, e3el 6TT: U WO 02/ 44940 PCT/ GB01/05242 1  The present invention relates t@y
a nethod of indexing, placing information into, and querying a database. In
particul agyg hgygpvention all ows efficient searching of scap@ycget/a2 thin a
data storage system Scal ar data types i,nclude, for exanple, |ogical data,
text strings, nunmeric data, and date-ti r‘}‘e data. Although datd&d processors

are fast, it is inefficient and tine consumng to searcI

data held in a storage systemto fi mhPABAKE cul ar |tem]ﬂ@mﬂ"@ﬂm@mﬁ(wﬁfffigd

property or a range of properties. Also, it Is alnost i
data will be stored in nmass storage nedia, and this gives ri*s¥<to del ays

romory. | e SIERL ETER AHlatSoio. QO AT RIBIIES JaeHen JHOPRA i o560
retrieved gysiyitg & da@saeh ﬂlﬁepaméumffe RSN Slws éiﬁl:‘ieﬁ?séafb‘ﬁjdg;] r%% tdg%d

mai nt enance Of "an internal index structure. The navigation ance
of this stwithin adetaistaragessyatepr ocessi ng overhead in its own right. The
overhead can vary as a function of the indexing mechanismused. It can al so
vary as the size of the database changes or as, for exanple, the data in

t he  dat ab&6dlat Klatag bapes ripplude. nior texamplep logical; daj.cteak strings, numpric Aathatandase
storing ctagt%[}%gggtgal information, such as dates of birth. The desi gner
may, for exanple, Structure the data such that those people born before
2000 AD have data relating to them segregated fromthose born after 2000

AD. Thi's siiihah@9HatdRYoddoks 48 Fast B ide@fiibtit and ttinﬁad%ngﬁﬁﬁlﬁ%‘s Lthdbgn aHnber

of people born before 2000 AD is a constrained set, ereas the nuffber born
af ter thi ¢heddateheld inrastonage systefhtosfindas paiitivelap ders dmvingi ssspecified iprupekte yr amy

beconme redundant as the propartion of .entrjes. relati, to people born after
2000 AD | e EPeies: dRic gt paabgeblaben thedth vall Fesiu 1BpAs EoraBsge
agai nst  a i ahd Bis 2ives kB iedelays Wab 1@ disk accelCrRparéa IPcPl splell &ﬁ%&%@w 2
1 ) The size of the index. Largér indexes require nore tine to navigate.

They nay & sanicendictar raemoryc rle ésmdreneffitient ofcrebe an Sndemssuch thae #eme pen dei ons
involving transfer from gﬁﬁ_ss storage nedia, such as hard disk drives, and

faster nefgHGYeIdSNg 380a0 K onduct or menory.
Index mechanisms require the creation and maintenance of an internal index structure. The
navigation and maintenance of this structure incurs a processing overhead in its own right.
The overhead can vary as a function of the indexing mechanism used. It can also vary as
the size of the database changes or as, for example, the data in the database changes from

time to time.

A simple example is in a database storing chronological information, such as dates of birth.
The designer may, for example, structure the data such that those people born before 2000
AD have data relating to them segregated from those born after 2000 AD. This strategy
may work for a while but, it can be seen that the number of people born before 2000 AD is
a constrained set, whereas the number born after this date is unbounded. Thus, as time
passes this indexing key inay become redundant as the proportion of entries relating to

people born after 2000 AD increases.

The effectiveness of the indexing method can be judged against a number of attributes,
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such as:




2) The structural constraints of the index. A highly constrained structure
may offer initial advantages, but suffers increased conputational overhead
if it is wamei44egh to rebuild the index as the database grorer/GBoreseemodat e
nore data. 3) The key data restrictionsyinposed by the index. Thus, the

maxi num si ze of the keys or the data types of the keys or rangef
represent 8 byThersizekefythe iedexbe diarger dndekesorequire opk HITS IRaiqvigalss [y MA¥ex as

it grows or as_the datahase becones at i 4

retrieval restaSOCEAHHAN HHGRE %&%ﬁgp&x%%wxgepggg*ﬁ%ﬁioﬂ%ﬁggs %X{Jigﬁlghf%g\/f%xact
key matching, yENEAS ! medlal QU BN BRANGLE BiinG, aB) fAt@WnBmbiyyisuel ians on
the index. The 1ndex may be conStrai ned by a maxi num size. 6) Concurrency

limtations. Tsamidondectommagmenyt her all ow or inhibit sinmultaneous insertion
and retrieval of key data. Known prior art systens typically use tree

graphs with nodes containing one or nore i of key.data. In order..to
interrogap thﬂledmbﬁﬁlecqﬂﬁtéalﬂﬁségsthﬁﬁ%‘[eﬁav‘%g% c %ﬁg Ry ey Pfetes at
each node visited with ' %;\c?g(: hSoveRan S it i Requived 8

desi gn t hat ealgﬁa}]\é%xgn}aﬁgﬁrﬁggéﬁ?%% en algérhet&gx%%dﬁgnblz?/ associ atledewith t he
creation of thgpmefde #dex Agtealatdbase' goweto mtommedated®re datdat a st or age terns
can be quite large. The efficiency of such indexes can be dependent upon

the key size and the order in which data is added to the index.
Fur t her noRg, SDiekeyelatadsirictiapsiimposadéyttheindex.oTs, the aaxipuer sizgofihe keysnes

if th t t ly. Th t hod i Lol i
it onance overr e dae b Qe ke orore SrRicHBEd ey N kel R Bt aREct, b o
for high tr oUgRRUlG5YSbeBPthe ind Al gro¥sr ds e amBhicdieobiGe (juliéOhN2

According to rrst aspect of the present invention, there Is provided a
met hod of orgafitsi ng a database having an index and data, wherein the index
is queried using a search key conprising at |east one synbol, the at |east
one synbol represented by a plurality of bits, in.order to |gcate dat

mat chi ng #he sBhe key reirievelmegricionsimppesd bydhe fdex. Jpme ﬁ‘éde?‘ﬁ%l%'ﬁy ?@0‘3 act

hi erarchi cal siructuy. i s ructure of nodes being

navi gat ed duri edrrgatg@ﬁg,ﬁ&heg%[%ﬂ%egpglgﬁgfdégf%ﬁﬁ:}@%} eached, and the structure
i s organi sed such that key synbols are not stored at a node in the

Str uct Ur e.5) andragh Adfioh#en Heshdexd Aot apticlconaitahied tta maxitroussize,

possi ble to provide an efficient index structure that enables efficient
search and update of the database. The index structure is much smaller than
prior art gndegescizeney denitdiensiodBise dudenomay tejther aliew wiroindillst sptapequs
associated with the node. |ndeed a node need not store any key associ ated
with it. Furthéseiies apheetigabel ¥ 9 store the decision rules relating to
interrogation of a node. This.is because the rules are global in that they

are shared, by all. nodes,.r i infyiatni laSi| node
mkes o bibEIE ot el SR Uty RS o Gng R 8RR ohizfinE B oiAGleRt AR, TS

pat hs. of key data. In order to interrogate the database the trees are navigated by comparing key

values at each node visited with a required search key. It is inherent in such a design that
each node includes the entirety of a key associated with the creation of the node and hence

the “size” of the node in data storage terms can be quite large. “

The efficiency of such indexes can be dependent upon the key size and the order in which

data is added to the index.

Furthermore, some methods require the trees to be “balanced” at all times if they are to
operate properly. These methods can incur significant maintenance overheads for key

insertion and deletion making them unsuitable for high throughput systems.



Preferably the decision applied at each node is a sinple query. By that it
is meant that the query conpares the key or part of the key wth the

deci si on @g é2p@n at a node, and that in binary terns theptBEeBII/ES242
typically {though not necessarily exclusively) is the key, or part thereof
being tested, greater than or |less than the decision criterion. This
removes tisipagm to store features of the search key within the structure
of the in]'g‘g'vxlg‘%?elf. Each exit froma node nay point to a further decision
node, a conclusion set or to a null result. If an exit froma node points
to anot hescapaiag fohanfiishasmennt the gresenfunyentigacthere, isi provided ek imethadof a
node points to a conclusjion set, then . the navi ion, of the | X

gener al | yorgamiging dedptabage h@%épﬁiqxeaﬂéﬁataaw e]ieg'ba?ﬁ}F&deWﬁl ﬁ]ﬁg@%%gﬁesgasrggr ch
terms, in which case I Ngs Alledt BAE syniieol YepresentedBy02 phiratity @f
PCT/ GBI | | F¥sP B g ttefré%ti)r%gcsg‘?g&l’ ﬁ% the dat abyarge beIIS ongs tc?oasb(;onc _usi on
set. The GRNGhYsH& 0 I6atd dafeinbtching thesserrshtchiteriacimraderised int thet the indepds a
specific search criteria, or in sope ¢ircunstanges .store the.data

i tsel f. Thierancleealrstmictue of deciwion, pedess 8’!96%‘%?“6?10 83%%%% B%Vlgazﬁgfi%l&g s a
deci sion graph. ' The decisiop. _gr P& Rfur@ Worgahsddr sHEN tidt X8y 8ibols

i nt er nal g‘i"’f‘ﬁ‘c'ﬂ'ﬁ}ﬁea C%E'dg{?grlgr%ﬁgggd]gg@s&} on graph (I)rg general ly a@}éngilﬁl entity
in terms gf dot StofddZA ainddeidBeBivchat, mdpacc apdohas leasdhanthiserexitpathdeci si on
graph is, in use, held within electronic nenory of a data processor. By

hol ding a relatively small decision graph in RAM the data_ processor can
qui ckly f itnid thisepassibld to pbvidben efifivignt indexprimcivesthat e@ﬂ%éfﬁﬁentaﬁ%@@ of

the decisi h d equi ic . | cal
1 or e mumdes of e nbprirthe iodth e BES R SReh Hh Briff arf ke bieau e
t her eby e@{‘ea%”ocdeg Gohd fRrdme %;[ﬂﬁléoéﬁhé kaPho@arh viNGE usienindedd asdonded be

reached by one single route rough the decision graph. This ensures_that
all the kaysstbfe smyd@yakssiated with itc Fufthermorethe notes dumetHge hesdacisign rules

deci si ons. Database indexes_.can, angd.indeed ' ne ' this
can | ead teJatingto HEETQHRIPH, °f)érqog?'ngﬂ’é%lsgt%ec?‘ffgqgéa{%lg%gg %(r)%!vlvs]ﬂ ¢ dttr{ﬁes}a%

t herefore _pe 2h Béind ASAY dnkdificand del etion of data within
concl usi oﬁﬂ g&??ﬁgﬁgﬁ%@{yeﬂoﬂr thlggcrea%pibon of new concl usi on sets.

Preferably each conclusion set has a maxi num size. The maxi numsize is a
user or dgsigABkisbAMCIS mdaes paimmedision-ioTkatds, catiheods ondy hay aaeaximuaigefous| y
be related to the size of data or addressing bl ocks used by a storage

devi ce, suwh eai pathsagnetic store which may conprise one or nore hard di sks.
However any random access data storage may be used, such as optical storage

devices. As a n¢l usi on set,. roaches .or re a ] e, a
new doci sitpierbteser RoorpRicf AR AER 8 sFBE Wyt B RGLE MLBE i, 2
in the COf}g‘%ﬁﬁé #36{ th ey Br p4tel65488 KeylivthnBsvdexisiod erderion sted sodee andthat ini a
the exit patHs of" the new decision node. The new de(gi si? node is inserted
in the exitingrattemes the teside typieallyzhoughingt aecessriiy, exclusival)sis dhe keys qr

outgrew | Lo o) M SledCareatit o BF1EOMEL H' dRBisRRFrddiof. GASHelbEPtle e

to store features of the search key within the structure of the index itself.

Each exit from a node may point to a further decision node, a conclusion set or to a null

result.

If an exit from a node points to another node, then the search continues. However, if the

exit from a node points to a conclusion set then the navigation of the index is generally

concluded.

It is possible that no results will match the search terms, in which case the search ends at a

null result.



WO 02/ -4-490 PCTI GB111/052~2 5 The deci sion graph does not contain any
search key data itself. Al key data is inplied or deduced fromthe
struct ur ewqj o fagyedeci si on graph. This keeps the decision grEpGBeRIRECt .

Al so, this neans that the size of the dgcision graph is independent of the
key size. A further advantage of the present invention is that changes to
the struciy&® “Rlcotd™an dRCdAdtace byleds to anotmbusimos!. Beaicanehusionetidsedinomyes are
| ocal . That I's only one or a few decision,nodes are .affected bX gtggetﬁgange.
Thi s neano thhdataghatisetisfreathe snseifig searsh eraRr1S OF HhIOME QFmsqnesipay

conput at i gnal, erhead. Preferably the decision nodes are related to
portions, dﬁtﬁéts%re preferably relatively small portions, of the key. This
has the consequence that the decision graph is largely independent of the
struct ureaf e i slRiie A Rolh dddes alyartiegadidat atdeeisitncgrapion Theaph
places few it any, restrictions on the structure of the key. Furthernore,
the porti @gcisibn lefphkhay beofumycirbiranosiee and inédraal SHueiBEs Heweves, e dgcisigh| ow a

structured order as the decisjion graph.js.navigate portion of
the key i rgréq)hésg¢mrﬂh@e%n%nt%\¥ég?’b‘p°gﬂtﬁé}zgé’éa ﬁ\eg‘ﬁgf ?ﬁ‘gb&%@s%{%ﬁ a nonot oni ¢
fashion as the graph is navigated. Advantageously the decision graph is
structured such that, t.he senmanti. : AT bBa BAtE PESCESOr.
Thus, for Pé‘iféﬁ‘g!yetgeflﬁ%ﬂalégagﬁdgﬁ%Pg%ﬁaﬁav@ﬁ%%aé%ructﬁfrég%?};gch thgt a first
node or sefy pfidine 9&R1atie8ly sthalll deBisiddl dragit insRAM, shte dnto ppocessob parsquiekly findar ch
key and thdat, as the decision graph I s navigated totﬁ/aggs. a co% IASi op.set,
the bits' thé rdshi dfche tquaty. ahe partiselay sigee Q@b@é@(ﬁ@rﬁf B FEESIOB AR CO°S

i ncreasingly |ess significant. (S Or Desoimbdat@d to
| ocate keygduwre 3EpsSHl BIGIEHC r?ét@ﬁ’&;’%‘?al %@% an@%ﬁa@gﬁsﬁgﬁesﬁe range may be
partial ly @ fublrDaURSERddksrbtyCerhsigeperfobmankbe st ruct ure of deci sion
graph, and 1n particular the fact that changes to the structure are | ocal,
in that they only affect a node or two, rather than_ being gl ogaléercgsans t hat
the conputpfepibly edchebnelfisiombetican onlyde réacheiayi aniesineln wye thioug CISIPT oy,
The | ocal i sed nature of the organi sation facili S i ion
and retri egraph. ofhig &Pﬁ’fﬁﬁsﬁhﬁb‘ﬂ{ ﬁ’@ ‘ﬁ%?ﬁj’é‘)(“ cqnﬁﬂxplgg £et cto\/\h‘/c?m)c’tngjr toﬁag%ggégf%ug %S{ glf/ent s
may occur c¢oncurrently. Preferably there is no functional limtation to the
size of t h&HEsion graph. The structure of the index gives rise to a well

behaved increase in search tine as the decision graph grows to accomodate
i ncreased pEREESndkedadd and indBedatust, elci0e ROR/BBCIAOBEB-andeakiodiearadgtion a

second aspect of the present inventiopn, there is provid Vi ng
an i ndex, mnbrfarmanges the detabase EEQWS. s %fﬁfeé‘?rF SRPRI 6%?@0‘?59@ o pntf by
interrogating.the. jndex.usin KEY for LitEcr&tion ©T HBWicBhélGsidn sdteast one
synbol , th@‘ggfo &éﬁ&smglco%égsﬁ%é%g%r%g%e%e% by ra plurality of bits,
wherein the index is a hierarchical structure of decision nodes, the

structure g;efé}gﬁﬁse}?wicﬂﬁclﬁﬁb'ﬁ Gat Bk §uhdxiigud sSgar The usbiimum sige1d$ @swsen of s
reached, the searc [ [

criterion of each node being encoded % th gﬁsti tt'hon of
the node widédigrer ichatroltedeparameter. e Howenerd thensiza Wgy agvacfﬁa&%}és kthg‘ﬁ h8 Mhe

| ocal i sed structural anges..in the,i Ci.b.i Ndphn leNSEich

del et e andsizeof gt aé&@?#‘égs%of |%eflhggi%%r§)5£eé.deyrcg’fa§g§g€$3 eac&ﬁ(ip%tgfrﬁ%gf dat a
W thin theln{’a?/tc% e S0 oP&lop8 Hardalian] Hewses anyclandimmcess daBetirggeomasbaph
Splitting I'n”spi the strong preference that the decision graph should
resi de whohked, widhsopteatistoagdidevises.nenory this may not al ways be possi bl e.
This may be because the index becones too large, or it may be because the

host data processor inplenments a "virtual ine" i : Jdee
dat abase suisha conalusion: SHAPProaghes A5 13 %ﬁ,p?% nﬁﬁlgdg%\éf g'fﬂlg gg@%i/si(ﬁaﬂ%g does

not allocate suffici &fa WwhichWasdatiebasielusistest istecindexed
Ci rcumstand‘ésfﬁF{\émﬁet@?Esl?Jgﬁg%%é%%ﬁ%g*rg be h_e}Cd wi t hin bl ocks of msgg_hé on the
Mass St or aggeteNt 66nclifsidrneets saphadevia dhys exitrpativh of Aiedieve deiyion made- ¥ the

disk in terns of discrete b]ocks of dat Th f [ Figgi mum
bl ock si ze desisipnapde e ingpied Wl €3I g ‘?fsa%%ﬁztt}%te@? ‘{%ﬁ@g&)g‘?%é’f’ﬁ o
60K i ndex both occup. storage space on the disk, nanely one bl ock,
and simlar ?oé‘?%gwn?érﬁﬁd%%mg% ae 130K i ndex al so occupy the sane storage
space, nanely two bl ocks.

Thus the conclusion sets are constructed to be well behaved.




In order to accommobdate and work with these system constraints the

nodi fication of the index needs to be controlled since the size of the

i ndex wi |l ko agqepse as the key population within the i ndexrédmcBensser Thus
to grow the index nore blocks of nenory are required. In a first schenme for
growi ng the index when it is required tD insert a new decision node and the
bl'ack 1 s i 11486Kndt Softa@ing Geatl ki Qata eteelfloAd key datesis diplied bhe new
bl ock. Th{éﬁgdg%%lsg?lgﬁwar apﬁﬁ?s gmand_e(_j such that the node that points to the
new node @daed fomethe stridBu® 2f itheldpcisian graph. GBls keeps-the deqisign [SPBPRCL 0 be
fetched fromthe magnetic store if that Dbl.ock i .resident in
sem conduéisérmmw.mm%%?tqféli‘F%q‘fEhonc%ﬁWﬁd%ie%?[?%n’f ?ﬂr;[égg Slnﬁgde. Thi s
Jrethod is sinple but inefficient as it is likely to lead to the creation of

many, poi]g;(ghé?h%&gﬁ%gg%fotﬁé pRESH: g,x,teg- % tﬂ?crm.%r}’gep kPt strhomitecFahe Bangon ful |

bl ock. T ere e a probl™emin terns of space taken

as di sk dgﬂapﬁ%a&%e hledaih@aomesadhangesumt Socal. @hatas oblyt oriet omeafeve denisiomi se
i ndex performance as nore disk 1/O gperations are required to.navigate the
i ndex. A podekears eaffesfsgdrinadie change crisdecans {bay sugukal SGoreans l%lssﬁ?i% t he
parent bl O'Ck'fié;i . e. th? full béoc&) substantially equally between the two

bl ocks. THER! ﬁ‘ﬂfﬁ@é‘lﬂl}a&%"s}oﬂr H%e that the ori gi nal bl ock be interrogated

to find the node that best divides the block into two. This mght be done
from an apedelblydnanalitish fodls s RIAGKHRS pirliohd)andhued preferbbly arlptiveag besll whi ch
are nore SIAY7SYiccal in nature. Thus, for exanple, a recursive algorithm
n ght be ps@idn¥hof fthe depat Etisyhgsi thes censeguence ther deciféons; graph i &Y at es

the division of the index resultin omthe choice 0 .

basi s of independsnt of thesiruciusg o H’@kfgro&é’é%q?@&e %B%a%n@%qﬁ%ﬁ&g%%l X fr:fnalt ely
even di strjbut Eon i LRYERS o e SHSSEANGE P RERaEi B0t theyRdRedr of theat
each inde?iaﬁfg%tel%é%n ygfér%{srﬁgggsu nsftygnti al popul atyioon of nodes. This |leads to
a signi fi gaptd whish' € nedd isatleted dosenat havertorfgllovpatstraptrrederder aigthe Ascifighed
herei nbefore, prior art systens store.the entirety of

associ at egrapht s nawigatsdy e Huspthe Portion pf i key, iy %‘55%%‘1%6%%0&6}%&%%&%0 BF esent
invention disc|o . r 4.1 r ifavizedes do not store the
search ke 06’51%? ﬁ‘ggklg?hlgg?tgﬁlfcsf%dﬁeaﬁﬂﬁ?ﬁhtSheVisgtr-ucture of the tree.
According to a third aspect of the present invention, there is provided a
met hod of Adq;aﬁ{agg(ggt' 08 decilidribapR Rasturgrad sichdthat ah selemtic ardgr \ofideeyi n
the index Is quéeried using a search key in order t Iocgte dg;:ra %3@':%
the sear chequentesis preseived.adhes; faredagple; figrdecision; % be;stRicBired Ryehdhg
structure of decjsion nodes,. the UCt | WPR b hRY ahd fhat,

concl usi orf 18t ng ‘Feqﬁtcﬁoé’d’?ie%ﬁﬁfav%régr%?ﬁ}%hﬁ%ggduﬁggﬂg%ggﬁiﬁﬁa sub-seqauear?ce of
a key, agajdg cimﬁ%\:hpﬁ 16 andbdlat evirls Lamcheionaat tredsitsiaf tiy iy thatoare destedni ne
an action to be taken, and in. W) 02/-99-4Q_PCT/ CB01/052~2. 8 whi,ch the
portion ofatshlssclesnt sodeschtcome incresgiagivrlesssigpificant Thus thederigion;ganh,canbe

unrelated to, th rtion stored i g I hidol Inye -
As used hdra¥iggte tﬁgo .i)erolfeyﬁ)ﬁﬁbq%y ﬁ%‘ﬁ%@%&éﬂ%ﬁ%ﬁ%@g :FlzlellljgriirE ol at edeto
that at “}ﬁrﬁ\ﬁlﬁr&%ﬁyb&nﬁ@&dﬁﬂ{g&ﬁesm the key portion is not cal cul at ed

by selecti'ng successive parts of the key in a nomnally varying manner. It

is thus possible to provide a database wherein the decision nodes can be

mai nt ai nedTHektaichurelof décisian krapbj andeneatticulrs des Bal thakehspges tg the Pruclyeéifce of

a key rather than an entire key. This structure.facil.i $ &h

navi gat i orﬂpcalns@rthatdheséﬁefyr @J?ac?/@\_»aq'ﬁ‘ebgf f}%‘h‘ ﬁ‘ i Bditd BB fiRhss B . °
computational task of maintaining the decision graph is generally low. The localised

nature of the reorganisation facilitates insertion, deletion and retrieval of data using the

index. In fact, two or more of these events may occur concurrently.

Preferably there is no functional limitation to the size of the decision graph. The structure

of the index gives rise to a well behaved increase in search time as the decision graph

grows to accommodate increased amounts of data.



mat chi ng. According to a fourth aspect of the present invention, there is
provi ded a dat abase having an i ndex and data, and wherein the index is
queri ed usydayaosearch key in order to | ocate data mat chi ngct/gBos@asxh
criteria, characterised in that the index is a hierarchical structure of
deci si on nodes, the structure being navigated until a conclusion set is
reached, agehritiagfé ia%cébxﬂchdgem? thequesehinineemioh; thexpie poaviddd aditabase bgdngpst
whi ch a candi date key can be conpared in order to d(later I,ne, an action to be

taken. Enmaindes, andtariangedvthold dafa aid 19 allopise daig e be losated hy; ‘@T’eﬁoﬁ%flr’@ﬁﬂﬁg, i t

is evident that, the c ut at i.onal [ t ghi ' jon of
Lhe | enct dst it A3etrel Rey Rie 6% ontpiife o AR hEnbR, {H8'oh dadiPeyibbl Biih
testing t rgfglastedp bl @ plirafifiostt bifsh Whegirbthe diidexyista Hieratchicabsthutire o€ decision

conput ational Iy expensive 'than matching a |ong string. Furiherm)re { he

dat abase/ nodbsxthe sfructinsrmf\nodeskeingpavigatedsivring @ sprch umgﬁlea kA lysim s gacksd, i s

di vided at, each_node.and.how |likely a_s L1 TN ery.
Thi's s bl <hUSFARA BB, bt RSBy Sihbstid BERe Mdcuid dle
Supposi ng;tfie %ﬁ%g@ﬁ&deq{agﬁl@i@wtv@yemspf clients and other entities that
a business maAy wi sh to correspond with. A pattern matching sequence that
appears often will not sufficiently reduce the popul ation of keys scanned
duri ng anThedesaliged siructhial chahiges imxthepindex ifdcilithies vogcurantd insery delete pad WO
02/-4.19-411 PCT/GBOL/]|S2~2 9 pattern matching is "E', then given that
this is | ratdeyel evengtwithinithe de¥. keys, it provides little help in dividing
the key population. As a further extrene exanple, a sequence which occurs

i nf requent| 1] al so nat, redyce..t ' f to be
scanned i%@%ﬁéﬁy&@& ﬁ%‘g .0?%%§?Hﬁ%weg§taar8r%%%ﬂ%§% {lasmﬁ?ﬁ?ﬁ(éeﬁtutsgﬁ\aé%bear in a
guery and so is not a good candidate for a pattern matching query. As noted
her ei nabo%?ecisg&e(}ggﬁgp"« Rgacters I nvolved in a sequence, the less likely it
is that the sequence [ appear in a key. Thus a single character is
likely to appear in a key with many characters whereas a specific sequence
of four ChArgak&jfSthb Sstidkg prefesemct ithet| the tdecisiopegraph showld residelwholly ewithine
query string would divide the popul ati on of k'%YS ngi%gchedbfgom a tﬁOded

subst ant i akinjcoadeatorymemoryr i WAY RPt HWarebonrassible: g tpay, be REeapse ip Raex; | o

often difficult to,7.fin L& ' leméRB L£Pafagt ers
in the setbeﬁ%m?shé’lpelaﬁgree%ﬁgtn@ﬂ r?g%e??‘%ggﬂ(ﬁtﬁ?ﬁtdég P?’Igg#lsrhgg% of some
char act er spaRRRAhigorirtenT i thg daabaske stdtathat thahosifcanmmyltipskend dheesperdtinghe

characters. However, conbinations of dual charahctder% can be rare.
system does not allocate sufficient memory resource to the database.

Under such circumstances the decision graph can be held within blocks of memory on the
mass storage device of the computer system. The disk controller manages the disk in terms
of discrete blocks of data. Thus, for example, if the minimum block size used by the disk
controller is 64Kbytes, then a 40K index and a 60K index both occupy the same storage
space on the disk, némely one block, and similarly a 65K index and a 130K index also

occupy the same storage space, namely two blocks.

In order to accommodate and work with these system constraints the modification of the
index needs to be controlled since the size of the index will increase as the key population

within the index increases. Thus to grow the index more blocks of memory are required.

In a first scheme for growing the index when it is required to insert a new decision node
and the block is full, a new block is created and the new node is placed in the new block.

The decision graph is amended such that the node that points to the new node also causes



According to a fifth aspect of the present invention there is provided a
nmet hod of storing a key or part thereof in an index of a database, wherein
t he el emreRdsopfioicne key are mapped froma first set constipct/cBgi/a2ki st of
at | east sone of the values that the el gnments can take to a second set

smal ler than the first set. Thus the nunber of different characters that
can oCCUr thdindiBloERYo bé fot€dd Cauin thehmagretipstoge if shat blockns gefealisedy tesidemian
mapping is appropriately selected the |ikeli Proo of any.single character of
the secondemistonduntermemeryclavigatipn tep sapfinpesrgn ﬁﬁe%Bﬁ‘iﬁ'nati ons of two or
nore characters can.be used for sequences. Preferably the mapping is

P o9 S o Pl P YR 10 Bk T3 gl gass ol
Advant agequihieaei diiRhy BRipdY irhida) bloek fiohl ulthopartidult bokr Bids key noa e

(which is sma inter of the space reﬂ(uired_to store it) can be stored
in the connsidéred tsdt 2 poblemdimtgring of spick trkeassalitk drivesifanholdsphpnomenal

invention, there is provided a database in which t 0 a
reduced r anengofidatay, lmebP"‘f‘Bmi“HE“e'%S CPRRPY .agﬁ“eoggéﬁlr(rp%rtgo S| oﬁsg?tse
noted heregj ih@dx art dat abases store the full decision/search
key at eacti eeéﬁﬁgpgﬁgﬁggglhﬁﬁ's can create a relatively large index .
structure given that the keys can thenselves be large. It has al so been
not ed t hat AiefarélPirpRack ivonsdts shewdlak andteditorsplit thef parers biack<entthe full

invention, the search keys do not need to be stqred at h deci si,on..node,
al t hough i blockysubstardieHy eawally heswegnothe two &ﬂcﬁ?-o aﬁm%a"g?;% FraRes, ﬂgp the

deci si on node. e.aption t j : WitS twb! Thesul ts
in a relat ?%Pﬁ@%#&%cp%fgﬁgtﬁgggﬁggﬁ éslu(’)dr?]@?{e)lfées{ ITV%: e@gﬁﬂgg@ navi gat ed
rapidly. ity 86 dohd'Bohnmentiaiic@alysaalfilsenbdel at the biock ey by @pproadtes mdich t o
be stored inthe index inits native form Thus the key m be ngoded into
a formwhi ae madeestatisical 4 unatite s RS, foxcexampleng WEPTEVE QISR JUBE BC 5504 he

present invention, there,is provi d i ik ht Nhéde@
dat abase, efeRcateslly pigks ?gesgt%gggfo?r@%%ﬁﬁéggl%ulgﬁgqg%%lglg?{?rfv\tgg?h ‘:1'?1 an
encoded fofe@hlﬁ]ﬂ 250l Bie CROE Bf hb: &ldosrage basiaoftheasuilrmodifiesthofchoie oktegt . | t
is thus possib % to provide a nore conpact conclusion set. The data base

supports enadetumihtic ipproximiately evenydisribution is adievele nappi ng function is wel |
behaved, that is, that when the mapping function is applied to a particul ar

key, it al t th .. Ho it . £ hat
B S oL L SR ] ANl ik P RESE SRR
degree of @gﬂﬁgﬁ%%sdf?lpdést ﬁ&ﬁmoQ's%ﬁﬂcaHﬂ& fegd offitieatust bemehppi.ng W || be

uni que. Ad ageously at lTeast two dissimlar mapping algorithns are used.
The use of dissimlar mapping may be restricted to use in the conclusion

sets. Pattern matching.

As noted hereinbefore, prior art systems store the entirety of a search key associated with

any given mode.

The first and second aspects of the present invention dislosed a tree structure where the

nodes do not store the search key but the key data is inherent in the structure of the tree.

According to a third aspect of the present invention, there is provided a method of
interrogating a database having an index and data, and wherein the index is queried using a
search key in order to locate data matching the search criteria, characterised in that the
index is a hierarchical structure of decision nodes, the structure being navigated until a
conclusion set is reached, and wherein a node may contain a sub-sequence of a key, against

which a candidate key can be compared in order to determine an action to be taken, and in



WO 02/-1~9~f1 PCT/ GB111/0; 2.42 11 Known and publ i shed mappi ng al gorithns,
such as, for exanple CRC32 and Adler 32 nay be used to inplenent the

mappi ng fyigédQog Preferably the mapping function is arrapgedBémseet urn a
value froma range of positive integersg(including zero) whose size is at
| east as | arge as the popul ation of distinct keys held within the index.

Thus eachykft thapoktidh dTdieinlyistred ot doderinpri-Hiyh lager aflthoiridekin unyelatedtter

val ue and no keys are too long. For exanple the mappi ng can be cal cul ated
from a scthiegoridén $tewgtimthqpbgcpg‘9gagdwth% th 8¥¢towi ng f uncti on:

[ (Kx31AM(N-1}) +( KL x31"(N-2))...+KN 1] nodul oR Where KN is the nth byte val ue

(0..255} of key. K Ris the snall est powe 2 af e .S f the
popul ati OAsd;se% ihgteith the R%@Qn”@ﬂzﬁ% Eﬁl‘?él (1[1\#325? n‘%ﬁgggelg{eleam %lgtsatts)l#]é %thr e
2'6 for i i 18P 04BuIkRY By sdldetidgucteisiex parteonthai ni ng
| ess thanﬂgﬁ?&gggissgﬁdtg%}é??r?ﬁgxes cont ai nlyr?g I(lasggutchan 1.p8 X 1019

keys. Advhey agencminglly heyiogynannéror mat i on stored at a conclusion set may be
t he conventional key as stored in prior art system or preferably is a

further encoded version of the key where the mapping function appljed.is

di ff er ent Ittis thhe ppsailleto propdaa tdéz‘b?\s@oﬂherﬁ’é‘y@‘e i‘ﬁQ‘FWg fd@ﬁ? §P% ﬁe g&%ﬂﬁ!“"d
Qualifier An.index I ' f‘%ﬂ&? faed
fromthe &]&?Vlhimﬁgﬁsﬁcte%l %’ %0%?2)# r){) %é%?xgﬁﬁ-tg%@bgc}s%m a er ﬁtéjlgt?gn fal? %hnlqi a nmass
data storage OfnkCeruclird ERilithes daa baspimeigdation, MErtid -agd. réfieval by pattern

PCT/ GBI |1 1/US2-12 12 a hard disk, then a disk I/O operation nay be required
f or ‘'each meseHing.returned fromthe

According to a fourth aspect of the present invention, there is provided a database having
an index and data, and wherein the index is queried using a search key in order to locate
data matching the search criteria, characterised in that the index is a hierarchical structure
of decision nodes, the structure being navigated until a conclusion set is reached, and
wherein a node may contain a sub-sequence of a key, against which a candidate key can be

compared in order to determine an action to be taken.

" Enhanced Pattern Matching

Within the process of pattern matching, it is evident that the computational load in pattern
matching is a function of the length of the pattern that is to be matched, and in particular
that testing the match for a short character or symbol string is less computationally

expensive than matching a long string.

Furthermore the database/index efficiency also depends on how well the key population is

divided at each node and how likely a sequence will appear within a query.

This is best illustrated by considering two rather extreme examples. Supposing the index is
organised by name of clients and other entities that a business may wish to correspond
with.

A pattern matching sequence that appears often will not sufficiently reduce the population

of keys scanned during an index query. Thus, for example, if the sequence used in the



guery. Not all of the data fetched nmay be required. Consider for exanple
the case of a nultinational organisation which wishes to query its

per sonnel wipgahase in order to determ ne the nunber of enppEyessiizasged in
London and within a specific salary range. An index based only on |ocation
or on salary mght return many enpl oyeeS for a given query. It is only the
resul ted ?iﬁérﬁﬁla'fﬁl@%jise‘Eq,uhén/gibhathatmjs tikely heocpue in/mestXeys, itprewdesistip t o
nodi fy dat abase indexes for this type of query by storing nore than one key
in the i ntelp.in dividing the keypop¥Ati®fe regarded as a conpound or conposite key.
The chances of a candidate (i.e. an entry in the database) matching two

keys is much reduced conpareq with the chances of i { one
key, then Atsr?eﬁﬁ@ﬁb%’t‘tr%?eng?fap??‘?’é’t Vg arieg B‘@’@h@“ﬁ‘{féﬁ‘% 9%%?2 gﬂgfgg,og@g (E%Hel{/&vgr

di sk |10 QRSKB1ABA oRkeyd (ilLHaleh bd doahrodknonst g@rienkEnls) An exanplpg Az Hskeys
by concatenatrng keys together. Put sinply the second search criteriais
added t o: yhlileel§ to sfpeatintahpetyi and sofis ot dgeod canslidaimfor pPRkErB Matehifig JUSHY-vi dual
keys may be quite | engthy and producing an i ndex of concatenated keys can
result in the index becom ng very |large indeed. The applicani.. has realised
hat ey dustiotesblatcinaosots topie ST ST 14 SAORRBLE T fktlh Tl ity o
encoded or, represent.ad [ L Rflikelvabiabb@A i 4 key RstHCed
| engt h. Tﬁlée %ﬁ?@ceﬁg aipﬁg%rﬁ%% e%uﬁén%}ngl\g/gyéggt&sehug%t e %y in a y

concat enateghkardids Rehetdap raesoifRdseghera adf furmohiaraéters i onuoh lastbikelyrig t o
an eighth aspect of the present invention, there is provided a nethod of

or gani si ngppeadat abase, wherein the index key is a conposite key containing
at | east one key, and in which one or nore keys are represented in a

conpressed form Preferabl .plural.ity.of kevs, ar L QYI i ssed
Form - Wityen el s e oo igi Wp g dbod tnespypiaftif pPEB K ced Ro MR
conpr esse ¥ HE'B i hem from an unconpressed formto a conpressed form
The mappi %Sgnee S?&B% uni que but nust be well behaved. Suitabl e napping
can be perfornmed by the use of hashing algorithns. There is, by the very

fact that gligbemnivitkays ASCI nharaeer asteist that kyist dfiensdififculictoufind) a. suitable
representation, arisk that a uer¥ Wi, Il return both results that.do,.,match

the query seqeencomsingethel full 357aehagrsternin the 5§ asnibers Ap yrany CHarAgters 2o I ng
Fhe o o L OV
ot o ossB R PEd R s byl pifter AR (I BPRRN bl Glesdf the

m s-mat ch Jpgedctbt®55) N Thus, the error rate is generally small.

Advant ageously all hits returned are inspected so as to validate the data
and renmove any wongly returned results. Wien perform ng insertion,

del eti on oHoweter, comtiinatione of\dnel Reayacitrs carle ®Enpr essed usi ng the same key
transl ation process as was used to build the index. Preferably each

dditional el f he fi | Cof .
e esent cAcesiing wadtasera o HeregSrvaion 1de i APRRESR R R elF

ong. key or part thereof in an index of a database, wherein the elements of the key are mapped

from a first set constituting a list of at least some of the values that the elements can take to

a second set smaller than the first set.

.Thus the number of different characters that can occur in the key is reduced. The mapping
is not unique but if the mapping is appropriately selected the likelihood of any single

character of the second set occurring can be reasonably high and combinations of two or

more characters can be used for sequences.

Preferably the mapping is applied to the key prior to navigation of the decision graph for

insert, delete or query operations.



Thus, conparing the present invention with the prior art, a prior art
concat enated key conprising eight key elenents, each of eight bytes,

occupi es G dyi@f | n the present invention the principal kEyGBayos24de
represented in an unconpressed format, sthereby occupying 8 bytes, whil st

t he seven additional keys may be respectively represented a one byte

qual i fi er qTiisocblifty eRhé thk ebighsiigtyivalue andhe corivpriadkeyy value (Wiieh ipsmaller er
keys are optional, and none, any or,_all of tae E\%ys Wﬁ% be tprovi ded during
an’ i ndex tuterys dithe spase remred it Fere i caba storgd I EGICOREIYAN 8- t he i ndex
structure. The testing of hits against the qualifier keys is perforned when
scanni ng the concl usion sets. ..t wll . . i is
aspect of Acsardinga g aﬁ%‘?‘ﬁ B%h'ﬁféﬁe%i 1@%?1@@{1}%%6?%{%& at(::d a%%?gsi%}él%gr es,
such as a ' Bcedlt dfvakespricr 1o hetdxalasigatiare in this
applicati 61%ﬁe§g%l‘%£vp\§@9@%wgd/ GBAl/ 0s2~2 24 Additionally qualifiers can be
used in conjunction with an index where the infornmation relating to a node
is inferrege C&ﬂggebﬁo%ositi on of a node rather than explicitly defined by
or contained wthin the node itself (such as an index constituting an
enbodi ment of the first aspect of the present inveptjon). 6 According to a

ni nt h aspegs natéd héreinpbese seme prienait dﬁt,agitsﬁ%ﬁfefq @epfk‘ﬁ\ﬁieﬂlé' n/ge &lﬂgﬁ%é'ge%ﬁer ein

the index contains at_least one key.. 0wl KE ¥Sysadaa
r epr esent él§ciSiNNOLE; %"é’dcr{:%? f rcéga%lg gﬁegﬁé%‘/&hs%ﬁlgt ed %ﬁrgﬁ‘eﬂiiﬁg ef otr%,eS , the

ef 11 i ency, gh JAkbeiAse. iv1e%R6 teafinbied biaghi ¥ detehasodondtituling ar dnsbddigpent
|

characteristics use herew t h, | eadi lr}g)' to potentially,i nefEi ci.ent iOH%exi_ng
n

syst ens whTike plesert dpvensibmethe seardinkeysudol maf neae i@ Be iSHEEht e (decisiop g

exanpl e of such an unbouynde ey.is the d I k caRshat |

i nc?gases alghppghcil mmaynpe §6s ﬁe%g%{%eeggoﬁlg %tfg{rléek’%g%lelgé&t%ﬁeg i nde‘%&' t?\heey

cause new e Morb MOrtidiiCH e Sfrch eplsall resilid iasa télativelyl chompact attmbesl et ed
e

fromthe i(ﬁ)él X They y cause fragnmentati on where obsol ete areas g{%the
i ndex canngishe fFeUwkich an beevikayd vapidips Homevep thedinpenter basi ralised It eous

if the index structure_ could be organised.in s y an
unbounded k@éyd@ﬁdloh@t:e‘k&hg’é stased i“h%&xm?‘c')" %%Sééﬁu%g%%ntﬁa@gtt%gg glﬁﬁg&{ 0 a
tenth aspect : 1aRYER feBibed kpee 1s provided a nmethod of

navi gat i ngergogégt%g’g%@h\?ﬁ@ﬂég rafllg;eeof keiys/as%bet ween a first key and a second

key representing limts of the range, and wherein the keys napped to a
reduced rapg&rdiafdoid sévepthoispedt off the lpeeskrty mvestiono these ds eravédedor meiipd pk

mappi ng a search is nade of the mapped space eat.er .th d t he
ont A | ewodikaye Hahis bSO MR Keyet Ay b ISR i P Ler

operated on b shin ElhRP GBmbRRbf tegkekeys are
substantiaﬁq?fycggffgﬁ’wSai%‘g?rrlegg%ghg?t%%gu ou{&ft&he dat abase. " Thus, for

exanpl e, an unbounded date/time (K) (which nmay, for exanple, be the nunber
of mlli Se&%ﬁﬁm%&lﬁe 18 broVaRUARYrelARPhcticondosive sdte Thedatabaspshpporipxasher e
N is the chosen dulo for the index. Thus the converter key value wll

al ways f al matohing.t he range 0 to (N-1). WO 02/ ~~9~() PCT/ GB01/052-t2 15
Preferably the nodul o value applied to the keys is greater than or equal to

th i nber of distinct, k | i .
| ndox. Howdvi Amperaduatshe pEPREEQiTTon L Sl ety el 7 BBl he BaforhC

Advant ageousl v. { he ' SliSy(ipdags Rturhdteemtle efsulthe tree i ndex)
contain thimlgglﬁﬁl%nap@ﬁg&h)?n%%g% fo?m Th?s reduces the possibility of error
since the search key can then conpared with key data in the conclusion set,
both in theigwerat i s hof Aecesse) tidiathe meppinggiseiigres dudeed vhniothfe MAPRRES

i nvention can be applied to conventional B-tree of. her..,i .
algorithm g?v%s a high degree of compresgion I?t becomes {ug?ﬁy unhkeﬂrdt%tetﬁe mapping

will be unique.

Advantageously at least two dissimilar mapping algorithms are used. The use of dissimilar

mapping may be restricted to use in the conclusion sets.



According to a el eventh aspect of the present invention, there is a

dat abase i ncluding a nethod of codi ng unbounded keys for use within a data
base, chapasigised in that each key is processed by an opecrEGB01/0s2¥Xh nmaps
the key to a bounded range. Transient Keys There is sonetimes 'a need to
handl e data whose validity or usefulness is |imted to a certain tine
range, or mg%ranﬁ%gﬁsﬂgﬁ néppin@algorithrns, isach av, fordasmple £FREI2 andohdler 3amayent "
data is handl ed mich Iike nornal data, and as a consequence it is usually
necessar y bé asezkiplimplement the nsppingfuestiong tr ansi ent key data or to renpve
sections of the index where such obsol ete key data resides. Such operations

can be very processor intensive and can.incur a_sianifl f ce
overhead Rrefeiahlyt the manpifgs BCHon 1S ATanesd £ rﬁ@gf ndag%néé@?gﬁgee&,&c%r ing to
an twel fth o r‘aﬁ iz h@as 1hige s theSpdpututioed distinet k

managi ng %ggégﬁﬁﬁﬁﬁﬁmgqﬁgﬁa agg?hgﬁgﬁgﬁﬁériggd in t%g?'the keys lnc?ﬁde a
data fiel gejdnetithimt thegndexdThas each Keyrhastihe hotential ke he mepped By gorthEtod at a
shoul d be mai ntained within the Eata base. ' Thus, some or all of the

concl usi onnetbesvalagandnaksys aiedeo 1998i ncl ude data indicating the duration for
which a key and its associ ated properties can be considered valid.

Preferabl y, oxpl 1 keke S e obe ACKLEI SRR YEh GOMEONTRRS! yhomeset <

but they rwitlng ata once they have
expired. . iohS no need to explicitly delete transient keys and
hence no g§§§%?%§ﬁ@§“%verhead isinvolved ina WO 112/~ta9-t0 PCT/G BO 1
/052.t2 16 del etion process. Rather, once the marker _indicates that the
data is no |onger val[{kP xBhENsphe (Khat3 1NN o@dupt & ilmogdlad avai | abl e for
re-use. Although it would be possible to provide an explicit date and tine
mar ker for the data at which the informatjion would no | onger be detected

Wi thin t heWbereckY is thensbte valne €0.289)0fdeYdncodi ng coul d take up an
unacceptably | arge anount of space. In a preferred enbodi ment of the

present invention, the key is assgociated w.th Uit ¢ & ol a
nmeasure of its Rds Fh?rﬁnaﬁﬁé,poﬁ’ﬁﬁlogﬂ eg rlqﬁ‘% @eaﬁ?gﬁﬁ]ﬁﬁgpgltg%lgfg’@{ ﬁgugéé‘é@,g%

whi ch the data @hk@%hﬂ&ﬁ.no | onger valid and becone avail abl e for
overwiting. Preferably the age unit is a variable, whose |ength represents
t he nunber of seconds in a single age unit. The age |imt represents the
nunber of ebtad aluad dfR arehi ch a key may be renoved fromthe index.

Advant ageously each concl usion set contains an age base which is a
date/time stanp of the nost [epentl¥ i nserted/ updated entry in that set.
Wien the concl u2¥ for indaxes eonsainiagdesy thanid 099 Kexsf  each entry is cal cul at ed,
and advant ageously the results of the calculations are stored in an entry
age field. A co ri,son may he. made bet 0 entry age and the age limt
to deternmine V\hg}r%??”ﬂégeé‘ﬁf? t?:‘ﬂ‘wrgrﬁ S%Wﬁ@tfé > Determining the Duplicity
of Scal ar Data As noted hereinbefore, prior art (B-tree) decision graphs
are navigated d {. igﬁ&q 1 ey val ue and pointer

i nformati on. hbgﬁggkﬁ%%éghgﬂéeC|sf%Eﬁ%hggzpﬁ%tﬁ?gquire one or nore disk

i nput/output operations to find a chosen key. If the index is used to
record the xqxhshenslyhe ey iffleemion somtianatomhsionstemey biheicomteational key
conbi nati ons are frequent, then the disk structur f t.he i.ndex b

i nappropri a$ stofadringriof ggh syséant, o peeferablyyis Pé:'hﬁtheAE’é‘iS’ﬁ?ffYFdS‘P’b 015513%‘3?’3%5% ﬁ'e
aspect of the present inventio €. [ kishng a
dat a base SHPATEHEcen FEGeL ICBEeliES e TuRbi RER F RSEREys, (e AREIh
keys in th%ﬁﬁmy index are stored in a conpressed manner, and wherein a
check may Be“nade of the key index to see if the key exists prior to
interrogating the decision index using the key.

Qualifier

An index query can lead to many key hits. Each result returned from the query may result

in a retrieval of the associated data from a mass data storage device. Since this is typically



WO 021~.19~0 PCT/ @&B01/11;2-42 17 It is thus possible to provide an
efficient nenory base nethod for determ ning the existence of a key with an
i ndex, sugpénabst he need to search the index itself direcedycBonoseie key
can be avoided. Thus the invention effqgtively conplinents a standard index
structure by hol ding encoded key val ues in senjconductor nenory._ The

exi st ence, GhrRdikEYthis aci€c KOcbperatior mayybereaquired dorseash eesubigermed; fiemsthe | f o
matching entry is found in nmenory, the key is rejected as a duplicate,

ot herw sequaryattenpt is nmade to insert the entry into the index. In order
to provide an efficient and conpact structure, the key index uses a one way

mappi ng functjon, such. a hash function. The features of the hash
function HP%@H’E@C@&B&EW@“@H%E‘?%@&?‘% such that; \Wenever the napping
function is invoked on the sane key value nore than once, the mapping

functi on mict CORSISLERI o Laleimh IdRirkAOH GRuesan Wiktcivishes tonguery its

i nformati ey has been nodified; If two keys are deened

equal , t hggsaidl ida@badecinronder toglefermineithe numberefemployees basd Rdyondap epd
produce the sane result; It is not required that two .

mapped t o vdthis pspecific salayaangen i idex %%$"8\ﬂ“§’{ iy ?%ﬁa{s‘?‘? ﬂ‘g{’]‘?r%e@{vjl“tlﬁgxfrgﬁﬁﬁ
unequal keys wi |l i npr i | CreRCHmIPhnd Buited oF thePABIDed hduirpsiiatcode
al gorithngwgu?ﬂplggewgfgg%d%'eg 32 ngy be used as they provide

sui tabl e fufifebi @RAublkizel N an i npl ementation of the key index, the menory
may be arranged as a honobgeneous array of four byte elenents. This array is
known as the identity array. Preferably the nunber of elenents in the

identity arisdnowa ta nodifyratabase indaxes fondhip s QyeTyby %W@%?’ezﬁ“’é}m Yhel d
within the index structure. However, .it-fo Ptk r

suffici entiniﬂépri_n‘_ie’f- h’gl‘?sotgﬁgﬁ Wﬁﬁg@i’@e& ‘Eéﬁ J&M@ﬁé {3 ?g%mﬁgogitgggsgsﬁ%é’h%ha?%egex.
Two hash fo‘f'lcéah&*laéte e %dénn%i% Rlelatibast) indichiny twickdys s muthretineedaomppredThe

functions are sel ected such that; WO 02/ ~~9~0 PCT/ GB(|I 1@082~2 1% Faor any
tWo unequakitk eieschaticearnd alcandifiate saghing ene/tey) thep thesnypber pg hifs fekugpe ?X(ﬁ‘ez

'I[3 ﬁ;‘;% oo cﬁlg¥y itsvr\gdu%gg grlljc? %ewlére disk }§anrfagra%1on\’\é1 aerfa?ecﬁl(ill&. = B(L), it is unlikely

It is known to make these composite keys by concatenating keys together. Put simply the
second search criteria is added to. the first at the time of index creation. However, the
individual keys may be quite lengthy and producing an index of concatenated keys can

result in the index becoming very large indeed.

The applicant has realised that key data need not be stored in its original form but can in
fact be encoded or represented by a word or bit sequence of significantly reduced length.

The first key in the index, and every subsequent key in a concatenated key can be

represented in such a modified form.

According to an eighth aspect of the present invention, there is provided a method of
organising a database, wherein the index key is a composite key containing at least one key,

and in which one or more keys are represented in a compressed form.

'Pre’ferably a plurality of keys are provided in compressed form.



A(K) = A(L). The hash function Ais used to calculate the offset el enent
(O.N) inthe identity array for the key K using the follow ng equation:

El ement nwober44940ABS( A(K) ) nodul o N Where ABS(..) returns tier/gBei/ gned
magni t ude of a nunber and N is.the nunygr of elenents in the identity
array. This function is known as the elenent function E(K). Each elenent in
t he i dent Pieferablyathe keyw ae ddpifressbe by mdpping thamnfromf fswacomprefised forpy taep K) . A
key (K) is deened duplicate if the el nt. at . of f set taiRs. E(GK) . If
the el emef@mprspied;faan.g ﬂi‘e SRappme, ged &O?g% unigpe byt @P?etubcef‘& ﬁ b%ﬁqg'fe g‘b ? u%tg‘él? ched
to determne . L G 55@,5{% ithisert a key Kinto the index
the fol | ot %{ngzalgggk%&%ﬁg\?g%%@ggghrs. ?1%(2?1“3%( K) is calculated. Then
B(K) is calculated. If the elenment at E(K) in the identity array contains
B(K), thefgptleisi ppand vy et Gk alifféentokedy Mah drt epitsertedvbyethe sametdeducetenent

at E(K) inthe identity array does not contain B(K) ther} the elenent is
overwr i t t espresentation, i riskithata qussy wHl refurphgth tesulis taat idg geatch te ey apdsemes ¢ he

key is a duplicate. The e.of an identi i . t he
storage af® t3 é‘lﬂﬁldroe‘li’t%a%abp’c? L ?@#cg%gtawe%/ggpﬁf@ ?ﬁﬁ%@g@gﬁ%& one
mllion eghyy is%%ﬁﬁ&?rdﬁ&bﬁligaéf BhidiaRs dnwie key e /255, batboNr@alifiere over
32Mb of nenory to cache the index in nenory. However the equival ent
identity stermybabilitydf emiy-nwéchipy1/259N6 of menory. Organising | ndexes by
Hierarchy As noted herein, prior art indexes typically use tree graphs with
nodes containing one or nore jteng of four key data. The tree graphs

(deci si onT@ﬂaﬂh%W%frréteH%%DﬁEﬁ“é{(f“@vm to | eaf blocks (conclusion sets) that
hol d the key value and pointer information to the stored data WO

02/ :19- 4l CT/ GB01/ 1 ~2 19 struc V| LiE § ire
one or mﬁ’ﬂ?‘éﬁequﬁl%ﬁ %ﬁ.‘ﬁ fﬁ%‘{m%&p%#réalﬁ%gtgdgg a%?ﬁghlg& é#c}%ednﬂ%gif/q F%X%‘&eéglg cess
operat i Oﬂ%ﬁé‘?&&bﬁ%d}&ﬁ[@sent t he hi ghest performance overhead of the

i ndex since, Th general, disk access is slow conpared to nenory access and
data bottl enecks can occur. To mitigate this overhead, indexes are often
partiti onauher pérferadin pmettion) deletamsomuetitvalo the =av ket mwst bh pemprgssediusiag
thereby allowing disk |1-Os to be overldz%gggiid&l%r.i%% i ndex operations to

i ncrease ftthes ey tranglationBrRpess a8 vap Hied; : et hod of subdi vi di ng
the index presents a flat one dinmensional view of index division. According
to a fourtgent h, aspect | t t i [ ta
base i ndeﬁfﬁ%{ﬁ% ea‘P“ nadéﬁ} Eﬂnrgir]glre (F:}{?:ﬁ(?: gﬁérst,'[h?‘uf%?t uélgﬁgslﬁc(ﬁe{ ﬁgm%&gd%ﬁ?ﬁé%}? %ﬁagy&a
del egat e sepRsedted dsa “YRalifieradEich quakifiaris prefeatdy hely libytelosg. Preferably a
del egate index may itself delegate sone of its work load to one or nore

other indexes. . An index participating in such a hierarchy of indexes is
r esponsi blIBpromparinggtheqressab ineption Wity thesnrion agly 3 Pkt Lopcatenasdgkey

sub-range c%];npiéies%sg glghtbﬁe@aclelfemgﬁtsf‘ Qa%ilh(ﬁr eikﬂdﬁ?fes, ioEclip?es 64 bytes. In the present

invention the principal key may be represented in an uncompressed format, thereby

£

occupying 8 bytes, whilst the seven additional keys may be respectively represented a one

byte qualifier. Thus the total key length is now only 15 bytes.

The qualifier keys are optional, and none, any or all of the keys may be provided during an
index query because they do not affect the navigation of the index structure. The testing of

hits against the qualifier keys is performed when scanning the conclusion sets.

It will therefore be appreciated that this aspect of the invention can be used with

conventional database structures, such as a B-tree, or with the structures disclosed

elsewhere in this application.



known as a del egate index, and its key sub-range is known as a key

mani fest. Preferably the key manifest of an index is defined by limting a
cont i guouwosizbdetd of bytes within the key to a conti guous RGRIGBOIIS2420ssi bl e
val ues. Any attenpt to insert, delete gy update or search for a key that
does not conformto an index key manifest is rejected by an index,

ot her wi seAtditiokally quatifiets can bes ubednid] conjungtiom avithnatejndex véeee B infmgtiprgat e

i ndexes. The hierarchy |, arranged sugch that  ,eagch inde have a
zero, onefe&tm_%‘?énﬁé? 9@%&68 _83(%‘9 Pgﬂﬁ?n fa?:ﬂo erf&@?rme 10?}15';%%15‘6%@'86& e
to one ot gk, L DX hin¥e" %d@ﬁsélﬁgﬁefh Basn fiaex onditRigdel AURIdinémM GPHRS firstn
operation 1o I nsert, upé‘ate or delete a key is submtted to the del egate
index W t fspbétefalpppresont atventieny. mani fest. 1f none of the del egate indexes
have an appropriate key mani fest, then the operation nust be handl ed by the

index itself. Wiere an index has one or nore del egate .i ndeges, an operation
to sear chAtenrdingitea ninthgaspeas of therareseatiinyentign, there isipEoided-a databas yhegain i ¢ h

appropri ate .k mani f es nd the search,i t i | The
query res&FH§&¥?8W£?H§a£§?§€ﬂwdgwe€gfélgﬁ%@fggqgfg&gongfh%%éﬁm%é?§£p¥F-49U
PCT/GBlllé&&%%g%dgghﬂjth the result fromthe index's own search. Al of the
queries can be perforned sinultaneously. It is thus possible to nodify an
i ndex structure such that work can be subdivi ded across vari ous sub-indexes
t herei n. BeaddedWey ndex may point to an associ ated physical storage device
t hereby allowi ng nultiple concurrent disk accesses to occur. This reduces

the disk bottleneck and allows faster operatjgon of the d@ﬁa bases as whol e.
The pr esens notadchareinhefare, ther efficisasy pledate basei mdexes on fe pighty é?P&H‘g‘FIE UPRPt h

reference, to the acconpanyi [ aw . ] ichoa H erd:ds.; tic
overvi ew HFOlfeﬁe&ﬁfaé’geéﬁﬁcﬁ ﬁ%?gﬁtp%ce)‘%};%’ | %%url% @%wgeﬁgal@gﬂn% ﬁn?; %%%@gggﬁtggtgl on
of the | ogiheRl thet kdiChalue i9komimally shaeasiigaph dedregsinge Ansexnephd of abitly an
illustrates the structure of a decision node; Figure 4 schennti cglal\x

i 11 ust r at esbaunded key, i the slatsftime keyhthet constanty dncregses, with suent 4img.i £ thgse
"illustrates the,structur f t j [ [attTe

schemat i c&FSATF Pﬁl%éittp gfleel ﬁg)?i th .agﬁ &s%%f %%a%?%@g?&?gw% %ﬁ%tgfvaﬂg gﬁg%a?lidcal ly
i 'l ust rat @8ystark ABREAISRGH Ghe O Gy meay daug fragrfiematioaneliare abdolete hieas of thees

the procedure for inserting a key; Figure 9 schematjcally illustrates the
procedur eirfdex camhattierrgussdifeynevrkeyyauasy 1 svouibs E‘&Hyfadi"?%ﬁ%eﬂ‘%dtletée t“?f%’*
procedure sgrgcrnlr%nco%i(cfiﬁé or@%s&f’ﬁrﬁéh a way that the use of an unbounded key did not cause

the index to become unbalanced.

According to a tenth aspect of the present invention, there is provided a method of
navigating a database with a range of keys between a first key and a second key
representing limits of the range, and wherein the keys mapped to a reduced range, and if the
order of the keys is not preserved during the mapping a search is made of the maﬁi)cd space

greater than the larger of the keys and less than the smaller of the keys.

Advantageously the key is operated on by a hashing or modulo function such that the keys
are substantially equally distributed throughout the database. Thus, for example, an

| unbounded date/time (K) (which may, for example, be the number of milliseconds since 1st
January 1970) is converted to (K modulo N) where N is the chosen modulo for the index.
Thus the converter key value will always fall into the range 0 to (N-1).



Figure 11 schematically illustrates the procedure for a range of query; and
Figure 12 schematically illustrates the procedure for traversing a node
wth a deg@iQogr oup G decision value V, to mni num and pEKGENTILEY
ranges, and returning a result. Fi gure (13 shows the structure of a portion
of a decision graph. Figure 14 shows thé |ogical structure of a

modi f i cat Prsferdblgithé aibdaioealue appled 24 the. ke9d ivdremteythan or 3qualdodha mexigrur edur e

for inserting a key, Figure 16 shows the cedure for deleting.a key.

i qur 6 17 membemot tingt bk i SR be g HERY feoflex BGe@Pi it o

Figure 18_sh . d : 5ing the tree with a pattern |ist

and returﬁ?lﬁgfﬁ%gnﬁ}ag{}??& ngll}%g&fgﬁgﬁ%% the procedure for a search of a

pattern list. (L). Figure 20 is an exanple of how a pattern match process

hel ps in ?Aﬂ%ﬂtg%oqagaﬂae EbrdisRonsbtsi (Rodes € iRraidi of the tresindek) amntabi tiee kbgdnsi on
ounde

graph having a I ndex; Figure 22 shows the structure of a nodified
concl usi othesetmagfped torm.23This hedvaes thalpogsibilitsuef ereresnes the searchykey eqn then

splitting a deci si, raph, Figure 24 schepati . ld-ust nd
wby of SpePmpiiAg wiTed: G B ST SRg e 68 wlis R AP} 5 MeBBRRLT o
the confi %{-}Fl%tckﬁ%e%oiﬂe&onp%i te key having qualifiers therein. Figure 1
schematically 11lustrates a database incorporating an index constituting an
enbodi ment of the present invention and a data store. The index 2 conprises
a deci si opgiaiéht#naas b appliedad conventiombRateesir otter iddexes. 5, 8, 10, 12 and

14. Each conclusion set is reached by one, and only one, path through the

deci si on graph. However each concl usion set then points to relevanf entries
within a dakcerdiigteea Ebeventh aspect of the present invention, there 1s a database including a

method of coding unbounded keys for use within a data base, characterised in that each key

is processed by an operator which maps the key to a bounded range.

Transient Keys

There is sometimes a need to handle data whose validity or usefulnegs is limited to a
certain time range, or other range of values. In prior art data bases, such “transient” data 1s
handled much like normal data, and as a consequence it is usually necessary to explicitly |
delete obsolete transient key data or to remove sections of the index where such obsolete
key data resides. Such operations can be very processor intensive and can incur a

significance performance overhead within the database or can impose design constraints.

According to an twelfth aspect of the present invention, there is provided a method
managing keys within a data base, characterised in that the keys include a data field
indicating a duration for which the key and its associated data should be maintained within

the data base.

Thus, some or all of the conclusion sets may be modified to include data indicating the

durafion for which a key and its associated properties can be considered valid.

Preferably, expired keys are not actively removed from the conclusion sets, but they
become available for overwriting by new data once they have expired. Thus, there is no

need to explicitly delete transient keys and hence no performance overhead is involved in a



Figure 2 schematically illustrates the structure of a decision graph,
general ly indicated 20. The deci sion graph commences at an origin 22. Al
navi gati owWQ ¢x80¢h t he deci sion graph nmust start at the orP@i/GBoifée40ri gin
may have zero (for exanple when the datgbase is new), one or two decision
pointers pointing to further nodes within the decision graph or to

concl usi odelstion pragassh RBather, odee ithsi warkenindicatey that dhe data 19 nollonger validcthei on
poi nters, W t?—‘?ﬁﬁaﬁCh deci si on pOi'Ttb?e\r,%POi nting to either another decision
node or t SPATCLHIL AUSTRIFS S Spadepyara B¥°4-t9(1 PCT/ GBOL/ 052. 42 22

deci sion pointers at a decision node will be referred herein to as "the | ow
pol nter *_ AhoubR i b BOBABE to pROVIREAPHGNCR il il thhe HAITE! BbUrigde I N
the decision graph can only point to elther one other decision node 1n the
sane deci sihich (e agformuatidnowaeuld inogbxgee badktesied withirt the Aogcldsion sétpthigfomplofnode
must be pointed to_exactly by one other deci siﬁgn nod in the same

it
deci si on grensiingrouls) take up an uBagseptablyilarge pgpount oy spasec ﬁhé\n pgﬁ?erge@tenﬁlmigmgg

poi nted t . Y I Sik it Dl i .Sd r .
Thus. any otttk MafRhneRey BAgiaaR RRh Melin whth A76 Shafyf/dia

uni que pathrrédtregind he ape tintii Which iapitates die ddecatonhigh the Thasandrkegue mat h in
known as a navigation path. Figure 3 schematically. illustrates the | ogical
st r uct ur e lasfgenvalidsndibspome aeailablefar eyeryritingli cat ed 40, in greater detail.
The deci sion node includes a | ow pointer type, a |ow pointer, a high

poi nter type. a hi gh pointer..,.The |0 inter type 41 jndicates the

pur pose o%’??fﬁ@gg’o’%e f)‘gﬁg H‘Pgrls 3y arlﬁlﬂg, \p/l&%e\s/grfg%lg éefprq_sslbtg %}Flmggheri %Ccfle %%%5 BAet her
| ow poi nt gfngfezagg%m THeQgd 1R Icphahts A Gufbet 6 dpe GRARE hHG WHiCE aqce,(}ﬂz@ YeoW
poi nter 42 dgives the address of "the deci sion node or of the conclusion set
that it peemoeedifcom thezidex.val ue can be inserted to indicate that no pointer
exists. Simlarly, a high pointer type 44 indicates whether the high

poi nter 45 points to a decision node qr a conclusjop,set. The high i nter
i ndi cat es Advanigerauslysagh CQWB’SMCE?W‘%%%?&%%\?L’GQ Niog E]%"F’(S‘l’P%%@IgP Hg&‘ei t
points to. I . : d | adi : . Lt

i ot . i EY B ik Qb ) i e SEC, Wil B cBRUGERSL BReliet e
repr esent gge anehchleftrP ik saldulnted, dad advanegessty thardultd of the oalcylatidrisgine stored
schematically illustrates the structure of a concltﬁsi on set. . A copclusion
set conpr i8R eairppge Hglds A gpmpagisosrRyhespade Yetuenn the entrigage ad the age ity g
68 each |inked 1. I ,qg k giving the address of the next
entry in f‘%geet%%@?%%%he%ﬁc%pgﬁe hé‘?:’henati cally illustrates the

| ogi cal structure of each entry within the conclusion set. The entry

consi sts qjetérm’iﬁﬁgﬁ{eqbﬁici%aﬂgbﬂa@éthnk field 80, a key field 82 and a
property freld . e link fireld points to the next conclusion set entry.

The zero value can indicate that there are no nore entries. The key field
82 hol ds tAsencadhdreinbéfore, pfionark (§-tneb)edesisont graphs mopeavigated dova tb 184f Blotkss t he

ti [ d with that key for, | e. t ddr. f the dat
Cor T o pondbiGorhe ke kalye PbpanisspBRnG. DEVERIEE oh AN BHEh L pd e

i ndex, th o i ; av hg | :
0 021 o 2B TN T R e g G s

each
deci si on nedbed vthsi dxisterek ool unigue ieyatombingticns, mwherer duplivaten eombinatignsoars of

bits within the key. Thi roup of . bits is known as .a "deci,si.on-group" the
nunber of frsapent; theh the B@@isg'f"ﬁq’}?eg‘?gﬂ}%“@ﬁﬁnﬁé{ SPePPEPRRE 104 8 Wqﬁgﬂ?ﬁ@ﬁc%f
bits bet""%g%lex"ﬁ single bit and all the bits of the key. The range of
possi bl e values taken by the decision group is known as the "decision
range" and is bounded by a decision range m ni nrum val ue and a deci sion
range nmaxiAgedrding tea thivteelifiCaspectoflihe peesentninvantion,ahere ingyovidedom ynedtaduaf | ess
than all bits set in the decision group, and simlarly the degision range
mexi mum vairganisipg a Bata hase spah that ghese éFC‘ﬁlﬁ‘éH‘dP’ﬁé“rHﬁE‘?Yslpe??"%&é“ Hekenti  For
conveni engg, ;. ni;num X1 y i inghed
ragn t ude ke PR B3R e L EHAY Yl Fin B PR SRRl B B B o
val ue. TheegeRdexiieBecifltieckes @kt prioe fo ineeidgatingthé decigian nidex using thedteypoi nt er
is followed when navigating through the decision node. The high pointer is
used when the value of the exam ned decision bit group in the key is
greater than the decision value, otherwise the | ow pointer is used.

Conmpari son of the decision value is advantageously performed using unsigned
magni tude notation. The decision value can be set to any val ue chosen by

t he system nanager,



desi gner or operator, but advantageously is selected fromone of the
followng: 1. The mat hemati cal nedian of all possible values of the

deci si on @psi08 The mat hematical nmedian of all the expestBdBy@lsees of
deci sion groups. 3. The mathematical avgrage of all the expected val ues of
t he decision group. 4. An arpitrarMal ue specified at Lge ime aof creation
of the i nideis.thiis ppssiblectdi provisle ar efficientememant paseomethad Jor (Jefermiging dhe
recently used decj sjon val ue). and Ci Sl ' |

el ect i oréameRcact ERoWIG b aesy sughJfa E pEER, LR HLRBEE udP alrtony WP
advant age ddaecessarily, be based on one or nore of the

fol | ow ng@giﬁgcg‘g%?gﬁ%n group may be the sanme for all the decision nodes.
MWD 02/ ~.19~0 PCT/ GB(11/0S2.12 24 ii. The decision group may be changed on

every Vi sihud fhednétiios effoctivelyeconiplimenishe stadard index giraaiyre rhyyhobding lengeded when
the decision value fromthe previous decisi onﬁ?o ere ch]fes Oﬁ&%oaches
the deci skeynvalaenga semiqondvaterrmerBenys ke exisignee of Aikey i deckqto (prior

deci sion group...iVv, The degisi . tih1ea; { §4 9N

val o bot feeripe edriat 5 sl iy TR f1R0HG, ey e g

| ess t hangsMgate bikeFwibs adateaipristaaie torinsehahelentfatothe mdet. t he deci si on
group at a ‘deci sion node nay be determ ned on the basis of one or nore

paranmeters. The size of a decision group may, for exanple, be fixed for all
deci si on hpdeder tbiqwevide ant ¢fficisitzandragmpact stivetaies dbe key indepcusss @ PR, way

deci si on group when,a new deci,sSi,0 [.oup 4.S t ¢ .nat | , the
si ze may B@PBEE, AR P adiash E'H%Bﬁg' drglc?’l %?%ﬁe%goﬁgtll}% b Ignlf&ngﬁﬁlgv?/lr ﬁgi:el\{si on
group is ﬁﬁéﬁﬁ]}%qﬂmtm%eg%hmagn of a decision group, relative to the key,

Si 0 e

at a deci e can ased on one or nore of the follow ng. The
position of the decision group may be fixed for all decision nodes.
Addi tionakly anghéieved thermaipingefupctiohés posked on taf smkcbe@'alsmonogr oup may

be a fixed offset fromthe previous decision.qgro en, a_new deci si on
group i s sel ectthan onqey Hie MaRRING FIncHgp (AR c@Bﬁg‘F‘?@P%%?S%eivﬁﬁlﬁsed if the
index is to suppor el ki ; ﬂ;’%q:,pglﬂg difigg;particul ar the nost
significant bi tﬁ%éﬁdﬁétdoﬁgoﬁé@nw‘p%fﬁ?ﬁﬂgg i erarchi gall l'y significant node,

such as the origin. Then the significance of the decjsion group within the

over ?‘} | key shqphygh kBRMrdgecrltangasl, then 2aNip diomnasping fumetiorodn detrefasi ng
significance.

the two keys must produce the same result;

. It is not required that two unequal keys are mapped to dissimilar values,

however, providing distinct results for unequal keys will improve the

efﬁciéncy of the index.

Published hash code algorithms, such as CRC 32 and Adler 32 may be used as they provide
suitable functionality.

In an implementation of the key index, the memory may be arranged as a homogeneous
array of four byte elements. This atray is known as the identity array. Preferably the
number of elements in the identity array is 1.1 times or more the number of unique key
elements held within the index structure. However, it follows that it is merely sufficient for
the identity array to be at least as large as the index. Two hash functions, A and B, are used

in conjunction with the array. The functions are selected such that;



It i s advantageous to consi der sone exanples of how the index may be

navi gated. Figure 6 shows how a four byte key can be navigated in an exact
mat ch seawaho2z/44miot hi s exanpl e the keys are stored in ASCl |pcodBngosand t he
nunbers shown agai nst each key show itsjgval ue in hexadeci mal notation. In
this exanple, each decision group has a fixed size of four bits. The

deci si on gr oupFosanyoiveduseamakkdysaK lapd dowrheroAfle= k) itfis wnlikely ¢hati gni fi cant
bits at each ng\&ngg? visited. In this exanple, the nost significant bit is
desi gnated zer } REWHExt WO 02/e9-t0 PCT/ GB(I1/052~2 25 nost significant
bit is one, the next nost significant two, and so on. Furthernore, for
sinplicity, th | S l.J N BSio f s, if the
deci sion groupﬁﬂrggﬂt ﬁzléé)\‘i}g%/cﬂ:lgljg%}gg@ a'gt%’% @Itl%\rgtmtkéreg ’ritfslts)l??lﬂ{(ﬂ%-ﬁgﬂr{aph is
traversed to thgK)efA@)However, if the decision group has a value of the
range of five to tifteen the graph is traversed to the right. As shown in
Figure 6, a nunber of names are presented to the database. These nanes or
key val ueThe hnsh fanetion Aoisrusedid ¢alculie therffset elemiemdPelN) Ththetidsnditie airagnfor

equi val ent_ of ch kﬁ%flﬁ | pcat ec{. adj acent the nane. The navigation process
that wil | hsdey&spsngEl IPLOWRBEGRUON; o1 j nsertion, deletion or matching.
Initially the keys are presented to a first decision node 100 at which bits
zero to three are tested. i he g occupi es one bhyte, it
is apparent that bits zer oﬁzégﬁﬁﬁggt%orégg 0 t%dﬁg first character in
the keys. Thus, as Fred, John, Bill and Eric all start with a "4" there
keys are Rypaom®d) ehinedel siined Gndghiudy o @hnkier tandaNSBCIHS thungbeelofnode
104. However both Zoe and Pete have an initial four bits falling outside of
t he range elearentstin thenidentjty amrdy.consequent |y their keys are propagated al ong a
hi gh pointer path 106 to node 108. The nodes 104 and 108 occupy the second
| evel of the decision graph anii con&ggﬁlilergé% their decisions are based on
the next fiyisrfupgtion is known agthe elemang ¢ nds to | ooking at the next
character in the hexadecimal representation. Thus the node 104 Bill is

assed al | ow | evel. | G as
Dta 4 tol7oh feplt yOYE gy ik 0f BEx) WRHRRILRREn G6%s PAler IO o
passed al Qigeya(KY i§dedrfadHuplivate!i€ theleléinénd aboffset EORY comains BEOY 1§ imveidmbstcause
bits four to seven in their key encode the values 6, A respectively

[ and §
i n hexadeebrtains any ethenyvalusiths index sirucire mysibesgrcheda deteymingits dupligifiz sed

along a low level pointer 114 as bits 4 to 7 therein encode the value zero,

whereas Zqe is passed al ong .a hi lLevel inter 116 as bits 4 to 7 encode

the. va ue fonen abenat fy et @y i i BueR BB piheieritiurk et pborfly has

been sear %‘iggﬁy( E@g RAGRt SO NEhAUSBAY 18 BhlculbiedUTEthe cRalatal EGa) ihyAtslé {d_etiﬁttyr ates
r bite Wi

how a fou ey can be navigated in a range match search.

Fi gure 6, akeysomtains Bi(1§),dbleri the ABErtlis wigtedgs anluplidate Kstlaweyat, ikibe glgaientat each
key to shqw its value in hexadecinal .n Lon.. WO 112/ .19 10 .

PCT/ GROL GHs) o thegaqifiy ey st Eonain SUGo RS s I PPaT e RGP v BRDe o
eight bi t%ndgﬁsaréﬁﬁixﬁédybf&ﬁ&uﬁe&ﬁ)d%ﬁ%edpm& Kepidd@upliexte. ei ght | ess
significant bits only when the decision range 1s exhausted; that is, when

t he decision value reaches either boundary of the decision range. In this
exanpl e, tTe u¥eof asiidpmitity ammt cdnsideiablydedicgs siicestiorbge arza rasjuireth ¢o heldttherbistt bi t
one, and so one as_was the case w th.the.exanple own i igure 6, The
deci si on rofigckeys. &2 fgta basphadongan @%%x%@e@f’ﬁrgf:y VAs 3? gg\%s [‘B’gcg\%pt al |
digits and, JRPSLGARCoL&! SEUD OF RERENLS babilt HCinSCiA RO - HERRvECEies! on
val ue at every node used for a new declsion group is 48 hexadecimal, and is
t hen changggdivalnbilentity amagwanhl afly dévappddMipometraiysi on val ues of the same
deci sion group at each subsequent node for that same group. Were only one
previous decision value is _known, then the m ni mumor maxi mum bound of the
deci si on \QigaeisingdAndexes by Ebetarghpendi ng on whet her we have just navi gated
the left or the right, respectively. Using the sane keys as in the previous

- e, k . d fi whi ch '
Tt o gr peed hein His eparees el ibh B8 antn g PARAEH 87
val ue 48 (exaflae bl k‘% %Jealtz '|£Ee &Y grafts (A66¥iOn ghabRS) arGhiVigABTddwm 6o RabS

along a low pornter to n , Whereas John, Zoe and Pete along a high
poi nter 124ods, (commiesidiRgets)Ahatrimdibthekey value lsad paster defounationytotthe sthradglata he
deci si on val ue. The decision value used for this new decision group is
changed to the nedian val ue of the previous decision groups reached al ong
the sanme path. \Wereas only one previous decision value is known, as in
this case, the m ni num or nmaxi num bound of the decision value range is
used. G ven that four node 122 was navi gated agai nst the | ow pointer 120,
then the | ower bound of the decision range is used. Thus, in order to

o, " N M - Y O




WO 02/.t-t9-LO0 PCT/ GB01/0S2-42 27 . Simlarly, node | 26 reached al ong the
hi gh point 124 from node 118 has a new deci si on val ue cal cul ated, which in

this instgiseawld be 4C (hexadeci mal}. Applying the key apct/oBsiemee, John
will pass to the left (low pointer) becguse it contains the value 4A which
is less than the decision val ue of 4C ereas Zoe and Pete pass to the

right hangﬁr&aﬁgh Wi GHHRE hdRAak Byt B! @i rorehdisk dhm/ofifpui npersifns to
respectively, which Ts greater than the decisjon value 4C A further
exanpl e ofindenckdsemdrexanDisk asees aperatines eenerally; represea dhe, bighest perfprpancg

thus a search i rfofmed using the f i [l a: t ch

i ndex on Qﬁef,hﬁ PP@ﬁé‘i‘(&étsé‘}cek’é\,g%\ﬂeﬁag edéé:l{]gc\gh%g?igltog @o(r)rﬁc‘%lrjeﬁly%&gél@i atcg@sgnd
being in Lhe fANgRietks Gn’dBowd Ny mitifatkitie bvedeid; iindoxgs atepoftdn rtiided A
deci sion graph origin of the nost significant 8 bits (L)gg 1 St Ig&gra%ter)
The deci siwith gichpartiiou assigediy agifferent nhysieal cdisk,sharehy) alloyring gk Ifdsite;

node. The ASCI| codes for "A'" and "Z' are i T ef ore
a sensi bl @verdaed dyripg mgex PB?raﬁW?Sstoglrnﬁlifﬁse’l @?toﬂ%glrlre%@]og@ﬁj\%g%g%%a%& ?%S I'n
thi s examplghod BeaflEsidioRe HicBradiBacmeoRydinRasiona Vel o indd divisioh, ever y
time that % Rew dacrsiorf node |4 reached. A conparison is nade of the val ue

of the bits in the decision group within the key to the fixed deci sion

val ue (78)adcBrdifi & B frarteditic Aspot of die preschbirvemiontirne & propived i dnta base
approach involves changi ng the decision value at. ﬁaph m)(xeg t? a _new, .

deci si on rindsx divided, int # dieserehisalovirycng Suety thak agciofey g1y Ides e O ify by
t he deci sion,range m ni_ num : iSion range maxi num which are 65 to 90
respecti ve‘T"if.lJ(\ﬂHg%o%inﬁ%{ePo gwce&%%éesf'(t deci si on node, an operator nay choose
to sel ect the new decision value by using the nedian of the current and

previ ous Gif‘r}?.fe%bwa\d@ie ¢ indbe Mdyhiselfi delegate@vmd of its woek badup onedr moreotheri ous
deci sion value I's avallable, then we nay use the decision range val ue

m ni mum orind@esum (dependi ng on whether a | ow or high pointer was
foll owed, respectively). The selection of a new decision group nay be nade

when the WO 02/ ~~9~0 PCTI G301/ 052~2 28. deci sion val ue. changes by | ess
than 1 or Animslestpagicinstingiarsugha hﬂ?ﬁ?@gﬁeg’d‘ge’ﬁﬁ l%?ﬂ??ﬁ‘fﬂyeoff’r ﬁ&@&‘ags "58‘%‘1 l&&%’n

val ue changes is_give L (Y NeTy i I o agotBerVvialiele ipfis 82.
The starti e@eﬁ‘fcgiad]nﬂ'\(}gftlﬁsgﬂénéjﬁg a?l%‘%qrgarg étjgpikgﬁ%&%rhe (c)ieqi%i on rangle is 65

to 90. TheyfiRa & DdelcaruRddraadieskeysab-rangelis kinawn a8 atew gprifest. i s sel ect ed
when t he deci sion value changes by | ess than 1.

Preferably the key manifest of an index is defined by limiting a contiguous subset of bytes
within the key to a contiguous range of possible values. Any aitempt to insert, delete or
update or search for a key that does not conform to an index key manifest is rejected by an
index, otherwise the key operation is handled by the index or one of its delegate indexes.
The hierarchy may be arranged such that each index may have a zero, one or more delegate

indexes, but each index may only be a delegate to one other index.

Where an index has one or more delegate indexes, an operation to insert, update of delete a
key is submitted to the delegate index with the appropriate key manifest. If none of the

delegate indexes have an appropriate key manifest, then the operation must be handled by

the index itself.

Where an index has one or more delegate indexes, an operation to search for a key range is
submitted to all of the delegate indexes with appropriate key manifests and the search is

madé by the index itself. The query results from the search delegate indexes are combined




Deci si onChange i nActi onVal ueDeci si onVal ue7g_Fol | ow hi gh pointer (82 > 78).
New deci si on val ue =78+90 /2846Fol | ow | ow pointer (82 < 84). New deci sion
val ue =84wWIB02/@843Fol | ow hi gh pointer (82 > 81). New deci spOnGsai/ase4r= (81
+84)/282. 51. 5Fol | ow | ow pointer (82 < &3 . New decision value =(82.5+81

)/ 281. 750. 7SChange deci sion group It should be noted that indexes which are
not requi mitl the reswpdromkiby indax’s ewal seBiehy afdb ofdhe KiugHesacan hetpestormedyyi | y

constrai ned as those that, do. l.n particular.inde required
to suppor Fl“l"itﬁ’@%’“ﬁ%tp i‘ﬁdh‘&qaplosﬂg _etoa O&ﬁef‘}?é’?{ge%_ %&gﬂ%gg§°hﬁh§t g’rgl;kg F%’, B%md
can changgddiGd e airaésOrrigh Ostidb-iR@ses HRfeiRr BadH aib-inde:amdy paiht & &PassbANeE

deci sion groups arbitrarily when the decision value gets close (as may be

defined byhysival stpsige rdeuies ittenehy alowing mulfiplseconeureant edislpgecgssas torocgur. s
managenent funciiop) to.the decision range l.im that is the naxi mum and
i o v R to Peibucantk o H G et A GalipE bbb ghiHesdsin BTy oo
than a presel ected anmbunt. When traversing a navigation path for the

pur pose Oy ] Is | &1 e edl 1oy PRLURAL Switk Yeferkh& 664 Si ON
group of ITH%B%E%% lgg?netgﬁe@hi @g}é%r%a‘%g‘glbg?’ @g‘éﬁy gem sion nodee s/i E‘%t e? s\n th
the deci shemypahyigg dfawihgs, ttewhishon node and the | ow pointer or high pointer
is followed to the next decision node or conclusion set. Once a concl usion
set has been reached the journey along the navigation path is conplete. The
j our ney aFiguee 1 tse sehoingtie pvervipwtofi thepregestonvaionet e when a deci si on group
val ue indicates the use of a decision pointer that does not exist. WO
U2/-4.~1 ~0 PCT1GEB01/052~2 29 A conclusion, set consists of a series of keys
and assoc P2 &%%?@PF‘PE%.CPW@‘WM&‘%]%W%W’EW%%T%Y‘WI%%F >a concl usi on

set is limted by an upper bound which can be determ ned by one or nore of
a conmbination of: 1. A fi. Lim. 1. ified at the tinme the
index is P@é?%ﬁ?he?atlﬂalﬁ)flﬁsgmttéhsa%é%ann%éd;%g%ﬁg%@g tehroughout the lifetine
of the index; and 4. Alimt that varies as a function of index grow h.
Figure 8 i gy MOQrRAUREsthRiur BB£ESicRBioA sk€Y (K) with properties
(Q. The Ei%’giﬁﬁ‘?{g?ﬂ?gﬁf%yn‘?‘gs at Lﬂé‘fesep 150 \Aﬁere the index is entered at its
origin wwth a default or initial decision group, DG as set by the

desi gner . Firéb gelienidtidaliysilluspitathanitadhire opardentrytio acahciudion seta st art

deci sion value DVo. Control is then passed to step 152 which tests whether
the decision group in the key is greater than the decision value. |If the
test is s&igusd 6 echenmticellyillusttatespacaactseareh piocadiue. wher e t he hi gh poi nter HP
is exam ned and a new decision value DVI is created. Fromstep 154 control
is passed_to step 156, me,re a check is rforned to see that the pointer
(whet her Erguge hachematiy %%‘Pﬁ%?”o‘?“%?%&ﬁﬁb‘iCR{‘r‘g‘F) exists. Similarly, if
step 152 indicates that the decision group in the key is not greater than
t he deci si I ] | 4. : 8 where the | ow

poi nter i sl,:‘i) x%%s%%gl %ﬁ%ﬁ&aﬁlﬁg‘%&{t%e%% éﬁogﬁﬁl?/i ag&ﬁéﬁl%%i%ical cul ated. Control
passes fromstep 158 to step 156. From step 156, Control is passed to step
160 provi ggsird YathdntdicRlDy MMustkatethé poceddirefor WeRtihgskey;t 0 see i f the pointer
points to a further decision node. If the pointer does point to a decision
node, then control is passed to step 162 which advances the test to the
next deci Fligume hdschenfatioally Husmics6le proeedunt for an prastkey qusrst ep 164 whi ch
perfornms a test to see whether the decision group should be changed. If the
answer to this test is yes, then cont r%ﬁli passed _to step,166 which

cal cul at edigwe 11 sehemagicaliyillusteaes e pror f"g?“&ﬁﬁal}gﬁ ofgesvuate with the
criteria as set out hereinabove. Control is then passed fromeither step
164 or 166, .back.to,ste 2. | I st 5 term -t h LNt er .does not
exi st coﬁ:tlg‘g? 2 538 B&ajlg'om?‘?té%esl ij%&g gﬁesgjrt aggélrn ) itngﬁe g’ﬁ {hag ;Elg%gf&ﬁ
concl usi OEr&/?ptGPdHéistié}?ﬁhlﬁ@VﬁbQﬂnﬁﬂl&l‘éﬁﬂ flaxipmakeprahfes, padl hehing @ r@itnt WO
02/ ~~9~0 PCT/ @BOL1/ 052~2 30 to the new conclusion set. Control 1s then
passed to step 174 which adds the key and its properties to the conclusion
set. Figure 13 shows the structure of a portion of a decision graph.

Figure 14 shows the logical structure of a modification decision node.



Furthernore, if step 160 does not point to a decision node, then it nust
point to a conclusion set and control is passed to step 176 which causes a
junp to beygeglawio the rel evant concl usion set and from t hear/GBoséem 174
such that the key and its properties ar4g added to the conclusion set. A
test is nmade at step 175 to see whether the concl usion set has exceeded its
size |im pjpuré 15 Bowiahe brosédude fortinsestingradteygr own t oo | arge, control is
passed to step 178 which represents an exit fromthe key insertion
procedure, however if the conclusion set has reached its size limt then
control i Fipasd6shdws the procadie fimideletiog 84e¥s a new deci si on node with no
pointers. Fromstep 180 control passes to step 182 which updates the
pointer of the ;7)revi ous deci Si on node to Igoi nt, to the new deci si on node

rat her thahgurad’ shewsiheBrogeduse farap exegh@upy|Maeh { hen passed to step 184

whi ch exam nes the old conclusion set CS(S) to see if it is enpty. If it is
not enpty gontrqgl .is passed to i f d
property efﬁgqrg li%r?hPW% d?{g?e&&reof?tr%v%géﬁé grg%%sd a\?tlegg?setsdn? E&etuﬁﬁyegﬁi n
order to fLagh the new conclusion set into which this entry should be

pl aced. Once the entry has been reallocated to a conclusion set, it is
removed fromits current conclusion set CS(S) at step 188. Control is then
returned tRigsedp shdws thaprdachdurp faesarchof agpéerndiat. (A i | such time as the
conclusion set CS(S) is enpty. Control is then passed to step 190 which
represents an exit point fromthe key insertio rocedure.. Thus, in

general , tHiguner26deauexampls of hosea patiggh g r%ﬁ’?asnli‘fﬁgs B SeRE ARy properti es
into the index requires the navigation along the decision path for the key
to be inserted. If the navigation th termnpat.es. wt L RiNing at a
concl usi orFlg\é‘ie,:zlt‘ﬁ%Whﬁmﬁgwlg‘éﬁ%tf%%n&ggfmﬂ%ﬁth%%Blg acﬁrbéﬁg{ieecgﬁgénhd a deci sion
poi nter updated such that it .points at the new concl usion set. The new
deci si on i nt j L18d; raph at the point that
traversal pboolgmie?@ Sg}ei"%l; %hlggtr{g%tﬁ%gﬁ %{e}lrc)%ﬁﬁggggémﬁggseeger, if the navigation path
term nates at a conclusion set, then the key and its properties are
inserted iRbQret N ShéRhIUSIIRGTRES a fifsaoly 6Dslitingat deisia graplgoncl usi on set
varies the Size of that set. Thus, if a new key is inserted into a

concl usion set and this causes or would cause the set to exceed its upper
bound, t heFigarePvichenitizhlbyillusuizehasecond ey of splitting a decisian graph: apdn group
and/ or decision value has to WO U2/ -4-49U PCTI GBI 111US2~2 31 be
associated with the new decjsion node aﬁnthe (&eci si on. ggl nh%r. whi (:lg.

pr evi ous| yFigoren2 eerhematioadly rillpsirates the ganiigyration qf Cqmpasie Xy AFane A BETht ¢ o
t he new deci si.on node. Then every itemfromthe old (now full) concl usion
set has to"&einserted into the new conclusion set or sets follow ng the
navi gati on path along the index. The data in the database will evolve over
time and tiﬂiggxee\do LéHehf@fically! tinisisteside dafabasdelmebiporatiaf e yindexn domtitusingean her
because the data 1s no |onger relevant to the data bgse_or because it needs
to be renowatodioentefthe presentjnyensioasnt s dataialpre nHie index 2| Cogprseses 5‘?%?’.0‘61‘

t he dat abase does not. beco .er e AR hRT b tiq.
Filgure. o ool FELt PYRTY GLepabaBif i, . 107 00 GUETY Back BBRIGL SHEE.
of the steps Riepy SRNhAEaIly bie,tjagsBradphthe devistorigaph.i Heuveviet tacheopausion o
Figure 8, and corisequently these steps have been given the sane reference
nuneral s. Jetuberspoints to Bpvens engEs yithin adpiaistoss 180 t hose al ready descri bed,
with the exception that if the test nade at step 156 indicates that the

. q ist. 1h . .
e exit fr Braurng sarariealy natam e subuly S tslathif, et fRiGEREET
t he test ag.ggtd%%gi%ﬁggﬁptcgmeﬁggs dth@torighe2 PoNtavigdiasthigighnhe décidién graph

‘deci sion n he case wth the procedure for inserting a key).
From step #Afst s@Rtat tk otiginp Rzetiginmmy dpveszo (heeample when the dglabassrisaevh o
see if the conclusion set CS(S) is.empty. JJf the concl ysion. set | Y,
cont r ol isOpasfget('}’ot@Cﬂ@pp%)@rs\/\ﬂ?’t‘ﬁngg‘btf%@éeﬁtné’g%snwgg]lnt E’%r‘geﬁfsﬁilegﬂg ogogghre
otherw se qonLgby L; PBSGPEELAR!ISEn 388 W Cinkid eMBND SledispaIBEOUSh. t he
entries in“Phe"€ohcT Usi on set. The scan comences with the first key (L} in
t he concl ushendekdiompsinieppointihg it eithre anpthesdatision rdePr 2018 opprlpgiomseteshhe] s
made to see if the key (L) is equal to the deletion key. If it is, control
is passed to step 210 where the key (L) and its properties are deleted from
the conclusion set. Fromstep 210 control is passed to step 214 where a
test is nade to see if the key (L} is the last key in the concl usion set.
Control is also passed to step 214 fromstep 208 if the key (L) is not the
sane as the deletion |ast key. Control is then passed to step 216 where the
next key is selected and control is then passed to 208. G herw se, control

o . ~A A a2 . ~NA .- o b




Returning to near the beginning of the procedure, in those instances where
step 3S2 has passed control to step 354, step 354 perforns a test to see if
bot h the wgwimokey val ue and the maxi nrum key val ue are |BGEGBhEIT2er equal
to the decision value. If they are, combrol is passed to step 356 otherw se
control is passed to step 358. Step 356 perforns a test to see if a |l ow

poi Nt er eddcidion poitdré atdtokeisivntnode will borefesepbysindo an“ths Towuppipter “hent s
an exit fromthe procedure otherwi se control is passed to step 360. Step
360 testshighpot®er’s the | ow pointer points to a conclusion set, if yes,
control is passed to step 400 otherw se control is passed to step 402 which

recal cul ates the decjsipn ou | .S}k . d i ]
traversal et?l'?é%?‘émieﬁ agax}yg{eﬁpg) \?{g)(aﬁaqﬁﬁ{eer ‘{]E%Eéﬁah ng{}} %ﬂlgx’ggﬁg%%‘, 2 Test is
per f or med {,@: §68sibh nblCinthOnRidRiskin gHasts oeti Ssinglé tonvhmiorcsent Aay dedsipassed

to step 362 otherwi se control is passed to step 364 which represents an
exit frongtapk nodeaedtbepoisedty SBetlpby puy etherdectsion node yuthin thesprae dpgjpion

i nt ints t | ugi t, if j 400,
bt hor w 6 erphiardy the SRR oSy vy Sassltin e BYFChy ainBATS Haddl B 6y 7
group and OH(EE GLcikign n¥@é WahiAHe §REGS glaph.t TRiis Adyecoatiasion eét dah@nlyrtepeadiedbe

perfornmed starting fromthese new values. Step 400 perforns a test to see
i f the cobglfoBbwmgsetingl8)ani smigmptpath thiroughsthe dlepision|graph famsthel originst Ehis404
whi ch represents _an exit from.the procedure. If the conclusion set is not
enpty, th@ﬂlqaeﬁ’é@dBllFPP‘é{Pa%%%“%ﬂhofl%g‘e entries in the conclusion set is
initiated, starting at step 406 where the first key in the concl usion set

i s selected. trol | t1Q,: i i med
to see i TtES oyemdaty Sfiging e 1BRAFRris KL ARAEodE BAELEY

maxi num Keygivabd@e, il fgrdalte demsiul Tholdetisionteit includeses low fymintehypkey lawd its
properties are added to the concl usion set (%}ﬂ t step 410 elicgas if, the
test at stpeinter0@® high rpeideritype and\p high gotnigy. p pifttes Sype 4} Indieatesythe; g

passed to step 4 in whi.ch t i Ll ik 4

under conWﬁP&ﬁW ‘r‘]’g' Rayes E%t?ﬁ%&dvfﬁgﬁﬁﬁezt@%n@] %&lgcri\lkétgt, i e?ﬁ&?g%ﬁéf
control i ﬁggﬁﬁﬁ% § Becidi6Pndlb4r Y 6onchafurasenTse low miiter 42 gives the agdressaxfur e.
Step 410 al so passes control to step 412. If the test at st

. 412
det er mi neshd dedisiomaodeey of tareronclypion et thet i RO o 73R Vpiye FE‘EB%/I,“S?‘%%J‘% he
next key ltlgdltgélg ﬁgaggg{p%%%g@?st §i§ﬁ1§ﬁ%ﬁ1¢1§§l‘g Hﬁé‘i?xte?g?@ 4A5RdiaR8s GRGhEGhe hiph

ret urned I"h gener i eving keys and thelr
range propgfdikess Bints fPdBeidivt abdesi Hgomctugipi analhertigh peints dadictek te
val ue and "an opti onal maxi mum search key val ue_reguires, recursive traversa

of the deciddiesmofjtherslecisionmpdarer the cepalusion seh thah it POBI ton (LI 37 YANE 61 ¢ he
deci si on group .bits.in t 1 0. i TBARR Chrdse Y e WilibubdBF ¢

deci si on 3’§I ‘f%datf’ 18318?‘&&@%&39' %Ar%mr%f)nggﬁgl ﬁ?‘he unlgélag{r?ezreléﬁag%et ude of t hlee

M ni mum s QRERIHKAYpIDIot R rptedchd dad bdtedrwigh 8 Upaipsockessardizmmeanoryqual to t he
deci si on val ue andpthe unsi gned magni tude of the maxi num search key bits in
t he decision group is greater than the decision value then, firstly, action

i s taken tRighread actematioallyddlustsatenthgr sipioture o€ ecpnelusientsal . | oty C9BFIHSIER SESi ng

the nini mal h key. itting th &
act i one. arcoTAEERa PUTAICKIan REPHEXERrion o Hoie'r Sodneor e HiErE RRRaR
poi nter using 4 %teﬁqmn%mngetﬂé GHdkEY ofHé MFk tehirfiGn ke cdtichisionnses e dHigire key .

| f the unsi‘gned nmagni tude of the m ni mum search key and the maxi num search
key bits isehématichlyiilusgmnteytiriogisalsthoture bEsachtanin within heagonclysionseebisi on

lue, th t f _the decjsi t iont
Ui ng' bot iR e B Eh neaghi i AEATHD, RRSFREM IR pepu e sl =
If the u “%ﬂe{‘ﬁ@c gglgirﬂsolhgﬂﬁ £RE ndxP SoBlikidHAR: 883/, CThd®Yo wihek ¢dnsndiBate thartimear ch

key bits in group are both greater than the decision val ue,
then a trasemsanok entiesd@he keéyofield 82 bhhlds dhae enagt Yalemetakeyrivhgieas thapropertiss ng
both the m_ni rum search key and nmaxi search key is rf orned. !
appar ent tHed §fheldyfhe Hﬂheymﬁpaégqcéﬁeﬁ%éﬁ%éeg flérf g}ﬁ‘iné’ leggx& a(s)qrdﬁeﬁs 8? gljé)ehaaz? e
required. i gali@n pab; W then GorhpPRNIS ST th ANESS Thee
term nate J\férf%h%?(ﬁé%&?\%@ngéya?ag ggbnggﬁl;hlgo%%?et, thenlsit i's deerre?x?hat no
mat chi ng kfllowed discussion bEhowidaxe afdbnavigess therdadexgat i on pat hs whi ch

term nate at a conclusion set, then a scan through all of the keys in the
conclusion sets is perforned and all keys which match the required
properties within the search range are returned as search results. WO
112/-1-tl-111 PCT/ GBOL/ OS2~2 35 As part of the inplenentation of the

dat abase within a data processor and storage system it is advantageous,
al t hough not mandatory, that the size of the conclusion set should be an
integer nmultiple of the storage device bl ock transfer size, this provides

o o Y b1 P o o o . o .




need only contain a relatively nodest anount of data rather than the entire
key as is the case with prior art systens. The data base structure requires
only m nowOnizdi4p40cat i on fromthat already described herei rPCHGBU®&2423 shows
the structure of the decision graph whingh, in nmany ways, maintains the sane
| ayout as was shown in Figure 2. However, the origin and each decision node
now cont alnnerder toi havigatrieloog theTinsel, ¢ach dlgeisionanode prsitsa plongpm pavigationtpath

sub- key agai nst whi ch a capdi dat e, i S ared. ~.lhe Logical structure of
each deci S1SHIHORFOT %ﬁgmﬁﬁgﬁt%“ﬁﬁﬁﬁﬁék% Cf%ﬁggrgw? BEPWH@%@WE?? 5"&\%‘?& scent
to that dgagp bl of BHPGE the! ReclsidUsrBur canl BE s61@8 ncl R iy dulnber 8 bgat ed
440, has gl%g{)o?%g%wrl%gioon 450 feor zg deuécri sli?’on‘ bi t sequencg@.yThe deci sion bit
sequence beawetiea sifiglabit andaljtthe bikioafdbekey. t he i nportant to note that, in

general, the decision bit sequence will be significantly shorter than the

| ength of the key presented to the decision tree. The no&g J.ncl.udes an
excl usi onThotange of pggsiblervaluegfaken by ﬂ?é!dﬁ%lﬁlﬁﬂ ZHPHE &powy g3 thes eciHOR FANER i cat e

whet her thejr ,associale [ . ' ' bS] i I i1t to
B Fur't her S EORBA o esie g Halol i Shihe Bha b REHHSH PGB hANELR BRLT (D
the same THOAEIAON admgt MEinindyh RATUBSRLY be/asy bt RRigthap all bitesettiyijtke ddcidon 44,
respectively, described with reference to Figure 3. The exclusion pointer
454 and agroupcindssioHatlothetdseisipngangs meximym “%Hﬂb’%é‘nbf’alpﬁéfeﬁ@ﬁh%h% or
conclusion set follow.ng the present .node. .Thus, he Lnt.e 458
are anal og%ﬁ&%o‘f 6’“!5%‘“?‘3&) i °ér°°£xamﬂ}°§hmp§’6% teranazm g’%@%?ﬁl}l gsgg%a??ﬁ%el Y,
descri bed, herei:nhaf o dhsiddoliehitudeiRtAdARGReMS term nol ogy nerely clarifies
t he fact ge%ats one pol nt81eérﬂei s ggli | owed i f ?ﬁe candi date key contains the
decision bit sequence, whereas the other pointer is followed if the

candi dat eEkely delsisisn notle dastani assodiated alecisioonvdbud. Skhgudseision FalgedetetiBinehiows
the procedure for inserting a key int he {ree structure. Thi rocedure
is very shiethsr adewnemtergeishigh mofptey 1 Olﬁ%‘g ¥pen gaﬁgg&getg@,}lggﬁﬁe E?‘ﬂﬂ"n
reference - f 8fe VahfeCofRRE ERarhinbd BEGMbA Vit gFEMahe Step
152 is ma{g‘?é.%%gﬁg‘égﬁ%@é%@%g% gs atlﬁ:e test 1s changed tto see whet her

t he deci sképislprdatealnehe decisiomvalaeiathepwisa dibdoivpoimatiainsedd wi t hin the key,
if yes, control is passed to step 154" where the inclusion pointer is

followed. Control then passes to step 15b. |f step 152 finds that the
deci si on Bompssaspresfcthe decision vpkietin adventrgeenstyepatioymed geipg gpsigncd mpgnyide ¢ o

step 158 re the exclusi pointer.,i I . L ion
to the prB%gﬁﬂ?'e ﬂ? &??étctm%tvglge 1%5%%%& 6%%1‘? J&ﬁ}r@g%}qsél Eog t%‘%g&s{%%&aﬁe@ 40
37 PCT/ GBRddifR2 sRopdisttt, baf advhsgddudly.is tdietebiyornont of thg feliosyisg:164 and 166.
However, otherw se the key insertion procedure is as hereinbefore

descri bed. The procedure for deleting the key, as shown in Figure 16, is
al so very 1si ni The natheptaticaldeedian ofendl possiblerobies pbthg decigipe erodBai n, | i ke
reference nunerals are used for like parts. As was the case with the
procedure for inserting the key, eps 152, 154 and, 158 are nodified to
become st éps 1@6mai@matla#dnﬁ§1°§élfgéemﬁéaamef Hp‘ileé’fsléjfnegﬁ@@’sto Fi gure 13,
such that steps 152 tests to see whether the candi date key includes the

1 onot tRe exanecraRgeR ArprafE0r {8 ekl QPR Blisoh g TG, o

points directly to the input of step 152', thereby omtting step 164 and
166. The indeXAqfef}- CANE SReifidg aPdY kigRicTérdaibn 8R@Endeer y matching of the
key. Fi gur4'e 171 Bg%yat es fpﬁgﬁggv?%ati on procedure for returning an exact
gquery of the key. The procedure is very simlar to that described with
reference 5t o FiThdmeedid efittle casertt @bcision vhiuk €ierthé mostreeently meedadesision vale®) used
for like steps in order to avoid repetition, and except for the fact that
steps 152, 154 andthedsgisioneavalisqiresediedlich that step 152' now conpares the
candi date key with the decision bit sequence, and if the decision bit

sequence i.§ Withi.n the candidate key,.¢o . e ' ere
the 1 nol usherrelssiinh af %o Sy Sy REA ok RoBEpAL dat iRl B g
wher e t he \2xCLARl, e HAGdén ¥RSoriRbr @Y. follsidingi onal |y, step 162 now points
directly to the Tnput of step 152" . Figure 18 shows the procedure for

traversing froma node with a pattern list (L) and returning a result (R).
The procedure sEierdesisioh gséuppmsP0be thiesame forallthe devirien nadesnt ered. Control is
then passed to step 502 where a test is nmade to see if the decision bit
sequence is contained within the pattern list (L). If the result of this
test is negative, then control is passed to step S04 where a test is made
to see if an exclusion pointer exists fromthe decision node. If an

excl usi on poi nter does exist, then control is passed to step 506 where a
test is nmade to see if the pointer points to another decision node, if it
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WO 021 -4-49-t0 PCTI GB01/ 0S2.12 39 the exclude path to node 562. Node 562

directs the word Bill along the exclude path, and the word John al ong the
i ncl ude patdw2agedot contains a bit pattern "COH'. |If the datmbmeBoi/@2mOW
queried using a wild card search, for npl e, using the search string

"*red*", where * represents a nulti-chafacter wild card, then node 560 can
det er mi nejjt hat Thadegxioh gebmpmadybe changedsone2ryddsistoracdecisemchade. be sear ched,
and hence the search can be limted to the path including the node 564.
However, if the index is queried using the search term*lap*" then_node
560 is undibl e tFheddecisioni greupmesyhls changedmthen the degisipg vakie; hom Hhe pegyious
string (as it may be contai,ned within the wi.ld card L lon .
consequently t hié"’f"”t‘?ﬂé‘?g?l%?gc}i‘ea Of APRTepches g’ﬁéleﬁ%ltoﬂ @Wg nlg)a(r?l{(q:ﬁh%e&e{% giqleo;(1 CMiRGe
paths. It is wopih notirp@ dulidht deBRioaQeédg.on of the bit pattern in the key
does not have to nove sequentially along the key as one navigates from node
to node in the database. Key conpression In conventional data base systens
the entirgyy OfTHeldeclshm drous hmayeid eangaicWwhelethiesdeoisianoddue Wéiweemsyccessivehe

i nventi on descri bed herel nabove a portion,of ttle ke%{gswas stbor ed eit ea%h
deci si on node, nedeswould change|bylgisithay onemit grdwilessthanssoms otherpredetsrmined e
appl i cant has rgal, Slfd that further space savings can be obtai ned by
storing not th IE ‘ety of the key or a sub-portion of the key inits
native form but an expression of that key derived froma result of a
MAPPI NY PrEeess ofths He&é?afg@bgaf 4 BbdiSion Aode mASbd RS Rinsior\the dasis 3f aficome! |
known and provide a function Tor mapping encodi ng key val ues. These, .

al gor i t hmamepeasdmetas. Aht sizg oba desisiqn ey may, derraxqmple, hefired furalledecigion

sequence. The nmpping algorithmis suc hat, it i.s detern nisti i at
T ‘the i npwdesi Howgitcihe izF nay sfef‘%?a féoé‘?’rhletm%wﬂ‘éﬁ' SRR sihEas 3&{]5
al ways t ey SAT: oY Slcotdd 6:, BRERaALIS ARE Size iy Y tReali o thelievibg)
degree of conpression obtal ned and consequent|y several input sequences
will map aktRich groghwhdnoa hew denitipugrospdgsetested. Never t hel ess, by accepting

this consequence, the designs of the index can be considerably reduced.

Thus, when navigating the tree graph for candi date key K, the
convent i oréie msgtm@rqfal depigiOR GEPYPs rellﬁ}"leé?v@&{i‘é%@é ptdeeipigp npﬁ%c%qﬂgs%t ¥ oS

used instead of K, re. A isg the. [ t

Because v B g B TuR, The SRRl R, S8 el be M0 KO Ry
cont ai n i nfgesRAdaRiondtiyCahdne altemativeliatie pasiton ofdhe Hesitra graupenayelppa figed
function not been used., WD 02L19.111 PCT/GBOL/)1S2.t2 4(1 It.is therefore
necessary oftsctframi the prenioyedegision gepup wWhep @ new ferision H0Upds selrcted-der t o

excl ude those which do not correspond to the unmapped key. This can be done
by hol di ng,the unmapped.key in .the i.0n: . . i eys
W th the oARGRIRCORasER- ey B BB L f ndes O ARk oy BRG]
do not matG rirdge RIS , I patieciar S int@t BippifiamObioanast fbecireiidey witiodi ng
the keys in the conclusion set with a _second coding algQrithmB, where B is
di fferent hieratchicelly signifitantoeds, sechaps thecasigin ¢ Them hecHgn Wﬁﬁﬁ%ﬁ;d?%ﬂ?%

consequent Pop Des eGP Y ol R Elflfash Aol o Rl e RATRE 2N

| ndeed, thg.pfehaRi ity of a false match is approximately one in R2, where
Ris the ra%ge size of the function map. Both mapped key A and B-are stored
in the conclusion set as this facilitates re-mapping of the concl usion set
should it reach its maxi mum size. To insert a key into the index, the key
is encoded using the first hash function. The index is then navigated using
t he encoded key via the navi_%ati on net hods_ _descri bed her.ei nabov

[
convent i onklis adsantageousin eonsider seyRe PXARIeS QoW the pdex ﬁ@g_bemglgﬂtgé- ?éﬁ‘l'ret Ben

D st o Bk A5 HALILS| R 0B HigE i AP ExeBlintiBh SBEO0CTh HAIRufl the

encoded usf function. etrons are simlar, with the key
bei ng del efad 4ré BYddR ABTICtahpmdstht numbersishewn againsh eadhvieyfsbownitsormlugsiing
the encoded 'value formas a result ?f operathg on Hpe égy usiﬂgaghebéecond
hash funct hexadetimal sotafions Boids pramnle qaeh decision groupihas a dhved size Gf ol bits.
encodi ng dat ahase keys i.n i i ) :

Where the g dBnogB et IbRBsHF KEMARRLE dyRRH dl fob KU RRECARAS P

ri sk of fahs® KFIeGhERd! dnahisaexaaipla thy nesasipnificant hiteisadesigBatad cexd, ity nitgur e
21 schematically illustrates an index constituting an enbodi nent of the
present invention. Conceptionally, the index |ooks |ike that of a
conventional B tree index. However, rather than entire native keys being

i ncluded wi thin each node of the decision tree, a encoded version of the
key is used, where the key is mapped using a nodulo arithnetic function. It
also follows, that where only part of the key is unbounded, then only




part of the key needs to be mapped in accordance with the present

i nvention. Thus, when a WO U2/ ~~9-4U PCT/ GBUL/ US2~2 41 key is presented
to the i ng@xodfoysearching, deletion or insertion, a standperGeodes2m
function is applied to the key prior tozé'sts use. To apply the nodulo to a
character string key type, requires the™string to be treated as a very

| ar ge unsigned;i hpEaht bidlgs oné,etie mef mow sipgifieartd ftvesamd sch onheFrthesrhoreh foract er

being the nost ;significant byte in the integer value, .and {hen applyjng the
nodul 0. Tisimsplidity, t%nsiemswa vrlap applies atguery padsis fowe ﬂ@& f@aeéi%@&g@@ﬁ t he
nodul o chgosen for the index, The j t i aifaked

descri bed tﬁ“e?’%‘f‘ﬁ BE Lo PR ng’ %nre(:eo%rcﬁoﬁg ?{én& é‘ékrﬁ(%g?kcgf%@g?eﬁ'sﬁ]g t hg lt(‘air?:n%oded
key val ue jbioRtANGAE alvARRf R faRgtsof five tBifiBerihe praph éntradrizdrneile.righhe key
is then inserted 1nto the conclusion set in either its native formor in

its encoded form Deletion and searching are perforned in simlar ways.
Thus, in AsgwwehindFigere®, amoaibes bDHnarsest arb prestrdehtor tha dtebaset Hheiepames or

conpared with all the key valuyes_in_the | usi on set ither.in their
ot aeor emowines o Frh Jotig BL 08 Eevamd e T rpdreime e Rfads? of 85!
possi bi lities_ {hat .0 r LRaekal | Swill ®eldéScribed 30 QftaBRL Ch,
rat her théﬁyéﬁlog%gg%@gﬁ*éa%*%ggn dg {ergfor?g!gosﬂ\?/% 'Tﬁe mrnierrum a,r?d
Maxi mum s §af mhekioy defetion bhmatchirge are represented as L (lower) and U

(upper) respectively. These keys exist in an unbounded or unmapped search’

space 580 as shown in Figure 22. The keys are_then mapped, through the
modul o pr doititly 5382kéys ary presentesl toon fiest dedisiennpdn B0 eviieh bidacpdp Jerepare he

i ndex. It t,.b teed that the ord t ' d
Ater ¢ he (b g BEbbavarmal Jieyd ooFedts s Phs, IR KR!t RS SR v
as shown ifedoNorBBRAAMo I8! 26 BEATRLECA ki 1dips | DRAY Al Jokinh Billad Siicl difer

key has a value less than the mapped upggr key. If this is the case, then
the index start mithiagfd? chubre keys acopropagatesHeBwardiysilong the bransh 402 tayesecand leyst i on

set 585, (deriDpEPeaRo 29° X Rl Hud BT it G RYR vy Bl byl S Rlened 7
upper key Ml id fhridagd L&ﬁ&@%g{/ ik | AFCPropatsieddongadbigh fpoltitdr pagntddiss on

sets having encoded values ' th are greater than or equal to the encoded
m ni mal kenod®108Thi s search is perfornmed using standard i ndex navi gation
met hods. Additionally, a search nust be made for all conclusion sets having

ded I I th | to th d ' MJ). On
g0 n. -t B Sogser R OcRBP ter 9 9500 G AR ien HEARD ohd P GFEY 10

PCT/ GBOL/ =2 4.2 it ikev ! BIEb BbediBord o QsUkY: e When
the di ffe%ﬁ%ée%le'to\ﬁ%éaé%%?%Qg%[?g@%ﬂ%%s@@%gﬁ kt¥1e domai nggf_ ;ﬁe rmnul 0
encodi ng sgdxe @Raradibtia, thekexadedimal mpresomatiine, Thus themodk 404 Bilk isepassgdpdeng&i ng

dulo ten, then the diff bet t he | d K in, th
Sear ch 1 anige! Ieelpoiaen 9o eihsedrRt nofie ot Shvikay Bt 4,7 555 ey ebfageithe 'y
illTustrates, the Qﬁ%rgagffﬁr%-éﬁfjbgé Q;[xcﬁgng afePPsSdaSl O Sk I8l pdih@ef K15RPa further

constituting ai e resent invention. The concl usion set
cont ai s afpodeghob 3E@viH0G:cxdse ditsr fopr €5 saves in Hicidkeyeerwade therpaluds 6,h4 ands?

t date to'th l.usj t §00. 1t al t ai .pl it f
ey ent 1| esspsvels0BhecrDe PSR, dOmiAgY-ghnotad. B ey PeBaf skl bt €
this 15 TUldhfiveflhothPd 14 8 Bitd ngse/ BBfclrPenoB BB Walu e bilierdg 0808 asseat Ty

key i nfor o) and entry property information 608C. ' Wen a
transi ent gahp Y- high tedEpointer a6 asibits y tagkentatie e0GNea'$Sb c Thisquoesiss kan be

This data refers to an_age unit and an age limt ich be set for the
i ndex as arﬁmaﬁleéanqteg%ellﬂ?yg‘éﬁgﬁnﬁga‘@ﬁd tp Bqa\é?ﬁﬁ?vya Seloncl usi on

sets. The age unit specifies the nunber of seconds in a single age unit.

Thus, for exanple,.a value.of 60 i i ] 6. i i es
one day. Tﬁég“g‘lg)é qcp‘?wettlcfi@b}lﬁ‘ggﬁttgsélh e ﬁ‘ﬁ‘ﬁ%@? k%* @%ﬂgge 3%1?%&2?? g?é%%i %ﬁ@%he
key may besﬁaa{. Al QR PRue 6l 8eys &Y Sored ih WICTREding and the ASCTlvalubs dgdinst254,
thereby enabling 1t to fit within an 8 bit word. Thus, if a key is set to
expi re af t eackKeydaygkow ithwalag/in haxadedimalnetation. 86400 seconds and the age
limt is set to 31. For keys to expire after one day, the age unit and age
limt nmay be set to 3600 seconds and 24, respectively. Each entry contains
an entry age, expressed in one byte for efficiency, and this can be set

bet ween the value zero and 255, in this exanple, although other val ue
ranges may be chosen as appropriate. Zero indicates that an entry i s new,
or less than one age unit older than the age base. 255 indicates that the
entry is obsolete. For each update or insertion in the conclusion set, the
foll owi ng sequence is followed. Firstly the current date and tine is noted,
and then the nunber of el apsed age units between the age base and the

o, 1 . - . IR - o =

Q0

U




WO 02/.1-~9~(1 PCT/ GBOLl/ 052~2 43 Any such entry then becones avail able for

re-use. Then the age base is set to the date and tine noted at the

begi nni ng wa o4/ fy@s@r ocedure. Any key to be inserted is placpdr/GBinoam

avail abl e slot in the conclusion set and is set to an entry age of zero. An
avai |l abl e sl ot may either be a slot whiCh has not yet been allocated, or a

sl ot whi cf}, has «RRSAEEhEHEAkiBh GrdupeeR ustixdd sizeof eighabies. hElse devdsidre grap5) .
Furthernore, any entry which is updated has ifs entry age reset to zero.-In
t he abovenmvbddioventq thdaexneight lege signifieant bils opdy é(Vl@PntgF 96108, Iapge dS g ves
.a range of, 254 time.perio i, N, Whi C . te.
o ange  eraiety i 4 piten B AdbishtL lluhh RS cRber AR b BRORRRIANAGEE

€ giving a wder range o
linits, b 'élangﬁe HRCHE R SRMifRhANAOR deviphdiedbit zAb] the Rattinvet bit ohgaadishan
one byte #{ag/mbehu ed as the%glntry age, tﬁéreby reduci ng storage over head,
but al so ba¢ucivagthelese witlytheskample shovh i Figuea 6.chhe dreisionsiadei SVesy N9de| ned.

i1t is th ib t.o, vi d i d, dat,ab . | S]
Sl 1 £ti g b bhexagepimal it A0 ptreR pfl s Npares Tt FpfhacT@Ph e
the deci SiAt%Ig et (1 Fiedecidich PALE atvetdly hodle s6d FSHUE heW d¥ei¥ivnygraap 48

al l ows fasSt access. However, the capabilities of the hardware platform
runni ng t hexalitiabdsadds thenachanged tobe theazageafdhe prgyiobe decigipn valaes of thes not
possible to hold the entirety of the index wthin sem cond or nory or
the time. sane legision gOHD At HIEh é‘,lbssguﬁ!?é&?age%n{ h‘@trﬁa‘&’ﬁi%‘lﬁs %‘Sc‘?@% 4

mul ti-task apd per r ClHeR e midindutn YehbxiriAYBourldéd the®esisphor age
devi ces, e gs‘ﬁﬁ{f?éln%dalq%{gclcrn%&g’s%are I('ZIIII vli ded into bl ocks of a

pr edet er myaRE hgeistudell| depafdignyn sitether ovs haveajust havigstascthesleft or ghe Iright,
occupi es one bl ock. Thus, physical nmenory is used in nmultiples of the block

si ze. \Whemespeelielly and writing the decision graph to such a nenory, it is
preferable that the decision graph is.structured in such a way that the

entirety Jt, or _as nuch ' ' ' i ngl ki.1eThus,
o dect s) on e padieRbyn Ty PREREt e, HE kGl bt RS ORE ST
the i ndex JiaePBBSnihBChe TRENGEH bREREtAloasver, had dempaeothegr againsythowleciant he

key popul ation grows. There therefore becones_a ti rreyviﬁgﬂgit b(icome

i npossi bl evatue 48 Ceadasinal).t Wéithithei kays §s ghaywn, TednBH! PSS BR&K .asl‘ﬂ’(us
t hod f i th i S NI
oqu r ed. Pomigs BFpaa 155 i EeZhs BB AoRE i Bty o BALITR 10 )

suppose that nenory block 700 represents the physical size of a block on
the hard dj f IR tih@Bedidiéh PA10€ KThs dedidish vilge dsddo
contain inlic‘iﬁs%(?ﬂgula ’%Ol‘tl oﬁi"e%%{'ﬁ%ﬁ Séﬁgnd 708, anongst others, each of
whi ch rel gopthit Aew Hecision gtompiinchapggktotthemedian yakie of theauevionfedegisian groupfe

deci si on graph.. Furthernore, s ose that the index has g d ch a
si ze that teadepaing thpsape Pﬁ@np%?réﬁlo 419 %ngl%ﬁggog \{Llﬁ%gtlsz@ggﬁ’r%iu t of
a dat abaseyiNael Ethe%%’jﬁhhpd}mdﬁmhﬁ HoRd of 81 deSision Sl rangh g bidear Giosethbnt o

t he deci'sion graph. The node insertion nmay occur at any point. . As noted
her ei nbef ofoar nede 22l evis Siavigated degainft terlew3pointer20.sthen theglosves bewnd, af the  and
a |l ow pointer and a high, pointer which indicates the next node in the
graph. As decisienfepge 838l anendnents to the graph can be made such that a
new node can be inserted, after any existing node. Thus, supposing that as
a result an. i nser bt o1l i : ! g ? t de
mode: whoseliy it PEEF o pludef s S HEIOR e 5y reuiSl AE Aot 8 e

i s inserteghRBSs &f theeng@3(Phexadeinilan s8dfexadatimal @8 plicitlyyubis fgrag ofoysahiens t o
the new node. As part of the insert proces t.put poi nter.s  of new
node are ais$®, 3bt32%p3.Ch BECH: §7.c3Pe A2 Ha3 ﬁgggg’c?}giﬁ"ﬁ“&r‘ﬁp%&d{}eégnﬁ’%ecom
br oken. Hoyever, ,giye at, 1.t .S BRSS e st t tthe
Telating Cor ERL 4ROV AR g el ML IRAR Vel 0. P Ry B, 38

rel ating tgedivn V4lde Frdd) Billaid Bec st proeekd alomg the highepoitdérol®l. Th2he fentnhde
nodes relating to that new node may gl 0 be,cre?t edf nd infortgjﬁtign sgcgred
in the mentoyshivwrwipse deqisionyalye wal B¢ thejmediar yalyeof the range extending, ram 3G, 1o
node relatjng .taq aﬂ e Iigﬁ.c ;Sting node, 708, then again the menory bl ock
700 become e’%&F‘f‘mﬁ 19 BHLERE y the details of a further new node 714
must be stored outside of the nenory bl ock 700. This process allows the
deci sion graph to grow, but can result in the spawning of a | arge nunber of
nearly enpty nmenory bl ocks fromeach full (parent) block. Figure 25
illustrates an alternative nethod for growi ng the index. Again, assune that
menory block 700 is full and that it is nowrequired to insert a new node.
As before, a new nenory graph block is created. But now the parent decision
graph is split into equal parts. One part is placed in the old block 700
whil st the other part is placed in the new bl ock 712.




WO 02/ e9-40 PCT/ GB01/1152.12 45 Wth reference to Figure 25, assune
initially that the index 720 is stored within nenory bl ock 700 and t hat

bl ock 700waoeamawadf ul | . Supposi ng that an index insert resub¢CBGBO/GHe
creation of new node 722, and at this pyocess causes the index to exceed
the size of the nenory block 700. However, in this nethod of contraolling

i ndex gr oBirhilariyh @084 126 reackedhlong éhei highe peint A% fipgenodsol Iishass agy decipion
substantially equally between the ind b ks. . Thu i rdd.on of
he | ndex b slchlater; yhich i ghs s apce WHEDAS THdet oy, hBPIsRE A PR ", 2
nodes, encikcl i I it cBRG1e dhdovaliid @A paiidh Aéssndi ng
to the Ie?"?d%fygﬁ‘hgm}]g%gté;y%ﬁk%%%&?\}\g?@g@ﬁgdes encircled by, chai n-dot
line 728 gam the dbesiot valuetdfel()athereax Zee did Betepasshie the gight band poduger) An

al gorithmrecursively scans the jnd structure, ,by sel ecti test. node
and t hen batavse they wgiiinsths ot %’eﬂéﬁi‘? ﬁEfPF%‘FI% P”&’h‘?f\ 1 & rtﬂ%ﬁl’ idﬁﬁ‘glgﬂ

sui tabl e caﬁgi gate node for splitting the index. In the exanple shown in

Fi gure 25 V8 é "724 and the nodes encircled by line 726 would be placed in
the old nenory bl ock 700, whereas the nodes encircled by chain-dot |ine 728
woul d be placed in the new nenory bl ock 712. This process ensures that each
mermory bl ock i | a?elﬁf;h bk 3&dn)in tie dohfeRflofdheradied Bear¢Higy, thus a

prol i ferat@@rﬁ%’f%‘kﬂ?gﬁ% a errlrl))t%y rrermmrdy bl ocks. Qualifi eHrmgg Frequently,
it is desiseggh idirifoihed ssing the folowing oriterie: | ndex shoul d be perforned using
two or nore search criteria. These criteria are conbined, generally
recording to the principles of bgolean algebra. It is possible for the
query to be divi dedndexast jmatehindex, iogusn Igsc}\ﬁap}?relgg'h“g rpacbe?l;?dac'%er
perfornmed before the next .,s @ » 1 © 8phh conbi ned at the end.
This, however, can®H¥PYRES bétg%%utgl E%n%??@ig%ngertgi%e&gﬁd require many read
wite operations to a bl ock, data stgre, such as a hard disk. Thus, for
exanpl e, a querty whi fixedrdecisiogegaounf Shifss i ght then require another 100
slow disk I/O operations in order to fetch the data pointer to by the index
query. Not all «of whdecisidregraph otigid obhe mestgigaificanes, bie(thehighaggteDThys, if a
guery was nmde of ‘a database to find all cars registered in 1997 that were
Mer cedes, the quer Yhi @éci§idh Broupaidsineesisy § bitsl @8 chunartet) farteacndesision nddeusands
of results. However, only a small nunber of these have been a Mercedes.

Furthernore, for many queries it may not be possible in_order | hange t he
order of tTige ASEMycotes foutA” anded” are 66 and 8Q mspeativelynlihgrefore? seng qetpron
results. WO 02/.1-t9~U fsﬁc\}-éﬁ%l 1 0?2~27 6 This problem can be overcone by
usi ng concelenter Hus geye 18 Vaiedh& 85 such concat enat ed keys have

mai ntai ned the entirety of both the primary search key and the subsidiary
search keys in the ¢ | i € Y $ C8IBRE duényt fideaBaid ned
key becoma]g1 %?ﬁ%&’%ﬁé%@%‘%ﬂ% g@%ﬁggﬁtoﬁgaﬁg‘gl ?sed@; ha’?ti nproved
search per{&; mbis®nCivlebe eadedby esymesat inmadeali theevalue fdhe hitpan theul ar

appending qualifiers, to the prinpary arch key. alifier. do

directly t#fesisiepgioyp withimihekey iie @P‘eig‘l?é%‘(‘.fh‘éﬁ%/e ggg&’c‘ﬂ#?@%w P (?@Eelqg&r is
a shortenefl 1formof t hat subsequent term In the present invention, the
qualifier Oé%”enerat ed by perform ng-a hashing function on the or each
subsequent search term The sane hashing function is used to query a

dat abase ag jSreddflishitddBREdack invebleg titngdhigahé devisiort valfthateackimoveitp aneat i on
of the database, the index is created with a principal keé %gs geefor.e and
with zero decision modeaThusi dre desjsion rangeder, a dReisipRgEn & kmired; By dop AgCidIR ng

the principal key,and data iLs stored | e St t.Scdelti I
way. Howev é%‘{geéﬁ%‘ﬂ“ﬁ‘aaﬂadf &@Sl%);aqgg %%Js%ﬁ‘hg\h 8@@2{5 L%od\;/aq)@? ?gal%sé‘%egté‘fégﬁbm?
that is a ?}{Hﬁ}%toitﬂe hi8 de&5198 n6as, Antoperdivr maynloos to seleeithahen gedisien vhlmek ey
entry in the cohclusion set. During a query, tscpe_ @;fi ﬂa}iﬁa\&pgey JS suggl i ed
with zero oy ushng tigumedinef theyaurerhand RERIOUS el g Whe ISR P PRE
princi pal key,, as before. Finall .0Nn 3 t | S iofet s
are reac hed?éﬁlﬂgﬁo‘ﬁ’r %pd? Rreé’togﬁﬁg?igglg/%ﬁ%lp g%lg%lgfﬁ%’ethgﬁ?\%cl?{%%ﬁ&ktgstdsglgue and
the qualifiglckeud ashinfRdes Mitifutiheepéiidingen iwhettoe actomc budighnpainter vas| y
t hose entrie§t at match all of -the principal key and all gf trbg‘g alblfier
hash codes fallewedst tspestively). Thd selestion of @gnevh deCIHOR SFPIPMEY, B imade, E“é‘&/ can
map to the sane single byte hash code. There is therefore a small but
finite probability that unwanted data will be returned. However, assum ng
that a good random sing hash encoding is used, the probability of a wong
match is one in 255 (or less than 0.5% it can be seen that the present

i nvention guarantees to return all the correct results, but with a small
percentage of incorrect results as well. Thus all the key hits returned
nmust then be inspected in a data store to renove any of the unwanted

o Y . oy e T




WO 02/-4.19-40 PCT/ CB01/052-t2 47 incorrect hit decreases wth an

I ncreasing nunber of qualifiers. The probability of a bad result is, under
i deal cirqgsianges, (1/255)N. Thus, with two qualifiers {PEREBONS242
probability of a bad result is 1 in 65045 or Iess than 0.002% Wth three
qualifiers, the chance of returning an i'ncorrect itemof data reduces to
appr oxi mag&disior ¢alié chingss by lebs than Mousandetherpredefingd thnephold Aw exsmple of
search ke and data storage requir nts within the conclusion sets, is
nuch reduge‘dadﬁm&@mﬁahelcba%&ﬁ‘slﬁ‘é‘?? e1Tfﬂ?e"efnded to search on 8 terns, each of
whi ch could be up to 8 bytes long, this would conventionally require
storage of 64 bytes of data for each search key. In the present invention,
this requipeeiiRRterbsp ndHekSchds@ @lmﬁmahbmmgafecmma/alwfena geegyoupgst he

dat abase, each quallfler key is o nal and n eglrr?/ of the keys
may be suﬁBJ Theiddsistenraags ¥y tad0n be gqEen gwgp%gab? ebfu |an‘l?3‘§<gr°“

structure, e ke S Qn t q%%ﬂmb of hits which are,

returned \’/ﬁ@ c?gé%fﬂ"ﬁi@)e‘lﬁ% aﬁ) éuéshl o%éseo lgss S, the nmore qualifiers that
are supplied the nore preci se the qguery result It should be noted that
this qualifier technique can be applied to any index—struectures—ior—
exanpl e Wadciskomown | Ihaoget ior es sdetioms the B-tree. Fi gure 26 schematicalfy
i |1 ustrat/agledre formMakisidn sear ch key in accordance with this aspect of jthe
present itnvention ijryaiy ch a flrst portion of the key contains the prinary

key dat a, %na then T he renal ”dvFoﬂ’éwhfgﬁld@ qugpr78§3$ewaeclgom{/alﬁ¢ers QI1,
@ and sq ‘on to Q7, each of wh 495)/271 byte | ong word produced by a

hashi ng flunretieor—er—the—ortgin &S GgY Tt 1fs
often dedi®able to cﬁ) a patter F bnébq “'f? ws?jr:?fr?@eg Mi‘lbase Thus,
rather tHan searchilng on t he eh{§4% . _

performed 81si ng a Jub- portion oFollew Hesc-.(ﬁ} &hi ng
depends gn how wel I{ the key pop@#}Zi on is divided in each nade in the

deci si on [gpaph. A predl em wi t h| FoRowWSSy poimkea(82 £ 88). Mew desisidrenalia= conpr | ses
255 chargcters, but| that the |ikgl 58192 of some characters appearing is

very hig rSTM yet rﬂ matrTons @haﬂé@dec&%réﬁﬁfrs Is particularly rare. W

O 02/ e9. 16—48—PEH-EECH-652~2

Tt should be noted that indexes which are not required to support key retrieval by range
matching are not so heavily constrained as those that do. In particular indexes that are not
required to support range matching can have any decision group at its origin, and can
change the decision group position arbitrarily and can also change decision groups
arbitrarily when the decision value gets close (as may be defined by the system designer or
as may be selected by a user or some management function) to the decision range limits,
that is the maximum and minimum values of the decision range, or decision value changes

by less than a preselected amount. .

When traversing a navigation path for the purpose of insesting, deleting or retrieving a
candidate key, the decision group of the candidate key is compared at each decision node
visited with the decision value of the decision node and the low pointer or high pointer is
followed to the next decision node or conclusion set. Once a conclusion set has been
reached the journey along the navigation path is complete. The journey along the

navigation path is also complete when a decision group value indicates the use of a

decision pointer that does not exist.



The applicant has realised that pattern matching can be nmuch inproved if
the ASCI|I character set (or indeed an equivalent set) is mapped to a

smal | er s@fo o21842pp! i cant has defined a nunber of mappi ngecibBov2Educe
the set to 16 characters so that a sing%ge character fits within four bits
(0-15) whilst a two character sequence Can fit within a single byte. These

modi f1 ed QhayRflsRin ssEbchsRAbilalkeriesuT kepeshd sasaisddygbperiiod €khe mmaberiofikeysown
t he key popul ation. The mappi ng of the character s [

( of t] gt i,sbnapll dtotri)e key
just pri oconteinedwiithan & concisiansst isdimitaddry amrupper hoynd grhich canrhe deframined by,
query operation. Either t.h .orifgi nal key val ue or the converted key val ue
(bei ng of O8&AT MeFe az‘%ﬁm‘?fﬁ 198 st ored with conclusion set dependi ng on

whet her accurate or probabilistic query results are required, Exanples of
two charadter dJefisedhimityi ven bel ow. Phonetic Set ASCI| Character sMapped
Val ueVowels (A, E, |, O URenovedDigits (0, 1, 2, 3, 4, 5, 6, 7, 8,

9) RenpvedBunct ylintrspedificdat the tifenyindSpacesate@ab0B1C~ k~ QD3F4G  35H6K7L8M
N9plOR11S, Z12T13V14WL5X, yRenpved Simlarity Set WO I12/-1-19.111

PCT/ GBUL/ Qa2~2 A9 iR dan BB 3p R tRIRBRAH théAlfutirie 5 the ilddy; and

4. A limit that varies as a function of index growth.

Figure 8 illustrates the procedure for inserting a key (K) with properties (Q). The
procedure commences at step 150 where the index is entered at its origin with a default or
initial decision group, DG, as set by the designer. An algorithm is implemented in order to
calculate a start decision value DV,. Control is then passed to step 152 which tests whether
the decision group in the key is greater than the decision value. If the test is satisfied,
control is passed to step 154 where the high pointer HP is examined and a new decision

value DV, is created.

From step 154 control is passed to step 156 where a check is performed to see that the
pointer (whether this be a high pointer or a low pointer) exists. Similarly, if step 152
indicates that the decision group in the key is not greater than the decision value, then
control is passed to step 158 where the low pointer is examined and a new decision value
DV, is calculated. Control passes from step 158 to step 156. From step 156, control is
passed to step 160 provided that the pointer exists. Step 160 tests to see if the pointer
points to a further decision node. If the pointer does point to a decision node, then control
is passed to step 162 which advances the test to the next decision node. From\ step 162
control is passed to step 164 which performs a test to see whether the decision group
should be changed. If the answer to this test is yes, then control is passed to step 166
which calculates the value of the new decision group in accordance with the criteria as set

out hereinabove. Control is then passed from either step 164 or 166 back to step 152.

If step 156 determines that a pointer does not exist, control is passed to step 170 to cause

the creation of a new conclusion set and then to step 172 which updates the pointer to point



, OPunctuation characterslbDigits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9)2Vowels (A
E, I, O U3B, D4C, K5F, P6G J7H, Y8K, L9M NI10P, QL1R, S12T13V, W4X, Z15
I n each oiyd hemesschenes, characters are converted to upperceesosamie t hat
the query is non-case specific. Further or e, - non- printing characters such
as line feed and a character return aré renoved fromthe nmappings. B

utilisi ngt&rﬁlb%ew%gﬁ.gloﬁggt t OentRAn$ drergasedab seatlféwhichnaddsi kcsaamb}c;s much
I mproved keys are napped prior to insert, query or delete operations,
and then ploperties bxthe somchsigresedd usi ng t he rrapped key. WO 02/i-19-10 50

CLAI M5 PCT/ G BO1 /052.12 1. A nethod of organi sing a database which in use

Usihg o SEarbermioes, € an 160 dgeasot babt ¥ GEGHER hobpr el HEnict oot @UET! €€
represent ed I o ewhitl chi@esh ttabarat@dmagtha
search cr F?‘é@yﬂ& Q%%%Figg%ﬁé?lﬁé ééleﬁ kK S&PO{?@e [ ndgx 2) éllngpa hi eriarchl cal
st ruct ur e rd)évane desclisivai set andlﬁvan:gﬂlbndo diepil7d sachsthat tie kgpitand its REORRIlIGSSITBN set

(6 - 14) is reached, and the structure is organi sed such that key synbol s
are not saddestoshe eonelgionisel- t he structure, and each node has | ess than

three exit paths therefrom 2. A nethod as clainmed in claiml1,

aseoct at edh it T ot 173 0 see e elloRelol e b Eale i B AN 1 |

t hg nodeS Agé)c&ﬁluéﬁ{n%?hés%t toortarge| estrob isqiassed to steprit78rwhigarépoesents t he
node.

he deci sisamxitiframdi ﬁwﬁéﬁmn;p?gc?q%éﬂéw&%yﬁ&ﬁa Con et B Tborh i offim of
;}[NO ae),i Iofj e pl?élaéle{g rggrq]%é‘l?%ﬁe}s?gdgtp spap el 8@ ev)olfﬁ&p&gat@ssa ﬁé@ﬁé@ﬁoﬂ Rodd Ritihd poin’fbrwm ch,
From step 180 control passes to step 182 which updates the pointer of the previous
decision node to point to the new decision node rather than the old conclusion set. Control
is then passed to step 184 which examines the old conclusion set CS(S) to see if it is
empty. If it is not empty control is passed to step 186 which goes to the first key and
property entry in the conclusion set CS(S) and re-navigates the index in order to find the
new conclusion set into which this entry should be placed. Once the entry has been
reallocated to a conclusion set, it is removed from its current conclusion set CS(S) at step
188. Control is then returned to step 184 and the process is repeated until such time as the
conclusion set CS(S) is empty. Control is then passed to step 190 which represents an exit

point from the key insertion procedure.

Thus, in general, the procedure for inserting a key and its associated properties into the
index requires the navigation along the decision path for the key to be inserted. If the
navigation path terminates without arriving at a conclusion set, then a new conclusion set
has to be created and a decision pointer updated such that it points at the new conclusion
set. The new decision pointer must be placed in the decision graph at the point that
traversal of the decision graph terminated. However, if the navigation path terminates at a
conclusion set, then the key and its properties are inserted into this conclusion set. Each
modification of a conclusion set varies the size of that set. Thus, if a new key is inserted
into a conclusion set and this causes or would cause the set to exceed its upper bound, then

a new decision node has to be created. A new decision group and/or decision value has to



being used for a query is conpared with the decision criterion at the node,
and the test applied is whether the key or part thereof is greater or |ess
than the swxesi4o criterion. 6. A nmethod as cl ai med i n anyrEneBof/os2ie
preceding clainms, in which every recordjin the database belongs to a
conclusion set. 7. A nmethod as claimed in any one of the preceding clains

i n whi ch, bé mssesimted Ivdthhiter sevwe liecision snada candr theodecition goiternwhish previeusly

deci sion graph held within the electronic af ata processor, 8. A
met hod asP@in&dredhe fuljcapshpsion 5oy ik 10 B et nopdies B B8 ivpASIESR Bhgrm
size. 9. . i i i (Wl ' i | et is
t he sane g}slé%%&?g l%ﬁ}rﬁ Hﬁl %{Fgldo Ot& hfémz icgﬁgllg‘%ﬂagtsg? %z&(;lr)@g%gsﬁggg(ﬁlglu?(l:i%ied I n
a data st csmmbeictesst oesets follOwviil thOndigatipCPaBBRIedbe@es1 10. A nmet hod as
claimed in claim8, in which as a conclusion set approaches a predeterm ned

size, a new decision node is inserted into the hierarchical ié(ruct re of
nodes andThédatddn dheviatebasoall evolvnever dimg and this evelutios will includs the dejatignnew

et hod asOLRaP Ae e B e o O Rhet el IF R Bl BB A

in the exjtededb Berémbved RPARhIVIRIpUBSIsed Ricbrilér thitdhe v’ uatsion oftthe dhabase
reached the predeterm ned size. 12." A nethod as clainmed in any one of the

pr ecedi ngdedsanots becomevelustereds with cirteleyant; er obsplete sdata- onFignre feschematicadly onl y

affects Oﬂﬁls‘g'gteg e gr%gédsulreo Ror %ggggg g E(e)‘;j} 558 of the steps are identical to those which

were described with respect to Figure 8, and consequently these steps have been given the
same reference numerals. Thus steps 150 to 166 are identical to those already described,
with the exception that if the test made at step 156 indicates that the pointer does not exist,

then control is passed to step 200 which represents an exit from the deletion procedure.

Step 160 passes control to step 176 if the test at step 160 determines that the pointer does
not point to a decision node (as was the case with the procedure for inserting a key). From
step 176 control is passed to step 202 where a test is performéd to see if the conclusion set
CS(S) is empty. If the cohclusion set is empty, control is passed to step 204 which
represents an exit from the procedure otherwise conmtrol is passed to step 206 which
implements a scan through the entries in the conclusion set. The scan commences with the
first key (L) in the conclusion set and control is then passed to step 208 where a test is
‘made to see if the key (L) is equal to the deletion key. If it is, control is passed to step 210
where the key (L) and its properties are deleted from the conclusion set. From step 210
control is passed to step 214 where a test is made to see if the key (L) is the last key in the
conclusion set. Control is also passed to step 214 from step 208 if the key (L) is not the
same as the deletion last key. Control is then passed to step 216 where the next key is
selected and control is then passed to 208. Otherwise, control is passed from step 214 to

step 218 which represents an exit from this procedure.

Thus, in general terms, to delete a key and its associated properties from the index requires
the navigation along the navigation path for the key to be deleted. If the navigation path

terminates without arriving at a conclusion set, then it is deemed that the key does not exist



13. A method as clained in any one of the preceding clains, in which the
deci sion nodes are related to portions of the search key. 14. A nethod as
clai ned i y¢baiwyel3, in which the decision graph is |argel pct/cgepenzaeent of
the structure of the key. 15. A nmethod @s clainmed in any one of the
preceding clains, in which the hierarchical structure of nodes is

structureg, ?,gqﬁdé,@ atTodeSQITEthe avigation mth teeminates b acoBclngiop sels thopedscans. A
met hod as cl ai [

d laim6, in which each entry in th | ysi t
compr i sesmst bkominshosdbronghreonsluske el all s RS SSRd ATgh A BE
key field holdjng th t . val . ' ' en th
concl usi oheit ba Helein; Ter KHBcitR By PR tontehofePRbbyten The

correspongé}m%q&lgetﬂe key or a pointer pointing to the data corresponding to
t he key. : method as clained in any one of the preceding clains, in

whi ch each node has an associ at ed deci sion val ue which is conpared, in use,
with a degigir®nokhbwgrthe pricadure feryan et qeasy oéguley, and fosdeRpipa thetsuls
used to select an exit path fromthe.node. . £hai i | ai m
17, in whilhh precedgeccihares %ﬁ&e@mysswﬁeﬁﬁsew%g}%eﬁ?@ﬁ%ﬁg f&ﬂﬁeg@gﬁgﬁaﬁdﬁ al
medi an of all Si val 1SS e BB cE 16 Fighte 9D HloweviiDat/additioRal Gtep
PCT/ GB( | Ilsféf%égg%%Z%EJg na#ﬁ%‘nl%?i‘%al emedi an Q%Qt he expected val ues of
deci si on QrQ4PRsertdiEbeTRedetietiepnl 50sandr 13 dn wihick 4 regylpiet (Rdis yesetiOshe FmPHe

deci sion group; a predetermned value selected at the cr ' o :
i ndex; andonditighud ollewing vayigasion o m?clpa‘i?htoo S ERRCINRIY Sc? ggg{ﬁt’ ?Bz’uéson Fis

Clai mod | PRI P 2P YEh Bl e e Bl N O e o1 on fg&“%‘b o
206, control is passed to step 230 where a test is made to see if the key (L) currently being
examined is equal to the search key. If yes, control is passed to step 232, otherwise control
is passed to step 234. At step 232 the key and its properties are added to the search query
result list (R), control is then passed to step 234. Step 234 tests to see if the key currently
being examined is the last in the conclusion set. If no, the next key is examined and
control is passed to step 230. If the key is the last key, control is passed from 234 to step

236 which represents an exit from this routine.

Figure 11 schematically illustrates the procedure for performing a range query with a
minimum key value (I) a maximum key value (A) and for returning the result (R). The
" procedure commences at siep 300 where the results set (R) is reset to a null or empty
condition. Control then passes to step 302 where the decision group and decision values
are calculated and from then on control is passed to step 304 where the index is traversed in
order to find those results which match the range query. The procedure for traversing the
index is shown in greater detail in Figure 12. The procedure commences at step 350 where
the procedure is entered at its starting node. Control then passes to step 352 where a test is
made to see if the minimum key is less than or equal to the decision value (or omitted) and
if the maximum key is greater than its associated decisi'on value (or omitted). If the result
of the test is such that both conditions are satisfied control passes to step 370 otherwise
control passes to step 354. Step 370 checks to see whether a low pointer has been sef, if it
has control passes to step 372 where a check is made to see if the low pointer points to a

conclusion set. If yes, control is passed to step 400. If no, control is passed to step 374



at a visited decision node is selected fromone of: a decision group which
Is the sane for all nodes; a decision group which changes on every visit to
a deci si ogygedaypsa. deci si on group which changes when a depcmGBm/nslae at a
precedi ng node reaches a deci sion rangé maxi mum or deci si on range mn ni num
of the current decision group; and a d 8ision group which is changed when
the deci sipbevge ‘d%ci%h\gg&gp s dedisibn valesiase vasalculatsdangeussd tp deaversadhe a
predetern1ne8 threshol d. 20. A nethod as_ cl ai ned %n ny o q.of t he. ]

pr ecedi ngindesafrom the modiieathed withe pginteig T&spgecggws F‘%@’@f"‘?@‘ L9 6"’2{3‘&5& fent i |

a conclusion set. s reache r likl s if

ot f 1 cend as ek freguee; Coptal hEEpRSRIle s R Sa CARK EROEPRE TS |
as cl ai m%‘gi Lg)oﬁﬁ!é& S84 ¢f nd, RBniP6196 Baksetbtotke 378, which wéyiresentsae epit, andrifyes, t he
nodes cont& ms a partial key sequence. 22. A nethod as.glainmed in. claim 16,
in whi ch tdterokdy padsed dal siep 39ewlese ]tess id madettosee &5 e digh RoIZeE AP YsRd
form 23. A nethod as clai in claim22,  a.n Leh: : | ps
the key t eonglusiagn ?eé’r&ryéfarcé’ggglt 'ﬁtqaﬁﬁ%gé? Séﬁe‘wpé%%] lt{At\H ﬁet (r;ﬂ(;jy1 lgglsg%giﬂr%d in
claim 23, in Wi RnkliSicARBPERHol 5 pabdd Restay 802 siete & mat dduisint greupAPAi ng

IS applleB 0 a given key 1t always returns the sanme result .@ﬁ%‘

112/ . 1. t 9 ddddioRCINERER dalduiRedarfugther travamsalefthe index & pretermpd takingfhonewss o
24, in which the key i s conpressed using at |east two dissimlar

al gori t hrmeode asxpstarhDAds- hod as claimed in claim25, in which the results of

the at least two conpressions are stored in the conclusion set. 27. A
method as ol ai med i 020 3Ry b e PrELEReNth Ho3d Mitanbesherb stepy3s2atizs

passed control to step 354, step 354 performs a test to see if both the minimum key value
and the maximum key value are less than or equal to the decision value. If they are, control
is passed to step 356 otherwise control is passed to step 358. Step 356 performs a test to
see if a low pointer exists, if it does not, control is passed to 357 which represents an exit
from the procedure otherwise control is passed to step 360. Step 360 tests to see if th¢ low
pointer points to a conclusion set, if yes, control is passed to step 400 otherwise control is
passed to step 402 which recalculates the decision group and decision value and invokes
the traversal procedure in a recursive manner. Returning to step 358, a test is performed to
see if the high pointer does exist, if yes, control is passed to sf:ep 362 otherwise control is
passed to step 364 which represents an exit from the procedure. Step 362 pefforms atestto
see if the high pointer points to a conclusion set, if yes, control is passed to step 400,
otherwise control is passed to step 364 which calculates a new decision group and decision
value and causes further traversal of the index to be performed starting from these new

values.

Step 400 performs a test to see if the conclusion set (S) is empty, if yes, control is passed to
step 404 which represents an exit from the procedure. If the conclusion set is not empty,
then a sequential scan of those entries in the conclusion set is initiated, starting at step 406
where the first key in the conclusion set is selected. Control is then passed to step 408
where a test is performed to see if the key (L) is within the range defined by the minimum
and maximum key values. If the result of the test is “yes” then the key and its properties

are added to the conclusion set (S) at step 410 whereas if the test at step 408 is negative



processed by an operator which maps the key to a bounded range. 28. A
nmethod as clainmed in claim27 in which the operator distributes keys

subst ant i g da/4d0ief Or My throughout the database. 29. A netporcssyeha ned in
claim27 or 28 in which the operator is selected fromone of a nodulo
function and a hashing function. 30. A-Ttethod as clainmed in any one of the

precedi ng_ cl ai ' i 5 whithefted fshinhde Nedelis ithe ke carrenthyl wter a
data fielt lilt%?iﬁggﬁsﬁg\e?ﬁgpdﬁ%tion for which the key and its data sq? | d be
mai nt ai negbpstdekitiontib ehe Bsnkeaysin the lconglusien Iseld iGiE 18| contrakisi Passgdatonsian 414,

whi ch keys and data which have expired a e aval I e Ifel NQ
wi th new which represents sReebHORhe P‘%"Fr&llf% E?e@{@ﬁ%&%ﬁ s%e?%g%r&?t% S\?ﬁh 3(;:]}\? elgpi red
keys and data b ¢l uhide? Wohdidersliindl asethe 3abt kéy,thérhihd as
clainmed i e&F%?akgtgggﬁ%?g%fr]ﬂl%yﬂﬁqﬁhghlgh when a concl usion set is accessed
the age oheqaeh ietielopndlasiomset i Blectediadstep 41 andantrobid retmned festep408-t s of
the calculation may be stored or used to determ ne which entries can be
overwitten. 34. A nethod as clainmed in any one of  .the precedi{%g claims, in

whi ch' t he Thias,ageneral temspreirinvingakaye pnd MEEHTAREePoPeiss oy igANEHRIRRT 'WIREABi n
LESCEeYz L;ggért'aif < elllggr)éb ﬁcgg)y%[ugr&% M?&g@gﬂ}g{aﬁﬁﬁﬁﬁi BRBD REy vARE MhaFRI N a

see | ey exists prior to

interr oga}éaags\%ﬁﬁ HEGH BF MR deBidh gi?lﬂﬁofinhﬁe setyin, @8h the comtinoel esmpdrimigndd i n
claim34, 'In i ch the decisi on index is not searched if the ke\s/. dg@f not
exi st in tlieedéotsion guvep bits in/ie opnimumgne nasMERsearah keys withsthe dscisign ¥alygoq a5

chock.of EhesedeciiRioRodes Th kIR rittplse S HERERRLA ok MBI iPey. 2
mat ching §atiinl g?oxfpol'é s than or equal to the decision value and the unsigned magnitude of the
maximum search key bits in the decision group is greater than the decision value then,
firstly, action is taken to traverse the decision graph reached from the low pointer using the
minimal search key and omitting the maximum search key; and secondly actions are taken
to traverse the decision graph reached from the high pointer using the maximum search key

and omitting the minimum search key.

If the unsigned magnitude of the minimum search key and the maximum search key bits in
the decision group are both less than or equal to the decision value, then a traverse of the
decision graph reached from th\e low pointer using both the minimum search key and the
maximum search key is performed. If the unsigned magnitude of the minimum search key
and the maximum search key bits in the decision group are both greater than the decision
value, then a traverse of the decision graph reached from the high pointer using both the

minimum search key and maximum search key is performed.

It is apparent that multiple and repeated traversals of the decision graph are required. If all
of the navigation paths resulting from the traversals terminate without arriving at a
conclusion set, then it is deemed that no matching keys exist in the index. For those
navigation paths which terminate at a conclusion set, then a scan through all of the keys in
the conclusion sets is performed and all keys which match the required properties within

the search range are returned as search results.



37. A nethod as clained in any one of clainms 34 to 36, in which the keys in
the key index are stored in a conpressed, encoded or nmapped form 38. A

met hod aswhed/®@eh in claim37, in which the keys are mappepcueBngoa+hash
function. 39. A nmethod as clained in agﬁeone of clainms 34 to 38, in which

t he key index conprises an array of el nts, the nunber of elenents in the
array bei §gpad of 8RShpRindnfitigf ofithetdaabayeritiin afdatarriropessok eyd stbrage systendit hi n

t he i ndex. 20. A nethod as clainmed in claim39, .i.n which two q{s[s'm'lar
funct i onsisadeanisgadus,witiougtonet mandatory, that; the size of teconclusiop sef;ghoy Cfpli"?)%‘éss to

hash f unciateset retdiear s SiofiRgalevien BlogklyalEy 118 cligrol PEbpmnel dsde e’
the desti g@ﬁesi&pnﬁhﬁﬁ‘?.nﬁt- is 4lso aﬁvﬁﬂé%@ﬁ's, akoughaioreshniaton), diamtktOdecisiongriapln

during a ry of the key index, the destjination el errei;t iﬁ cal cul ated for
a target keyivideddntchlocksctbatee obia sige wdiigiyistamdntegergnuitinieyf the,sferage deyige

| cul at f t t. t, dth | | 4 Lf th
encoded valook wmnieree-oi i gy &N EnhEPLERieh (AR RIS AR Gt T1e

met hod asbfolcﬁ LBEBe bidaRA Yn®R&y BlcidifepslhRaamnPpoint inb i newbludk sstapptupriatedex
conprises a hierarchical structure of indexes such that an index can

del egate sone of its workload to at |east one other index. 43. A nethod as
cl ai med i, ehdek > 4hieé1raphd operation ofithe datababe, Hats dkvantagaons dest dhadeddsion | t
can del egate work to other, jndexes. 44. A nethod.as clainmed in ¢laima42 or
43, in whigtphabecwholnar pasipllpheldnin Hsse wvithin fag semicongdyciar memory gﬁaﬁea%a
request to operate on ' t ' TN cekdleat pdex.
WO 112/ - Dt Sl Ryt B Hnd SEAIB b SRS, BR R
which i f tiends Qhhrfceyehd)iinis Hleo iprefenable athgrethef cotalusibnsets behstortdt withisethean

erforman operation on the key itself or delegate th ) . .
P semipconductor memory, or tha% at least, once a concl%smn set ﬁas been identified, it is

swapped into semiconductor memory such that the sequential scanning of the conclusion

set can be performed quickly.

The optimal configuration for range matching of all key types is to use a decision bit group
of one bit with a fixed decision value of zero. The decision group at the origin is the most
significant bit and the decision group advances by one bit (towards the least significant bit)
for every decision node visited. For numeric or date/time exact key matching, the optimal
bit configuration seems to be to use a decision bit group of one bit with a fixed decision
value of zero. The decision group at the origin is the least significant bit and the decision
group advances by one bit (towards the most significant bit) for each decision node visited.
For the searching of ASCII based keys, the optimal bit configuration for exact matching is
to use a decision group of eight bits. The optimal decision values will depend upon the

range of expected characters.

Pattern Matching

The database structure described with reference to the proceeding Figures relates to a
structure where the decision nodes do not contain any key data whatsoever. However, it is
possible to modify the database structure such that one or more nodes contains a partial key
sequence. This facilitates the indexing and retrieving of scalar data by pattern matching.

The tree structure is still small compared to prior art data bases since each decision node



task if the key is within the mani fest range of any of the del egate

I ndexes. 46. A nethod as clainmed in any one of clains 42 to 45, in which
each i nde¥0 &/#84bci ated with a physical storage device, tkher/eByra2iow ng
mul tiple concurrent disk accesses to ocgur. 47. A method of interrogating a
dat abase having an index and data, and wherein the index is queried using a
sear ch keypeddnondy aentairoa irelatinely dridest matouhi oiydatheatbeeharh ther érttiee ke, as is the
characterised.in that the index is a hierarchical structure .of decision
nodes, t hEASEMIREN At ¥5EMSnavi gated until a concl usion set is reached and
mherein a node may contain a sub-sequence of a key, against which a

candi dat e ' e | and
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unr el at edhéirt, Fiub®©13 slmwah@smbtme ofitherdecisidh peaphonteich, fin hiagly Maks, neyetains 48. A

met hod of encodi ng keys within a database, wherein key data is stored in at
1 east onetheotasteulayair asevasi shownHadhigue Lo rlﬁ‘i"%ve&sth? or lg@d%n,dewhéleglwnargvée space

requi renents t he t
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order of the kg%s IS not preserved during the nap %éa search i s nade of

t he mappefigwatd Thestrusture favery mnmaqaegéto that dembkéy\gt aspecklodiguad. (lhe

concl usi ofolbenaly drtenefea o) B £SaBiE il ASD BB dRiin Ukl e
nmanagi ng kiec}iﬁo%{t@hdiheﬁc@@&lmn Téh%ﬂnaq{@ﬁdvéxeﬂlel ithpohait tb RBtekBatSini gefibrdie a

data field indicating the duration f whi ch the key and its associ at ed
dat a shoukte deeisive it wmenbwmlhbmmgmﬁcmlmba%@ than thedenetie of thedeey pmsvn@ BO 1

/0;2-42 56 {2. . A, nethod clarre i, N clal %m@p%é%@andld

whi ch havd® ECIIPTLFIES- g fles g gxe W"I‘? hoPi Viamor: g ES‘°§3 A
met hod as 6l r‘?ﬁ’e 156 %Jredmﬁdf&te%héﬁer théir Weos#ate@XdXcuBdnkdifeRNt idaLSionr €
not actlvg é ted fromthe database.

pomters point to a further decision node or to a conclusion set. Thus these pointers

perform the same function as the low pointer type and high pointer type 41 and 44,
respectively, described with reference to Figure 3. The exclusion pointer 454 and an
inclusion pointer 458 point to the address of the next node or conclusion set following the
‘present node. Thus, the pointers 454 and 458 are analogous to the low pointer and high
pointer 42 and 45, respectively, described hereinbefore. However, the change of
terminology merely clarifies the fact that one pointer is followed if the candidate key
contains the decision bit sequence, whereas the other pointer is followed if the candidate

key does not contain the decision bit sequence.

Figure 15 shows the procedure for inserting a key into the tree structure. This procedure is
very similar to that described with respect to Figure 8, and like reference numerals have
been used for like parts for brevity. However, step 152 is modified to become step 152’ as
the test is changed to see whether the decision bit sequence at a decision node is contained
within the key, if yes, control is passed to step 154° where the inclusion pointer is
followed. Control then passes to step 156. If step 152 finds that the decision bit sequence
is not in the candidate key, then conirol passes to step 158” where the exclusion pointer is

followed. A further modification to the procedure is that step 162 can point directly to the



54. A nethod as clained in claim51, 52 or 53, in which when a concl usion
set is accessed the age of each entry having a duration is cal culated and
t he resul #go ef/4be cal cul ati on may be stored or used to deperaBngossis ch

entries can be overwitten. 55. A net h(s)% of organi sing data in a database
whi ch conprises a key index and a deci sfon i ndex, wherein in use the keys

in the keiﬁéﬂ %%tﬂ:' €55t flefifily| diRtifO SRpL 364 AndBBHET Hoaweden\theiviseathe gk i s
made of th ey Index to seg I'f the Key exists prior to interrogating the
deci si on iindeaionygbeeduiclieakieyeinbdforeAlessiiedd as clained in claim55, in

which, in use, the key index is held in sem conductor nenory. 57. A nethod

as clainmed in claim55, in which the decisjop i ngleg .I's not sear.f:h%d | f the
key does rie meeesturyg forideletinghg Kepaxas shgwnam 2dS aksei veRg sinflag %i%t55,
56 or 57 , in.,which ri at: | f Alshe
oy 1 ndox SRR ecHni i M G B IO RSBl at Ued BAIETRR Aoty
is found. 3R ihé\c458IWiltha prockdiredst insertingy therkey osteps [1 42,7545 dt 6858 moidifiedhi ch

the keys in the key index are stored in a_conpressed, encoded,or pped
form' 60. té beetthodicns 152 al A andnl 387 &5 despaibed jwith gfesgnee Iﬁ‘é%k@% 137 %“réﬁég?}ed

using a hash fupction. 61. t ho Is ' isPHEbi | to

60 , in witPs lgﬁée%{} qeﬁy&égg%gﬁﬂg%@&gﬁ& ruﬁ’cggde('s)?h ﬁ%ﬁe nt SI?E% gﬁdrgaﬁn%(grﬁ‘ of

el ements it cﬁﬁibngﬁ'diﬂ@r 3 fhIeRedd, amdl AT GR, @8 blvlusiumpeintaf isufollqwedkey

elenents wWithin the index. WO (12/-9g9-10 PCT/CBl)1/052~2 57 62.. A net hod

as cl ai nedAdditichadliynsten 162 nwwwhmémdlﬁwﬁg’dpsﬂ@ﬁ wpphe! SRS otherely emiking stepher e

one hash functiqn is used as part of a process to calculate a destination
lvé?'%fltlgﬁ

el enent  E( n the key index and the other hash function is used to
encode the key and the result B(K) is stored at the destination el enent.

63. A met hﬂ?f@?“’? lc@';, moi]%ﬁ!gl{;]ef‘hé’(}iéa%ed forexal¥ Gubrf HiatdRshgeofihe ey OfFiflie ey

I ndex, the 'nati’on e Is calculated for a target key, and the

encoded vallugrdiss the nhvigataguodinesior teimmingrm éxectopierudidhe ey.crhettiecedureget
key, and the key is deened tq

is very similar to that descnbe?iewith reference to Figure 10 and, as before, like reference
numerals will be used for like steps in order to avoid repetition, and except for the fact that
steps 152, 154 and 158 are modified such that step 152 now compares the candidate key
with the decision bit sequence, and if the decision bit sequence is within the candidate key,
control is passed to step 154’ where the inclusion pointer is followed, otherwise control is
passed to 158” where the exclusion point was followed. Additionally, step 162 now points

directly to the input of step 152°.

Figure 18 shows the procedure for traversing from a node with a pattern list (L) and
returning a result (R). The procedure starts at step 500 where a start node is entered.
Control is then passed to step 502 where a test is made to see if the decision bit sequence is
contained \;vithjn the pattefn lisf (L). If the result of this test is negative, then control 1s
passed to step 504 where a test is made to see if an exclusion pointer exists from the
decision node. If an exclusion pointer does exist, then control is passed to step 506 where
a test is made to see if the pointer points to another decision node, if it does control is
passed to step 568 otherwise control is passed.to step 510. Step 508 causes the next
decision node to be selected and the traversal procedure is called in a recursive manner at
step 512. From step 512 control passes to step 514. Additionally, if the test at step 502

concludes that the decision bit sequence is contained within the pattern list, then control



duplicate if the encoded val ue matches a I Sti '
- m pre-existing value in destinati
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points to a further decision node, if it does control is passed to step 522 which calls the
procedure again in a recursive manner, otherwise control is passed to step 524 which
 causes a jump to the conclusion set pointed to by the pointer. From step 524 a search is
performed of the conclusion set at step 526 which is the same as step 516. Step 526 and

522 both point to an exit step, step 528 representing an end to the procedure.

Figure 19 schematically illustrates the search procedure of steps 516 and 526. The
procedure is ent'ered at step 530, from where control passes to step 532. Step 532 performs
a test to see if the conclusion set is empty, if it is the procedure is exited at step 534
otherwise control is passed to step 536. Step 536 selects the first key in the conclusion set
and then passes control to step 538 which tests to see whether the key contains every
pattern in the pattemn list. If it does, control is passed to step 540 otherwise control is -
passed to step 542. Step 540 adds the key and its properties from the conclusion set to the
results list. It then passes control to step 542. Step 542 performs a check to see if the
current key is the last key in the conclusion set, if it is, the procedure is exited at step 544
otherwise control is passed to step 546. Step 546 selects the next key in the conclusion set

and return control to step 538.

Figure 20 schematically illustrates how a range search can be performed using a database
constituting an embodiment of the present invention. Suppose that node 560 has the bit
pattern RE stored therein and node 562 has the bit pattern OH. When the node is queried
with the words red, Fred, Bill and John, the words red and Fred are directed along the
include path towards a further node 564 whereas the words Bill and John are directed along



index (2) is queried using a search key in order to |ocate data matching a
search criterion the search key conprising at | east one synbol, the or each
synmbol beiygoapiesented by a plurality of bits, characterpspdBinoimt the
index (2) is a hierarchical structure o§ nodes that is navigated during a
search until a conclusion set (6 - 14) % reached, and the structure is
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has up to two exit paths. . Conputer readable instructions for causing a
conput er tlge word Johmalong thesintiade path @b iticoptdinsa bif pattem4d OHZ3.  Conput er

readabl e instructions as claimed in claim72 , in which the instructions
are carried on a data carrier. 74. A database having an index and dafa, and
wher ei n t Kftherddtakadeds BN gpesipd uSINgA ‘é(ﬂgégldéﬁarklégo‘i "ﬁ‘ag‘rp psipg thesieatch simg,
mat chi ng the sgarch griteria, char ' Ly t N5 deteimth
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sub- sequence of a key, against which a candidate key.is conpared i.n qrder
to det er nilimitahtoatht ipath insluding theatode 2304 | Howewesnif i index 1is gHednd vsing fsy
stored does not v .0 nonot.gni.c_sequen L i t

hi er ar chi é&?mgtt?rﬁ’%%ﬂg. %n%r%@tlg Pnsbg%goa‘gﬁ?%&ﬁ%ﬁﬁ%&liatogs% ﬁf%#t&%alg% ?Jr:lgl a
conmput er f i bosbrsindd withindhd Wil 0rd Potticnl) and adbnzequedtly ehe50.
76. Oorrputtg? Sér%g%ldsg{l) eéaiggsr?%ctions as clainmed in cfpgi m 25 , in C\l/vhi cjr; t he

i nstruct i dndexsias te saardhedongrbadh thetinclude andegxcludg paths.dat abase, wherein key

data is stored in at | east one conclusion set in an encoded formso as to
reduce the storage space requirenments

of . the keys 8. Conmputer readabl e
i nstructi dhés porthawtiae kat he easitipR of fthe B’érﬂaﬁ?rﬁl‘%{ﬁ@e IFE»Y t‘iIBEfsnE%t fiqvgitﬁé’ao‘fen any
one of clal |e[{§en§1%u§, &oﬁéthe key\% bithavigateddrond node to node in the database.

Key compression

In conventionai data base systems the entirety of the key is stored at each decision node.
Whereas, in the invention described hereinabove a portion of the key was stored at each
decision node, although the length of that portion is not constrained. The applicant has
realised that further space savings can be obtained by storing not the entirety of the key ora
sub-portion of the key in its native form, but an expression of that key derived from a result
of a mapping process. Hash code algorithms, such as CRC32 and Adler 32 are well known
and provide a function for mapping encoding key values. These algorithms operate on a
long bit sequence to derive a much shorter bit sequence. The mapping algorithm is such
that it is deterministic, in that if the input bit sequence is always the same the derived bit
sequence is always the same. However, the mapping cannot be unique due to the high
degree of compression obtained and consequently several input sequences will map onto a
much shorter output sequence. Nevertheless, by accepting this consequence, the designs of
the index can be considerably reduced. Thus, when navigating the tree graph for a
candidate key K, the conventional traversal method is followed except that the value AK)

is used instead of K, where A is the map function used for the tree graph.

Because two or more keys may map the same function, the conclusion set may contain

information which would not have been reached had the mapping function not been used.



PCT/ GB01 /11a2~2 79. Conputer readable instructions as clainmed in claim78
i n which the instructions are carried on a data carrier. 80. A database,

char act er izxgge6h/dspudt hat the keys in the database include a detBGBIBISIL2

i ndicating the duration for which the key and its associ ated data shoul d be

mai ntai ned within the database. 81. Conputer readable instructions for

faUS' ng a]éqg g}oéyéfgfe ﬂé&e&ﬁtérfte leHarhin€ tHEE Rafied $n SeddoiEhsion satniy avder tofexclude ns 55
o] :

mput er readabl’e instructions as clained in_claim8l i n
whi ch t hethioss twhitdt donet mspmldrtodl!e snmappregtkeyc arlhiseean tpdong lbvab@lé@géh%m. ch

conprises a key index and deci ndex

i ndex ar euripapned key i the alE%‘g’éﬁe% Wal%ﬁhgﬁ] P e |V&ln{ﬁ:[h§(8§g of
the key 'Ek‘l?{hhﬁ& lﬁ%d%rftofeﬁau&@ﬁm%teﬁm {1 48 Mmot Matchtie’ HOg@vérg sfme sdﬁﬁgSI on
i ndex using Comput er readabl e instructions for causing a
conput er i@y pasd be m:lixlaedntqt bmoding the deyseih the angfluan@ seff with spsord; co«bnss .
85. Conputer readable instructions a

i nstruct i agerithng B@&ihﬁﬁeé%i iftereptdp 4-c th |th1rW°§g 0?,&% ch‘ltoﬁjﬁ% 8arﬁié %Blaglﬁm ndex,
in whi ch { g\iy Stical’ Hab' v S%GEIEB gﬁhg Sidovittiré & Qbryl X Aflesd@Rdt hat

an i ndex an de ega e sone oad to at | east one ot her
i ndex t heﬁ&is@quéﬁ'ly A igeiiplsdl mﬂlkellygﬁ\at SRI fa@seamdptwdudéd}e mbremedn Indeediathabase

conprises an index and wherein the dat base i §,ho conmput at i onal
syt em vhpubabiy o hiuhe T g erREYEY 35038 i Revbrod PobBedmB 08

capaci ty i.n bl ocks AL | tﬂ%&ﬂ&laﬁ bigaNisifaciffaRsed in
at | east ?BP&"W %éﬁaf% Si zeﬁo étgtﬁléedllﬂdex W tuhll n Sa gi vgn BI ock
' aneasesr@ﬁﬁ?ﬁl@@ftﬁd&h&ﬁﬁnoﬁbam@ﬂd itveachdtsimaxdmamrsizg. bl ock i s created and

a portion of e index is noved to the new bl ock. WO 02/.1~9~11
PCT/ GBOL/ 052~2 60

To insert a key into the index, the key is encoded using the first hash function. The index

is then navigated using the encoded key via the navigation methods described hereinabove
or conventional methods, until a conclusion set is reached. The key can then be inserted
into the conclusion set in either an un-encoded form, or encoded using a second hash

function.

Deletions are similar, with the key being deleted from the conclusion set in either its native
form, or using the encoded value form as a result of operating on the key using the second

hash function.

It is thus possible to provide an efficient method of encoding database keys in a form where
their size is much reduced, and where the use of double encoding using dissimilar functions

reduces the risk of false matches to an acceptably small occurrence.

Bounded Ke

Figure 21 schematically illustrates an index constituting an embodiment of the present
invention. Conceptionally, the index looks like that of a conventional B tree index.
However, rather than entire native keys being included within each node of the decision
tree, a encoded version of the key is used, where the key is mapped using a modulo
arithmetic function. It also follows, that where only part of the key is unbounded, then only

part of the key needs to be mapped in accordance with the present invention. Thus, when a
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conclusion set, either in their native or encoded forms.

Figure 22 schematically illustrates the possibilities that may occur when an operator wishes
to run a range match, rather than an exact match as described hereinabove. The minimum
and maximum search keys for the range are represented as L (lower) and U (upper)
respectively. These keys exist in an unbounded or unmapped search space 580 as shown in
Figure 22. The keys are then mapped through the modulo process 582 in order to convert
thém into the bounded range of the index. It cannot be guaranteed that the order of the
keys will be preserved after the mapping process. This gives rise to two possibilities.
Firstly, as shown in the mapped set schematically designated 584, the mapped lower key
has a value less than the mapped upper key. If this is the case, then the index is navigated
to a conclusion set using standard index navigation methods. However,- as also
contemplated and schematically illustrated in map set 586, the mapped lower key ML may
have a value greater than the mapped upper key MU. In this instance, the search must be
made of all conclusion sets having encoded values that are greater than or equal to the
encoded minimal key ML. This search is performed using standard index navigation
methods. Additionally, a search must be made for all conclusion sets having encoded
values less than or equal to the encoded maximum key MU. Once again, this is performed

using standard navigation methods.
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99, in whichsieeKéwys are conpressed using a hashing function. 104.
Comput er readabl e instructions for causing a conputer to performthe nethod

| ai i f clai 103.
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600. It also contains a plurality of key entries 604, 606 and 608. Considering only key
entry 608 for brevity, this is further divided into three parts, namely an eniry age 608A,
entry key information 608B and entry property information 608C.

When a transient entry is made, it has entry age data 608A associated with it. This data
refers to an age unit and an age limit which may be set for the index as a whole, but
optionally could be set for individual conclusion sets. The age unit specifies the number of
seconds in a single age unit. Thus, for example, a value of 60 implies one minute, whereas
86400 implies one day. The age limit represents the number of age units after which the
key may be lost from the index. This is typically in the range of 1 to 254, thereby enabling
it to fit within an 8 bit word. Thus, if a key is set to expire after 31 days, the age unit is set
to 86400 seconds and the age limit is set to 31. For keys to expire after one day, the age

unit and age limit may be set to 3600 seconds and 24, respectively.

Each entry contains an entry age, expressed in one byte for efficiency, and this can be set
between the value zero and 255, in this example, although other value ranges may be
chosen as appropriate. Zero indicates that an entry is new, or less than one age unit older

than the age base. 255 indicates that the entry is obsolete.

For each update or insertion in the conclusion set, the following sequence is followed.
Firstly the current date and time is noted, and then the number of elapsed age units between
the age base and the current data and time is calculated. Then, every entry in the
conclusion set has its entry age incremented by the number of elapsed age units. Any entry

with an entry age calculated to be greater than or equal to 255 has its entry age set to 255.
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Now suppose that as a result of a database insert operation, it is required to insert a further
node into the decision graph. The node insertion may occur at any point. . As noted
hereinbefore, each decision node (Figure 3) comprises a decision value, and a low pointer
and a high pointer which indicates the next node in the graph. As a result, local
amendments to the graph can be made such that a new node can be inserted after any
existing node. Thus, supposing that as a result of an insert, it is required to insert a new
node following the node whose data is represented by data item 706. Firstly, as the new
node is inserted one of the output pointers of node 706 is modified to point to the new
node. As part of the insert process the output pointers of the new node are also set up
correctly such that the decision graph does not become broken. However, given that it is
no longer possible to store the data relating to the new node, 710, in the memory block 700,
the details relating to new node 710 must be stored in a further block 712. Further nodes
relating to that new node may also be created and information stored in the memory block

712.

If at a later time, it is required to insert a new node relating to an earlier existing node, 708,
then again the memory block 700 becomes full and consequently the details of a further
new node 714 must be stored outside of the memory block 700. This process allows the
decision graph to grow, but can resuit in the spawning of a large number of nearly empty

memory blocks from each full (parent) block.

Figuré 75 illustrates an alternative method for growing the index. Again, assume that
memory block 700 is full and that it is now required to insert a new node. As before, a new
memory graph block is created. But now the parent decision graph is split into equal parts.
One part is placed in the old block 700 whilst the other part is placed in the new block
712.
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' the indexes analysed so as to split it substantially equally between the index blocks. Thus,
taking the portion of the index shown in Figure 25, it can be seen that starting at node 724;
ten nodes, encircled by chain-dot line 726 can be reached by the path extending to the left
of the node 724, whereas twelve nodes encircled by chain-dot Jine 728 can be found in the
path extending to the right of node 724. An algorithm recursively scans the index
structure, by selecting a test node and then calculating the nodes depending therefrom in
order to find a suitable candidate node for splitting the index. In the example shown in
Figure 25, node 724 and the nodes encircled by line 726 would be placed in the old
memory block 700, whereas the nodes encircled by chain-dot line 728 would be placed in
the new memory block 712. This process ensures that each memory block is optimally and

equitably utilised and stops the proliferation of substantially empty memory blocks.

Qualifiers

Frequently, it is desired that the search term in the index should be performed using two or
more search criteria. These criteria are combined, generally recording to the principles of

boolean algebra.

It is possible for the query to be divided down into individual parts with each part being
performed before the next is down and then the results combined at the end. This,
however, can be very computationally intensive and require many read write operations to
a block data store, such as a hard disk. Thus, for example, a query which returned 100 hits
might then require another 100 slow disk I/O operations in order to fetch the data pointer to

by the index query.

Not all of the data fetched by the query may be required. Thus, if a query was made of ‘a
database to find all cars registered in 1997 that were Mercedes, the query for cars registered
in 1997 would return many thousands of results. However, only a small number of these
have been a Mercedes. Furthermore, for many queries it may not be possible in order to

change the order of the query in such a way as to reduce the number of unwanted results.
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key becomes particularly long.

The applicant has realised that improved search performance can be made by associating
qualifiers, and in particular appending qualifiers, to the primary search key. The qualifier
does not directly the represent the second or subsequent search term, but rather is a
shortened form of that subsequent term. In the present invention, the qualifier is generated
by performing a hashing function on the or each subsequent search term. The same
hashing function is used to query a database as is used to insert or delete data from it.
Thus, during creation of the database, the index is created with a principal key (as before)

and with zero or more qualifier keys.

In use, the index is navigated by using the principal key and data is stored in the conclusion
sets in the usual way. However, each qualifier key is hash encoded down to a single byte,
that is a number in the range zero to 255, and is stored alongside the key entry in the

conclusion set.

During a query, the principal key is supplied with zero or more qualifier keys. The index is
then navigated using the principal key, as before. Finally, once the correct conclusion set
or sets are reached, these are then scanned by matching the principal key value and the
qualifier key hash codes with the entries in the conclusion set. Only those entries that

match all of the principal key and all of the qualifier hash codes are returned.

It will be noted that multiple qualifier keys can map to the same single byte hash code.
There is therefore a small but finite probability that unwanted data will be returned.
However, assuming that a good randomising hash encoding is used, the probability of a
wrong match is one in 255 (or less than 0.5%) it can be seen that the present invention
guarantees to return all the correct results, but with a small percentage of incorrect results
as well. Thus all the key hits returned must then be inspected in a data store to remove any
of the unwanted entries. However the reduction in size of the index and the simplification
of the query process more than compensates for the additional analysis of the returned hits.

This advantage .increases as more qualifiers are used given that the probability for an
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It would be seen that, the size of the search key, and data storage requirements within the
conclusion sets, is much reduced. Thus, if it had been intended to search on 8 tefms, each
of which could be up to 8 bytes long, this would conventionally require storage of 64 bytes
of data for each search key. In the present invention, this requirement is reduced to a mere

" 15 bytes of data.

i

When querying the database, each qualifier key is optional and none, any or all of the keys
may be supplied because they do not affect navigation of the index structure. The qualifier
keys only affect the number of hits which are retumed when scanning the conclusion sets.

Thus, the more qualifiers that are supplied the more prec1se the query result.

It should be noted that this qualifier tec'hnique can be applied to any index structures, for
example well known structures such as the B-tree. Figure 26 schematically illustrates the
format of search key in accordance with this aspect of the present invention in which a first
portion of the key contains the primary key data, and then the remainder of the key
comprises the qualifiers Q1, Q2 and so on to Q7, each of which is a 1 byte long word
produced by a hashing function on the original additional keys.

Pattern Matching

It is often desirable to do a pattern matching query within a database. Thus, rather than
searching on the entirety of a search key, a search is performed using a sub-portibn of the

key.

~ The efficiency of such searching depends on how well the key population is divided in each

node in the decision graph.

A problem with the ASCII character set is that it comprises 255 characters, but that the
likelihood of some characters appeating is very high and yet combinations of dual

characters is particularly rare.
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. These modified character sets can then be used in a single index to divide down the key

population.

The mapping of the character set is applied to the key just prior to navigation of the
decision graph for an insert, delete or query operation. Either the original key value or the
converted key value (being of smaller size) can be stored with conclusion set depending on
whether accurate or probabilistic query results are required. Examples of two character

sets are given below:

Phonetic Set
ASCII Characters Mapped Value
Vowels (A, E, I, O, U) Removed
Digits (0,1,2,3,4,5,6,7,8,9) Removed
Punctuation characters Removed
Space, Tab 0
B 1
C,K,Q 2
D 3
F 4
G,J 5
H 6
K 7
L 8
M, N 0
P 10
R 11
S, Z 12
T 13
\% 14
\ 15
XY Removed

Similarity Set
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B,D 4

C,K 5

F,P 6

G,J 7

HY 8

K,L 9

M, N 10

P,Q 11

R, S 12

T 13

V, W 14

X, 7Z 15

In each of these schemes, characters are converted to uppercase such that the query is

non-case specific. Furthermore, non-printing characters such as line feed and a character

return are removed from the mappings.

By utilising this reduced set the performance of pattern matching can be much improved.

The keys are mapped prior to insert, query or delete operations, and then the index is

navigated using the mapped key.
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18: 31%12; i ZEL&A E%&é%ﬁg&é'aiﬁ@%z ?&ﬁ‘i'cﬁ)iﬁ R E&gprises an index (2) and data
(16) and wherein the index (2) is queried using a search key comprising at least one
symbol, the symbol being represented by a plurality of bits, in order to locate data
matching a search criterion, characterised in that the index (2) is a hierarchical
structure of nodes that is navigated during a search until a conclusion set (6 - 14) is
reached, and the structure is organised such that key symbols are not stored at a

node in the structure, and each node has less than three exit paths therefrom.

2. A method as claimed in claim 1, characterised in that the nodes do not store the

entirety of the key associated with the node.

3. A method as claimed in claim 1 or 2, in which the nodes do not store the decision

rules relating to interrogation of the node.

4, A method as claimed in any one of the preceding claims, in which the decision at
each node is a simple query and that there is a maximum of two exit paths from

each node.

5. A method as claimed in claim 4, in which, at a node, the key or part of the key'
being used for a query is compared with the decision criterion at the node, and the
test applied is whether the key or part thereof is greater or less than the decision

criterion.

6. A method as claimed in any one of the preceding claims, in which every record in

the database belongs to a conclusion set.

7. A method as claimed in any one of the preceding claims in which, in use, the
hierarchical structure of decision nodes forms a decision graph held within the

electronic memory of a data processor.
8. A method as claimed in claim 6, in which each conclusion set has a maximum size.

9. A method as claimed in 8, in which the size of a conclusion set is the same as or is

a multiple of the size of a data or address block used in a data storage device.
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11.

12.

13.

14.

15.

16.

17.

18.

AS %b#}%% Q/)a&pggél& )?{fﬁ%@s a conclusion set approaches a

predetermined size, a new decision node is inserted into the hierarchical structure of
nodes and the data which was in the conclusion set is re-indexed into new

conclusion sets reached via the exit paths of the new decision node.

A method as claimed in claim 10, in which the new decision node is inserted in the
exit path from a node that pointed to the conclusion set that reached the

predetermined size.

A method as claimed in any one of the preceding claims, in which, structural

re-organisation of the database only affects one or two decision nodes at a time.

A method as claimed in any one of the preceding claims, in which the decision

nodes are related to portions of the search key.

A method as claimed in claim 13, in which the decision graph is largely

independent of the structure of the key.

A method as claimed in any one of the preceding claims, in which the hierarchical
structure of nodes is structured such that a semantic order of key sequences is

preserved.

A method as claimed in claim 6, in which each entry in the conclusion set
comprises a link field pointing to the next item in the conclusion set, a key field
holding the exact value of a key associated with the entry in the conclusion set and

a properties field which holds one of the data corresponding to the key or a pointer

| pointing to the data corresponding to the key.

A method as claimed in any one of the preceding claims, in which each node has an
associated decision value which is compared, in use, with a decision bit group in a

key, and the result of the comparison is used to select an exit path from the node.

A method as claimed in claim 17, in which the decision value is selected from one

of:

the mathematical median of all possible values of the decision groups;
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decision value preéeding that one.
19. A method as claimed in claim 17 or 18, in which the selection of a decision group
at a visited decision node is selected from one of:
a decision group which is the same for all nodes;
a decision group which changes on every visit to a decision node;

a decision group which changes when a decision value at a preceding node reaches
a decision range maximum or decision range minimum of the current decision

group; and

a decision group which is changed when the decision value between successive

nodes would change by less than a predetermined threshold.

20. A method as claimed in any one of the preceding claims, in which, when adding
data, the index is navigated until a conclusion set is reached, or the need to create a

conclusion set is identified, and the data is then added to the conclusion set.

21. A method as claimed in any one of the preceding claims, in which one or more of

the nodes contains a partial key sequence.

99, A method as claimed in claim 16, in which the key stored in the conclusion set is

stored in a compressed form.

23, A method as claimed in claim 22, in which the compression maps the key to a

smaller representation of the key.

74. A method as claimed in claim 23, in which the mapping is well behaved such that

when the mapping is applied to a given key it always returns the same result.
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least two dissimilar algonthms

26. A method as claimed in claim 25, in which the results of the at least two

compressions are stored in the conclusion set.

27. A method as claimed in any one of the preceding claims in which keys are

processed by an operator which maps the key to a bounded range.

28. A method as claimed in claim 27 in which the operator distributes keys

substantially uniformly throughout the database.

729. A method as claimed in claim 27 or 28 in which the operator is selected from one

of a modulo function and a hashing function.

30. A method as claimed in any one of the preceding claims, in which keys stored
within conclusion sets include a data field indicating the duration for which the key

and its data should be maintained within the database.

31. A method as claimed in claim 30, in which keys and data which have expired are

made available for overwriting with new data.

32. A method as claimed in claims 30 or 31, in which expired keys and data are not

actively deleted from the database.

33. A method as claimed in claim 30, 31 or 32, in which when a conclusion set is
accessed the age of each entry having a duration is calculated and the results of the

calculation may be stored or used to determine which entries can be overwritten.

34. A method as claimed in any one of the preceding claims, in which the database
comprises a key index and a decision index, wherein the keys in the key index are
stored in a compressed manner, and wherein a check is made of the key index to see

if the key exists prior to interrogating the decision index using the key.

35. A method as claimed in claim 34, in which the decision index is not searched if the

L]

key does not exist in the key index.
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37. A method as claimed in any one of claims 34 to 36, in which the keys in the key

index are stored in a compressed, encoded or mapped form.

38. A method as claimed in claim 37, in which the keys are mapped using a hash

function.

39. A method as claimed in any one of claims 34 to 38, in which the key index
comprises an array of elements, the number of elements in the array being at least as

large as the number of unique key elements within the index.

40. A method as claimed in claim 39, in which two dissimilar functions are used, where
one hash function is used as part of a process to calculate a destination element
E(K) within the key index and the other hash function is used to encode the key'and

the result B(K) is stored at the destination element.

41. A method as claimed in claim 40, in which during a query of the key index, the
destination element is calculated for a target key, and the encoded value using the
second hash function is calculated for the target key, and the key is deemed to be

duplicate if the encoded value matches a pre-existing value in destination element.

42. A method as claimed in any one of the preceding claims, in which the index
comprises a hierarchical structure of indexes such that an index can delegate some

of its workload to at least one other index.

43. A method as claimed in claim 42, in which an index which has had work delegated

to it can delegate work to other indexes.

44. A method as claimed in claim 42 or 43, in which a key manifest of an index is
defined by a range and any request to operate on a key outside of the range is

rejected by the index.
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F"10% & () - S Gidd¥%0i& dukried using a search key in order to locate data matching the search

criteria, characterised in that the index is a hierarchical structure of decision nodes,
the structure being navigated until a conclusion set is reached and wherein a node
may contain a sub-sequence of a key, against which a candidate key is compared in
order to determine an action to be taken, and in which the portion of the key stored
in a node at an (N+1)th layer is unrelated to the portion stored in a preceding node

in the Nth layer.

48. A method of encoding keys within a database, wherein key data is stored in at least
one conclusion set in a hashed form so as to reduce the storage space requirements

of the keys.

49. A method of navigating a database with a range of keys between a first key and a
second key representing limits of the range, and wherein the keys mapped to a
reduced range, and if the.order of the keys is not preserved during the mapping a
search is made of the mapped space greater than the larger of the keys and less than

the smaller of the keys.

50. A method as claimed in claim 49, in which the conclusion sets contain the key in

the unmapped form.

51.- A method of managing keys within a database, characterised in that the keys
include a data field indicating the duration for which the key and its associated data

should be maintained within the database.
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61. A method as claimed in any one of claims 55 to 60 , in which the key index
comprises an-array of elements, the number of elemenits in the array being at least as

Jarge as the number of unique key elements within the index.
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63. A method as claimed in claim 62 , in which during a query of the key index, the
destination element is calculated for a target key, and the encoded value using the
second hash function is calculated for the target key, and the key is deemed to be

duplicate if the encoded value matches a pre-existing value in destination element.

64. A method of organising data within a database, in which the index comprises a
hierarchical structure of indexes such that an index can delegate some of its

workload to at least one other index.

65. A method as claimed in claim 64 , in which an index which has had work delegated

to it can delegate work to other indexes.

66. A method as claimed in claim 64 or 65 , in which a key manifest of an index is
defined by a range and any request to operate on a key outside of the range is

rejected by the index.

67. A method as claimed in claim 66 , in which if the key is within the index range of
database, the database can perform an operation on the key itself or delegate the

task if the key is within the manifest range of any of the delegate indexes.

68. A method as claimed in any one of claims 64 to 67 , in which each index is
associated with a physical storage device, thereby allowing multiple concurrent

disk accesses to occur.

69.  Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 1 to 46.

70.  Computer readable instructions as claimed in claim 69 , in which the instructions

are carried on a data carrier.
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nodes, and each node has up to two exit paths.

72.  Computer readable instructions for causing a computer to perform the method as

claimed in claim 47.

73.  Computer readable instructions as claimed in claim 72 , in which the instructions

are carried on a data carrier.

74. A database having an index and data, and wherein the index is queried using a
search key in order to locate data matching the search criteria, characterised in that
the indéx is a hierarchical structure of decision nodes, the structure being navigated
until a conclusion set is reached and wherein a node may éontain a sub-sequence of
a key, against which a candidate key is compared in order to determine an action to
be taken, and in which the portion of the key stored does not vary in a monotonic

sequence between layers within the hierarchical structure.

75.  Computer readable instructions for causing a computer to. perform the method as

claimed in any one of claims 49 to 50.

76.  Computer readable instructions as claimed in claim 75 , in which the instructions

are carried on a data carrier.

77. A database, wherein key data is stored in at least one conclusion set in an encoded

form so as to reduce the storage space requirements of the keys.

78.  Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 51 to 54.
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indicating the duration for which the key and its associated data should be

maintained within the database.

81.  Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 55 to 63 .

82.  Computer readable instructions as claimed in claim 81 , in which the instructions

are carried on a data carrier.

83. A database which comprises a key index and a decision index, wherein the keys in
the key index are stored in a compressed marnner, and wherein a a check is made of
the key index to see if the key exists prior to interrogating the decision index using

the key.

84.  Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 64 to 68 .

85.  Computer readable instructions as claimed in claim 84 , in which the instructions

are carried on a data carrier.

86. A database having an index, in which the index comprises a hierarchical structure
of indexes such that an index therein can delegate some of its workload to at least

one other index therein.

87. A method of organising a database, wherein the database comprises an index and
wherein the database is hosted on a coﬁlputational system which has a bulk storage
device organised to allocate storage capacity in blocks of a predetermined size, in
which the index is stored in at least one block and when the size of the index within
a given block increases such that further storage is required a new block is created

and a portion of the index is moved to the new block.
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A method as claimed in claim 87, in which upon msert:lon of a new node into the

index which causes the creation of a new block from a pre-existing block, the index
is redistributed between the new block and the pre-existing block substantially
equally.

A database, wherein the database comprises and index and wherein the database is
hosted on a computational system which has a bulk storage device organised to
allocate storage capacity in blocks of a predetermined size, in which the index is
stored in at least one block and when the size of the index within a given block
increases such that further storage is required a new block is created and a portion

of the index is moved to the new block.

A method of organising a database having an index, where elements forming a key
for the index are mapped from a first set constituting at least some of the possible

elements to a second set smaller than the first set.

A method as claimed in claim 91, in which the mapping involves converting

phonetically similar characters to a common value.

A method as claimed in claim 91, in which the mappiﬁg involves removing all

vowels.

A method as claimed in claim 91, in which the mapping involves converting vowels

to a common value.

A method as claimed in claim 91, in which the mapping includes removing

punctuation characters.

A method as claimed in claim 91, in which the mapping includes converting

punctuation characters to a common value.
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100. A method as claimed in claim 99, wherein the primary key is uncompressed, and

further keys within the composite key are compressed.

101. A method as claimed in claim 99 or 100, in which the or each compressed key acts

as a qualifier which is used to refine a search performed using the database.

102. A method as claimed in claim 101, in which the index is navigated using the
primary key until a conclusion set is reached, and the results in the conclusion set

are then interrogated using the or each qualifier.

103. A method as claimed in claim 99, in which the keys are compressed using a hashing
function. :

104. Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 99 to 103.



