases, this search process has to be repeated for

di fferent subsequence | engths and/or |ocations. Wen the data is stored in
a conventional database, each search process has to be 30started afresh,
wor ki ng f FBn?¢FRe s dfvedshal enteaeeet A6t heTldht dfadecause polev@llit has

been foundnbhets idF RRAY 6a8&Sto tHe RHECcCesStRE dmitHhi, Nangaubseguences
consi sts of neasuring the distance between correspondi ng_records of the two

i ndi vi duaP Rt PBREES CANT RPRFT tTakiPRgPERECETRA &Y (thEsEL4FR_t ance 5measures
to obtain an end matching result. Since this operation has an enbedded
sunmmat i onIoped atiaiylairt rAymbEt igdrer ireduedt s USt i gnadles ththabkyt sonfiqgur ed

dat ahase accordin o the.first aspect of the .inventio i.n_conjunction

W h he FEE PRl Re SBibho DR o1 SERRSTHUENEFoR. CAORRFES spect 11 cal |y,
t her ef or eaccordione toases, fihet fampetdton fpnhe simvdnnen etlof bé heagidlityance

bet ween yn_and. anpt her. _second. i nput value. The.di,stance . is typically a

Eucl i deanala?rs%%snecdce)', %gtfeﬁ%lv%]éy’a%g}%éj?talgg %n%fedcr%?agﬁfé,t 3% %(P%Soaé

Mahal anobtke disteartdeon Fhéoes ofe; dribeddahabases ofr thetfibnstf asipectatef t he

| nvent i on 250y, Bg coRELoNT ed g caloylale and slore ayIuLatiyg, di stance
nmeasur es %e ween e.g. a fecent data sequenceé and a hi'storical Sequence. In
t hi slonay, ovhea M stomtce ched ween tdmestbbegquenceerofthiehdatebase at a sequence
and a corg i S ugnc f. the _historical equence may be

cal cul at e%g?%)gfr]ﬁd%%%dzggéﬁﬁlg% \%ée({éllogt grﬁcéﬁéregé%ﬁoﬁlgs%%%%tcgeggt%?? and end of
t he subseguesrceionAn advant age of using the invention for this application
is that all requested subsequence sizes can be matched easily using only

the diffefgoce,hetmegrntber St@rde RN 800 0f 4 & A23UBS€AYEnce conpared to
all correspondi ng subsequences in the database. This greatly reduces the

expense oflehaRA TRy Afo ther foF it i estic @ ImbAS uP eFfEHtts IBEEREEA I ndi vi dual

recofsds fQen&very haguesiow Ald NG g sHbshaniial Jrurher 4@fs operati ons may
have to be 30 carried out to store cunulative values of the distance in

t he dat ab&3@Uei%fe AetPtevart andPicorsutPngorbsdshér Feaue’tierdl ow, as only

two recordstieantd oibeyheth i @veddstomet BenprerGymdksed ipdiveat a. The cost
of buil di ng t he database is therefore anortised rapidly with the nunber of

request s 5 ¥kt 1s approximately proportional to the size of the
data sequence of interest.

20 By reducing the cost of generating descriptive statistics, the
database of the first aspect of the invention also reduces the
cost of comparative experimentation e.g. comparison of two
data sequences of interest, such as the variation of stock

price over two different time periods.

25 Effectively, any descriptive statistic having an embedded
summation operator may be generated by using the method of the
second aspect of the invention in conjunction with the

database of the first aspect of the invention.

The conversion value p, of the first aspect of the invention
30 may be a highly complex variable computed from a plurality of

raw data values. For example, the conversion value p, may be a



In sone cases, the conversion value pn is a function of both the second
i nput value yn and a further input value y'n 5associated with the first
i nput valwe 2an/03&p8 exanpl e, in sonme cases, pn = (Y n.Yrrr/dBrotouos7sease,
t he dat abase of the first aspect of th% invention may be used in
conjunction with the nethod of the secdnd aspect of the invention to
determ ne the correlation of the second input value yn with the further
i nput 10value y'n corresponding to the portion of the sequence of first
i nput values xn of interest to the user. According to the nethod of the
second aspBEEOBESTheTANFerPPENPTARIIET dfFedes Y rBRRP T datidbdse of the

first aspegkigbrddierdNvertuoNofONsi e Hutbatchhnge the shach and.and of a
requi red 15perjod of data. Wien a fetch/retrieval process is expensive due
to | at ency?( FRFCREMANS, 1RNERSBRRTR LG S§TdEEAPSZR.° has to be requested or
the data fetched over a network), it is advantageous to pre-fetch data in
order to ehini pad-ecdntmmtaatencyst oyetiwad fcempaddi ta4onedld etrch operati ons and
to make 2Quse of tenporal localjty duri caching., Therefore, the method of
e Sbcond AEBRI SIS FRVORT IS kP D SaaptBaER® THErGagE: HECE ur t her
step of exbrhetraigiadeid ifonal thval diessHasemihhee spvadase thatsear quady acent to
t he val ue_t ar'gla' S, isngrer%id%tcteal Y gfmilrger est . Theget addilt is%nal %gv]glele ues nay
then be uged T I%t%er "Calcll att ohs" " the IaP@ﬁEyacﬁ%?aof Fﬁ?rieV|ng mul tiple
dat a val uesrrsed|mse ino rebatnferts etadreviuegya simgbaertialulexr,andeso the
overall cost _of retrjevin ltiple values iis less tha e _cost _of

et evi ngTeacht o raareY e S ons SaTiee e H0ESEECRITS stor ed
i n alccachquéroes whilots tiheyesayndpeoextaldceddicasneequi red, at a | ow | atency
cost. 12 Advantageously, the nultiple data values that are retrieved in a
singl e Tebeh PREIA IR 20Es3.6000 i GUUS aybsegheneeal dalaonilisgfeature

i ncreases the efficiency savings associated wth this aptation of the

met hod of veheakke gy dspeetgbied hetBiipedayi on. dhenigaldod ofheheisecond
aspect of cLAg LAY eI RNmaYySEd &8s CANHACELRR: ¥4 & hod ighdakahase of the first
aspect of the invention nmay be particularly advantageous in the nonitoring
of bankin§°65%¥%ﬁWﬁHBFh§uéﬁea§°%®ﬁé¥iW@éﬁ§¥é?sﬁS%m@UHOﬁaﬂPFéUBér@V in the
detepdioncplt APEIH@MaAGhEYI §iYen SBident; ADARSy Obe it LRR BeRekf or med
over |onger periods of tinme using actions which are small in nmagnitude and
long in t&FABTYF- tinme period in order to hide anpngst normal activity.
Usi ng the nethod of the second aspect of the invention, in 15conjunction

w th the dateabaseadf dfhayhenst wshaalingf, tReni nyegidon wiriansenubti pl e nmean
averages to be npnitored.to detect any relative changes which may give

evi dence UBREF Us' T rBEE RSP ERAPIECHhEHedR bR 1T °&Ys 8Fer the past
five houras20etumdd ngthheraeaniod 4 herd-askphodd todd:d dhadi eahebaorsral
actiyity, gh&le aqylr%se in.the |ast h%ur's mean val ue woul d indicate
possibl e PPaudSeS e B G0 ot S INEW S e BREEt TPaT HHetd®s or conbi nati ons
of nmean aperagesiddymbiighor beforehand, a w de range of val ues nust be

expl ored. The

As an example, in the context of financial applications the
concept of providing a conversion value p, that is a complex
function of a plurality of measured values can be used to

25 construct a market capitalization weighted index of stock
prices, where the weight of each stock in the index can change
based on its changing market capitalization. Depending on
usage of such an index, it could lead to a dramatic savings in
both data and computational costs over performing index

30 construction for each individual request.



25ability to respond to different requests quickly and easily greatly
facilitates this process. This approach can also be applied to different
det ecti onwepplicaissons, e.g. exchange surveillance, whi ebTsmomnoi®E
atypical activity based on historical geternination of normal activity.
30As an extension to this application, “many different sized nmean averages
could be nonitored in parallel and in real-tinme. As nentioned, historical
experinmental evaluation of alternative 13 nean sizes can al so be perforned
easily and efficiently. These are both direct consequences of having

cost - ef f eRE¢ V&P Rt ranst udd Ry (e PREVREE dfCA@rsdeBndeadpat LBt he

i nventionjkn; cpRGt haRivbid) thedanabaserof dle dkiebstiasPeEtnf the
invention. In general, in a database that is configured to store |arge

amount s of BRASK (BVER 108D RGO EnH gshetal IRF GPRF 19BTBO0F Reor ds), i t

is difficgbictQicilhe dsehetOr BOGRYS .| B YhdUdlodaCEidSncifln general , the
user of a database is prinmarily interested in the nost recent records of

the dat abdRR!iCH{PEForEaMPHE ot HiaF <peehstiHe e sénfeVat@hti on may

provi de aif@ipsl &lachnphesgnteth nRithed efoerspidigrgea databasey alo a tine t,
for storing%géeviﬁéi val ues_of a timnme-dependent 15variable, including the

step of sk i sERPLFALHAREL O St He RS defenFERPADATT abteE >/

cor r espondé Ngedrnu isRGHUENS ecAfipdiesdehaeR) nethid reuilat el vak stseasur ed back
fromtime t. The database may be a .dat abase accordLn% to. the first aspect
of the pr&SBRRAMN SREFGRS b%¥ TS KT URE MR €52839 pi et 57! the tine
i nt eroval sifios dieireniehy- eabested ireeaKds a6 emsmite Cltbeekynspatead: t han t he
tine intervals for older records. As a result, the database stores recent

data with.g DLah granylariiye, ahide (Rr g, reruledat ad snstoregd uidh a | ow
granul arity. n'the case of e.g. a |ghfy 1 qui inanci al market having
hi gh | evels ofnfiguaedhitoughpee wamesecodnd, (tie Matsabaspubdfvahielille)rd aspect

o pone LIYEDL LN, €06 UaRdd O I BIGRCt BELAlNL O daL a s ed and
subsequently sent to users. Tntuitively, ¥ a user is using this data at
the mllisebeerd |segdl thhEsxavai 30kmt*erest will be in the nost recent data,

while a user who is 14 interested in longer tinme periods (i.e. mnutes,

hours) Wi blgenengl kyepet «f aquiar ¢ifikl bd fecondedahaepreLisdQientheref ore,
the third aspect 'of the invention allows for handling of different client
requests BLECIRIVG tOMEhERFUTREDS (EEARAFBRR 5L otiat PACABERPER ke Tordadf fi ci ent

manner. Thi ss ) efueeprbherbwt@lldat ansend . Pys only sending what the user
requlires,

Typically also, the database is configured to store, e.g., a
sequence of first values including over 1000 records,

20 preferably over 10000 records.

The database of the first aspect of the invention may be an

adaptation of a conventional database.

Many applications (e.g. the analysis of financial data) make
use of time-series data which is continuously growing. In

25 this case, an objective may be to find a subsequence of data
in history that best matches the latest subsequence. In many
cases, this search process has to be repeated for different
subsequence lengths and/or locations. When the data is stored
in a conventional database, each search process has to be

30 started afresh, working from the raw data entered into the

database.



thereby resulting in | ower required network bandw dth and storage costs. In
general, a database that is configured to store nmultiple 10inter-rel ated
sequenceswofodaiasgsuch as, but not only, the database etTttdB2ofo/costs4aspect
of the invention) will be subjected to sorting operations to nonitor

rel ati ve changes in the stored data. exanpl e, the database may store
specific market indicators for a set of financial instrunents, and the
15data may be sorted according to the relative values of the market
indicators. As the values of the market indicators change, further sorting
oper at i onBOY#YSE b tr 8g6i PR thPwistatett he TRRMESES  SERF| BRFPSESSMPdn a

dat abase jhgtdsed dbdeheERtde ddisiexient wlaA0Paldt ehe AREEMEY between e. g.
a recent data sequence and a historical data sequence the different

mat chi ng PREYAYS GPEy epRORGI IR F Y@ nafetlye e MWdd¥éAreAl sequence that is

the best gab&dhiddicelhanbeesdt ©8QURNERe (SHCIE Ralelser RiBBLLLE Ng MBY be
carried out using the database of the first aspect of the 25 invention in

conj dnct | BRESHEST (e CReRhBdPBbfethdad6BdRd BRPEdt: of *PAE Fiv®ntion, but

convent i 0pgé r HAtADASES a ANEmPERINQI S UFRY t abs Co e 4498J) i tHawgvied , such sorting
operations may be expensive in terns of conputational cost. Therefore, in a
fourth aspttieq K&t 36p7 e3 ettt §aRIEACPBAT DrFGess eerptdErd i%pl enent ed
met hod of tportimg asgataset @aecandicngiba, aiPradgiactibgdwsor terg i terion,
conpri si ng t he step;ﬁof: 15 traversing the dataset to determne if
any val ueBet?°t i dafasstoRt P MACoPioFBgr 1 AEYY di™ng to the predet er ni ned
sort criterion, and optionally sorting the dataset according to the

5pr edet er Monedsperditfecabhy, | fhamforal, ués obm¢ hm st asbe auectoidn gf. osder.

Thus, the_c t.ati ona ost_.of sorting the databa is only Jncurred when
t he val ue$ gligrrp#hl%ndé)? alélég (S}Setaonucte g]@ tgrgarérﬁ?“ & t%gé@% Itsjes’seco dt ﬁégagt aset
are in ordelyet h@henlkystaste timtt yilapildgsaiBudlheleenstiiefahcavdrsi ng t he

data to d rm i.S. ;Thi IS partic I i Ve i ases
where the st (poblek ket Raatsa. PERLY i Mok ShLBEL AR oRRRS®) ow
volatility. In this case, sorting operations wll rarely be required, and

so use of Thteefmchodhragabrhaie WindbesSaryt 15RRat R§ sper BRYVHs o be

avoi ded, _xfng'}&dsber eé?olrhf‘fiiBQrQéIetE@éalféﬂm%a%gn%of@%umuhetﬁ?%t&PéﬂaéHoe t_hi S
nmet hod wll™ be effective when the values of the dataset that determ ne the

sort or dePe{®IRES PREVRARKRLY | rRliteeeats It fIIRHREICEl anAse rikEicadr e

cal cul at edey@driies 2Qdetgi & ped aseadiynghé®ndinwe@nPlHeabibyeQfedmasur ed
data val ues. Such cal cul ated values typically have |ow volatility as they

are rel at PUethe inFSERS| fpbR IAGETYEEYi A SO HTR® IHBdsBrRICWRLS Afue. This

i s especi ghé \wid@rGase bhtd heeg@ideRs mayepsatLidateddf Fepndatia that is
accunul ated over | ong 25ti ne peri ods.
2 cumulative distance measures at the start and end of the

subsequence.

An advantage of using the invention for this application is
that all requested subsequence sizes can be matched easily
using only the difference between the start and end of the

25 subsequence compared to all corresponding subsequences in the
database. This greatly reduces the expense of having to
perform distance measurements between individual records for

every redquest.

Although a substantial number of operations may have to be
30 carried out to store cumulative values of the distance in the
database, the retrieval and computing cost per request is low,

as only two records need to be retrieved from the pre-computed



Such cal cul ated val ues may be any one of the follow ng: a) an average val ue
of the nmeasured data values; b) the sum of the neasured data val ues; 16

c) the mawOrunV3s4481 ni mum of the nmeasured data val ues; ecT/Giotome1suandard
devi ation of the neasured data val ues. 5Di sclosed herein is al so a database
for storing data, which is configured o generate an internedi ate
description of the stored data, so as to allow for nore efficient

i dentification of the maxi mum and/or m ni mum val ue of a specified string of
data that is of particular interest to the user. 10The identification of

i ni mum afdtdr FaFEvaf uesi i dheadabrhase gy theraséefel in e.g.

financi al sppptisat QRS a1YhRL€n fife eXaBBELCor t REyINGe p@bcasSdédCk price over
a given tine period ?is.e the difference between the maxi mum and m ni num
value) is_an indication of volatility t he StOCkBFri ce or the rket 15in

0
general . TReF¥IOrEsSr HR§ %‘émé‘?ﬁfah?f’aﬁ@gﬁg Po e 2abPe 1t ffal@tthe maxi mum
and/ or m nhewwamldidapat €alue &.Shocka pfusehefroingutfesrnd Wi,ne peri ods,

through an efficient .and _effective process, having a | ow conputing cost.
The i'dent FFTEGHTTSR SF Chi hifum St/ OGP raXr R val uesT i FFaeidrs D0SE T os may
al so be usesed, im Focatd.ng) anamalois vabdesthe) detddlaaeseri gse flivss i S
particularly inmportant, for_exanple, in the.detection.of fraud. By

conpari ngaf%%(:tmaoxéi’ r%%r% ARGFOF Fh ﬁaﬁﬁ%evgfﬁg of Cecfnd.unaCtslPBC‘ﬁltg}} idtchee with the
nor mal flmwethat icdnshiensthengraspedtoft hhe Stwook,ianosabetsratmwibeur 25may
be detected, h a process_requjr.es many,tjne perjods t eval uat ed
(whet her ?grﬁ%ﬁct Olﬁlpgéf gﬁ%t%er%&o J’tnﬁéltngg%%? 3B‘eir%é\%/%qo%rleo urle%%ge.r tlﬁéuétock
price, orvébre acthuabrdetmotdiony ab thauodytiamd ofotheqseqesnaaf fofcifénstt

identificagjion of Xi mu Lo pL UM v es in order to retain
conput i ng%%'g‘f s‘paa ug%og(&c%?pfig%l/egelsgvg{)s. 1 hus, in a fifth aspect, the
present invention provides a database that is configured (1)

to store Acseiflisvcdcotheangidyed of the second(ggpeatp oifdehei $3ventHiami-num

and/ or na&&ﬁ%”?éﬁﬂe%%sokrgﬂeua§Qﬂﬂﬁmﬁ%eogfV@$@e§hﬁﬁﬁQSpect of (ddd ) to define
at least a first subsequence of val ue and a second subsequence of val ues

s
i mredi at el yVEBHIGWIRGSERE o rEttdipgeghenceatt A%l §8¢, ohharefdiied boundary

between tperfdd Ir ARdaseconeh 1Dsthsequenceevs1 |DRled a8t thseposid i on of
ei ther the m ni mum or maxi mum val ue of the sequence.
due to latency (for example, when access to a database has to

be requested or the data fetched over a network), it is
advantageous to pre-fetch data in order to eliminate the
latency overhead for additional fetch operations and to make

20 use of temporal locality during caching.

Therefore, the method of the second aspect of the invention
may be adapted to include the further step of extracting
additional values from the database that are adjacent to the
value that is immediately of intexrest. These additional

25 values may then be used in later calculations.

The latency cost of retrieving multiple data values is close
to that for retrieving a single value, and so the overall cost
of retrieving multiple values is less than the cost of
retrieving each value singly. The additional values are

30 typically stored in a cache from which they may be extracted,

as required, at a low latency cost.



The database is provided in a conputer systemfor use in determning the

m ni mum and/ or nmaxi mum val ue of a specified subsequence of a sequence of
val ues. hsodheitms4m" foll owi ng" is a function of the directrigsralodoyrsef the
data sequence stored in the database. Typically, the directionality of the
data sequence is defined by the order 5% which each value in the data
sequence is entered into the database. Typically, therefore,
recently-entered val ues are 20considered to "foll ow' previously-entered
val ues. Thus, in general, values in the second subsequence have been

ent er ed ndFERHEEERUSY Y nEbe thel tddtlgbdata t Fak'sAlthed 8Fet hetrigwqd in

subsequenges i ddl dTBRY cAPPhE £t i NS r@f at Ben dad @hasaupkBauehes esk datra .sequence
25descri bes the variation of a paraneter with tinme. In this case,

t her ef or eTR 2 EREWFSI dBST 8RS he-HFardfe CaR Y | F2ViNGIS| 8RF OB 3e?d vEites of the
par anet er : /] HShdR@ t38HUSACELOfnatdlddes s The saiakasepettt be fidth aspect of
the present invention is configured to define at | east two subsequences of

val ués 18"V§1Hi9"t he stored dataset, the boundary between the two
subsequences being at the position of either the maxi mum or m ni mum val ue
of the semiemxechddn ofhkBe Wadcorad usprecaf of hehaatrafeaseonseekedigit 0 i dentify
t he Smaxi num or m ni num val ue,in.a specified string of data . defined by the
user, can CHYIEA gé%n%%iqqtﬁba&eeﬁg I&%‘? et fie a\%ﬁ’gf:ﬁe?%tﬂ?es speci fi ed
string of igaéretispanmayt he battidarls Algt weeant dgedusd isubsequences;irand hence
determ ne ])é]\@it q%r t he ma%(i mum or _m ni_nmum val ue noff trhe gnti re database is

i ncl uded Th TBtHE %S FREFF I el St rsi“hc? 6f HPE THSISISt d8"fhe user having to
r et riceve pack swdlatdtyeihhehendd teectdahnaost abegrarand dtendéeyr educes t he
retrieval and conputing costs associated with the query. Therefore, in a

sixth asp@%iieﬁ@%oﬁ%és‘é tfw)’c?’]}aino%ep;;&%%é}'%e& &;%%O%Hgsg'ﬁmc?d?%%d

nmet hod of determ ning the m ni num and/or maxi num val ue“of a specified
string of tdne ardefi pedibystwieiais@re coapti B9 mpartidusieepsdoiong in ()

provi di ng t a i t e fi ?[pﬁ o] [ ngid.Qn;,  20(ii)
det er m ni %gr et g?ﬁtehgggég%in% eogmg}r it%gfl% © dat a%tss;ga%sog{aﬁ%e ?‘?ﬁ{l%d second
subsequenéesng i@ feithpif of s pEdondedsBeet mf dhedargespams tHe first and

second SURSEAURNGES, weXhlacl | g d8evakuendts {1 hapadaryrbgiseen the first
and second subsequences. 25In gener al, the data stored in the database wl|

be di vi detRYec: FuPLRers sbSEEICNEESn BHer #ERMdE PehBPREEAT o e ent
subsequengesebeidig 2ehaeabe NBXIIGYY ValiUR ALy alQE Ry iBbALEURWards

fraud.

For example, the mean of transfers over the past five hours

20 equaling the mean of the last hour could indicate normal
activity, while any rise in the last hour’s mean value would
indicate possible fraud. Since we do not know the exact
parameters or combinations of mean averages to monitor
beforehand, a wide range of values must be explored. The

25 ability to respond to different requests quickly and easily
greatly facilitates this process. This approach can also be
applied to different detection applications, e.g. exchange
surveillance, which search for atypical activity based on

historical determination of normal activity.

30 As an extension to this application, many different sized mean
averages could be monitored in parallel and in real-time. As

mentioned, historical experimental evaluation of alternative



val ue. Thus, in the case where the database of the fifth aspect of the
invention is configured to identify a mninmnum 19 value in the sequence of
stored dawve,otisedat abase is typically further configuredT/GB2010/001784(i) to
identify a local mninmmvalue, corresponding to the m nimum val ue of the
values following the first 5subsequence, (ii) to define a third
subsequence of values imediately follow ng the second subsequence of

val ues, wherein the boundary between the second and third subsequence is

| ocated at the position of the |ocal m ninum val ue; 10({ii€to identify a
further |Beal fzfsmeanvalee, beoredysnrdi AGSELY tand Ml FuAR vhY uel'sise he

val ues followd, to*l@ce'&'fthcéh@éc?@é}?d”é‘s?of\/\/ﬂg{zﬁnc?zc?ésgt—effecti(zéV) to define an
(n+2)th subsequence of values imediately followi ng the (n+l)th subsequence

of val uesOPAXRHS HStRe BotiMRPbetwEdR FHeeh-ASPERtafd the (n+2)th
subsequenggyd st iR ahedoaluhbel ROSItthORef dhfgod 48 tdFernbogat s i nigasn val ue;
and (v) to repeat steps (iii) and (iv) for all integer val ues of
n up %o nek, ERthereieRtatPn=k no further local mininm are 20available to
define a boundary between adjacent subsequences. In the case that the

dat abase oh ddreeddlf,t Anaapestamdsd hatnientoofiduureeDnriol gubed lardeentify a
maxi mum val ue in te,[hé ﬁeqzence ]85 stored data, the division 01 t dat abase

q@énée 9

into furtABPURUHS Shotnded By Coeal “Hhd THE TPy Yb8Vehr 11 e 250ut i n

an anal ogessoraminerit Typdtatigyld eordaha vadbes iatdele thdididudisequence
are each grovi ed with | abels corresponding to the value of the m ni num or
maxi mum vaft@ that lies at the boundary between the first and second
subsequence. 20 Anal ogously, data values in any one of the further
subsd@quentesgermrdie phevirded af teh dadlbbsecods resipperdilygintetrdetaclire of the

| ocal m nidqgrﬁ%'t %é:ceg:elrr}g%yg% teplal ggtgga%;e boundary between t hat

t
subsequence and the foll ow ng 5subsequence. pically, all the subsequences
up to the last boundary val ue (whether mnimumor maxinum) are |abelled in
this way. Therefize .cdsed phéférabisrtirhéhdaphesRtuedVieRteéRB Pahal subsequence
(i.e. thepdaiayyal t&%&f@tegriﬁﬁ_@ﬂea&tedb%ea@ayoﬁ/aéd*@))uah@ al gocdppad | ed.

Preferably, the data 1Oval ues in the final subsequence are each provided
with a | aBkla coifespoA@Fngte ol i PGS oF 2Rt FedotdMeTHRPRRISH: " | ast "

and i5f i nalarfgfey, tiachhaidyredd iang ity sefethmgat aases Thuses tdre "l ast”
boundary value is typically the boundary val ue associated with the nost
recent | y- Bt et B ~PSPSREeNE. PP T 1R} D EOFdEPYOVA e WetnEEAVERES Kth and

(k+l)th pre-determined time intervals measured back from time t.

The database may be a database according to the first aspect

of the present invention, but this is not essential.

20 Typically, the time intervals for recently-entered records are
more closely-spaced than the time intervals for older records.
As a result, the database stores recent data with a high
granularity, while more remote data is stored with a low

granularity.

25 In the case of e.g. a highly liquid financial market having
high levels of data throughput per second, the database of the
third aspect of the invention can be used to reduce the amount
of data stored and subsequently sent to users. Intuitively, if
a user is using this data at the millisecond level, his main

30 interest will be in the most recent data, while a user who is



subsequences. Simlarly, the "final" subsequence is the subsequence
containing the nost-recently entered data in the data sequence stored in

t he dat abweeo11@3ecast he records in the dat abase have beemrciraimbioadiisa t his
20way, the method of the sixth aspect of the invention may be used to
determ ne the maxi mum or m ni num of a]s4pecified data string. In this case,
the specified data string typically has an end point that corresponds to
the end point of the sequence of values in the database and the m ni num or
maxi mum val ue of 25the specified data string is determ ned by reading the
| abel of ERESXRANFE 40 LRBIEBCEIMOPFAOLRe (Star HiFBitRE  oPORRY dutld string.

Thus, thegags hod ohotheeghxtd rASNackc8hat dgcd 3%@3:@59811@' T Mg AdYe,m ni mum or
maxi nrum of a specified data string to be 30 determned_by retrieving a

si ngl e dat@eVvdliu¢ aPReFEf of ethe HEVEFStop ot iy uderr HerEhtrYitg out this
anal ysi s g8r&d gty d1hen€ostq st LlId@vuNggt $b scHdatrankabiye(andlorConvent i onal
dat abases typically require all values in a data string to be retrieved and
anal yYsed BePOYERYNE ) nithi AP Eh a7 it SARRE nBRAT R ud Pd&n TBEU8RE €7 ned, and

t her ef or et sesUldatan skhghpyediiewindang weapuial ieral reqsised 0 the user. 5By
contrast, the nethod_of the sjixth aspect of the invention, used in

conj unct i BRETF D FSFELEAPGLER el BFe T REPLFER 2RPETE GPREHESFMAIME i on provi des
a signifiecastagedastison in the 1/ 0O bus usage and/or network bandw dth
required by the user to analyse a string of data stored in the database.
10Therefore, b ner.at,i an_internmedi . description of the data stored
in the da#%b %%e,r%ghdan% ?nga?%itglal%ntlgr ﬁé%ilgh %recfééc(?r i%t"F%n%@%%‘%s‘ﬁ ble to the
userio t heipteserdlatedentgoenedd ovis dalte Usech tas querty nbheoddy abdse, and

eval uate the_ data d.in_the databas at r.educed. ting cost.
15The ter %’asgabs?saer tosft)gi%%t ﬁlﬁsn%l a‘sé)neg:ttp%?nt%healfré\%rnetllaot%gdg%g% % directionality
of the databpse.edlypi caktyng tdmeregridnpotattondprregeipnsivhecmytes in
recently- e r in e se n . t j.nt."

r epr esent g@% grtgoccz%erdg%gﬁ er e%égte%% r%ée\ii gh‘% Ctgigtﬁ%%%o%nﬁg rsrg{jﬁ%dsg%f%l{%%ec si xth
aspect of mehleet nivehicieonrssion a ssdr odi Aiiextenl dowttrapenns uiand/ghei n t hat

|t oeul d Bt By §R0KLY 80ORL ATk dbh oA LBEERON UBI NG P YaELYS BALAL, Processes
to identify the ‘maxi nrum and/ or m ni'mum value I n a sequence of data. Such a
person, aeeikrt vindicatorhe aAsittavedued af 2Gromputker, indutalkaend sinply to
scan the data yaligsned SEAUENESIQaldsAti fy11 he TRGLAVEYOF o i um val ue,
and would wsh to avoid using the conplex, counter-intuitive nethod of the
si xt h aspelk¢ &Ftalesei-nventi on. However, the conventional nethod of
scanning the data series 30to identify the maxi num and/ or m ni nrum val ues

(whet her ghaDUgh 3 Ruesl ¥ aBtHIRAsPHRCASEJ Of o afetRAfdinef tBe extent of
conput er - i nPI enented. 22 nethod) is unsuitable for assessi \r;%l%arge vol unes

l .
of Ffta PATtHELSALSLELRI PREVSH & Confl ERCC b HRE SEALERET t%eps of the
met hod of hi feosi odih deiveBedh & 110w WhErprosesfatichibe teadity nadapieed for

i npl ement ati on, usi t.echni cal ans, .thus 5all owi ng | arge_vol unes of data
to be evaPf?hted ti’oagiq&ijead;ud gi 'Séﬁtrllﬁ‘?‘y sequence thatidtne’ pest
match for the recent sequence. (Such pattern matching may be

carried out using the database of the first aspect of the
25 invention in conjunction with the method of the second aspect
of the invention, but conventional databases and methods may

also be used).

However, such sorting operations may be expensive in terms of
computational cost. Therefore, in a fourth aspect, the

30 present invention may provide a computer-implemented method of
sorting a dataset according to a predetermined sort criterion,

comprising the steps of:



In certain enbodi nents of the invention, the database of the fifth aspect
of the invention may be configured to generate two internedi ate

descri ptiwoonfostdae stored data sequence, the 10first i prcergedioatoerss
description facilitating the identificgtion of the mninmumvalue in a
specified string of data and the seco i nternedi ate descri ption
facilitating the identification of the maximumvalue in a specified string
of data. 15The database may be configured to store data representi ng the
variation of a paraneter with tine. This paraneter e.

par anet er descridieF§iact thandd e satr &Rs 48 E R PeTyi é‘éllyl yaltl‘ﬁ% ‘b%r‘%‘r‘?et er is
neasured aicidde dat gnvabs Sfddesedoanng. 6§, tHY ¢freakkyml £s$ $dran 0. 1s,
nost preferably |ess 20t han 0.05s. Typically, the database is confi gured to
store dat %r%"e?ﬂ@r’i’ce§n aving over 1000 val ues. Application areas 25The
invention is beneficial to applications that have data streans arriving
continuously idptEonapilg saAtNEtig WHeh dbltﬁEevaacyctcngnan@dtunphedl ct abl e | engt hs.
Tr adi t| onal %)B pproaches Wwith t En ﬁ ry, gre unsui tahl e for
such “appl PE&tT %Wﬁﬁﬁl chTHBYEH % a&yaﬁa Bonht9 hddis P5a8F hg* 61 Wata in
addi ti on o80ctderconti nuous querying and processing [M Kontaki, A.N.
Papadopoul os and Y. Manol opoul os, Adaptive simlarity search in stream ng

LTS Ser g, (ol Ldonn, Moo Daa o, 25,0 edde.fogl feeging, Vol ure
y\,hen_ at t eptinged ohger foenvatwrdarid thrabytéeetarmdey oug pé suddr datld is the
| nabi 11ty ho PPLAIN JEARAOMACLESS UL 0oL he: CAMI UIYSBOE erma

unpr edi ct avi or ta.streans, are only readabl e once or
a | iyt edapigderisofthei pest [¢f Tewiersihai hlgetcqu'—& Hor dgiennines odeid i t emset s
over data streans using the sliding wi ndow nodel, Expert Systens with

Appl i cati 8Rss Mt HJIAt %ngékﬁ)ﬂéhahw Rl e VO &INEY ?e:7ases| $BHee 10he (diober
2010), 10 Pages: 6968-6973 Thi s requires npdified anal ytic nethods which

provi de fAStJafakes B84t anbRr yUuer d4PeRGEAH O HGWERES! eP Tl 191 e dat a

scans. QuesYatypes . 1anTheid nvedd,i %@r’&'@ﬁ?a&béfﬂdl%r&aﬂ&@heerepﬁTHeorm ng the
follow ng query types that are required for continuous data applications

[F. Buccaf®ffirethdaad paxusapdr BaSEEAGYsTFYidg W HEORESHS2EYcl i ¢

treers i kes@tﬁirqgr@é&afc%nef{é Gheentvdiange gues iesiuddabac208a Know edge
Engi neeri n Vol une &9 | ssue 9(Septenber 2010), Pages: 979-997]:

1. Point § ‘i/tatrlé’tnﬁ CPRE- k-th data point of the data stream 2.
Range query: return aggregate data within given time 25interval 3.
Simlaritynogperyiculetyr this uese tittet el labsi effert ipat Ween tbeuvslias the data

& Know cdle Ry BRErENg bl IR 831 SoBe T Satrbar Joon® Toriges
438- 458] idigppinscatfi 6nnexaigl e&stla'slumantsalare calculated values
20 determined as a function of a plurality of measured data
values. Such calculated values typically have low volatility
as they are relatively insensitive to changes in a single
measured data value. This is especially the case if the

values are calculated from data that is accumulated over long

25 time periods.
Such calculated values may be any one of the following:
a) an average value of the measured data values;

b) the sum of the measured data values;



5Mar ket transparency There is an increasing demand on financial market
authorities to ensure their participants that their markets are fair and

t ranspar ewD.28s1/43644di ng vol unmes i ncrease( hundreds of 10pgirgasyioem13er day
in some markets), it becones increasin? y difficult to dissem nate the data
to all the participants. Only institutional and big investors can afford to
have full access to such data. This by itself makes transparency a big
issue when it cones to retail investors who cannot afford to 15receive such
huge data. The difficulty is conpounded when not only transactional data is
required, but al so“oirBesBPRIRER Gt 8drdarn ehicheadegpderdnddehent and
non-traditional exeguiikgn bpformation al so becones a necessity. Wiat the
invention allows for is the ability to present accurate 20 aggregate data
to all the participan upon ich they.can select their desjred data using
t he custoni zabl e mfﬁd%&ﬁs?%%?mgﬁgﬁ§ﬁF§ O%h?g'%¥?§ﬁfs§§$gr f*%dvant ages,
first, conputationsaanesperfornmed only once when storing the cunul ative
data. The user then requests the desired data range and receives only 25
the sfartoandend, data; gl eqents, whiceh goebl &, comlationaol the fequest.
This results 1n a nmassive conput ati onal savi ngs, esp30|a Yy with an

i ncr easedcpubbryresf teseeseratriest sirdienmedidiee uprErilpoand of Ywmrput ati on has
peen capbedo dufidla datg genes ali o, ~eCABle SEAUNG.! BEHELE: Ofl don' e
linits of the 30 désired data range results in a huge reduction 1n

bandwi dt hoéf thtiaxdimpmphadi oy reirdapronat he ebrmariesatfiiedsstosng rafgar dl ess
of the dapa: s angs neAUeShardfifd, ke abLLity &R gxLract customdata ranges
with no significant conputational or bandw dth overhead allows for |arge
amounts of sinultaneous, 25 real-time anal ysis and experinmentation. Fourth,
al | oMi ng The ifesidiigantsnt of gerrigum and/ %éilc‘rxqugé?ﬁebnva tHd@® havi ng
to delivegethes ety e dataut aﬂng.Eﬁ' RSnbAcPE OtAG) ilhe iaHEhokhd i SFordat a
fromunl awful usage or transfer. Finally, 5 the invention provides a neans

for nakin@X?WRQ%nar t TROPR YOt randPske REIED ATST FarliveNpaite RRT ¥tk
aggregati onad. l@eldi reetbocd whs@easitng abkinidiaddduwahidahavdicdys iwhich are
usual l'y soId,a% higg prices., 10Tel ecommuni cations Network traffic

moni t or i ng® AR oAL o ORI Qi 'S af FoTk PAiicEs OBnt i ddifdgement 15
of rout eai?n@bmatlf:h gqHedesot &, ikdem@ndséa&}agid@eﬁm@ do gé:ﬂ@dbib Net wor k
gueue an 0ss anal ysis usin i stogr.am based tr i ¢ nodel s, Conputer
o catPore 05 Hreiadt akis i RkoRs G, Fofop. Bagkstt B0 01

[ S. K TanbeerdifGdrenfhiide frikedng tardudh ieesf fSldidhagant nelomediased
frequent atternhé% m ni ng, over data streans, Information Sciences, Volune
179, |ssuB 9P S NOGERBEr 2 2000, CPRYE<"989358865] . In general, nodeling a
network consists of feeding traffic into finite sized queues at given

servi ce raresidpnti fibetgoal o Hfmidetremnini hgr i mH:oimvat ivehuaboin g uute

uti 1izati o8 ; Qstom.28.dbst Ll bubi ans 180d. Ihdel s Ane . thely sed; f g model such
traffic thus requiring the continuous determ nation of nean and volatility
val ues. Wate igrrieasi nghys| b3 gartieerks, inprer tamsuntfoof edamml ggener at ed and
consequenty, (Hg%? QNS¢ e ease L,0g; | LEfiC tailor
reports to_%oln f%%gga?fugé%ﬁﬁeeﬁg.%%gb?%tt%f?%%%?%ﬁ%ﬁgkgkéﬁé%e maj or

cont ri but Feomgo ERRS pF obl @ma BLoclr peree ywitixédepapirodl moni toring reports
(e.g. updaied SUSIKs24n NOME S AL 38NENEL USSES, ahdhS1bEs dﬁ@dé\ﬂogx € ,
difficulty in constructing customreports for each user 26 based on their

i ndid?i dualay efuidedmened: THeCH v AFOICEA Sar $ @sr Fomapye t éBAPRR Btddn tand
storage Ofe dafA Rk GRReIReN 0e HSed DY HSSIS R BRKenthghfnpwn custom
reports, thereby alleviating the need for custom conputation on a 5per-user
level . 2. PSRBT 4l ScBnptRatItGrk &Féceas?r yfar avstalnddrecto «unul ative
conput at i pasuANd dhi soakéQWsrdOle fH R BhEi NeddierianRuBh 0F Halfunand
bandw dt h usage per user request since only the end point data itens of the
required ?%ﬁﬁﬁf TEReBE™t B2 Hee S dify order to retain computing costs at

30 acceptable levels.



3. Increased data security for the provider since only data pertinent for
the user request is sent rather than the entire data set. 15lntrusion

det ecti onwbnboroseisgon i n data servers nust be protect edpCraB208v000T8d bor ne
attacks [H. Li and S. Lee, Mning fre%<u7ent itensets over data streans using
efficient wi ndow sliding techniques, pert 20Systens with Applications,

Vol unme 36, Issue 2, Part 1, March 2009, Pages 1466-1477],[W Wang, X Guan
and X. Zhang, Processi ng of massive audit streans for real-tinme anonal y

i ntrusi on_detection, nput er Conmmuni cati ons, Vol unme 31, | ssue 1(January
2008) , PagéRusg-i B fﬁétf‘\/\ésﬁ%&% th%péﬁﬁ%’écﬁé‘ée%ﬁéﬁ Brogid %% ghat ure based
det ect i onguhes£sdTBlna&i QYScHehAig | s detected by matching agai nst

previ ously stored prot otypical attacks and anomaly detection where the
profile of a n&) user is maintained and an attenpt is nmade to identify
unaccept abl e d |attf’oﬁt%§e & poSehce 8f 1 Wtki®Srhe 30 signature based
approach can be adapted to nmake use of the invention's distance neasurenent
mechani sm wher elidi sbandestify & priedebmnacd set refx isugnad lvesofarther ecor ded i n
real -t| e, Thencuenloc%ue §dv nt of the invention is that not only distances
to tHe corrpﬁZ et e si gnafaure are obtai nabl e, but also distances 27 to
signature subsets are possible. This allows for quick experinentation and
testing capabi[iitiles t hbe Rfimst atedapse a iﬁﬁefsc?oﬁslbﬁﬁﬁgew%t%fnce
re-conmputating, /%mrra' ¥eBheClinn Rles@DEREYd e d bt aby [ty to perform
cal cul ations over data 5 subsets. This is especially suitable for

aut omat edfebl¥hingt ithe AppP batteseaMeace Afil Yapiestime periods can be
measured sinultaneously with no additional conputation and vastly reduced
bandw dt h costin&zepated bouddLonRittkeeRat n@pprachndl@EBghaeeri ng

Concrete structures: Mnitoring technology is used to track the performance
of nifss 159REFHIGTTSsySt R F&F actaltlhecBﬁéﬁé’t%“ Af FtheEsthe rélrﬂfdﬁg% their
danpi ng asd meatidduai Rratlhei 6f sefetyeduéneW Brownj ohn, E. P. Carden, C. R
Goddard and G Qudin, Real tine performance nonitoring of tuned mass danper

system fo “ a%qu re| nf orgegl oncrete chi np% q:ur n%io{ls(\e/vﬂg Engi neeri ng

and | ndus er oayﬁam e V(o] I\ oo 0, " pp. 169-179).
Accel er onee‘eelsnmwgcmhaemiednmro atrwe/ost meig {oure xem'ldler efobebyeaihiddred to
provide reg rommtion to d ne whet her the structures

di spl acerrealf u(r:rglec Sogl’l t%c%lferfcnr eshof‘:l A lar ge-scal e application of this

moni toring 25 technology'over.hundreds.or even thousands of structures
woul® r eqiie etermunifPilédwdaga rarademsiionyef s Wdregsiohelitwerfti on in
order to ahlawa Ise%%éetgt&ﬁgé qrnmtﬁqeeastsx%a r e%ym%w# " asks

si mul taneously. Wth the conpute-once, useby-nman roac i s possible
to effici éh¥¢'~"yt3FPa\Pélﬁf§n9f 3@%&%@@{\1@9@@% qﬁ%nte@r ioﬁgt@?f@]é?%tln
phenonena,gi Ml d AN Qds LY mrgﬁwmatt@es@ase%edﬁfee;{t%%dsme@l dows and
data conmbi nations. In addition, the | ow bandw dth requirenent resulting
from the SeFRaRSve THRES2S}Dr dgee Lefoaes uF RCHRENS ePgreHar 2 F RS A t or i ng

sites canchesimielky besat & WA ilbiuktl ee Qverhiead 1e@amMUNTE@d | ans cost.
Drilling optimzation 5 The goal is to optimze the drilling process to

mini mi ze 28R 1Y@ 1HEPNLRI Hih G recasiBratuendethp vet RABAr Rt ™A s i s done
by conti ndess| ye @5%29ShAfot 8 dHdddbaRe PhOEESSLIdY Q¥ghaut riAe: operation
such that the overall rate of penetration is 10 maxi m zed based on

cumul at i vEB'PSHUEGESdri | | ed. The basic decision that nmust be made is to
conprom se between maxim zing the utilization of the drill head and

m ni m zi ngn pnauj;ecatppddlwatibm cliecHeo datdnasged ity idtlorkeadaaadséuerassoci at ed
Ieadzstlme to rebo % Vari)rder parts. ThIS |tsn (ﬁnfor d b%/ 15

cont’i nuous‘fy aneﬁs |ng SEVRTHI™ VA iPabrEg™ehith 4 'gﬁt’ on” bit %and rot ary

speed, appeh:yengtrsarelfodat ar¢ cemmtsrdnetsi ol thn@@tﬁzsarr@m@rnnkihg“@oldlenvsi on as
|l ate as p i ble . ta ze b| ead age, mhlle nQ r|ng progress
of the dr??i ngvaplrugjsgg? h & vé“ﬁ?&%e%? g q(‘)'le aseg Oh 1he invention

is that time
The database of the fifth aspect of the present invention is

configured to define at least two subseguences of values



20 wi ndows can be custom zed at any tine with a negligible conputational
penalty. This is inportant when drilling through different geol ogical
formati onwo 20awoss4ag the drilling speed or even real -ti mpceaiB2broabi®a of
nodel s as work progresses and ensures the ability to perform conprehensive
anal ysis 25 regardless of the initial lsetrategy. This also allows for

eval uating several different nodels sinultaneously using the sane initial
data. In addition, the | ow bandwi dth requirenment is an inportant feature
especially when drilling in harsh renote areas where it is difficult to

| ocat e an%i Yty Bfd ss0aBduirtatE-artge Banadw el POReINtESt FBN channel s is
of ten costupsidideisV8eing%aSCiNtddfsi¢ igat & adiadnes sheEask hawake: predi ction
5Early warni ng devices can provide a short warning before the arrival of
maj or  t r AP E B IEd UEn O hE i 3T BISERE - pr opagat i on speeds of the various

vi brations produced. This application is distinguished by |arge anounts of
cont i nuousn dett s tWaat, Beadeneaf tmsidantaneeyssqykiarssionddentdfyethd o be of

val ue. 10 Measurement .centers can al so make use af readings from

el ibor | REXCOM G TR LDRE! Vo LS ot 2 SOPHEr ot er THOSUSEtE For 1 Hs bef or e
an eart hgbgkehe Disert, 0ochhe darpmamasnenoindatal geregr,atedebyimach

nmeasur enment device,. this is.prohihitivel xpensi ve . for all _but the |argest
centers. %?/\%\‘/eerr ?C%Wst ﬁpFﬁéElél)% %}sremgf oshéalg%vse% qso%hgslbf)ﬁreld?j@f a storage
backbone, béungkredsieotwovenb s dpusaress ehdnkegddatd trgmdert ehstlvamn tSivare dat a
maki ng use_of the |ow bandwidih r pre of . t.he invention dition,
the negl L GrbIe e e fReRaR bobinedd e S St e tathg Pt e
mean® t hatheudpd @l fe edegek $ngfofletaget.i ofhi20acaidbhahsi msktrahawvirsy yeper f or ned
i n order to.delact di Lerent, size Anomml hes, Jis.d s Jmparhant for

experi nenfa%l on since a large nunber "0f po ential rodel’s can be

si mul t anevedhge srediel metrésval amt quopentnal tystapplsisedia2sdrepilcdihe

At m)sphergu%éian In-situ environnmental sensors are physically |located in
the environnent they are nonitoring and their tinme-series data is
transmtted continuously to a single data repository [D.J. 30 HIIl and B.S.
M nsker, Rhofuigrdeti@cti 8h%Th 2104 §§CeRVFTIHMEMVAN t4@RSBEOHASS A

dat ar<dr i vesmpmdaliing1aRRh 084 Mme VY LeNABAL Ahi ML dHeNGi &1 Seht Wad & r VOI une
25, Issue 9, Septenber 2010, Pages 1014-1022]. There is a need for

aut omat ed™erataY IR Uey 0ds8 uPRATE: 18t SEERRE oPT 1P tdetde Lt ngRdPY 387G denti fy
anomal ous, gat a gga,@)trig@w?aggé; st&py fdrgantly from historical patterns. Such
anonaly detection can also be used in the field of adaptive nonitoring
wher e anomal ous, data i ndi cat es, phenonena that may requi.tre further

i nvestigation. FI)S ?ﬁ8v?%b%?1tzi‘ odr?%(?;ﬁsﬁeaﬁg% ¥ (e tﬁ%i ﬁlg%\l? £ d55si°for y
wher e t hetrelsiromdnaalhe slidi ng wi ndows nechani sm can be used to perform

si mul t aneous data assurance tests, thereby adding an additional |ayer of

sophj.sti cation, far A Lt Qring n %?{dl ion, . the s chani sm can
be t?soed to si @ﬁ@aﬁgg‘%gﬁ}%‘%m&‘gﬁé‘g? Frﬁ%:t? e ftall?(r%orsrtr%hljgghgﬁgdrf{a%a or allow
for strai ghang crhgarfd rehaag@ss¢ordetsgdisegnenteat ey with a no addi ti onal
conput ati onal cost. An added advantage is the ability to serve other renote
users with thejy;data reguesd Spuctikien! ¥e i dg HealatQO9PERAL Cld NS st

i nvestnment due to the | ow bandwi dth 15data transm ssi on nechanism Detail ed
Descri pti 8fd THRETS ISHRPRGUBRPT Bn A5 TER CARBY efiPpiaEdiel 28 JBROARERERY how a

dat abase gee@sdli et @ikhe fhd Sie@sREGLLREqlLEdvention may be
20constructed and used to store data and provide information in response to

user_queries. In first epbodi nent, a _database is prqvided.tp,store a
sequence of ¥HE Iﬁég. dE‘é%hSW‘rFé} Val ﬁgehgit%é%soeci“g‘tlgdﬁo\ﬁ ghque ne of a
sequence oftyafueheaf sabvaguatd«es,y .thEhbouada aple 2enmayjbeene. g. a

vari abl e degcri bi ng a fi, nanci]gl t.ransaction,. such as lpri ¢e or, vol une. The
time val BB B ATENEEE" P n seitn {8 *FFEMh YRt R atT if%edC AnB VHIYR to the
nost recendlwal ughuand ihhehyataes vineeeetbal yasgieced.ofFaheexafiph e, the

di £ er encg, betwegn Gansecullys, ti e AQaLYes M8 h8d5Ss Qidsnpr O 05s.



31 The database is configured to store over 1000 such tine values. In a
first enbodi nent, the database al so stores the cunmul ative value of the y
vari abl e,wo.2e1/@3h@ssum of the y vari abl es 5correspondi ngcrar20m/doiTs8é Span
fromthe first tine value to the nth tinme value [Ey]. Therefore, each tine
val ue n has associated with it the sum®f the y variables recorded fromthe
earliest time value to this nore recent time val ue. This allows the
total quantity of variable y corresponding to 10the tine period between
tinme a and tinme b (i.e. Ey) to be a calculated by subtracting Ey at tine
(a) from E§leg i1 fde( BRIvameR, o% i ogser dpkaapthe 19§téRrEtI 5t e the cunul ative
total of variablig ¥uadded tonthimudat abase in a given tinme period by
retrieving two data points Ey(a) and Ey(b) fromthe database 15and
performng a sjngle operatjon taq subtract one value fromthe .other. To
calculate the H&antﬁvgg‘é@@ ﬁ«?c\‘?‘zriné’ﬁﬂ’%m@ Vot Uehe CPFRRS RN 8 %& ween

ti me a andhéintnibhun trail8e NEE egisAma lnessablracingEyha) firem Ey(b) and to
divide the result by the nunber of 20val ues in the subsequence extending
fromtime BTSSR b. Thus, the user has to performa single subtraction
operation and a single division operation. In a conparative exanple, using
a conventi onal (ddt abaseto tdeeficel eukatirdnsWiseduencanuf ardéMees ot al  of

vari abl e ed t ahase i i ri uld require all
val ues of Xrtmﬁéej vegcrell b%lé%%g‘gg@%d toesteﬁgngatg{é%%s}gélr{n&t %gt 1\’f.gig‘?réle@'peri od to be
retri evedwhengin Héred@rabdsey derk wedde dheoseaetd giidethir@2sGhggquanog, in

anot her c i X I : n e - e red in a

convent i ogg})f%%ﬂ;\éggg ?gpcg?sé% gote %b§ﬂ§e%€|8§lv?rﬁél\igﬁhﬁ tgﬁg‘!slg val ues, addi ng
themto each other and dividing by the total nunber of values. 5In other
enboi nent s of (¥He firsto aisade faf at fer thrfentdcend, MRS YAt EHdSe nay store

the cumul abi¥&spldd@gotoachaineid dindlatife yarimblaiyesf es1 eaethd ivie period
between 1 and n. For exanpl e, the database may store the cumul ative val ue

of y2. ThiREhaPYRARSIUSPEF  eXBPHt 6"4'he variance of the variable y to be
10cal cul ated using the followng fornmula Variance = ((y2)-1(y)2)/n
(iv) to define an (n+2)th subsequence of values

immediately following the (n+l)th subsequence of values,
15 wherein the boundary between the (n+l)th and the (n+2)th
subsequence is located at the position of the further local

minimum value; and

(v) to repeat steps (iii) and (iv) for all integer values
of n up to n=k, wherein at n=k no further local minima are

20 available to define a boundary between adjacent subsequences.

In the case that the database of the fifth aspect of the
invention is configured to identify a maximum value in the
sequence of stored data, the division of the database into
further subseguences bounded by local maxima may be carried

25 out in an analogous manner.

Typically, the data values in the third subsequence are each
provided with labels corresponding to the value of the minimum
or maximum value that lies at the boundary between the first

and second subsequence.



aa Therefore, the variance of the variable y in the tine period fromtine a
to tinme b may be calculated by retrieving four values fromthe database:
(y2) and w&Owp11fes448i me=a, E(y2) and 15E(y) for tine=b. lpoTaB2OIVAN1784

enbodi ment of the invention, the database stores a sequence of further

i nput variables y', each value of y' B@)ng associ ated with one tine val ue
in the sequence of tinme values. In this case, the further input variables
y' may be stored in 20 the database in the formof the cumul ative val ue of
[y' .y} That_is, the database stores the cunulative total of [y' .y] for
each ti mePRalPYTiom fRéachEriiestin PhE 9af uef tida HETRPRTti e val ue: [Ey.y].

Thi's al | oygpsdgaciRicisehali 88 QfodikRd with 1¥8¢1ARIRTeKpBRdiNg QY ahet he time
period of interest between 25tinme a and b to be caIchated usi ng the

fornul a: Y¢bka & thepdocappyindnymygir. ppylmuyadpe ¢hat133qg [ 2 a -
aj (By' 2- ( Byhrddiy2 et QbBY th&y sibkbquddcEXan®! nel tdPabaisgorage Taking the

dat abase of the first enbodi nent of first aspect of the I nvention, in which

a curtul at PYRSSHINS of £HBIGA VY1 ite TPE SERFHENRE E8stS BEe bAITi ng the

dat abase poensety alatiuebelpyt KLOMPAiadnt 6r ansoipatatiree 1gxatPd® fror a
conventional database): Cost of addingaa new record =_conputational cost of

addi ng nett2cE t dUsGMBFCATT FFEFCOARLY eb¥T 258 YPPEHe CoSte for storing

new cumul aihye Se@GeglentOF0L . comeNtdatnala Uad aboer ¢ast 195t addi ng a new
record = s

G orage cRRTMEH NELEELI 6 SLAIMGLAET cctr A tNe FRPWHIE memory
(1 ncloudi ngalhes Use toke AehwDr Kubedidwndkbh)ire each pliv@icedpuiaiiiHnalbeqost 1S
the cost ggrggg%on Eg%nggiggé value of that record.
The terms “last” and “final” refer to the directionality of
the database. Thus, the “last” boundary value is typically
the boundary value associated with the most recently-entered
15 data, e.g. the boundary value between the kth and (k+1)th
subsequences. Similarly, the “final” subsequence is the

subsequence containing the most-recently entered data in the

data sequence stored in the database.

Once the records in the database have been labelled in this

20 way, the method of the sixth aspect of the invention may be
used to determine the maximum or minimum of a specified data
string. In this case, the specified data string typically has
an end point that corresponds to the end point of the sequence
of values in the database and the minimum or maximum value of

25 the specified data string is determined by reading the label
of the value at the location of the start point of the data

string.

Thus, the method of the sixth aspect of the invention allows
the minimum or maximum of a specified data string to be

30 determined by retrieving a single data value. Therefore, the
cost to the user of carrying out this analysis is simply the

cost of retrieving this data value.



15mani pul ation into the desired format. Therefore, data storage in the
first enbodi mnent of the present invention has associated with it the

addi t i onavocompustasi onal cost (relative to the conpar at ipce/gBearyplogrsaf a
conventi onal database) of adding the new record to the sumof all the
20previ ous records. The storage costs for the first embodi ment may be
mar gi nal |y hi gher than those associated with a conventional database, due
to the larger size of the cunul ative values conpared to raw data. For
example, a two digit nunber (e.g. a raw data value) if held constant and
25accunul aPREForoned0 daEebatRs iR iFatéguFeavir e Flduradrgs t ihumiidtat o t he

stored insthendatahaseectrSdvExaii andiybal adiiddwhat @A hih tdHs wxanpl e,
t he nean average of a series of data records is calculated fromthe
dat abase BF*1HE" fiAlee EADORR Msiedinele #14 sthersfoce s8Sehe Fhve on.

SThi s requéteseddle asiepsmPihtatlionAt kb8¥kNEo dadad ysRgQrds fromthe start and
end of the series (retrieval cost = two fetch operations) 2. subtracting

start recqord val ue fr end recor al ue (conputatiqn cost = one
SUn Pact B R con e gac eSS i o e L B 3 8he SR bV
(conput at used ciostconjonet dowviwitn thperatabage |0 aheofyEnhi anadctdatfabase,

this process woul d.require. the steps.of; . 1..re%ri j all data
records i ﬁg? hlenvseens"lleoé1 Bf ST ntet eastslfg(lgéf??%v%efduccézéonzlrﬁ g gwcgg)élrsati ons)

2. perforosage sumrelr ontevek lsdrddwielthi ewgdiretdndsheconput &b iaomlgest =

(n-1) additjon operations). 3. perform Lvision by size of data
(comput at?oﬁ%ﬁlncggsotfagagﬁez%?{ﬁ%il&n%glﬁegggg%%s)e'20Therefore, t he dat abase of
the first enbodi ment of first aspect of the present invention has

si grii’f i cafir¢sefawer byegenevatinbsns iphenmediaud ateiseginthearcavdreage of
stored da{dé‘ta as Rl 18S hOWeL c SR ALLORAL s £OSIS AL nEDENLATE O perform ng
the calculation. In general, these |ower costs of 25data nmanipul ation wl|
tend to ofifserintienskicghss Pl girerthgnasesf fthodiresgesotnueREial t h dat a

storage. JIhi&.d Schl%aUsie‘E%@rc%]mYeE & nead8thbaddle ROWGSE uhBe COM iJQUSI Y
repeated. For exanple, if the database of the first enbodi nent of the 35
i nvent i onsterefidri éfet 82 bdhaddr tate amEgAused tFEHEINI100SHat a records, and
to update this value each tine a new record is

15 The terms “start point” and “end point” are related to the
directionality of the database. Typically, the “end point”
represents the most recently-entered record in the data
sequence, and the “start point” represents a record entered at

a previous time.

20 The method of the sixth aspect of the invention is to a
certain extent counter-intuitive, in that it would not be
readily adopted by a person using purely mental processes to
identify the maximum and/or minimum value in a sequence of
data. Such a person, acting without the assistance of a

25 computer, would tend simply to scan the data values in
sequence to identify the maximum or minimum value, and would
wish to avoid using the complex, counter-intuitive method of

the sixth aspect of the invention.

However, the conventional method of scanning the data series
30 to identify the maximum and/or minimum values {whether through

a purely mental process or as part of a computer-implemented



entered, the realised conputational and retrieval savings overcone the
costs of the pre-conputation overhead after 5cal culating the first nmean

val ue, aswoanpanedst o the conventional method. |n additipomGB2b100doe7snequest
was nodi fied to cover the nean of the |ast 200 data records, the cost would
not increase. Exanple 3: calculation Zthe vol une wei ght ed average price
10The vol unme wei ghted average price (vwap) of a stock is obtained by
dividing the total transacted noney value by the total transacted vol une.
The noney value of a transaction is the volune of the transaction

nul ti pl i eBeByedhdspunsaitphle i A5E§6S4RE ok Iy 1T VBSSeEbN EhbodiPnent  of

the firstindse ashest, Qhet Rordres@lex, N¥enht &P, idthe tGuauLatpyeowalname and
t he noney value (the nultiple of volune and price) are stored as _a function

of tinme. PRACRI Licdde, SERED VIR P b LAY ctAtRFP ISP St 6P1 BR FRE4H st eps

of : lagsStdd @UNAmpRBRYn VAl ks RGaEdseériadineeshart tragd end of 20t he
series of interest (retrieval cost = tw fetch operations)_ 2. subtracting
startd r ec®t oY ¥EmI&Faer Bebrpes hiatat Fenae eusiuatesn&arybty 419 on
operationysriciehtiietrieving volume records fromthe start and end of the
25series of interest (retrieval cost = two fetch operations) 4. subtracting
start record fromend record (co tational.cost .= on ubtragcti.on
operationj™ %ﬁfﬁflndFWPagﬁﬂe?%% ¥§ 68Y%%{H%H'fﬁméﬁg a%a%§ TheVal ue
obt ai ned Enfsh egspedtcoffpthat ionalt icastay baecahMigired opegabé e
Therefore the.tgtal Gast gf cglculq}ing %Qe vvap '% E%“ref§é§335 %rations,
two subt r 889 TN OPEraAfSnds AR ne di Vs Bh Dperst 9678 PRIZESHventi ona
dat atvase, fihss jpriecessiaoel des@giptrient iecst epstiofg the identificatrietri evi ng
all noney_val,ue records_in the series.of 10inferest. 2. .performng a
sunnationoﬁftgﬁImﬁﬁgmfﬁev?e%%rlsé%ﬁ%??ﬁg e%ns%{%ﬁg:ff3§aF§t?$§vg%b all vol une
dat a recosésona irrersediese ofesantigrteson 1841l pertfiorgmthg a summati on of all
the recor ds. obtAI NS Jnost ehe GuRe 4100 0e vAldg A9BbALethd o step 2 by
the val ue® obt ai ned in sfep .

data.

15 The database may be configured to store data representing the
variation of a parameter with time. This parameter may be,
e.g., a parameter describing a financial transaction.
Typically, the parameter is measured at time intervals of less

than 0.5s, preferably less than 0.1ls, most preferably less
20 than 0.05s.

Typically, the database is configured to store data sequences

having over 1000 values.

Application areas

25 The invention is beneficial to applications that have data
streams arriving continuously in a rapid manner with time-
varying and unpredictable lengths. Traditional DBMS approaches
with their limited memory are unsuitable for such applications
which require rapid and continuous loading of data in addition

30 to <continuous querying and processing [M. Kontaki, A.N.
Papadopoulos and Y. Manolopoulos, Adaptive similarity search

in streaming time series with sliding windows, Data &



Therefore, as a conparative exanple, the total data cost of 20cal cul ating
the vwap using a conventional database is 2 x n fetch operations (where n

i s the nuwbentioi3emal ues in the data series of interest) pc2/eB20m/ab)i7saddition
operations and one division operation. fxaml e 4: Pattern matching 25In a
third enbodi nent, the database of the ¥ rst aspect of the invention has six
time periods, each tinme period having a sequence of five records, |abelled
1-5. The database is configured to store the Euclidean distance between 37
corr espong} 5g; & &EOT AR, @i dbt f obehhe 58, PEELOGS. o TheyEWGhideam st ance
is stored in cunul ati've form according to the folTowing formula: 11

Cunul at i vBagR! | 3mSR Ist atieeadpitonaVy di Hijrerléyr whepheathafipdingf tohe
record ande I i & fdifogtal | TRaPGEIOd aNd JEBSi S8 SeGoRd 414 PES I qde Thus,
t he dat abgge st or estatnhe Eucli %egn di stange Set ween tg}g 1st record ir? each
of tine perdlodlity arel chheiperpodomTBacTyes dduabase tdles ccyttgmeoushansum of
the Eucl | desnodisiance Datapen 10k nendstagecord ddneachol, tL0E ReAlod TA
and TB ang e si%%n% record in each of these ﬁnesﬁer%ds. Slgﬁi I ar]1y§, t he
dat abase atadalsiorescd uet her lgavikdt invabenl vés tdoeer i iy tTrailstMBridwecor ds,
e LSl pab, T eear s, and 1 bhgal Slrenlle! SCRLASIAN, | ESELNL TRPRET A
15Simlarly, the Tabase al so stores cumil ative distance varlue
correspondihginew whaddvstmadesd , betxwert cysespondiiny rPfagdridetopnat hém time
peri ods. T ucl i d Lsta tyeen c pondi n quenees of
records i %n%ﬁ}%eér%%talt i%%grgé?f oggﬁlnggg%eh b%%ﬁ% ?Q'I I é)%f ng 20for rrqﬂul’a:
EuclicdeanPa§st an®e68-63(J1 1, THEB, ) 2eqE(rRA whdibi¢de aswBysguencehaxtsends
between T eeords pgude0: (Iher afane, ot he, Byglhideag, di siancg,bet yeen, fwo
correspondi ng subsequénces in difterent  tinme perrods may be rapidly

25cal cul ateghfreomuliépdtodede camansat i ve di stance val ues. The cunul ative

di stance values are stored in the database and may be re-used in response
to subsequent requests. 38 Thus, the operations that nust be carried out
in respongeety toypeequest for the di stance between two correspondi ng

15
The invention mechanism is capable of performing the following
guery types that are required for continuous data applications
(F. Buccafurri and G. La;, Approximating sliding windows by
cyclic tree-like histograms for efficient range queries, Data
20 & Knowledge Engineering, Volume 69 , Issue 9 (September
2010), Pages: 979-997]:
1. Point query: return the k-th data point of the data stream
2. Range query: return aggregate data within given time
25 interval

3. S8imilarity gquery: return true whether a similar pattern
occurs in the data stream [P. Capitani and P. Ciaccia,
Warping the time on data streams, Data & Knowledge
Engineering, Volume 62 , Issue 3 (September 2007),
30 Pages: 438-458]



subsequences in different tinme periods are: 1. Fetch cunul ative

di stance val ues corresponding to the 5start and end of the subsequence of

i nt erest wodotisedsso time periods of interest 2. subtraetCTidB2omunwisati ve
value at the start of the subsequence fromthe cunul ative value at the end
of the subsequence. 103. cal cul ate thé”%quare root of the difference
between the two cumul ative values. By contrast, in a conparative exanple
usi ng a conventional database, the distance between two subsequences is

Ca|C“|ateQ¥gi£é§§ﬂd% 0 &ngﬁnse to the user request, fromthe raw data
15st ored Saseh us, the operations that have to be carried out
in response to the user request are: 1. Fetch 2n records (where nis the

| engt h ofF£Q51§QQ§equence) 2. n subtraction operations (perforned

with corr 20records from subsequences in different tinme periods)
3. nnmultiplication operations (to calculate the squares of the

diff%renc sh& éflh% aggg' ion operations 5. one square root operation
25Thus, tﬁe*preSEﬂt—%%aﬁﬁéé provi des a significant saving in terns of data
retrieval and conputation cost incurred in response to a user request,
conpar ed %pet:bg gompat all M 3q9em%xﬁ”%'e hafcQDVEDL) onal  dat ahase. These
savi ngs wi | NCT ease W tH the IengF of the’sy Sequence of interest. Using
this enbodpnmensuné theifipsttasipecitsofthialie theventraahetpatirer fadut epdng may

be perforped, betyeen a fi @t9§§£8§’ O‘izoﬂlﬁéseresl%cééé’géca'mﬁpﬁré ?Centofti e
period) and ot'her, mnore distant tine periods, inorder to frnd the
hi steri cagi¢abegrerped taat ins ddre bestkams) ch ftorbedmnds mengerascadgdly

i nterest. thi.s c se,ighe Eucléd%gg QLﬁgangg g lcqh&ylagggupet¢ﬁgn t he

l
subsequengép%¥uph er%s? aﬁﬁm%ﬁ%Fcorresponéing subsSequences i ‘FGeach of the
hi st ori cabnper iosisi oftiiontér esitd. A gsantviesgoopercani affosdt hen hpeef duddd t o
identify the historicq{ % ta s bsquences fpal have_ t he | owest Eucl.i dean
dqle

di st ance ??%ﬁﬁ%h%psﬁ%% te at*ihe' t1 Sermn$%ﬁf%ﬁtﬁﬁws PesticY| £ %&gclear
that in thssuendosh nent cafied hieo f ke 841 lasiects tofr st héhol Samvent iadford to
Subslt5anti g'lecgyvng)egucq hO\Pg%r adtait%r]s Ttﬂ%v%iEgigSlty is compocunded when not
only transactional data is required, but also more
sophisticated data such as order movement and non-traditional
execution information also becomes a necessity. What the
invention allows for 1is the ability to present accurate
20 aggregate data to all the participants upon which they can
select their desired data using the customizable window sizes
mechanism. This offers several advantages, first, computations
are performed only once when storing the cumulative data. The
user then requests the desired data range and receives only
25 the start and end data elements which enable completion of the
request. This results 1in a massive computational savings,
especially with an increased number of users/requests since
the upper bound on computation has been capped during data
generation. Second, sending the user only the limits of the
30 desired data range results in a huge reduction in bandwidth
effectively placing a cap on the communications cost
regardless of the data range request. Third, the ability to

extract custom data ranges with no significant computational

or bandwidth overhead allows for large amounts of simultaneous



performed upon insertion of data into the database, to calculate and store
the cunul ative Euclidean di stance. However, since this stored data can be
re-used, wbeonvssdasad per request will dimnish as the romsB20mf0tBquest s
grows. 20Exanple 5. Data pre-fetching In general, data requests carried out
using the nethod of the second aspect the invention consist of fetching
the start and end of the required period of data. Wien a fetch process is
expensive due to latency (such as when accessi ng a dat abase 25or fetching
over a net¥ork)ind LBy RE sadyant ageOLSdrd R 8n , f &gk tHat &11BwQhgerthlo
elimnate the |atency overhead for additional fetch operations and to nmake
use of tehpbritinagdal itoy ReFfiony @déhithgir data quesiescampihrout having
denmonstratg t&@iivé%“f%%%h'@QtEQch@éta“tJLﬁ@%th%eﬁBL|0M6n9p§&€gE%W Qne\e are
perform ng a continuous real- 40 tinme request and are currently at tinme
105. The feeh@sitiesnsidite of reet ehiaygfvbt Hsete Srartrarrdeand binalde t en
most of ecepfe CURYLAL] Y& %abiEge 8S At K Gat aﬂﬁ.semingirﬁ’bodgﬁgdma%kgt 018kl ow the
mean average of the 10 nost recent neasured val ues” 5to be calculateg. In an
enbodi mentrafsparenet todadtcaaditngirentheaseddisd agpergatdonghe Lavednt i on,

at the tipe.f,d e&i%?ylragi%)&,oghgamﬁ@éfdm i cbl Esbengh el Al Ty atglue
(corresponding to tinme 96), all the curul ative values up to e.g. the

cunul at i veoldlake NM@borrésponding to tine 100 are al so fetched and stored in
a local cache B. The cunul ative values are retrieved fromthe cache as
required, for use in responding to subsequent requests, as the database is
updatted wielkecammyndicetéonval ues for tine 106, 107 etc. 15The cost of
retrieving a cunul ati ve value from database Ais a, while the cost of
retrieving a cunul ative value fromthe cache Bis p. The cost of the

f et chi ng/ Netwimdvdlradferanpmhsofigrg r espondi ng to successi ve requests each
time the database is updated is 20therefore given by Table 3: WO

2011/ 036448PCT/ GB2010/ 001784 41 Table 3 Request Retrieval requirenents

| at ency coOstimvzatileet cif cuetiati vet Madlzee ibor reilpes1@5 e+ mereagem@ge from

dat%gase @%fgé&{%§nﬁgﬂ&§&3@%h gueues [E. Hernandez-Orallo and J. Vila-

Carbo, Network queue and loss analysis using histogram-based

traffic models, Computer Communications, Volume 33 , Issue 2

(February 2010), Pages: 190-201], [S.K. Tanbeer, C.F. Ahmed,

B. Jeong and Y. Lee, S$liding window-based frequent pattern

20 mining over data streams, Information Sciences, Volume 179,

Issue 227, November 2009, Pages 3843-3865]. 1In general,

modeling a network consists of feeding traffic into finite

sized queues at given service vrates with the goal of

determining information about queue utilization. Custom

25 distributions and models are then used to médel such traffic

thus requiring the continuous determination of mean and

volatility values. With increasingly larger networks, the

amount of data generated and consequent computations

increases, making 1t more difficult to tailor reports to

30 individual user needs. The invention can make three major
contributions to this problem:

1. Currently fixed periocd monitoring reports (e.g. updated

every 24 hours) are sent to users, this is due to the

difficulty in constructing custom reports for each user



fromtime values for tinmes 96-100 from 96-105 database A(and store in

cache B);

fetch cunul ative value for tine 96 fromcache B Man Fetch

cunul at i weovalwsedfser tinme 106 a + p average from dat abaveTAsB20i0in1784

cunulative fromtine value for tinme 97 fromcache B 97-106 Mean Fetch

cunmul ative value for tine 107 a + p av?EGrage from dat abase A;fetch
cunul ative fromtinme value for tinme 98 fromcache B 98-107

10

15

20

25

30

based on their individual requirements. The invention
allows for pre-computation and storage of data that can
then be used by users to make their own custom reports,
thereby alleviating the need for custom computation on a
per-user level.

2. Statistical computations are easily transformable into
cumulative computations and this allows for minimizing
the amount of data and bandwidth usage per user request
since only the end point data items of the required range
need to be sent,

3. Increased data security for the provider since only data
pertinent for the user request is sent rather than the

entire data set.

Intrusion detection

Information 1in data servers must be protected from network
borne attacks [H. Li and S. Lee, Mining frequent itemsets over
data streams using efficient window sliding techniques, Expert
Systems with Applications, Volume 36, Issue 2, Part 1, March
2009, Pages 1466-1477], [W. Wang, X. Guan and X. Zhang,
Processing of massive audit streams for real-time anomaly
intrusion detection, Computer Communications, Volume 31,

Issue 1 (January 2008), Pages: 58-72]. The two basic
approaches consist of signature based detection where
malicious behavior is detected by matching against previously
stored prototypical attacks and anomaly detection where the
profile of a normal user is maintained and an attempt is made
to identify unacceptable deviation as a possible attack. The
signature based approach can be adapted to make use of the
invention’s distance measurement mechanism where distances to
a predefined set of signatures are recorded in real~time. The
unique advantage of the invention is that not only distances

to the complete signature are obtainable, but also distances



Mean Fetch cunul ative value for tine 108 a + p average from dat abase A;
fetch cunulative fromtinme value for time 99 fromcache B 99-108 Mean
Fet ch cunwbabimseamal ue for tine 109 a + p average from eatraimss/lfset ch
cunmul ative fromtinme value for tine 100 from cache B 100-109 Table 3
shows how when the first request is r ecki ved, the cunul ative val ues for
time 96-100 are fetched from database A at a cost of a and stored in cache
B. Cunul ative value 96 is 5then fetched fromcache B at a cost p and

CU”U: ativesval g 192el Ssfigished fromdatiafase Mmal 1008 arod hepdig
cum atlVgxperimentation and testing capabilities that do not require
time consuming distance re-computation. Anomaly detection also

benefits from the ability to perform calculations over data

5 subsets. This is especially suitable for automated calibration
approaches where multiple time periods can be measured

simultaneously with no additional computation and vastly

reduced bandwidth costs compared to a conventional approach.

10 Engineering

Concrete structures:

Monitoring technology i1s used to track the performance of mass
15 damping systems for tall concrete structures to enhance their
damping and maintain their safety [J.M.W. Brownjohn, E.P.
Carden, C.R. Goddard and G. Oudin, Real time performance
monitoring of tuned mass damper system for a 183m reinforced
concrete chimney. Journal of Wind Engineering and Industrial
20 Aerodynamics Vol. 8, ©No. 3, March 2010, pp. 169-179].
Accelerometers are connected to the structure and remotely
monitored to provide real-time information to determine
whether the structures displacement exceeds critical
thresholds. A large-scale application of this monitoring
25 technology over hundreds or even thousands of structures would
require a unified data management system such as the invention
in order to allow all wusers to perform their required
monitoring tasks simultaneocusly. With the compute-once, use-
by-many approach, it 1s possible to efficiently have many
30 automated systems monitoring different phenomena
simultaneously through the use of different sized windows and
data combinations. In addition, the low bandwidth requirement

resulting from the cumulative data storage structure means



42 values are used in this case to calculate the nmean average of the
nmeasured records fromtine 96 to 105. The next calculation is perforned
after thewdavahssashas been updated to include the nost pceamBioemsiati ve
value for time 5106. This val ue isn%%g%eved from dat abase A at a cost of a
and the end value 97 is retrieved fro he cache B at a cost i3 Thi s
process is repeated until there are no nore values stored in the cache, or
until no nore user requests for calculation 10are received. In this

exanpl e, Lng?teﬂ@' n&SHd A% AkekelGhi B ¢aRbeloy PEOYILH NGidhe §kakt and
end val ues of the sequence "as the database 1s updated is given by 6a+513.
By contrasverhdad [reommpnhodt bdng Iresfecond aspect of the 15 invention is not
adapted in this way, the total retrieval cost for fetching the start and
end val ues of five sequences is 10 a (i.e. each of the 10 start and end

val ues haBriblijm fomténédatiem t he dat abase A). Assuming that the |atency
cost a for fetching data fromthe 20 database is significantly greater
than the latency cost p for fetching data fromthe cache, then such
pre-fetchlThy geahtly rederEsnitdte heerdalill Lingenc9cedst te mimdp@ediarg tt o
successi v u anpl -+ C r i f base of ;varyjng
granulari??igglﬁg% ?% eﬁggdﬁﬁgﬁ?ggggghggkﬁgpdgggggg?&%f ?ﬁégiﬁéeﬁ¥#%n, al |
dat a recebyedonsimtarsdd iass@sginmatpedarabises Arsecvndarsoutdcabadde s al so
const ruct i ch es or co ﬁgg ndi to,.pre: i.ned tinme
intervals8 e%%%f%ﬂ %%% fFé%?ei?ﬁ%r:gé |)r?%§ t?ge %gﬁéﬁéﬂ%ggk ﬁgcent
updatoe of mékenidbdseedorofi i Juiietprvesehvotagre. drfilthd.t i Bee i fiasrival s are
measur ed from,the ti f st .r a r

dat abase ?ggﬁ%ﬁg eé“%Vgﬁﬁqu?nggggngal%%c%r fgﬂg%tégggégffﬁfﬁgﬂgﬁﬁé

i nt erval sthe eunehsartEdnbadk theonitiié predenhdt mieimi hong auoridarty ddatnabase
s updat el g, g5, EVELY, SeeoNMla TS, W1aane8xafR! 6. . LOE, secondar v dat apase
stores recdrds 1fom 5 seconds, Seconds, m nut'éd; 30 M rut’es and 2
hours 10bedor eep hecanosind ecerte rupchatve. pemtshi sThay, idhe sectndedy dat abase
storgs MOLE.[EGRNds rebating o Lesent data and Lever.tesords rl ging fo
past "dat a, i e The granufarity o tHe ‘dat 40asé s greater Tor recent data
than for past rdatay Appessi blpplstinactuce fdartat he sezUnceti cddt alzasd si s t hat

a pre- 15933 i IQz;elgirpgerace etca1g§orqf agaigtfie Sagrpoovsisq% eagzoh;nggirg{zaen%i%r i}t:[e)é’d
usage while not endangering progress of the drilling project.

An advantage of a solution based on the invention is that time

20 windows can be customized at any time with a negligible
computational penalty. This is important when drilling through
different geological formations, varying the drilling speed or

even real-time calibration of models as work progresses and
ensures the ability to perform comprehensive analysis

25 regardless of the initial strategy. This also allows for
evaluating several different models simultaneously using the

same initial data. In addition, the low bandwidth requirément

is an important feature especially when drilling in harsh
remote areas where it 1is difficult to locate analysts and

30 acquiring large bandwidth communication channels is often cost

prohibitive.



while the rest is at low granularity. For exanple, referring to data taken
froma total tinme period of 600 m nutes (10 hours), the data recorded in

t hat periwdg 20my3basst ored as set out in Table 4: 20Tabl ecd/GB20m/qeTsuod

ext endi ng back frompresent time Granularity 0-0.5s mlliseconds 0.5-5s
Hal f seconds 5-90s Seconds 90s-30 minut%es Half nminutes 30 ninutes-10 hours
mnutes _ 44 In this exanple, the storage space required for the secondary
dat abase is only approximately 5% that required for the primary database,

in which all thedata.is,gipred; at a granularity of mlliseconds. 5Exanple
7: Condi tmrlaé—wm—rrqﬁ—rr—rh*re' xanpl e, a database stores data relating to
financial instrunments e.g. market indicators for each instrunent. The data
i's sortedpaccord tagtbe; yal ues of the market indicators. As the narket

i ndi cat orweiuﬁigergﬁ-ﬁe—*data 10val ues becone out of order, and so
re-sorting of the database is required. According to this enbodi nent of the

fourt.h as of ' tiQn, .. S0rti ft tq,4,5,:6ar 4 Uty
accorsdi ngE%]ghf hvéa#%q—ldo&a/%gdﬁ%gocraﬁ rrlil(ngggora P&:oqgc '?Woélﬁuﬁl E[ei%]%é:)g([ i - f] sort
i nstruneatsivat uph major whemerps ibasgdf iomandical di hterantenpreprbation is a

mar ket 20f ndi gat r Lnst Lg- Sent i Ng.of ; dat.abase is
only carrlgggé%ﬁtoogvm%h% tvtﬁlre}q%iur%]aﬁgﬁgggl nnsst urr?ﬁtcggér 25%&9%&10% ero accordi ng
to their dbsketguisdiedattnr slafde coaputat pbnabntosrows thbar dhebr tierd

operation,ig, | Mded Lo casesobere. ihe datadksoout:gf grdess 2hand.

ot herwi se, only e cost of traversing the datai
10 Measurement centers can also make wuse of readings £from

neighboring centers in their effort to increase the detection
time before an earthquake. Due to the large amount of data
generated by each measurement device, this 1is prohibitively
expensive for all but the largest centers. However, with the
15 use of the invention as the data storage backbone, hundreds or
even thousands of neighboring centers can share data making
use of the low bandwidth requirement of the invention. 1In
addition, the negligible calculation overhead for different
sliding window sizes means that multiple levels of detection
20 can be simultaneously performed in order to detect different
size anomalies. This is important for experimentation since a
large number of potential models can be simultaneously machine

tested and potentially applied.

25 Tropical Atmosphere Ocean

In-situ environmental sensors are physically located in the
environment they are monitoring and their time-series data 1is
transmitted continuously to a single data repository [D.J.
30 Hill and B.S. Minsker, Anomaly detection 1in streaming
environmental sensor data: A data-driven modeling approach,
Environmental Modelling & Software, Volume 25, Issue 9,
September 2010, Pages 1014-1022]. There is a need for

automated data quality assurance and control to detect and



i ncurred. For exanple, a database may be configured to store a market
indicator relating to 10 financial instrunments. The narket 45 indicator is
updat ed eweryiisseqasd, but the data is sorted on the basipeTaB20tvmobrsai nut e
mean average of the market indicator. %On this case, the database will be
traversed every second (when the market” indicator is updated) to determ ne
if 5the values are still in order, and the data will only be re- sorted if
the val ues are out of order. Due to the low volatility of the 5 mnutes

mean aver agént { e daﬁ:toﬁ'la\ﬁ'iollg raiely aeed Irc?évsi(ytteisngsgegﬁpcgrﬂq_ycomtnati onal

costs relating to the sort operation wll be reduced.” |oEnpirically, it has

been foundigtrriqde mAtdeans - c Svplt AOFAAY CESESLHPN r gARi A§SPheedarsglase can

be reducedn by jup EQeiSQ%cygﬁe@dH EDGe t hRorGQRdkE hoN@e 30T bhBRa 8L QT idhm  as
conpared to a conventional sorting operation, where sorting is carried out

each tineirdkcatsdueshémondte dababasevaresdpdat efur UBEKakpyes Bt 9aERet
I ndi cat orsp. A;dalap Ac£oLdi Ng 1o Jhe .rrrr?]édinascpaeé%t g%péﬂ%ogﬁ}\@me'r%n may

be used to gener ate gescrl pt |.ve ]?I nancil al 1 | cat.ors t al ne
synt hesi stihhg) #uséapleteleor gdidbook Wirsiewgeeecidnisavacdmbloe rasedattg. 201 n

this exanpleeoldes dalaAnaRg,Ls dised I ahaKkde the, T Qhlowb0o datdqt yhes for
use in geherating typica f’nanci al” j ndi cators: noney val ue, vol Gne,

trades, pedée;ioratlurlmyeretafr ropiistedatier ufar t gweki indesnitariadvadnage of

t he dat abagg; of 1 hi X e | it Jray,al e ysed; 191 &, 48 ot her
non- 25t y%;&%ﬁt ova’rig %egg&%t rdaec%thteag ?norﬁaggt%@t %gegxe%tsjt efﬂﬁl?r%[&%s \%ng or der
bookicupdatiesectwhireti thave cavvamdlonaheypobern ofr | @wloAt efest dumigdtt heir

| arge nu Lpsigni fi.ca -t hei qvIANEVET e agar nat ur e
of the dg?gﬁﬁ%g}dmhg?}é eég \r}%%legglltebg rrsria{:yr%bwe%g?’epr e\sfien?eénum ng t%%g%?sti cal
nmeasur es ovepuSipemniaddsosf . t Ameaddsd prdxsndegreani hgé ukbi hstiyghtes seyae coul d

not have peen achieyed bé’%é O%i-@g f’ifhé ‘é%ftkabk?ecfués”c i V'g%:'ﬂ' | Y1 ,TYRI cal
vari abl es nay be subjecte o0 detail'ed deconpositrons 46 such as’
deconposi ngnsxeElc utedmtn bokesi dnst oi nvestedn/'thi dden/texcept | diowexsoudwsditbuy/ sel |

tradlgs. O(rjglgg tbroaolgmgggggﬁsme bes used to deconpose pending orders into:
/ rendv or 0 the a

adde ers sﬁ{}]blmd side for each individual 5order book

price level or any conbination therein. The trades/orders deconposition may
then used to specify the nontypical financial indicators. The process of

synt hesi sing the order bopok is set out below Synthesis of |level 11|
(conpl et emm%%ﬁl evel || updates 10Normally Level Il1 is
avai l able only to market nakers and specialists. However, using the

f ol | ow ngThppfadctvingi sxdadeatciam kadsygrbahesez eld usiengnabratgener & | y

availabled&@%& sé'ac@%EQiHESE?Q§§§ éf%%%lagﬁ$cf of the invention may be
20 constructed and used to store data and provide information in

response to user gueries.

In a first embodiment, a database is provided to store a

sequence of time values. Each time value has associated with

it one of a sequence of values of a variable y. The variable
25 y may be, e.g. a variable describing a financial transaction,

such as price or volume.

The time values are arranged in sequence from the earliest
time value to the most recent value, and the values are evenly
spaced. For example, the difference between consecutive time

30 values may be 0.5s, 0.1s, or 0.05s.



1 -
6

10

15

20

25

level Il 2 2 (full order 3 3 (input order book) 4 4 book)

WO 2011/036448 PCT/GB2010/001784
31

The database is configured to store over 1000 such time

values.

In a first embodiment, the database also stores the cumulative
value of the y variable, i.e. the sum of the y variables

corresponding to the time span from the first time value to
the nth time value [ziy]. Therefore, each time value n has
1

associated with it the sum of the y variables recorded from

the earliest time value to this more recent time value.

This allows the total quantity of variable y corresponding to

&
the time period between time a and time b (i.e. }:y) to be

a

calculated by subtracting Ly at time (a) from Zy at time (b).

Thus, the user is able to calculate the cumulative total of
variable y added to the database in a given time period by
retrieving two data points Zy(a) and Zy(b) from the database
and performing a single operation to subtract one value from

the other.

To calculate the mean average of the variable y in the time
period between time a and time b, it is necessary to subtract
Yy(a) from Zy(b) and to divide the result by the number of
values in the subsequence extending from time a to time b.
Thus, the user has to perform a single subtraction operation

and a single division operation.

In a comparative example, using a conventional database, the
calculation of the cumulative total of variable y added to the
database in a given time period would require all values of
the variable y added to the database in that time period to be

retrieved from the database and added to each other.

5

5



7 8 9 10 11 12 Message format 15The data fields in
Table 5 are assuned to be available as input to the synthesis process and
repr esentwoheimizeiqgrl anmount of information required topgeraBatmolise
financial indicators contained within this docunent. Table 5 type
(transaction / order book novenent) sy%%ol price

Similarly, in another comparative example, the mean average of
values stored in a conventional database is calculated by
retrieving all those values, adding them to each other and

dividing by the total number of values.

5 In other embodiments of the first aspect of the invention, the
database may store the cumulative value of a function of the
variable y, for each time period between 1 and n. For example,
the database may store the cumulative value of y°. This
allows, for example, the variance of the variable y to be

10 calculated using the following formula
b b
Variance = (E:Uf)—jz(yf)/n

Therefore, the variance of the variable y in the time period
from time a to time b may be calculated by retrieving four
2
)

values from the database: XI(y?) and X(y) for time=a, X(y?) and

15 2(y) for time=b.

In another embcodiment of the invention, the database stores a
sequence of further input variables y’, each value of y’ being

associated with one time value in the sequence of time values.

In this case, the further input variables y’ may be stored in
20 the database in the form of the cumulative value of [y’.y].
That is, the database stores the cumulative total of [y’.yl]

for each time value from the earliest time value to the nth
time value: [§:yj»]. This allows the correlation of the
1

variables y and y’ over the time period of interest between

25 time a and b to be calculated using the formula:

Correlation=




vol une sequence WO 2011/036448PCT/ GB2010/001784 47 Table 6 - Support data
structures descriptionusage tables full OB table tenpOB table i nputOB_ table
i nput TRi avbeoRapsasents the | atest sinul ated order cont aipos/dBe10/@i B3t | evel
book containing all possible price levelsll| order book
Representstheupdatedsinulatedinternall§3used only order book containing al
possi bl e price | evel s Representstheactual orderbookcontains the | atest |evel
Il containing only the top (usually 5-10)order book price |evels

Represent§;££ﬁfge¥ﬂ1ﬂ%%ﬁs§gg£9$%ontains the transaction received lists
changel i s ual changes affecting the input order book
processl ogyredas: ROW¢8HLE | HANG Al riiRAI ALOA SR et S rst aspect of
the invention, in which a cumulative value of the y variable
is stored, the costs of building the database are set out
5 below (compared to a comparative example for a conventional

database) :

Cost of adding a new record = computational cost of adding new
record to sum of all previous records + storage cost for

storing new cumulative record.

10 For conventional database, cost of adding a new record =

storage cost for storing one more record (no computation cost)

The storage cost is the cost of sending the record to the

network memory (including the use of network bandwidth).

The computational cost is the cost of the mathematical

15 manipulation into the desired format.

Therefore, data storage in the first embodiment of the present
invention has associated with it the additional computational
cost (relative to the comparative example of a conventional
database) of adding the new record to the sum of all the

20 previous records. The storage costs for the first
embodiment may be marginally higher than those associated with
a conventional database, due to the larger size of the
cumulative values compared to raw data. For example, a two
digit number (e.g. a raw data value) if held constant and

25 accumulated for 100 secondé would result in a four digit

number to the stored in the database.



full OB_pointerPointertofull OB tablepricelevel (initially points to first

el enment) i nput OB pointerPointer toinputOB tablepricelevel (initially points
to first wbemanByssgnt ernal ly used only internally used earyGB2beMeiB4si ze
usually 5 or 10 dependi ng on exchange jnput paraneter All tables in Table
6 (except for inputTR table) and lists%xist for both bid and ask sides The
process consists of maintaining a set of tables and lists for the ful

order book as a result of synthesizing the input order book which is filled
by using market nessages. 48 nessage Process 1 This process is started
upon cl asB¥3MRkR {nDafat Renirviptativ®ssage as an order book novement. 51t
consists of incorporating the nessage into the latest inputOB _table (Ilevel
1), conpasiSors texahpeel atiestmdd 1:0Brhabl €f (4 evalielsl by, dgemereaddrars of t he

tenpOBtabl e (level [11) and the ch list. Th OBt abl e th
Decomes. (F TR CF FOBM 4 St aCRoo ey 1551 CBBRONEE Gt 1481 o f or

transact i onr sesEq@es. ofhehé ol dwmuignf.our step algorithmis executed to
conpare between the inputOBtable and the 10ful | OBt abl e and perform any

needed nogdi fjcatjans. e_t hat |l steps of the algorithmare applicable
to e%therggéifﬁfgﬂfgﬁlg@%l?%%s d%%ending on the initial price match
Subsequent nodifications to tables/lists/pointers are done for the matching
si de. Del et éd jatideving data gtesrasessagetiidi teattegnehandord Brd ce | evel
has been del et&d fa0m Qe des, DOk, s 155t Ak Use + X | Gl bEBY abl e,

full OB_pointer) > price(inputOB table, inputOB pointer) (bid side)
price(full OBtable, fullOB pointer) < price(inputOB table, inputOB pointer)
(ask side) & IYFFCOBIPGI Atart -Hokd JAYUE nplTOSWoirRFRFI V312 si ze

(computational cost = one subtraction operation)

10 3. performing division by size of data (computation cost =

one division operation)

In a conventional database, this process would require the

steps of:

1. retrieving all data records in the series of interest

15 (retrieval cost = n fetch operations)

2. performing summation over all retrieved records

(computation cost = (n-1) addition operations)

3. performing division by size of data (computational cost =

one division operation)

20 Therefore, the database of the first embodiment of first
aspect of the present inve?tion has significantly lower
retrieval costs when calculating a mean average of stored
data, as well as lower computational costs at the time of
performing the calculation. In general, these lower costs of

25 data manipulation will tend to offset the slightly higher one-
off costs associated with data storage. This is particularly
the case if the request is continuously repeated. For

example, if the database of the first embodiment of the



49 Update append[price(full OBtable, full OB pointer), -vol (fullOB_table,
fullOB pointer)] to change_list increnmentfull OB pointer 5Added price Latest
nessage iwgQi2oatms4a8hat a new price | evel has been addedptwo/dBreioandmss book.
St at us price(full OB table, full OB pointer) < price(inputOBtable,
i nput OB_pointer) (bid side) price(full OB table, full OB _pointer) >
price(inputOB table, inputOB pointer) (ask side) 10O full OB pointer -4 end
(or enpty) Update append[price(inputOB table, inputOB pointer),
vogi nput OB_tabl e, inputOB_pointer)] to tenpOB_Ii st
15append[ pPYREYidpuitsOBueabE@, t¢ A8 FBPnted) ol dihei Apat OROR aifite
I nput OB_peépbedd,] 4+ ¢Banpgatd sthiNeheyentsaputiaR RohalekeSor® i Cce
Lat est nessage has no effect on this (;urrentndprl ce level in the order book
20St at us BREERGuITPEBESBE €59 I S6 APat ) 2Bd FiatddEVApuE BB 1% e,
i nput OB_peidi&ine t2Q Updas eoapang{Rricefbl nPth SBlakIr-ecainEt &B_poi nter),
vol (i nput OB_table, inputOB pointer)] to tenmpOB I|i st
apperrd[ pr FREFHHAFIEB tRELF TS T APRATOS 238Nt 87 ) COTRARSE RButlB t abl e,
i nput OB_pebmt&iyilonatiomehnpge_l istaddieienent f OB R@eBtElas modified
i ncrenment i nput OB_poi nter

to cover the mean of the last 200 data records, the cost would

not increase.

Example 3: calculation of the volume weighted average price

10 The volume weighted average price (vwap) of a stock is
obtained by dividing the total transacted money value by the
total transacted volume. The money value of a transaction is

the volume of the transaction multiplied by the price.

In a database according to a second embodiment of the first

15 aspect of the present invention, -the cumulative volume and the
money value (the multiple of volume and price) are stored as a
function of time. 1In this case, the vwap may be calculated by

following the steps of:

1. retrieving money value records from the start and end of
20 the series of interest (retrieval cost = two fetch

operations)

2. subtracting start record from end record (computational

cost = one subtraction operation)

3. retrieving volume records from the start and end of the
25 series of interest (retrieval cost = two fetch

operations)

4, subtracting start record from end record (computational

cost = one subtraction operation)



update market status to "open" if both pointers point to top prices of the
order book tables Price shifted down 10Price |evel which is now | ower than
| evel 2 siwe 2813618 | nput OB_poi nter > | evel2 size Updat @CT/GB2010/001784
append[ price(full OBtable, full OB pointer), vol (full OBtable,

full OB_pointer)] to 15tenpOBlist incr etfent f ul | OB pointer Price |levels may
change when they nove beyond the level 2 size limts, therefore upon their
return they may not be conpletely accurate. Process 2 20This process is
started upon classification of the input nessage as a transaction. It wll
convert the?ifptidirgshbe Yol dpdnTRi &bl Eahd per £BEnYdBithes and

nodi fications ditdihedl ahestefhAan@@mbusheidhel changel bak 4svidibh a summary
of all transactions and order book novenents and is the nmain source of

i nput for genéiRAG3GACB! the financial indicators. 51 The algorithm
consists of matching the inputTR table to find the closest match in the
change. . . Thetefidrd ehBBt6ta BN GF RBUNBELat inaddiet WaBpt Os of ey Ritathus
requirenents nentioned below. Note that all steps of the, al gorithmare
appl i’cabl 8T EitHer THSKF B TF 358 FBFEALTHY W% RES HFY%%Jqubri ce match.
Subsequenbdpemdiifancati ons to /lists are done for the matching side. 5Nornal
Status vol (i nput TR table) = vol (change list) price(inputTR table) =

Pr Ce(c.ha?rgea—léo%vengﬁ %gfaéé&eé At ‘éfxi? g&‘{‘e Updahg OBLK L Ajce. vol) in
changel i st as a normal transaction I1 imar ket status is pen, determ ne the
m ni mum bétérslofguantity at the top |level then | oop and mark all
transactions until the sumof transactions is equivalent to the m ninum
quantity. 13Hidden Stabusi1 REd 80 ARUETRLAU L) = tREi GeLchange | i st)

vol (i nput TR _tabl e) > vol (change_list) Update 20mark (price, vol) in change
| i stl%as a hi ddgir<seafisacti on Uncl assifi ed

2. performing a summation of all of the records obtained in

step 1

3. retrieving all volume data records in the series of

interest

15 4. performing a summation of all the records obtained in

step 3

5. dividing the value obtained in step 2 by the value

obtained in step 4.

Therefore, as a comparative example, the total data cost of
20 calculating the vwap using a conventional database is 2 x n

fetch operations (where n is the number of values in the data

series of interest), 2 x (n-1) addition operations and one

division operation.

Example 4: Pattern matching

25 In a third embodiment, the database of the first aspect of the
invention has six time periods, each time period having a
sequence of five records, labelled 1-5. The database is

configured to store the Euclidean distance between



Status price(inputTR table) = price(change_list) 52 vol(inputTR table) <
vol (changelist) Update mark (price, vol) in change |list as a hidden
transact iwo 2biovised4gat there is a delay in determ ni ng weetleB20mmoorsder book

novenent is a transaction, 5since we t wait until the transaction
nmessage i s received before the status t he novenent can be determ ned.
This is a direct result of the manner in which the exchange processes such
i nformation. Descriptive financial indicators Fi nanci al indicators are

t hree-tupl es conposed of {data type, action, action type}. Tables 7 10and 8
briefly deSEF¢IRPHAC &8ehrds FArRsSifiprest r et faFiodRot eTh%at order can
represent pacii@ded QU8hcE eXSCIHAB Gh BuRENsH NG HoAAN, LWabtd NGy idd or der
book). Table 7 = WD 2011/ 036448PCT/ GB2010/ 001784 53 Tabl e 8 action

t r adedor defe h=Q! IdRfofREME+ade whi ch matches a price and quantity from
execut edt he current order book hiddennon matching trade fromeither side of
order book, whose size is |larger than what i ai | e exception non

mat chi ng tradéhFFﬁﬁFéVFhE?cg} o 1S5HGBFE bo E;gy Bzggsize is smaller than
what is available pending order is still pending allsumof added and
removed q ities i er. b esul ti I ent state of
orde% booﬂﬁg%%é%adgég g&gﬁ%ft$%g&%br§?§g§ %%%éh}z#b%eggfégnggggquantities
from or depebowk argblT8 9s a second time period.

Thus, the database stores the Euclidean distance between the
1°° record in each of time period TA and time period TB. The
database also stores the sum of the Euclidean distance between
10 the 1°° record in each of time period TA and TB and the second
record in each of these time periods. Similarly, the database
also stores further cumulative values covering the 15%-3%¢
records, the 1%%-4" records and the 15°-5%® records in these

time periods.

15 Similarly, the database also stores cumulative distance values
corresponding to the distance between corresponding records of

other time periods.

The Euclidean distance between corresponding subsequences of
records in different time periods is given by the following

20 formula:

Euclidean distance = \[i(TA,-—TB,)Z—i(TA,—TB,)Z
1 1

where the subsequence extends between records p and q.

Therefore, the Euclidean distance between two corresponding
subsequences in different time periods may be rapidly

25 calculated from the stored cumulative distance values.

The cumulative distance values are stored in the database and

may be re-used in response to subsequent requests.



action type allall orders whether buy or sell buy (bid)only buy orders
(frombid side only if pending orders) sell (ask)only sell orders (from ask
si de onl ywof2opaneissg orders) 5Data types consist of all pordm2eidorrsa single
instrument within a specific period of_tinme that satisfy the selection
criteria showmn in Table 10 dependi ng ot the desired action and action type:
54 Table 10 action type all buy sell action pending traded normal executed
trades executed buy trades executed sell trades hidden executed trades

execut ed buy executed sell whi ch exceed trades which trades which
Thus, the operations that must be carried out in response to a

request for the distance between two corresponding

subsequences in different time periods are:

1. Fetch cumulative distance values corresponding to the
5 start and end of the subsequence of interest and the two

time periods of interest

2. subtract the cumulative value at the start of the
subsequence from the cumulative value at the end of the

subsequence.

10 3. calculate the square rcot of the difference between the

two cumulative values.

By contrast, in a comparative example using a conventional

database, the distance between two subsequences is calculated

directly in response to the user request, from the raw data
15 stored in the database. Thus, the operations that have to be

carried out in response to the user request are:

1. Fetch 2n records (where n is the length of the

subsequence)

2. n subtraction operations (performed with corresponding

20 records from subsequences in different time periods)

3.n multiplication operations (to calculate the squares of

the differences)
4. (n-1) addition operations
5. one square root operation

25 Thus, the present example provides a significant saving in
terms of data retrieval and computation cost incurred in

response to a user request, compared with the comparative



t hose fromthe exceed those from exceed those from order book the order
book the order book exception executed trades executed buy executed sell
whi ch ar ewbess/ashas trades which are trades which are pchasofowoomsthe | ess
t han those | ess than those or der boo3k9fromthe order book fromthe order
book

example of a conventional database. These savings will

increase with the length of the subsequence of interest.

Using this embodiment of the first aspect of the invention,

pattern matching may be performed between a time period of
5 interest (typically a recent time period) and other, more

distant time periods, in order to find the historical time

period that is the best match for the time period of interest.

In this case, the Euclidean distance is calculated between the
subsequence of interest and the corresponding subsequences in
10 each of the historical periods of interest. A sorting
operation is then performed to identify the historical data
subsequences that have the lowest Euclidean distance from the

subsequence at the time period of interest.

It is clear that in this embodiment of the first aspect of the
15 invention, a substantial number of operations have to be
performed upon insertion of data into the database, to
calculate and store the cumulative Euclidean distance.
However, since this stored data can be re-used, the overhead

per request will diminish as the number of requests grows.

20 Example 5: Data pre-fetching

In general, data requests carried out using the method of the
second aspect of the invention consist of fetching the start
and end of the required period of data. When a fetch process
is expensive due to latency (such as when accessing a database
25 or fetching over a network) it may be advantageous to pre-
fetch data in order to eliminate the latency overhead for
additional fetch operations and to make use of temporal

locality during caching.

This example will demonstrate the pre-fetching concept with

30 the following scenario. We are performing a continuous real-



all pending trades in pending buy trades pending sell trades bot h si des

of order

in bid side of order in ask side of order book book book

added

pendi ng twedes/@Eendi ng buy trades pending sell trades pefmigBrotv0Esheen

whi ch have been whi ch have been

ask side

10

15

20

time request and are currently at time 105. The request
consists of fetching both the start and end of the ten most
recent cumulative values as the database is updated, e.g. to
allow the mean average of the 10 most recent measured values

to be calculated.

In an embodiment of the method according to the second aspect
of the invention, at the time of fetching from database A the
first end cumulative value (corresponding to time 96), all the
cumulative values up to e.g. the cumulative wvalue
corresponding to time 100 are also fetched and stored in a
local cache B. The cumulative values are retrieved from the
cache as required, for use in responding to subsequent
requests, as the database is updated with cumulative values

for time 106, 107 etc.

The cost of retrieving a cumulative value from database A is
o, while the cost of retrieving a cumulative value from the

cache B is B.

The cost of the fetching/retrieval operations for responding
to successive requests each time the database is updated is

therefore given by Table 3:

addqﬂ)to both added to bid side added to



si des of

order

book of order
pendi ng buy trades pending sel

trades

book of order

book

renoved pendi ng trades
whi ch have been whi ch have been

whi ch hawsoheram3ssssenoved from both renoved from bi d r emrovrasB2broon s k

si des of
exanpl e,

vol une of all

order

{money val ue,

book side of order

pendi ng, bid}

book side of order

book 55 As an
| d represent the sum of price tines
orders for a specific instrunent which are stil

the bid side of the order book and represent waiting buy orders.
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then fetched from cache B at a cost B and cumulative value 105

is fetched from database A at a cost «.

The two cumulative
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second real-tine in any case. It also results in a |large decrease in the
data cost upon delivery to the user (such a cost can be an I/0 cost in

addi ti on wo 2a11im8edsi dt h cost). The foll owi ng expl anat i orcargB2eranpises
relate to the fifth and 10si xth aspecws of the invention and denonstrate
how a dat abase can be adapted to allo 4he minimumvalue in a specified
data string to be identified nore easily. The maxi num value in a specified
data string nay be identified in an anal ogous manner. The al gorithnms used
to construct and query the 15database are_set out below For sinplicity,

t he exanprakusetarsutisgel v Fetat@seo trefat et te her feat aveetd%eLthavi ng up
to about 2Q. vildieSedHRWBYEEs fion Ti®lkeed8t thatodhe principles of the
processes descri bed nmay be readily adapted to considerably |arger data
20series, _where they allow evaluation of a_datg serjes to be carried out
bar 1 cul aFlS P CErSRI gt OO TISE BT ecHm AL RBSRe ™ SR ng w th
a sanpl e dpdat&seqienaelslior gk inbsa databaseudhdrading palbeofon tciomput er
system t goal .ist enerate an 25 internedi ate description of the
records iﬂg? heaqldﬁtsavggagehier‘?tor’seivﬁﬁl ?F?/mi ﬂ%aﬁecztf‘ naaﬁ‘gstex?fr dction of a
m ni mum vahdiecien emdswhiequences afetimkerastrod Mile icatceenBdaate aescri ption
di vi des tpe sequence into a series of subsequences that are bounded by

| ocal mnima. The generation of the internedi ate 30description and the
series of subsequences is achieved through a techni que known as coverage
mappi ng. Thbs Bxarmsse 9sAnepxaigyl eindfilt heerecdws que nofrecogbnages ryedi ng wi l |
be illusttat i t anp| g d e o] i a sanpl e

dat aset o?ngkg(T Leb%ﬂl%ﬁagglg recglrodgfoé}f%h|h(s:%pairlygqde‘“{'slgc1;i-1E gggs%%%%ol% | ocati on.
The 10ocat aod rrAtiersi.define a "direction"” of the database, i.e. the

| ocation nunbers increase in a forward direction of the database and

decrease if @,Rackuardedi FROti &L 10frlihedal abase cdiingenssal sodat a records
are entered into the database in tine orde that is, "10the first | ocation

:
cont ai ns PReVEHIdEshresbRE" aditF the fiegHest O f gt iSGIURDABERS CEMR ai ns t he
nost receghc ey ds Tghheed 1id OfdldroByleg+83 4 5

By contrast, if the method of the second aspect of the

15 invention is not adapted in this way, the total retrieval cost
for fetching the start and end values of five sequences is 10
o {i.e. each of the 10 start and end values has to be fetched

from the database A).

Assuming that the latency cost o for fetching data from the
20 database is significantly greater than the latency cost B for

fetching data from the cache, then such pre-fetching greatly

reduces the overall latency cost in responding to successive

requests.

Example 6: Construction of a database of varying granularity

25 In this embodiment of the third aspect of the invention, all
data received is stored in a primary database. A secondary
détabase is also constructed, which stores records
corresponding to pre-determined time intervals measured back

from either:



6 78 9 10 record 5 16 4 10 21 22 13 6 7 7 To generate the internediate
description, the follow ng 15 operations nust be performed in turn for each
dat a recowo 208m1/03448he sequence, noving fromthe ol dest retwBotomoifse nosSt
recent record. QOperation 1 Starting fromthe current |ocation, check to
find the | ocation 200f the earliest vallie which is covered. That I's, nove
backwards in the database, in the direction of older records, until a
record (rl) is encountered that has a value |l ess than or equal to the
current record (re). The location of the record (rl) is then used to define
a cover agée)valthe figmet RE DBR URPENtT 468t PBR2ETHE \Pefa§aPdatue®T s given by
(location(ri) + 1). If no record matches the search criterion then

| ocat i on(iri}) =Gheaandeshatcoves age value is 1. 57 Table 12 shows the dataset
of Table 1, updated to show the coverage value for each record. Table 12

If the time intervals are measured back from the time of the
most recent update, the secondary database is updated every

5 time a new record is entered. If the time intervals are
measured back from the present time, the secondary database is

updated e.g. every second.

Thus, in one example, the secondary database stores records
from 5 seconds, 30 seconds, 5 minutes, 30 minutes and 2 hours
10 before the most recent update. In this way, the secondary
database stores more records relating to recent data and fewer
records relating to past data, i.e. the granularity of the

database is greater for recent data than for past data.

A possible structure for the secondary database is that a pre-
15 defined percentage of data is provided at high granularity,
while the rest is at low granularity. For example, referring
to data taken from a total time period of 600 minutes (10
hours), the data recorded in that period may be stored as set

out in Table 4:

20 Table 4

Time period extending back from Granularity

present time

0-0.5s milliseconds
0.5-5s Half seconds
5-90s Seconds

90s-30 minutes Half minutes

30 minutes-10 hours minutes
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In this example, the storage space required for the secondary
database is only approximately 5% that required for the
primary database, in which all the data is stored at a

granularity of milliseconds.

5 Example 7: Conditional sorting

In this example, a database stores data relating to financial
instruments e.g. market indicators for each instrument. The
data is sorted according to the values of the market
indicators. As the market indicators are updated, the data
10 values become out of order, and so re-sorting of the database

is required.

According to this embodiment of the fourth aspect of the
invention, sorting of the data is carried out according to the

following algorithm:
15 for 1 = 2 ton

if x[i]<x[i-1]

sort_instruments

return

where i is a financial instrument and x[i] is a market

20 indicator for that instrument.

Thus, re-sorting of the database is only carried out when the

financial instruments are out of order according to their

market indicators. The computational cost of the re-sorting

operation is limited to cases where the data is out of order,
25 and otherwise, only the cost of traversing the data is

incurred.

For example, a database may be configured to store a market

indicator relating to 10 financial instruments. The market



4 9 10 _ 5The coverage value is an identifier of the local trend
in the dataset. If the local trend is for the record value to remain

const ant wo 2bp/d3ppsease with tinme (e.g. in the subsequemrce/dBaWwaBNTS4

| ocations 4 and 6), then the coverage yvalue is the sane as the | ocation
value. If the local trend is for the 10record value to decrease with tine
(e.g. in the subsequence of records 7 and 8), then the coverage value wl|
be |l ower than the |ocation value. Operation 2 |If the coverage value is

| ess than the location of the record 15(re then | abel all previoliis

records f DRt EHRAT HétuPﬁéFﬁﬂi?ﬁﬁr%Iﬁ?CGBQeréﬁ% §hsc &8t8n 18r 39T B (and

i ncl udi Nginé hea Sl BN nkOs ahi At MRhnWatBride valwe akrkbe record at the
current location. This nay nean that |abels allocated when this operation

was carri 3R Y t AB pREYi RRE 1 &O6r §AFAPETR WId LEQGEARRT TR TFEPwritt en.

Tabl e 13 sbeysd awHeel thedmyeksi dmdafcatBe datahasenf tbabkeeddind i fwhi ch

operations. 1 and 2 have been carried out for all 10,r?cords in turn. 58
Tabl € 13 FB%ayq%ﬂgslare still in order, and the data will only be re-

sorted if the values are out of order. Due to the low
volatility of the 5 minutes mean average, the data will rarely
need re-sorting and so the computational costs relating to the

sort operation will be reduced.
;

10 Empirically, it has been féund that the overall computational
costs of running the database can be reduced by up to 50% when
using the conditional sorting algorithm, as compared to a
conventional sorting operation, where sorting is carried out

each time the values in the database are updated.

15 Example 8: Market indicators

A database according to the first aspect of the invention may
be used to generate descriptive financial indicators obtained
by synthesising a complete order book from generally-available

raw data.

20 In this example, the database is used to provide the following
data types for use in generating typical financial indicators:
money value, volume, trades, price, return, return squared,
return times index. An advantage of the database of this
example is that it may also be used to provide other non-

25 typical variables extracted from both the executed trades and
order book updates, which have conventionally been of low
interest due to their large number and insignificance on their
own. However, the aggregate nature of the database where these
variables may be represented using statistical measures over

30 periods of time may provide meaningful insights that could not
have been achieved by looking at the variables individually.

Typical variables may be subjected to detailed decompositions
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such as decomposing executed trades into:
normal/hidden/exception executed buy/sell trades. Order book
changes may be used to decompose pending orders into:
added/removed orders to the ask/bid side for each individual
5 order book price level or any combination therein. The
trades/orders decomposition may then used to specify the non-

typical financial indicators.
The process of synthesising the order book is set out below.

Synthesis of level lll (complete order book) using level Il updates

10 Normally Level lll is available only to market makers and specialists. However, using the

following approach this data can be synthesized using more generally available level Il data

messages.
level Il [ 1 level Il
2 2 )
(full order 3 3 (input order
book) 4 4 book)
5 5
6
7
8
9
10
11
| 12
Message format
15 The data fields in Table 5 are assumed to be available as input to the synthesis process and

represent the minimal amount of information required to generate the financial indicators

contained within this document.

Table 5

type (transaction / order book movement) | symbol | price | volume | sequence




10 label 4 4 4 6 6 6 6 6 7 7 Once operations 1 and 2 have been carried out
for each record of the sequence in turn, the nodified database can be used
for 5i denwvof2ociaBs48 of the m nimum val ue in the inputtedcdaiBopagusace. | n
order to locate the m ninmumvalue in a_?pecified data string that extends
back fromthe nost recent record, it i% necessary to identify the | abel at
the Il ocation marking the 10 beginning of the specified data string. In
this exanple, if location 10 contains the nost recent data val ue, the

m ni mrum val ue of the |ast five records will be given by the | abel of the
fifth nos{eHe8eRYPRCBESIAFIUFIUES t he | abel at location 6. Similarly, the

m ni mum val ue of the last nine records is given 15by the | abel of the ninth
nmost recent record, i.e. thdesatipidn at | ocation 2. In ttsageexanple, the
technique for locating the nininun1va|ue isonly valid if the data string

of intere ext kfr the e t T

(includin %Ble %@J%r“gag’e 20an reg% val eesg%?nulate § re%or(;’(r?ad%j nee%?e?t 'eb%I
updat ed for each new r ecor dbegldedtairing dligpodsible pacdevelx altipirder bOok 59 ent er|ed
in the database. Thus at stage 1, the database has 1 record at Iocatiqn 1,

whil e at|stage Qemidi (S aDRGRre Qé’rﬁs Nire® Qéd %Pﬂ]d?éd‘ |h%?rgl§riu§b%'d?lg/r age

| ocation|n. As each new record IS I nsert e dat abase, cov and

| abel 5val ues are updat ed, Sieékm‘%ﬂoﬁwlﬂgrﬁ"tnvéS'P'é\nﬂPQabeI ed "al gorithm

step”. levels

inputOB_table Represents the actual order book contains the latest level Il
containing only the top (usually 5-10) order book

price levels

inputTR_table Represents the latest transaction contains the transaction

received
lists change_list Represents the individual changes process log used as
affecting the input order book source for financial

indicators

pointers fullOB_pointer Pointer to fullOB_table price level internally used only

(initially points to first element)

inputOB_pointer Pointer to inputOB_table price level internally used only

(initially points to first element)

level2_size usually 5 or 10 depending on exchange input parameter

All tables in Table 6 (except for inputTR_table) and lists exist for both bid and ask sides

The process consists of maintaining a set of tables and lists for the full order book as a result

of synthesizing the input order book which is filled by using market messages.



Tabl e 14 Stage 1 Location Record Coverage Label 1 19 1 19 Algorithm
step(stage 1): Upon searching for record values snaller and ol der than the
new recorwo 2081/036a8h the start of the database. Thus, covecagsB2valmersef the
new record is 1 and the new |l abel is 19 Stage 2 Locati on Record Coverage
Label 11915 2515 Agorithm ste‘bs(stage 2) . Upon searching for record
val ues

message

transaction order book
—
i d A 4
inputTR_table inputOB_table | .. - . fuIIOB_tableJ
| process 1
Y !
l change_list IA/ tempOB_table
process 2
Process 1

This process is started upon classification of the input message as an order book movement.
5 It consists of incorporating the message into the latest inputOB_table (level Il), comparison to

the latest fullOB_table (level 1l), generation of the new tempOB_table (level Ill) and the

change list. The tempOB_table then becomes the latest fullOB_table and the change list

becomes available for transaction messages.

The following four step algorithm is executed to compare between the inputOB_table and the
10 fullOB_table and perform any needed modifications. Note that all steps of the algorithm are
applicable to either ask/bid tables/lists depending on the initial price match. Subsequent

modifications to tables/lists/pointers are done for the matching side.
Deleted price
Latest message indicates that old price level has been deleted from order book.
15 Status
price(fullOB_table, fullOB_pointer) > price(inputOB_table, inputOB_pointer) (bid side)
price(fullOB_table, fullOB_pointer) < price(inputOB_table, inputOB_pointer) (ask side)
or

inputOB_pointer = end and inputOB_pointer < level2_size



smal l er and ol der than the new record, we reach the start. Thus, coverage
val ue of the newrecord is 1 and the new | abels are 5 starting from

| ocati on MoShagsefasLocati on Record Coverage Label 1 19ptT&B2810%001783 3 3 1
3 Algorithm step(stage 3): Upon searchi'gng for record values snaller and

ol der than the new record, we reach the*start. Thus, coverage val ue of the
new record is 1 and the new | abels are 3 starting fromlocation 1 WD

2011/ 036448PCT/ GB2010/ 001784 60 Stage 4

Update

append [price(fullOB_table, fullOB_pointer), -vol(fullOB_table, fullOB_pointer)] to

change_list
increment fullOB_pointer
5 Added price
Latest message indicates that a new price level has been added to the order book.
Status
price(fullOB_table, fullOB_pointer) < price(inputOB_table, inputOB_pointer) (bid side)
price(fullOB_table, fullOB_pointer) > prirce(inputOB__table, inputOB_pointer) (ask side)
10 or

fullOB_pointer - end (or empty)

Update
append [price(inputOB_table, inputOB_pointer), vol(inputOB_table, inputOB_pointer)]
to tempOB_list
15 append [price(inputOB_table, inputOB_pointer), vol(inputOB_table, inputOB_pointer)]

to change_list
increment inputOB_pointer
Same price
Latest message has no effect on this current price level in the order book
20 Status

price(fullOB_table, fullOB_pointer) = price(inputOB_table, inputOB_pointer)
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Update
append [price(inputOB_table, inputOB_pointer), vol(inputOB_table, inputOB_pointer)]

to tempOB_list

append [price(inputOB_table, inputOB_pointer), Avol(inputOB_table, inputOB_pointer)]

5 to change_list
increment fullOB_pointer
increment inputOB_pointer
update market status to "open” if both pointers point fo top prices of the order book tables
Price shifted down
10 Price level which is now lower than Iev?lz_size

Status

inputOB_pointer > level2_size

Update
append [price(fullOB_table, fullOB_pointer), vol(fullOB_table, fullOB_pointer)] to
15 tempQB_list

increment fullOB_pointer

Price levels may change when they move beyond the level 2 size limits, therefore upon their

return they may not be completely accurate.
Process 2

20 This process is started upon classification of the input message as a transaction. It will
convert the input message to an inputTR_table and perform matches and modifications to
the latest change_list. The change_list is thus a summary of all transactions and order book

movements and is the main source of input for generation of the financial indicators.



4 17 Algorithm step(stage 4): Upon searching smaller and ol der than the
new record, we Thus, coverage value of the newrecord is for the new record
is 17 forwoecorwdemal ues reach | ocation 3. 3+1=4, and thecraimbiodivage 5
Location Record Coverage Label 1 1951 1 3 25 1 3 3

The algorithm consists of matching the inputTR_table to find the closest match in the
change_list in terms of sequence number in addition to other status requirements mentioned
below. Note that all steps of the algorithm are applicable to either ask/bid lists depending on

the initial price match. Subsequent modifications to /lists are done for the maltching side.
S Normal
Status
vol(inputTR_table) = vol(change_list)
price(inputTR_table) = price(change_list)
or
10 market status = open
Update
mark (price, vol) in change_list as a normal transaction

If market status is open, determine the minimum bid/ask quantity at the top level then loop
and mark all transactions until the sum of transactions is equivalent to the minimum quantity.

15 Hidden
Status
price(inputTR_table) = price(change_list)
vol(inputTR_table) > vol(change_list)
Update

20 mark (price, vol) in change_list as a hidden transaction
Unclassified
Status

price(inputTR_table) = price(change_list)



3 1 3 417 4 5 55 4 5 Algorithmstep(stage 5): Upon searching

smal | er and ol der than the new record, we Thus, coverage val ue of the new
record i swbabalwseésase 5(ranging fromlocations 4 to for prer@msowalouss reach
location 3. 3+1=4,and the new 5) At %Eh stage, the database may be used
to determine the mninmumvalue in a specified data string extending
backwards fromthe nost recent record. Thus, at stage n, the m nimum 5val ue
in a specified data string extendi ng backwards fromthe nth record may be

det er m ned. For exargg at staq the m ni mum val ue of the | ast two
records i ©CIPYER_Iple) faoKhArge B t he second nost recent

Update

mark (price, vol) in change_list as a hidden transaction

Note that there is a delay in determining whether an order book movement is a transaction,
5 since we must wait until the transaction message is received before the status of the
movement can be determined. This is a direct result of the manner in which the exchange

processes such information.

Descriptive financial indicators

Financial indicators are three-tuples composed of {data type, action, action type}. Tables 7
10 and 8 briefly describe what each of these tuples represent. Note that order can represent a

traded order (executed) or a pending order (waiting in order book).

Table 7
7

data type storage
money value sum of price times volume of orders cumulative
volume sum of volume of orders cumulative
trades sum of number of orders cumulative
price ’ volume weighted average price of orders cumulative
return (price; — pricet.q)/ price.q cumulative
return squared return times return cumulative
return times index return times return of index cumulative




61 record, i.e. the label at location 3, which in this case is equal to 3.
At stage 5, the m ninmum value of the last two records is given by the | abel
of the sewondiwmmsissrecent record, i.e. the | abel 5at | oeetrigBroth/oowdsuch in
this case is equal to 5. Exanple 11 Tg%;es 15- 18 show how an internediate
description can be generated for |ong data series. In these Tabl es,
coverage and | abel s have been updated relative to the nost recently-
1l0entered record val ue. The Tabl es present snapshots of the database for
stages 5, 10, 15, and 20 (i.e. after 5, 10, 15, and 20 records have been
ent er ed, Fe%bedtlvely) Sanple querles are presented f or data strlngs of

I nt er est ding =Sl 2 arti cul ar
15st age. ;aahe 15 (Stage 5) Iocatlon record coverage IabeI 1 19 1({3 2
5

traded  order has been normal trade which matches a price and quantity from
executed the current order book
hidden non matching trade from either side of order

book, whose size is larger than what is available

exception non matching trade from either side of order

book, whose size is smaller than what is

available
pending order is still pending all sum of added and removed quantities to order
in order book book resulting in current state of order book
added added quantities to order book

removed removed quantities from order book

Table 9

action type

all all orders whether buy or sell
buy (bid) only buy orders (from bid side only if pending orders)

sell (ask) only sell orders (from ask side only if pending orders)

5 Data types consist of all orders for a single instrument within a specific period of time that
satisfy the selection criteria shown in Table 10 depending on the desired action and action
type:
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Table 10
action type
all buy sell
normal executed trades executed buy executed sell
trades trades
hidden executed trades executed buy executed sell
which exceed trades which trades which
those from the exceed those from  exceed those from
order book the order book the order book
exception | executed trades executed buy executed sell
which are less than trades which are trades which are
those from the less than those less than those
- order book from the order from the order book
Q
8 book
all pending ikédes in pending buy trades pending sell trades
both sides of order in bid side of order in ask side of order
book book book
added pending trades pending buy trades pending sell trades
which have been which have been which have been
added to both added to bid side added to ask side
sides of order book of order book of order book
removed | pending trades pending buy trades pending sell trades
which have been which have been which have been
c 2 removed from both removed from bid removed from ask
o -
S 5 sides of order book side of order book  side of order book
3+ Q




Sanmpl e query Get mininmumof stage 5. last 2 entries at Qutput from sanple
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As an example, {money value, pending, bid} would represent the sum of price times volume
of all orders for a specific instrument which are still pending in the bid side of the order book

and represent waiting buy orders.

Accumulation of changes that occur within a period of time (e.g. one second) and

5 summarizing them using the aforementioned financial indicators is advantageous since a
typical user viewing such data would not be able to monitor changes that occur in sub-
second real-time in any case. It also results in a large decrease in the data cost upon

delivery to the user (such a cost can be an I/0 cost in addition to a bandwidth cost).

The following explanation and examples relate to the fifth and
10 sixth aspects of the invention and demonstrate how a database
can be adapted to allow the minimum value in a specified data
string to be identified more easily. The maximum value in a
specified data string may be identified in an analogous
manner. The algorithms used to construct and query the

15 database are set out below.

For simplicity, the examples set out below relate to
relatively short data series having up to about 20 wvalues.
However, it is clear that the principles of the processes
described may be readily adapted to considerably larger data
20 series, where they allow evaluation of a data series to be
carried out particularly effectively through the use of

technical means.

Starting with a sample data sequence stored in a database
forming part of a computer system, the goal is to generate an
25 intermediate description of the records in the data sequence
to simplify identification and extraction of a minimum value
in a subsequence of interest. This intermediate description
divides the sequence into a series of subsequences that are
bounded by local minima. The generation of the intermediate
30 description and the series of subsequences is achieved through

a technique known as coverage mapping.
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Example 9

An example of the technique of coverage mapping will be
illustrated using the sample dataset shown in Table 11. The
sample dataset of Table 11 has 10 records, which are each

5 assigned to a location. The location numbers define a
“direction” of the database, i.e. the location numbers
increase in a forward direction of the database and decrease
in a backward direction of the database. 1In general, data
records are entered into the database in time order, that is,

10 the first location contains the oldest record and the highest

location number contains the most recent record.

Table 11

location|{1|2 [(3{4 [5 [6 |7 81910

record 5116141102122 113 (6 (7|7

To generate the intermediate description, the following
15 operations must be performed in turn for each data record r. in
the sequence, moving from the oldest record to the most recent

record.

Operation 1

Starting from the current location, check to find the location

20 of the earliest value which is covered. That is, move
backwards in the database, in the direction of oclder records,
until a record (r;) is encountered that has a value less than
or equal to the current record (x.). The location of the
record (ri3) is then used to define a coverage value for the

25 current location. The coverage value is given by (location(r;)
+ 1). If no record matches the search criterion then

location(r;)=0, and the coverage value is 1.



0O 91790 10010 Sampl e query Get mninmumof last 5 entries stage
10 at Qutput fromsanple query Mninmnumof last 5 entries - 0 (i.e.the |abel
of | ocatiwo26)1/03668 Table 17 (Stage 15) l|ocation recor@crt@asoagelisabel 1
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Table 12 shows the dataset of Table 1, updated to show the

coverage value for each record.

Table 12

location | 1|2 314 5 6 7 81910

record 51161411021 (22|13 |67 |7

coverage |1|2 |14 |5 |6 |5 [4]9]10

The coverage value is an identifier of the local trend in the
dataset. If the local trend is for the record value to remain
constant or to increase with time (e.g. in the subsequence
between locations 4 and 6), then the coverage value is the
same as the location value. If the local trend is for the
record value to decrease with time (e.g. in the subsequence of
records 7 and 8), then the coverage value will be lower than

the location value.

Operation 2

If the coverage value is less than the location of the record
(rc), then label all previous records from (but not including)
the coverage location (r;) up to (and including) the current
location (r.) with the value of the record at the current
location. This may mean that labels allocated when this
operation was carried out on the previous record in the
sequence are overwritten. Table 13 shows a modified version
of the database of Table 11, in which operations 1 and 2 have

been carried out for all 10 records in turn.
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Table 13

location |12 |34 [5 |6 |7 819110

record 51161410 (21(22 |13 |6 |7 |7

coverage | 112 114 5 16 |5 419110

label 4(4 (4|6 |6 |6 |6 |6]|T]|7

Once operations 1 and 2 have been carried out for each record
of the sequence in turn, the modified database can be used for
identification of the minimum value in the inputted data

sequence.

In order to locate the minimum value in a specified data
string that extends back from the most recent record, it is
necessary to identify the label at the location marking the
beginning of the specified data string. In this example, if
location 10 contains the most recent data value, the minimum
value of the last five records will be given by the label of
the fifth most recent record, i.e. the label at location 6.
Similarly, the minimum value of the last nine records is given
by the label of the ninth EOSt recent record, i.e. the label

:

at location 2.

In this example, the technique for locating the minimum value
is only valid if the data string of interest extends back from
the most recent record. The database (including the coverage
and label values for each record) need to be updated for each

new record added to the database.
Example 10

Table 14 presents a detailed example showing how the database

is built up in a series of stages, as each new record is
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entered in the database. Thus, at stage 1, the database has 1

record at location 1, while at stage n, the database has n

records, the n™ record being at location n. As each new

record is inserted into the database, coverage and label

values are updated,

as explained in the row labeled “algorithm

step”.
Table 14
Stage 1 Location { Record Coverage Label
1 19 1 19
Algorithm step (stage 1): Upon searching for record values

the database.

Thus,

the new label is 19

smaller and older than the new record,

coverage value of the new record is 1 and

we reach the start of

Stage 2 Location | Record Coverage Label
1 19 1 5
2 5 1 5

Thus,

smaller and older than the new record,

are 5 starting from location 1

Algorithm step (stage 2): Upon searching for record values
we reach the start.

coverage value of the new record is 1 and the new labels

Stage 3 Location { Record Coverage Label
1 19 1 3
2 5 1 3
3 3 1 3

Thus,

Algorithm step (stage 3): Upon

smaller and older than the new record,

are 3 starting from location 1

searching for record values

we reach the start.

coverage value of the new record is 1 and the new labels
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Stage 4 Location | Record Coverage Label
1 19 1 3
2 5 1 3
3 3 1 3
4 17 4 17

Algorithm step (stage 4): Upon searching for record values
smaller and older than the new record, we reach location 3.
Thus, coverage value of the new record is 3+1=4, and the label

for the new record is 17

Stage 5 Location | Record Coverage Label
1 19 1 3
2 5 1 3
3 3 1 3
4 17 4 5
5 5 4 5

Algorithm step (stage 5): Upon searching for record values
smaller and older than the new record, we reach location 3.
Thus, coverage value of the new record is 3+1=4, and the new

labels are 5 (ranging from locations 4 to 5)

At each stage, the database may be used to determine the
minimum value in a specified data string extending backwards
from the most recent record. Thus, at stage n, the minimum

5 value in a specified data string extending backwards from the

n*® record may be determined.

For example, at stage 4, the minimum value of the last two

records is given by the label of the second most recent
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record, i.e. the label at location 3, which in this case is

equal to 3.

At stage 5, the minimum value of the last two records is given
by the label of the second most recent record, i.e. the label

5 at location 4, which in this case is equal to 5.
Example 11

Tables 15-18 show how an intermediate description can be
generated for longer data series. In these Tables, coverage
and labels have been updated relative to the most recently-
10 entered record value. The Tables present snapshots of the
database for stages 5, 10, 15, and 20 (i.e. after 5, 10, 15,
and 20 records have been entered, respectively). Sample
queries are presented for data strings of interest extending
backwards from the most recent record at each particular

15 stage.

Table 15 (Stage 5)

location record coverage label

1 19 1 3

2 5 1 3

3 3 1 3

4 17 4 5

5 5 4 5

Sample query Get minimum of last 2 entries at
stage 5.

Output from sample query |[Minimum of last two entries = 5
(i.e. the label of location 4)
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Table 16 (Stage 10)
location record coverage label
1 19 1 0
2 5 1 0
3 3 1 0
4 17 4 0
5 5 4 0
6 13 6 0
7 19 7 0
8 13 7 0
9 17 ° 0
10 0 1 0
Sample query Get minimum of last 5 entries at
stage 10
Output from sample query | Minimum of last 5 entries = 0
(i.e. the label of location 6)
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Table 17 (Stage 15)

location record coverage label

1 19 1 0

2 5 1 0

3 3 1 0

4 17 4 0

5 5 4 0

6 13 6 0

7 19 7 0

8 13 7 0

9 17 9 0

10 0 1 0

11 3 11 3

12 16 12 9

13 9 12 9

14 18 14 15

15 15 14 15

Sample query Get minimum of last 5 entries at
stage 15.

Output from sample query |Minimum of last 5 entries = 3
(i.e. the label of location 11)
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dat abase to be 5identified. Again,
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nore recgnbecatitth decrease in a basdosar d di rlesdvieedgdf thapent ab
t he r econds—becone—older—An—infernedi-ate—descri-ptiontof—the
generatedin which 15the follow ng operations are perflorned in
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8 13 7 0

9 17 9 0

10 0 1 0

11 3 11 3

12 16 12 3

13 9 12 3

14 18 14 3

15 15 14 3

16 14 15 3

17 7 13 3

18 3 13 3

19 3 20 3

20 4 21 4

Sample query

stage 20

Get min of last 11 entries at

Output from sample query

(i.e.

Minimum of last 11 entries

the label of location 10)

0




| ocation (re) with the value of the record at the current 66 |ocation.
This may require that |abels allocated when perform ng operation 2 on the
previ ous weeorighss4ast he sequence are overwitten. Exanpl ectZEidabloersi9 shows
how a dat abase for use in determ ning 6gxaxi mum values is built up in a
series of stages, as each newrecord IS entered in the database. Thus, at
stage 1, the database has 1 record at location 1, while at stage n, the

dat abase has n records, the rith record being at |ocation n. As each new
10record is inserted into the database, coverage and | abel values are

updat ed, RRtesgiratien PR BHETHWVRAIBES etP "3 YBSSEHAPSEep”. Table 19 Stage 1
| ocation record coverage label 1 19 1 19 Algorithmstep(Stage 1): Upon
sear chi ngri®meteeasdanal absodiamger sandoot der dxzaplehednew fecord, we reach

the start.Thus, covera val ue of the_new record is 1.and, the w | abel is
19 Stage %qwcitdﬁgr%g‘gr%iiecré’\}éﬁgaﬁe Fﬁ‘gké S€ fray Be' Rods BIEG S 198

the maximum value of a subsequence of a database to be

5 identified.

Again, the database records are each assigned to a “location”.
In general, the records are entered in to the database in time
order, such that the oldest record is assigned to location 1,
while the n*" record is assigned to location n. Thus, the

10 location numbers increase in a forward direction of the
database, e.g. as the records become more recent, and decrease
in a backward direction of the database, e.g. as the records

become oclder.

An intermediate description of the data is generated in which

15 the following operations are performed in turn for each data
record r. in the sequence, moving from the oldest record to the
most recent record. The intermediate description must be

updated each time that a new record is added.

Operation 1: Starting from the current location, check to find
20 the location of the earliest value which is covered. That is,
move backwards in the database, in the direction of older
records, until a record (r;) is encountered that has a value
greater than or equal to the current record (r.). The location
of the record (ri) is then used to define a coverage value for
25 the current location. The coverage value is given by
{location(r;) + 1). If no record matches the search criterion

then location(r;)=0, and the coverage value is 1.

Operation 2: If the coverage value is less than the location
of the record (r.), then label all previous records from (but
30 not including) the coverage location (r:) to the current

location (r.) with the value of the record at the current



19119 2525 Algorithmstep(Stage 2): Upon searching for record val ues
| arger and ol der than the new record, we reach | ocation 1. Thus, coverage
val ue of wbeong@ssssecord is 1+1=2 and the | abel for the prewgpeonvmiiss 5 67
Stage 3 location record coverage Iabel661 19 (119 2525 3

location. This may require that labels allocated when
performing operation 2 on the previous record in the seguence

are overwritten.
Example 12

5 Table 19 shows how a database for use in determining maximum
values is built up in a series of stages, as each new record
is entered in the database. Thus, at stage 1, the database

has 1 record at location 1, while at stage n, the database has

h As each new

n records, the n™ record being at location n.
10 record is inserted into the database, coverage and label

values are updated, as explained in the row labeled “algorithm

step”.

Table 19

Stage 1 location record coverage label
1 19 1 19

Algorithm step (Stage 1): Upon searching for record values larger
and older than the new record, we reach the start. Thus,

coverage value of the new record is 1 and the new label is 19

Stage 2 location record coverage label
1 19 1 19
2 5 2 5

Algorithm step (Stage 2):

new record is 5

Upon searching for record values larger

and older than the new record,

we reach location 1.

Thus,

coverage value of the new record is 1+1=2 and the label for the




3 3 3 Algorithm step(Stage 3): Upon searching for record val ues |arger and
ol der than the new record, we reach |l ocation 2. Thus, coverage val ue of the
new r ecorw0i281128448 and the | abel for the new record isp8r#irgm/obiisacati on
record coverage label 1 19 1 19 2 5627 17 33317 4 17 2

Stage 3 location record coverage label
1 19/ 1 19
{
2 5 2 5
3 3 3 3

Algorithm step (Stage 3): Upon searching for record values larger
and older than the new record, we reach location 2. Thus,
coverage value of the new record is 2+1=3 and the label for the

new record is 3

Stage 4 location record coverage label
1 19 1 19
2 5 2 17
3 3 3 17
4 17 2 17

Algorithm step (Stage 4): Upon searching for record values larger
and older than the new record, we reach location 1. Thus,
coverage value of the new record is 1+1=2 and the new labels are

17 (ranging from locations 2 to 4)

Stage 5 location record coverage label
1 19 1 19
2 5 2 17
3 3 3 17
4 17 2 17
5 S 5 5

Algorithm step (Stage 5): Upon searching for record values larger
%

and older than the new record, we reach location 4. Thus,

coverage value of the new record is 4+1=5 and the label for the

new record is 5




17 Al gorithm step(Stage 4): Upon searching for record values |arger and

ol der than the new record, we reach |ocation 1. Thus, coverage val ue of the
new r ecorwoi2811108842a8 and the new | abel s are 17(rangi ng f romdB2eakdoorss 2 to
4) Stage 5 location record coverage Ia6b8el 119119 25217 33317 4
17 2 17

This database allows the maximum value to be determined for a

specified data string extending backwards from the most recent

record for a given stage. Thus, for example, at stage 5, the
5 maximum value within the last four records is given by the

label at location 2, which in this case, has a value of 17.

In this example, queries to locate the maximum value in a
subsequence of interest are only valid for data strings
extending backwards from the most recent record added to the

10 database.

While the invention has been described in conjunction with the
exemplary embodiments described above, many equivalent
modifications and variations will be apparent to those skilled
in the art when given this disclosure. Accordingly, the

15 exemplary embodiments of the invention set forth above are
considered to be illustrative and not limiting. Various
changes to the described embodiments may be made without

departing from the spirit and scope of the invention.

All references referred to above are hereby incorporated by

20 reference.



5555 Algorithmstep(Stage 5): Upton searching for record val ues | arger
and ol der than the new record, we reach | ocation 4. Thus, coverage val ue of
t he new rwoaond/izs446+1=5 and the | abel for the new recor @craBE010681788i S

dat abase all ows the maxi nrum value to be determined for a specified data
string extendi ng backwards fromthe nodt recent record for a gi ven st age.
Thus, for exanple, at stage 5, the S5maxi numvalue within the last four
records is given by the |abel at location 2, which in this case, has a
value of 17. In this exanple, queries to |ocate the maxi numvalue in a
subsequenEE2HfS j nterest are only valid for data strings extending backwards
fromthe nost recent record added to the 10dat abase. While the invention
has been descra heghpufie€ 08y it i1 Wall Bul Bl x enpjuany i egbotbmentsetdescri bed
above, many equival ent nodifications and variations will be apparent to
those skilled iU h&2aPES ahdif GXEH Eh §Yﬂ‘?%’%|°o°§l§’ﬁfé?l¢\8c%r‘gﬁ'fr%pi?,e t he
15exenpl ary embedi nentsnoigite itevembiena sedqdeordeh ogbovesarimmansi dered to

be illustrative an% not .Iim.ting. Yarjous changes to the described
embodi ments ey B S A HEUl departing fromthe spirit and scope of the
i nvention. Al'l references referred to above are hereby incorporated

by 20reference. 69h€LAINEdr shyconputert systamiies kahdrakingaadquantity
froma set of Jnpul, vaLugsa,ddi CRULEL SysIEm.campiiging, a database that

is configured to store a sequence 0 rrst 1 nput ues x" wherein
n=1,2,...i, wherein for any value of n, x, lies between x,1-1 and x1-3. in
t he sequence, and RFa§e&88&cizREd YAl Yt2 a second input val ue yn;
a conversion value pi, that is calculated fromy,

a conversion value p, that is calculated from yn

10 according to a conversion algorithm; and
an output value z,, wherein z, = zp-3 + Dn;

the database being further configured to store the

plurality of output values z,.

2. A computer system according to claim 1, wherein x, is a
15 time value.
3. A computer system according to claim 1 or claim 2, wherein

Xn 1s a numerical value.

4. A computer system according to claim 3, wherein Xp;s1-Xn =
Xn~Xnp-1 -
20 5. A computer system according to claim 4, wherein x, is a

time value and Xp~xp-1 is less than 0.5s, preferably less

than 0.1s, most preferably less than 0.05s.

6. A computer system according to any one of the preceding

claims, wherein i>1000.

25 7. A computer system according to any one of the preceding
claims, wherein the second input value y, is a variable

describing a financial transaction.



10according to a conversion algorithm and an output value zfl, wherein z,
= zn-1. + Pn; t he database being further configured to store the

pl uralitywofooupus val ues z". 2. A conputer system accecdigrpotomocisai m 1,
wherein x" is a 15tine value. 3. A con})ut er systemaccording to claim1 or
claim?2, wherein x" is a nunerical value. 4. A conputer system according to
claim3, wherein xn+i-x, = Xn-Xn-1 205. A conputer system according to
claim4, wherein x" is atine value and x,--x,-1 is less than 0. 5s,
preferably | ess than 0.1s, nost preferably less than 0,05s. 6. A conputer
syst em ac%or dithFOrBUARY DRECYT ATOTFEBE b P kIR SE WherRY§FeS100. 257. A
conput er syst emaeeor ghbgei® any one of the preceding clains, wherein the
second input value y" is a variable describing a financial transaction. 70
8. A conputer system according to any one of the preceding clainms, wherein
Pn = Yn : Pn 5Pn =PXn~ XM ; or pn is a function of the distance

bet ween yn and anot her second i nput value. 9. A conputer system according
to any one of the pretadfng clains, wherein for any value of n, xn has
associated with 10it a further input value y'n, and pn - yn.Yri. 10. A
conput er - i npl enent gg 4"‘%&*.‘99; ofy calculating a quantity froma set of second
i nput values yn corresponding to a portion of a sequence of first input

val ues xn extending fromn=a to n=b, conprising extracting frqoqm a dat abase
15according to anyPends it TUREtpracadi My Fait78Cat PRELSE af Bﬂgput val ue z"
wherein n=b. IdnhotheretBegdnaccayut R@1te.cl aim 10, conprising the further
step of extracting fromthe database a further output value zn, wherein
n=a. 2012, A xt hod ccorditneqnto cl §i.m 1'9 or_claim %1 hvvherei nt he

cal cul at ed” quahtifPUFEF SYSTEM GReoEdhiar b0 s €86n 8 5i HPGt PYETTES Y n
correspondi ng dlaisai, dwperéionfaf anlyevaegeenten,ofx,f hastassrpitateal ueéshxn;

10 it a further input value y’n, and pPn = ¥n.¥'n.

10. A computer-implemented method of calculating a quantity
from a set of second input values y, corresponding to a
portion of a sequence of first input values x, extending
from n=a to n=b, comprising extracting from a database
15 according to any one of the preceding claims at least an

output value z,, wherein n=b.

11. A method according to claim 10, comprising the further
step of extracting from the database a further output

value z,, wherein n=a.

20 12. A method according to claim 10 or claim 11, wherein the

calculated quantity is:

the sum of the second input values y, corresponding

to said portion of the sequence of first input values =xy;

an average of the second input values y,
25 corresponding to said portion of the sequence of first

input values x,;



an average of the second input values yn 25corresponding to said portion of
t he sequence of first input values x," 71 the variance of the second
i nput valwe=oymseasr espondi ng to said portion of the seguemgB2omfooiisast

i nput val ues xn; t he distapce covered by the second i nput

val ues yn 5corresponding to said porti of the sequence of first input

val ues xn; or the correlation of the second input values yn wth the
first input values xn corresponding to said portion of the sequence of
first input values xn. 1013. A nmethod according to claim10 or claim 11,
enpl oyi ng a dat aba$Beatebtadry Ao tERaPRF9d wHE Y2t HEScWl cul at ed quantity

I'S:  cor3RsBYREANE & JNQ Roedush Of die seguendel spUtingtl ue Yn and
the further input value y"n corresponding to said 15portion of the sequence
of first inputifPAtudsiRe® %y the correlation of the second input

value yn with the further input value y'n corresponding to said portion of
t he sequence of fi kst Hbptdnamdldirerd bdth dwidhad iapgoreing:s g,any one of
clains 11 to 13, furthgr 20co 'singFthe st ep of extractigggaintiona

; )

val ues from t H&€*d5CRBY é”%ﬂ“f%%&@aﬁg R A e 5§H8F"6F extrHdcting the

further outputingaltuealtbe addioti onal val ues being for storing in a cache
for use in later calculations. 15. A nethod according to claim 14, wherein

the further output .2gvalpe. and Lhe additLonaly values Logel her prgvi de a

subsequence of the sequence of output values zn. onput er -1 npl ement ed
met hod of conpihel dgratdatpbasea laesaxs i aernespooding obd nep isk evirsasnvaf ues of

a tine-dependqg%éégﬁhggég,ofQg%g@i@gpgpev§i of selecting a set of values

72 of the tine- ent variabl'e cofresponding to a sequence of
pre-determned tinme intervals nmeasured back fromtine t. 17. A nethod
accordi nglo ct demhed, aFeTUdihd  Kéadhepl T B8aligcLingS PR X dlué of the

ti me- dependentyrabhabl 8c6OFdBRPARAicNg i £k09] | R deinl8he AcABE ML RCCording to
claim 16 or claim 17, wherein the difference between the two greatest tine
intervals in t3@r§dgdente of pre-determined time intervals is greater than
10t he difference between the two snmallest tine intervals in

an average of the product of the second input value
yn and the further input value y’, corresponding to said

15 portion of the sequence of first input values x,; or

the correlation of the second input value yn with the
further input value y’, corresponding to said portion of

the sequence of first input values x;,

14. A method according to any one of claims 11 to 13, further

20 comprising the step of extracting additional values from
the database at the same time as the step of extracting

the further output value, the additional values being for

storing in a cache for use in later calculations.

15. A method according to claim 14, wherein the further output
25 value and the additional values together provide a

subsequence of the sequence of output values z,.

16. A computer-implemented method of compiling a database at a
time t, for storing previous values of a time-dependent
variable, including the step of selecting a set of values

!



t he sequence. 19. A nethod according to claim 18, wherein the sequence of
pre-determned tinme intervals nmeasured back fromtinme t conprises: 15two
consecut iwe 20i1mBed48t erval s that are each | ess than one wCm@B2p10200a84 WO
further consecutive tinme intervals in e sequence, the difference between
the two further consecutive tine interVals being at | east one mnute. 2020.
A net hod according to claim 18 or claim 19, wherein the difference between
consecutive tine intervals in the sequence of pre-determned tine intervals
increases with increasing magnitude of the time intervals neasured back
fromtime t. 2PEheAtiBApitRINdeny FrehtRYe Nt HESPONAdBEt FAF & SFAICESE
according to apredeteratAetkd AilneChiht8EIONs S WAIedl BIck NEr&t efimeof : 73
traversing the dataset to determne if any values of the dataset are out of
order according to the predetermned sort criterion, and optionally sorting
the dataset according to the 5predetermned criterion, if any values of the
dat aset ate.owt mefthorddetcoZ@indA tretchadmatepridicigidiagckrens2dy otherei n each
value in the dataset is functio a plurality of nmeasured data val ues.
10955 Aot hod SHECEHAPNERE o LA M2 Sne hPe SRR A AP REL TN he- dat acet | 5:
a) an average aalmeepohdihe teasiureed .data val ues; b) the sum of the neasured
dat a val ues; c) the maxi mum or m ni mum of the neasured
data 15vabpes, qrcndh Lbeosiandard devial foq. ofy e easheed data val ues.
24. A conputer systemfor use 1n determ ning the m ni nrum and/ or maxi num

val ue of a spetififiegdnsabseturacahef tac20seianicd ik vataewals e ddeput er
system conpri si alabase I opf i gur g re a
sequence of va%él}g]se?lcg bt gls%iCl}%}%%gh?ggn?ﬁlg%ar&%lrma%ﬁmlan%%%ér&nr;%?lﬁﬁm val ue
of tHe sequencéreofdiffFuesce prEvwERh ithpt bwdefnaldestt témst intdivyashs in

subsequence ofyy . sequence.

19. A method according to claim 18, wherein the sequence of
pre-determined time intervals measured back from time t

comprises:

15 two consecutive time intervals that are each less

than one minute, and

two further consecutive time intervals in the
sequence, the difference between the two further

consecutive time intervals being at least one minute.

20 20. A method according to claim 18 or claim 19, wherein the
difference between consecutive time intervals in the
sequence of pre-determined time intervals increases with
increasing magnitude of the time intervals measured back

from time t.

25 21. A computer-implemented method of sorting a dataset
according to a predetermined sort criterion, comprising

the steps of:



val ues, and a second subsequence of values immediately followng the first
subsequence of values, 74 wherei n the boundary between the first and
second suheequaneasi s | ocated at the position of either pChaBIHICWWLTSYOr
maxi num val ue of the sequence. 25. A cgyputer system according to cl ai m 24,
wherei n the 5boundary between the first” and second subsequence is |ocated
at the position of the m ninumval ue of the sequence, and wherein the

dat abase is further configured (i) toidentify a local mninmm
val ue, corresponding to the m nimum value of the values followng the first
10subsequence; traversing ghgefphesatt i rdptuBdeguéhcenvfvaldiafe st

imedi ately foldowargsthe; secand cxubsaauenccoQfingluesnewnerein the
boundary between the second and third subsequence is |ocated at the

position of tRFIISEEFMIBAT nFRIMSFarg&ion, and (jjj) to identify a further
| ocal m ni mum val ue, corresponding to the m ni mum val ue of the val ues

foll owing the nth spbsesueEnEsorthiageths2dataset accordingi®) tie define an
(n+2)th subsequence of val ues, 20i mediately fallow ng . the (n+l)th
subsequence ofPAFASTEE™ WRSr & HF S HE ot hddP Yé;WﬁgbﬁQtﬁ e(ﬂ£ﬁ3?%¥eﬁﬁ§ t he
(n+2)th subsequeneg bsdkecated at the position of the further |ocal mininum
val ue; and (v) to repeat steps (iii) and (iv) for all integer

25val ues 95 N A QDKo MG B AL 05K B, THINAY Laeal IO 1, arg
avai l abl e"to define a boundary between ad) acent” subsequences. .

conput er syst etataceor dsng fuondii@nmoZ4a pheralityt d beardaey dataveen t he
first and secqnilﬁgbsequence is 75 located at the position of the maxi num
val ue of the sequence, and wherein the database is further configured

(i) toidentify a |ocal maxi mumvalue, corresponding to the nmaxi nrum val ue
of tHe vaPdes & dlatbpiingcemeding s Sdabsedtenderein each yalye i dékine a
third subsequepgg <@k values imediately follow ng the second subsequence of
val ues, wherein the boundary betméén the second and third subsequence is

| ocated at the position of the |ocal 1Qmaxi mum val ue; (rii) to
identify a further 3088l AKBSRHUMAGCYQL the measured data values;

b} the sum of the measured data values;

¢c) the maximum or minimum of the measured data

15 values; or

d) the standard deviation of the measured data

values.

24. A computer system for use in determining the minimum
and/or maximum value of a specified subsequence of a
20 sequence of values, the computer system comprising a

database that is configured
(i) to store a sequence of values;

(ii) to identify a minimum and/or maximum value of

the sequence of values; and

25 (1ii) to define at least a first subsequence of
values, and a second subsequence of values immediately

following the first subsequence of values,



correspondi ng to the maxi num val ue of the values following the nth
subsequence, where n=2; (iv) to define an (n+2)th subsequence
of val ueswd2onmsdisat el y foll owi ng the (n+l)th subsequeneeTaB2ual00emss
wherein the boundary between the (n+|)}$ and the (n+2)th subsequence is

| ocated at the position of the further 1ocal maximum val ue; and

(v) to repeat steps (iii) and (iv) for all integer 20values of n up to n=Kk,
wherein at n=k no further |ocal maxima are avail able to define a boundary
bet ween adj acent subsequences. 27. A conguter system accordi ng to any one

of claim24 to 26, "RECHAt HBAROWERRY PRFYSRR KBnfilgare@ ¥ oSHHBA de a | abel

25for each valdigdeueReef i § Stosdihseguenae Pbs Maldies s thentabgle
corresponding to the value of the m ninumor naxi numvalue that lies at the

boundary bet web & Py Bex LM SBdoRd °S uble gtRfHEE e - 28. A conputer
system according to claim 27, as dependent on 30claim25 or claim 26,
wherein the. dataha$etbs éyfmhechB&deﬁgft@utadmta4prahéde1m.Mabel for each
valu% in each subse ﬁaqau tonz kt theh C rgspondln% to the val ue
of tRe local M n|§u ST ey &tag t%% 196 %ar "tREBOURYArY bet ween t he
nth and (n+|)tﬂocanbeequenne pdﬁﬂiloA obnphkt evirsiysivererdoeosditige t 0 cl ai m 28,

wherei n the dat abase is f rther conhlg? gq?to pro%lde a Iabeé far each
a

val ue in the fkﬁ%fw%éu%sedﬁgﬁgen - aSceorrespon |ng %qmalnd|V|dum

value. 30. A conputer-inplenented nmethod of determ ning the m ni num
10and/ or maxi mum vdlive o$ deniddivf Retlosabsuiquanae valua, sequaseengfingal ues,

conpri sing the stependhinun vardd bePEAKl dhNtes £ATRULEG sistemacoor ding 1o

any one of clalns rm ni ng whet her the
speci‘%i ed subeeéﬁeween$§spans the first and second subsequences; and
(iii) 1f the specified subsequence spans the first and second subsequences,

extracting the Va|qal&t t he doupdany betywen sbgefhéste and wawerd
subsequences. A et hod accordlgg to cIa|n130 usi ng the conputer system

200f clai m 29, IV%%P@FﬁthEO RN dhes BERRReTHRS SRHENESsPAr Y2 fistt and an

end point, thesndipoiAk eaf)urtcmafysm@wébﬁdtwwneadceﬁw&pondi ng to the
end point of the sﬁguence of _val ues, and the m ni num or nmaxi num val ue of

the specified PRTEERGENLR }ecaiEfephi hBE P Yl /g Che a8t of the val ue

at tihe | ocati afir@mdcheasta@ft point of the specified subsequence.

(iii) to identify a further local minimum value,
corresponding to the minimum value of the values

following the nth subsequence, where n=2;

(iv) to define an (n+2)th subsequence of wvalues
20 immediately following the (n+l)th subsequence of values,
wherein the boundary between the (n+l)th and the (n+2)tH
subsequence is located at the position of the further

local minimum value; and

(v) to repeat steps (iii) and (iv) for all integer
25 values of n up to n=k, wherein at n=k no further local
minima are available to define a boundary between

adjacent subsequences.

26. A computer system according to claim 24, wherein the

boundary between the first and second subsequence is
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27.

28.

75

located at the position of the maximum value of the

sequence, and wherein the database is further configured

(i) to identify a local maximum value, corresponding
to the maximum value of the values following the first

subsequence;

(ii) to define a third subsequence of values
immediately following the second subsequence of values,
wherein the boundary between the second and third
subsequence is located at the position of the local

maximum value;

(iii) to identify a further local maximum value,
corresponding to the maximum value of the wvalues

fellowing the nth subsequence, where n=2;

(iv) to define an (n+2)th subsequence of values
immediately following the (n+l)th subseguence of values,
wherein the boundary between the (n+l)th and the (n+2)th
subsequence is located at the position of the further

local maximum value; and

(v) to repeat steps (iii) and (iv) for all integer
values of n up to n=k, wherein at n=k no further local
maxima are available to define a boundary between

adjacent subsequences.

A computer system according to any one of claim 24 to 26,
the database being further configured to provide a label
for each value in the first subsequence of values, the
label corresponding to the value of the minimum or maximum
value that lies at the boundary between the first and

second subsequence.

A computer system according to claim 27, as dependent on

claim 25 or claim 26, wherein the database is further
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29.

30.

31.

76

configured to provide a label for each value in each
subsequence n up to n=k, the label corresponding to the
value of the local minimum or maximum value that lies at

the boundary between the nth and (n+1l)th subsequence.

A computer system according to claim 28, wherein the
database is further configured to provide a label for each
value in the (k+1)th subsequence, the label corresponding

to the individual value.

A computer-implemented method of determining the minimum
and/or maximum value of a specified subsequence of a

sequence of values, comprising the steps of:

(i) providing a computer system according to any one
of claims 24 to 29;

¥
(ii) determining! whether the specified subsequence

spans the first and second subsequences; and

(iid) if the specified subsequence spans the
first and second subsequences, extracting the value at the

boundary between the first and second subsequences.

A method according to claim 30, using the computer system
of claim 29, wherein the specified subsequence has a start
point and an end point, the end point of the specified

subsequence corresponding to the end point of the sequence

of values, and

the minimum or maximum value of the specified
subsequence is determined by reading the label of the
value at the location of the start point of the specified

subsequence.



