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Navigation

1. All navigation starts at the Origin within the Decision Graph.

2. Decision Nodes within the Decision Graph are followed until a Conclusion Set is found or no
further navigation is possible.

3. All key entries in the Concusion Set are scanned fo find the required keys.

02/44940 A2

O (57) Abstract: A database is provided in which an index (2) for the database is provided as a hierarchical structure of nodes that are
3 navigated during a search until a conclusion set is reached, and the stucture is organised such that key information relation to nodes
is inferred from the position of the node in the structure.
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~l ndexStructure ------- 14 ---- Navigation 1. Al navigation starts at the
Oigin within the Decision Gaph. I' 2. Decision Nodes within the Decision
G aph are followed until a Conclusion Set is found or no farther navgation

is possib/o. N3. Al k ri in the i i to find
-t hepr equired keys 0 OWE;S%&/%&§4QCALJ? A gﬂwmw@mﬂ@ﬁﬂwwwﬂmm ich an
index (2) for the database is provided as a hierarchical structure of nodes
t hat aivsheaavi gat ed during a search upbiolerdBORBIMSIRRiBR - 5 1k Gaghed, and
t he st+ uotharigeriagond regamipgoald B beotmuilishat akeeNpret an b oies wreltibbarisnglagtdigm e rgimodes 1 S
i nf er r ecPPyese YHE peYsi ti on of t he nodiee ¢ schtrdgdr e e A €ze27 May 2005 WO
02/ 44940 A2
~trrererrerererrererererrerererrerererrerererrerererrrrrrerrerererrrrrnred
Sl Published: For two-letter codes and other abbreviations, refer to the
"Quid- without international search report and to be republished ance Notes
on Codes andAbbrevi ati ons"appearing at the begi n- upon recei pt of that
report ning of each regular issue of the PCT Gazette. 27 May 2005 WO
02/ 44940 PCT/ GBOL1l/ 05242 1 DATABASE The present invention relates to a
nmet hod of indexing, placing information into, and querying a database. In
particular the invention allows efficient searching of scalar data wthin
a data storage system Scal ar data types include, for exanple, |ogical
data, text strings, nuneric data, and date-tinme data. Although data
processors are fast, it is inefficient and time consum ng to search through
al |




the data held in a storage systemto find a particul arjygmipving a
~specified property or a range of properties. Also, it is alnost inevitable
that the data will be stored in nass storage nedia, and this gives rise to
del ays i sk access conpared to CPU speed and t
senicongﬁﬁ?%@“gennry. It is nore efficient to createﬁéﬁgﬁﬁﬁg%gsuch t hat
itens can be retrieved using a seaklch key. |ndex nechanisms require the
creation and mai ntenance of an internal index structure. The navigation
and mai ntenance of this structupg sl @ Processing overhead in its own
right. The overhead can vary as a turnction of the indexing nechani sm used.
It can also vary as the size of the database changes or as, for exanple,

t he dati i n_the .dat baSﬁ chaqges frqu tine to tinme, Asinple exanple is in
a dat abal% PESHE IRyPafon Sieiesolgi € Method rof ripdexingn plaging Hnfhmatign dstootndyi rt h.  The
desi gnegy f a ; J . aat t hose, peopl e born
before Qe(?)%ﬂg ilgmﬁgég (%Pghﬁlﬁ SI%é ﬁ%ggn?%ﬁt g%ﬂ%%%%ﬁé%f%% orftc§ﬁ§q%h%g’e born after
2000 ADvithinjaglattstomagegysterrny work for a while but, it can be seen that the
nunber of people born before 2000 ADis a constrained set, whereas the
nunber RQorn after this date is unbounded. Thus, as time  passes this
indexin%mkﬁjgﬁhgmﬁéeﬁﬁﬁhwéﬂ p, logicalhdatsy  igosiringsn nimetion deth.candr el ating to
peopl e Sms-fimafihtgr 2000 AD increases. The effectiveness of the indexing

nmet hod can be judged agai nst a nunber of attributes, such as: 27 May 2005
WO 02/ 44940 PCT/ GB01/05242 2 1) The size of the index. Larger indexes

r equi r eAliisrugh dataprocessora v fiast, &.is bifiyienmayd tife Sonsu@iHgi16 Sarth thrdgahe@sed nunber

of data,s r. read operati involving transfer __from nmass storage
medi a, atgﬁ\é%gzlgﬁﬁlé?&%ﬁgg RISt 1;93‘@13 amcﬂa%m%mwﬁ%mm a@ni conduct or
Menor y . radge oFPeopsitieli CAMb, M is ARBSiAMUMSHAT S B WA btordd D AL Yorfnst r &i ned

structure may offer initial advantages, but suffers increase
conput a0edih ahd Bieginesaisetg delays idue todipliacess tcompared b CPY spéed andatedssas t he

dat aba te mre. dat a. The ke ata restrictions
irrposegtﬁbsgﬂl% ﬁ%dl{cﬁag%&%ﬁhunsi%T?{gcﬁﬁ%rﬁr??%@ IB&’&‘W@‘ ﬂ’éﬁ/gemso‘faﬂth?e data types .
of t he mkieigeedarsingangech kegpr esent ed by the keys nmay begin to effect

Index mechanisms require the creation and maintenance of an internal index structare. 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 consirained set, whereas the number born after this date is unbounded. Thus, as time
passes this indexing key fnay 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,
such as:




the performance of the index as it grows or as the dabghgse,fipcones
popul ated with data. 4) The key retrieval restrictions 1 nposed by the
i ndex. Sone indexes only allow exact key natching, whereas others all ow

range i 5) Gowh limtations on the index. i maybe
constr%@?“%&o a maxi num si ze. 6) Concurrency |im tgélﬁgir‘\ds]g%ﬁe i ndex may
either allow or inhibit sinmultaneods insertion and retrieval of key dat a.
Known piyi OF TRY §izeSyiSthe e Y Hiagath bndlektss @eduire @nog tiph o mdvigaten dlhes nmynt ai ni ng one
or nore‘itens of key data. In order to interrogate th .da%(gg&?se the trees
ar e navi gat alsb teguiteipaargasry numper of Spigswapsor g APHEES PrAVRg Fansisth o required
search key. .lt is i . i t dewdnnel udes t he
entirety of g‘”ﬁ‘é?asﬁg@g%%g@glc?’ \gmu@hu&&agdgﬁggtﬂ?egh&ﬁfa?ﬁ%ﬁlﬁlggg’ g%dg%ﬁence t he
"size" of theniswdeitdrineiiva storage 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. Furthernore, sone mat%lods require,the trees to

be "bal 2ncedbe sruchral cpnsiaits gf thwglern & Highly sonstraiped SGHE 1Y FHese net hods

can incur signjfican ' ﬁﬁ% Qvelhead if it fdqbir@oand del etion
mal ti ng them%g%‘%ﬁggﬁsﬁgéﬁ%?%%&?%%% put n%;slyg?errs.l PR
- 27 Nay 20@buikd thSindepasythedatable growsao hecommAdatomaiedgiat 0 one aspect of the

present invention, there is provided a nethod of organising a database
which in use conprises_an index_and data,_and wherein the_.j,ndex is queried

usi ng a3)ealbhksydplairestristionsrimpesed BY e dodeat TusAPeMpFipem sCESF B XEYS t eri on, and
in which thegi | [ | Lepid@ by HR 180 MedBsgid faielss navi gat ed
during a seg?@ﬁg%ﬁpféogthgg%%g@g%ﬂgg? elhs rgache%, %d the structure is

or gani sed s ugfpetfbraianatof drdndancs é groves orsie the dhtekasy bicomesvpppalated Wikt h a

deci sion grqup which conprises at |east one bit, the decision group is not
stored at ad#ade in the structure, each node has a nmaxi mum of two exit
paths therefrom and some of the decision groups conprise a plurality of

bi ts. @ccop[ﬂé {2% rglge@aﬁl%g%?ﬁor@%ﬁ?&& %m&%eﬂrﬁﬁﬁﬂ]hddx@é/@ﬂi hitgw exdabere i s
provi.ded conputer Treadable instructions for causing a conputer to perform
t he above mkéjmalching, whereas others allow range matching.

5)  Growth limitations on the index. The index may be constrained by a maximuim size.

6)  Concurrency limitafions. The index may either allow or inhibit simultaneous

insertion and retrieval of key data.

Known prior art systems typically use tree graphs with nodes containing one or more items
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 mainfenance ovetheads for key

insertion and deletion making them unsuitable for high throughput systems.




Accordi ng to anot her aspect of the present invention, véfb ik provided a
dat abase which in use conprises an index and data, and erein the index
is queried using a search key in order to |locate data matching a search
criterion, and in which the index 3s a hierarchical structure of nodes
that is navigated during a search until a conclusion set is reached, and
the structure is organi sed such that at each node the search key is

conpar The n group which conprises at |east one bit, the
decision group is not stored at a node in the structure, each node has a
maxi mMuReidid %k taspt RS thH e &EAOMvedRE, AWE is ?ﬁ—ovticléﬁ slegdmdoRr gr oups
conprise a_plurality of bits. NHV|gat|on Accor to an enbaqdi nent of the

pr eserfESasRE® ‘iiaéfrbaset‘ﬁlefﬂemi use GeHRSsR AN Wdepandsigtaptnd Whegen thsi iAdFxds dat abase

havi ngp@fed ng@%«aamcméﬁm &/aerel 16cét@aath @ﬁ’a@éhlﬁgsa qetedl Stelist, A8 @n S€Ar Ch  key
conprising at |east one synbol, the at | east one synbol represented by a

pl ur al Whigh the indgx gsa meﬁTCBJFEIe%‘m’E‘HIq Jawtes helisnavigetedidygng pecasdamth criteria,

char act gdricR@idniset fshddchbd)Qntl RS ¥nichurd is BigBRiSddCSHCE That St khtdt side td  deci si on
nodes, the structure of nodes bheing navigated during a search until a

concl (EMER ke it eomprsed Withah flgrisian efpup grhich comapripshis leasisenerbib i key symbol s
are nQieci@.ioﬁ"gﬁﬁl al n@ stREBatiatholdB e ik k¥ ikt SoacRASHARS A nRURUNE @SS than

three exit p y 2005 3a. lt is t hus i ble o provi de an
ef fi ciSHPah ﬁﬁ@i@sf@ aef%ﬂeq#& eeﬁwgéelpéfsqmmseﬁtp? gy ehbnd  update of the
dat abase. The index structure is nuch smaller than prior art indexes

becausgccotditg BOARGhEOaspEit St HeCprehmt mnﬂorgfthéxhels kmmas& eompledl Wi th the
node. Indged a node _need. not store %ﬁf g2§5500| fd with it. Furthernore
t he ndBsEDIGANSHYEIODE i SaYSing foEypules fp Regfopm the; P'éﬁ‘i“tg o interrogation of a

node. This is because the rules are global in that they are shared by al

nodes Adbiigdg tb hﬁmhaeisptgt opiie prasat iidveition-akke 1d@ﬁiv$dedra daetieseriikels a bi nary
deci si.on. That. has a two exi at hs.

ch de o I Xi.mum o

O ot orBiS et i trll A5 1 Yeoran o ikt Huerd gt e B kD By that i ¢
I S medntoridrado Idogte dptiematchiFparsesich hfﬂtéfﬁm, eﬁd ﬁﬁir\ﬂna’f thd &ndeeﬁsvu th the
deci si,on cr.iterion a nog . and téﬁﬁ éjter the test is
typi czlmfw%fﬂ&auwmﬁ npdesdaal 43 pavjeal ‘Ei'é‘f%\?éF%f? Pl afonglusion 85t ihart ¢ her eof
bei ng reehékdnd ﬂlié@ﬁﬁcﬁtﬁreﬁmgalﬁieds&&ﬁthhﬂlﬁﬂadhhﬁdéi&ﬁls&’irﬂﬂk@rlb tenpHed This
renoves . the need to . store features q% ear.ch key. within . the structure
of th émfhrf’o‘ge)?lsf%‘?‘@ which comprises at least one bit, the decision group is not stored at

a node in the structure, each node has a maximum of two exit paths therefrom, and some

of the decision groups comprise a plurality of bits.

Navigation

According to an embodiment of the present mvention, there is provided a method of
organising a database having an index and data, wherein the index is queried using a search
key comprising at least one symbol, the at least one symbol represented by a plurality of
bits, in order to locate data matching the search criteria, characterised in that the index is a
hierarchical structure of decision nodes, the structure of nodes being navigated during a
scarch until a conclusion 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.
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Each exit froma node may point to a further decision g qg%y sconcl usi on
set or toanull result. If an exit froma node points anot her node,
then the search continues. However, if the exit froma node points to a
concl usi on set then the navigatioﬂaof the index is generally concluded. It
is possible that no results will match the search terns, in which case the
search ends at a null result. 27 May 2005 WO 02/44940 PCT/ GB01/ 05242 4
-Every It sy pissible te hrovidigtanisBiéenb biden geuctuge thatenables sffisientecarchBhé concl usi on
S et i opﬂfe b Sbast Ortle Nded REfentrb F m ﬁ&t ﬁ%iléretﬁaﬂ ]E}ﬁﬁr ?BEI‘I%L &éscbeﬁﬁﬁé ch criteria,

in some cilrcunmstances nmay store t e hierarchical
st r uctthe aodss dgaet stire menﬂu:éﬁsofﬁh?kfbeasmmddé@ the ngdeidedesd onodpreph. The
deci S'ﬁ%&‘stg AR KBPYssOGarl wﬁﬁ'ﬁt Al e%&é% R Ftﬁ}eetﬁé‘é‘éclsﬁ)hrxufééur e
However, e decision grap gener a a sna entity 1n ternms of its
size it aanmmymé#ﬁo@ qfrao@ébsﬁhls 1@@#@@&% plastage globalsinghatdheypiici s, in use,
heId IQH@ el §64ds h nﬁ%ﬁ&rﬁﬁeﬁmgﬁﬁa processor. By holding a relatively

eC|s on grap ta processor can qui ckly find the

result of the query. In particul ar since the ana SIS of the deC|S|on gr aph
does riéach decigion pedeypekes g bingrindggisiam; Ehads, @@cmerrodp hagp maxgpagef nedi a,
accesSybhidiRSaissoci ated with such nedia are ellnlnated t hereby enhanci ng
performance. Preferably each conclusion set can only be reached by one

single route through the decision _graph. This ensures that all the keys in
a condirefsrably thedecisir applsd ¥ eachgiods ish Sémpla qEeIg By Bt it igaeadt athe pat abase

i ndex Q@e@%mpﬁesdthb ReKeECh T ihe F%iﬁﬁhé’\ﬂécﬁh&n' IRerdRdt § B, &RNhAGRD tO
degradati on performance as fhe database grows. It is therefore

neces MY fe&n%medﬁﬁfl%ﬁ’ﬁ%gﬁéﬂbﬁ%h nigh fecesratlyt xSy )diatthe W8 BT R oncl usi on

sets, R&ELIBLHE técst%ﬂ SrBRerGhMdri1Q8 thah tHRQCISIOR SfiteddD ThixgbBoves Hleglced abl y each
COﬂCl usi on set has a nmaxji num si ze. The nmaxi me size IS a user or desi gner

contrdPﬂ@@fﬁﬁ#ﬁﬁﬁﬁ?ﬁaﬂﬂ5ﬁ§W@ﬁml@%%H§W%%fﬁﬁyﬂ Vahk ageously be related to
the size of data or addressing bl ocks used by a storage device, such as a

Magnethaeh S0 frEmM Mol maFBink @R firer RAidN ndd8) Lcdndhusiofs&les 1o Hpyever any

randon1afcess data storage nay be
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.




used, such as optical storage devices. As a concl usi on,-S&k ?ﬁ%roaches or
reaches a predeterm ned size, a new decision node is i'nserfed into the
decision tree and the data which was in the conclusion set is re-indexed

into n_?_ 8C02@%4‘515i on sets reached via the exit paths 9{;13{3%%60?5‘2' deci si on

node. decision node is inserted in the exit node t hat
had pointed to the concl usion set 4 hat outgrew its maxi num si ze. Thus the

concl usj ‘9%&?:?@0% ggﬁ%ﬁ&& H@hﬁ‘éé 16 LoddBluYh det. PR R s seMBMIf 308 VWO

02/ 4494 € decl sion graph does not contain any search
key dat @ thd dued that shlisfiekihy spteifia seaschi auiririacat Tnsomedringuroeiences ey stoie thst r uct ure of

t he deci sion _graph. This keeps the decision graph conpact. Also, this
neans t I%He si ze of the decision graph is independent of the key size. A
further advantage of the present invention is that changes to the structure

of ‘the gec)al0fica0UARC DRI b RgkidBsPAGhRRGERIA R ocal . That

is only one or a cision nodes are affected by the change. This neans
that st detioargaphreayr peofianpaibiirary $zerod irdernal isgrertiee.c Hewerss i desisiofnal

overhead. Preferagbly the decision.nodes are rel portions, and nore
pr ef er aeph s g &istpall gnpiy o ters O iy g m P%?H‘g’ié?gcﬁ?r's has the

consequence that the decision graph is largely independent of the

StruCt uperofyid e akeon chilnds, 3 59, RABwiIA cRGARAGRory BRd dddgrostewisi on gr aph
places Tew, I'f any, restrictions on the structure of the key._ Furthernore,
t he por By Goldi at relativalesmallodenisios igragh froRAM, dherdeladirecgssgbeas YHidde to fol | ow

a structured, order as the deci.sion r ] Vi he portion
of the HEyesulf ‘ﬁct}g"sﬂ?% 2‘58@% T Sﬁrg{cleﬂ% t %‘9%?1%3)}1‘ éﬁgesﬁeg%og al%ﬁ%%irel{)/t in a

Moot ONjeg @ 8kQRo AMghdie o8 omBA pliysicdl ttrape tmedia, Abvaningeswsiaed with deci si on
graph is structured such that the semantic order of key sequences is

pr eser veuth mediagre dhorinatsdthesely cobaneing B{OERFNRe.gr aph may be structured such
that a first node or set of nodes test a first bit ora first group of bits

in a search key and that,k .as LS j | @lali&skidmovar ds a
concl us????r%bﬁf%/acﬁﬁ@m ‘Pgs%Fant%ntgh'%erga%ﬁ%d;ﬂty%g?géi{l@ggﬂd(tea a% s.ubseé]uent “nodes
becone ingk epmi BHiés kRpal ti gaysfth & asclusibh st coifernteci sined ugigeeptet ofan be
navigatéd to | ocate keys either by exact matching or by range matching. The
range mé§cisyens. partially or fully bounded during the search.

Database indexes can, and indeed must, evolve with time and this can lead to degradation

in performance as the database grows. It is therefore necessary to allow for insertion and

deletion of data within conclusion sets, and also for the creation of new conclusion sets.

Preferably each conclusion set has a maximum size. The maximum size is a user or
designer controlled parameter. However, the size may advantageously be related to the
size of data or addressing blocks used by a storage device, such as a magnetic store which
may comprise one or more hard disks. However any random access data storage may be

used, such as optical storage devices.

As a conclusion set approaches or reaches a predetermined size, a new decision node is
inserted into the decision tree 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. The new

decision node is inserted in the exit path of a node that had pointed to the conclusion set

that outgrew its maximum size.

Thus the conclusion sets are constructed o be well behaved.
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The structure of decision graph, and in particular th%]é;ilg);zédgat changes to
the structure are local, in that they only affect a node-or two, rather
t han bei ng gl obal nmeans that the conputational task of nmintaining the

deci si O{i'fgg%/?@?o s generally low The locallsed nat urﬁeﬁ/ﬁ?%'{}}a??ﬁ%f data using

reor gani facilitates insertion, deletion and r
the index. In fact, two or nore ob these events may occur concurrently.

Preferably. t.here i.s,no functia h 17 ' o) I.Ze: 0frs deci si on

" graph. a@ﬁéleglflf”&lgliaﬁtf ocs get ?ﬁt?nia%éiaw&rﬂ\?gg%?(ghg t%ﬁ g%v\%talzlggjgﬂgggg i ncrease in

sear ch geined &om! hestHRRitesif okt detisioh graph.o Whis keepa dealvisida peph coneased anount s

of data. 27 May 2005 6 According to anqther enb %l nt of the present
d%og eEE

i nvent iAdsn, thisveeansithet e sige ofdlr decigion IR &5 MISHH Wf5: and arranged to
hold data and to allow the data to be | ocated by interrogating the index

usi ng earch k K CONNY. 1Sl E‘:Jﬁ)@‘ﬁﬁl dshe or each
synbol aADé’Fﬁ'ﬁ’ %ﬁ{g’g@%&é&mﬁ%ﬁt a’ SPE‘JT [ %yc %rfgjeit?)ﬁsl?% erern tdﬁ%lhlgﬁdex Is a
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the in . ing up to two exit paths. The | ocalised
struct %? ﬁc%g:ﬁ%@?d%ﬂt %glﬂ?a\rqdex facilitates concurrent insert, delete and
retrieval events within the index. Preferably each itemof data within the
dat abaggefeablyikd @@ion Qo ey relared to patioss, emi mere prefieldy slativel@smplh Splitting
In spite of the stronga_gjéefertﬁgce t hat tgﬁﬁgﬁd Si.on raﬁ)h ﬁhoetéil d reside
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such t hddces fosy, bfamy, redwivtions ani thastiuctusnef thékeyo Fartbarngig, the pertieprréibes not

al l ocate sufficient ne resource .t ) rs S

ci rcuné@%ﬁ%@é““gﬁem&%bsirglg d&‘?sa{lﬁﬁﬁ%vgr}'og%ﬂu% %ﬂ]\tfc\nﬁgeﬁiogdeﬁlldgg%sdeglﬁ Ir}nam)ry on the
NBSS StRLMOR Megke® Thus! (e poRIcR W @ic BeySihefiestibh doddi ik haerbrmedress manages t he
disk in terns of discrete blocks of data. Thus, for exanple, if the

mi ni muraldsigdb key in@ mpselgnip faskippasthe grapleis Aevigntader i s 64Koytes, then a 40K
i ndex and a 60K i ndex both occupy the sane storage space on the disk,
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sequences is preserved. Thus, for example, the decision praph may be structured such that
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a first node or set of nodes test a first bit or-a first group of bits in a search key and that, as
the decision graph is pavigated towards a conclusion set, the bits of the key that are tested
at subsequent nodes become increasingly less significant. Thus the decision graph can be
navigated to locate keys either by exact matching or by range matching. The range may be
partially or fufly bounded during the search.

The structure of decision graph, and in particular the fact that changes to the structure are
local, in that they only affect a node or two, rather than being global means that the
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.




occupy the sane storage space, nanely two blocks. In %4 %(ﬁ)saccommdate
and work with these system constraints the nodificatidn ofY The i ndex needs
to be controlled since the size of the index will increase as the key

popul ation wthin the index incre@ses. Thus to grow the index nore bl ocks
of menory are required. In a first schenme for grow ng the index when it is
required to insert a new decision node and the block is full, a new bl ock
i s creAteedlingne anhbenavbadotknt iof thel preseut inventibe therevidprovided a Bhtebateci si on graph
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oper atthopudeavithin theipdex, entl ¢ash nede hgsing up lewiorsaliérathe\ pref erred approach is to

create a new bl ock and then to split the parent block (i.e. the full

bl ock) substantially equally between the two bl ocks. This approach does

- requi rget legalised structrplgeiangesbinobk index | tacibiares ganadrenbinsemodddie andde t hat best
di vi dggirie LekailhR ihye. This might be done froman ab-initio analysis

of the no es?%n t]he l%t%o or by approaches which are nore statistical in

nature. Thus, for exanple, a recursive algorithmmght be used which

r epeat i : i t { vision of the

| o Pl BlSindn bERKq ARGR ARt Bbbbne B S A BIa IR BT Pesl ¢

nodi fies the choice of test node until an approximately even distribution

IS aC'ﬁe%Ys?chGrXQlﬁnlﬁ gond approach has the benefit that each index bl ock

contains a substantla popul ati on of nodes. This leads to a significantly

nore efficient use of nenory. Pattern matching. As noted hereinbefore,
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st r uctsemiconfustos mamorn thikemayivot alwaysdepossitilt Ihiemaxbe hevputsihe fndex key data is

i nher gt hay b ?argé, foi! Gfttﬁlgfbg f)eclans% thé 8st data processor implements a “virtual

-machine” environment for the database such that the host can muititask, and the operating

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, namely 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



Accordi ng to one enbodi nent of the present inve”ti°”12§ﬁ§éfbdd§ provi ded a
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the index is queried using a search key in order to |locate data matching
the search criteria, characterised7in that the index is a hierarchica
structure of decision nodes, the structure being navigated until a
conclusion set is reached, and wherein a node nay contain a sub-sequence of
a key, thagaw hiwrk tostiei fethhead fiocam thie deagecticesyore Hrthdy block oot eleaidy residdatrint o det er mi ne

an aczgegjﬂncoh&cl?og r&eﬁhﬁp ’Naﬁ%ﬁt&xﬁﬂ}m&&o L gﬁglg meBIE?Wo%Q the portion of the key

store a node 1 n -an ayer e Index 1S unrelated to the
portion stored in the preceding node in the Nth |ayer. As used herein, the
porti . : . i t sthe Nth  node
int hgﬂgée)%lg%g‘?ﬁgtﬁyptlﬁfém%%é %%lrt%d%%ﬁq?(g@rtlgfe acaa][ @%%&%& qgf/l{ aggltpggsﬁi g successive
parts lpidtete of kearlyi empiy memonablogk éramydanly pasninkt black. This thysiopbesi bl e t o
provi deaqdat ﬁ)b@esflp%%&elnnt ﬁﬁleof‘éﬁ%e%l%ﬁ ag%ﬁjsﬁsdn‘%@é"cﬁq}om LBhBgy relatively
snmal | "SI nce eac node onFy stores a sub-sequence of a key rat her than an
ent i r eamduagty of g, dukit may cemprothise indext partosmatme as arcalishdA) opstations aré nserti on and
retri . . . ching. According to one enbodi nent of the present
invenﬁ%@%ﬁ£¥%g$%éﬁiﬂ%gge%ded a dat abase having an index and data, and
mherein the index is qyeried using a search key in order_to Ipcate dat a
mat chi &Ere :in%dﬁ b4l isctrolc}eefi;ela ewdHIiAG4 Bl h%oeéii)glt]@lei) t LR éfﬂz{;q‘l%)ﬁllll S a
hi erarchi ca ructure o eci sl on nodes, e ructure being navigated
unt i | ok sdisastiadly egually ketwesadhreio blegkd. Thie agrireach daerdsquireythatdht ai n a
sub-s HEY i i i . onpared in
ec?%ﬁ@l?tﬁloai bé vatB@R Bed m\é“ﬁb&é‘th% R0 &ega?%létltﬁ@;}%vl}.ﬁ/gﬁé)

order to determne an-action to be taken. Enhance it ching Wthin
t he proghishs dohe framtanrah-initie ebnlysi, ofithe nodesanithbehiocki dydy apireachesmpliciat i onal | oad

i t . chi ' ' t t t that is t

bo arip e SAA0NT defud THARCh| Bbeffle LRechSR kot MR YEEL (N2 St e

or symijoth sepeitedy ipicks e testcoodouon thcosait gelcubstgseths idigsiohafi thraindki ng a | ong

SUIT NGeg it %%%ﬁoi&é‘@fﬁﬁ& %9?&1%!: B&L?%oﬁﬂé }e‘éﬁlﬂ%‘éﬁﬁé‘ﬁ @Qﬁ}?q?&e&q&t on how wel |
po I'vided at eac ow I'Tkely

t he ke§S ulation 1s led at € node an a sequence wll
appearnodg il gn appgeremytelyEversdiptgbismntis 4chieusst r at ed by consi dering two rat her
extrenme exanpl es. Supposing the index is

This second approach has the benefit that each index block contains a substantial

population of nodes. This leads to a significantly more efficient use of memory.
Pattern matching.

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

any given mode.

The embodiments of the present invention disclose 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 one embodiment 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




organi sed by nane of clients and other entities that §¢ﬂ$gs may W sh to
correspond wth. A pattern matching sequence that appear ten wll not
sufficiently reduce the popul ation of keys scanned during an index query.
Thus, for exanple, if the sequenceBused in the 27 May 2005 9 pattern
matching is "E', then given that this is likely to occur in nost keys, it
provi des I|ttIe help in dividing the ke opul ation. As a further extrene
exanp|vehictyths parien ebthalkex siored eia wode it mehidrélmr alyer ofithd indgxgp uprgleateddeluce t he
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exanpl e, I'S ely To appear In guery and so is not a good
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much g %1£h&ﬁh¥ ﬁnwﬁ In an ideal case, the query string would
d|V|de popu a%| %?ﬁggys reached froma node substantially evenly. A
problemw th the ASCII character set is that it is often difficult to find
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enbodi ngnt of the pra(%lsentS [ nve%fﬁgdnigtgﬁ%l{ gﬁﬁﬁ’é“"gr%\% %g% a %?hod of storing
a key mftclpegt thereof in an index of a database, wherein the el ements of
the key are mapped froma first set constituting a list of at |east sone
of the values that the elenents can take to a second set smaller than the
first Assprdimpntpsonchembndirbent offthelpresant amentiorarthere ds pravided cdsfatwéeur in the
key i g,,0& [ Iy S
appropflaggﬁ§g§é£§%$§§Qﬁ%QgFeﬁﬁkyﬁ%myﬁqga%ﬂqgggnSe&gﬁk @2%?%}dof t he
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applie prior to navigation-o eci sl on graph
and wherein a no e 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 Matchin

Within the process of pattern matching, it is evident that the computational foad 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




insert, delete or query operations. 27 May 2005 10 A§y§m5ﬁgﬁgusly ei t her
the original key value or the converted key value (which i's smaller in
terms of the space required to store it) can be stored in the conclusion
set. According to another enbodi nent of the present invention, there is
provi ded a database in which the keys are mapped to a reduced range of
val ues prior to index navigation. Key Conpression. As noted herei nabove,

- sone aiten nmtchingas ‘B athes giverothet thik és lkelyl to denvi 81 roost Beyaricprokigys little each

deci si . - Thi .eate a relatively large index structure given

t hat gﬁ@”ﬁgggh%%@éﬁ?ﬁgﬁ%%ﬁéﬁs be large. It has also been noted that in a
dat abase constituting an enbodi nent of the present invention, the search
keys r ' i S} ; | h.it may be.
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index in its native form Thus the key may be encoded into a form which

t akes 'gg- t i £, . pr esent
invent|oﬁ%%ﬁﬁgﬁgbﬁggggggégg%hgkne ﬁ@gﬁ@ﬁa@%ﬁg@%?ﬁ%lggg%d%ﬁF%?ﬁta dat abase,
“wher eithe deqyendawil ippeation &ey. iThuns sihgla sharane iciredy osippser g4 kéywitlan encoded
form S | e_..si: I t f . It is thus
possi b aé@tcg&%?%l\%/idﬁ%?eaag %DS g&g%@n%@g?c%ﬁﬁ%ﬁ%%%gglﬁ'fﬁ‘elegd{;ﬁlééﬁggése supports
exact appat.ching. It is inportant that the mapping function is well behaved,
that is, that when the mapping function is applied to a particular key, it
al ways returns the sanme result. However, it is not necessary that the
mappi Ay ai sleavasputhc qhers eidg weeldalivide thapppilaipn ofkegoréached lgiresiode hi gh degr ee
of co I iL.t,.,becones highly unlikely that the mapping w Il be uni que.
Advang§%§§§§3§wg¥yleast two dissimlar mapping algorithnms are used. The use
of dissimlar mapping may be restricted to use in the conclusion sets.
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sequence using the full 255 characters in the set as there are many characters but the

likelihood of some characters appearing is much greater than that of many other ones of the

characters.

However, combinations of dual characters can be rare.

According to another embodiment of the present invention there is provided a method of
_storing a 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.
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and publlshed napplng al gorithns, such as, for exanple nd Adl er

may be used to inplenent the mapping functi ons. Preferably the napplng
function is arranged to return a M8l ue froma range of positive integers
(including zero) whose size is at |least as |large as the popul ati on of
distinct keys held within the index. Thus each key has the potential to be

" mappedAdntegroudy gidher themnginal kaysrheor theicqavesad kesovakes vhighds saallel ong.  For

exa”pllﬁtetnlﬂﬁf'of‘@PEﬂaE@re&lﬁ&dl?@stﬁﬁl q%r%ees%rédﬁ%@coﬁ@lﬂlﬁ{se?f llength N bytes using
the follow ng function: A(N-1)) +(K X31"(N-2) ) +KN ] nrodul oR  Were

KN is the nth byte val ue (0 255) of key K Ris the smallest power of 2
gr eat efechiiaiy b Bfotdr %&beannteﬁteof%%é@ﬁﬂ iR¥enfbn, Medd is PRdvidel ¥ SatabREGh i N the

I ndex. Sug%ested values of R are 6 for indexes containing | ess than 65000
keys. Wipgipt ?bwswgd@@rr@@cmwggq@gfgluﬁmwrm!xdwavxgew 264 for indexes
containing less than 1.8 X 1019 keys. Advantageously the key information
stored at_a conclusion set nmay be the conventional key as stored in prior
art sysvdmmuiessigiof erably is a further encoded version of the key where the
mappi ng function applied is different to the function used to encode keys
in the decision graph. Qualifier An index query can |ead to many key

hits. ‘edcicd hesgimaboyes some BACH arbsatabaess §loer (e Ml decissaprsearch fewatregelt | eval of t he

assoCigatisidn daded ThisQiah 3rddRSS relt/aly 348 liex dRYNGE ¢ 1@Mm&%0'cﬁltypl cal ly 27
May 2005 12 Not all of the data fe ched may be required nsi der for

exanplteenselvecheslargss It hasaisa hasanpied that by 4ydatabssa qo@ﬁlt\hm}gc% gpbeRiEent o query its

of the present invention, the search keys do not need to be stored at each decision node,
although it may be desirable to store a portion of the search key at a decision node. The
option to store portions of the search key still results in a relatively compact database
decision tree which can be navigated rapidly. However, the inventor has realised that the
key does not need to be stored in the index in its native form. Thus the key may be

encoded into a form which takes up reduced space.

According to another embodiment of the present invention, there is provided a method of
encoding keys within 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.

It is thus possible to provide a more compact conclusion set. The data base supports exact

matching.

It is important that the mapping function is well behaved, that is, that when the mapping
function is applied to a particular key, it always returns the same result.

However, it is not necessary that the mapping is unique. Indeed where the mapping
algorithm gives a high degree of compression it becomes highly unlikely that the 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.
Known and pubhshed mapping algorithms, such as, for example CRC32 and Adler 32 may

be used to implement the mapping functions.
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per sonnel database in order to determ ne the nunber of27wiaqges based in
London and wthin a specific salary range. An index based Only on | ocation
or on salary mght return nany enpl oyees for a given query. It is only the
resulted of the ANDed enquiry that reduces the quer i is known to

_ 1.ze, |
modi fy W4HR%% i ndexes for this type of query by st%@ﬁﬁﬁelm“% t han one key
in the index. Thus the key can be tegarded as a conpound or conposite key.

The chapces f a.candi date, (1. i L] rmychi ng two
keys i gﬁ?ﬂmmﬁé’ﬁﬁl&sgﬂ{%@%n&%mhﬁst @? E{é]h%%)édnn%’elésbg? a c%‘?ggt e mat chi ng one
key, thgiusbd® inylBest thf mipiping fuetionsned by the query is reduced and fewer

disk 1/0 operations are required. It is known to nake these conposite keys

by concatenating keys together. Put sinply the second se?rch.criteri ais
added tRrefermblyf the geapping thhmetion Hearengsd et & e SO B RBER PL PPHYe i ndi vi dual
keys may, be quite | I l ; i d keys can
resul t gﬁiﬂ?lﬁ%&%g%&%%%gg %%ﬁ@qﬁﬂr%ga‘?ﬁﬁge@g%‘?r‘ﬁ%mgggﬁﬁgﬁ? IB)ﬁas real i sed
that keyeldafiintBehdaot The esthdeep das the ipbtsntial ioghermappedbyrthalgogthm ton  fact be
encoded or represented by a word or. bit sequence of significantly reduced
| engt h. anothee valpeand og Eeysiafe 9K 0% ndex, and every subsequent key in a
concatenated key can be represented in such a nodified form According to
an enbogdi nent of LAMEentd F fenbh OV ibdes u ghod of

or gani s??fgexgmagttg g@@ﬁ{]gzé?g? hﬂ%iﬁée}% ﬁgmelx4 i%{/aﬁfis‘kag%onpbgfi te key containing
at | easfplie@mghaction:and in which one or nore keys are represented in a
conpressed form Preferably a plurality of keys are provided in conpressed

ncompr essed {of mER ST Gkl 6 Lo T GF neriek ABBAG Ened not be uni que bt

nmust be well| behaved. Suitable rmapping can be perforned by the use of

hashi ng_al kihns. .27 here is, by the very fact that
di .ffereﬂ&e%%slsggﬁm@geﬁg%%{goég%?gg }a_t he same reduced representation, a

risk that a query will return both results that do match the query and sone
resul ts thatg GomeehallBd molvet b2 geRérthanHhwsiesf thegpulationpfidiminctdegood

random si ng Hash encoding is used, the probability of a m s-match on one
key is 1/ 255heldintthefipdexN qual i fiers the probability of a mis-match is
(1/255) N.

Suggested values of R are

216 for indexes containing less than 65000 keys.
232 for indexes containing less than 4 X 10° keys.
26 for indexes containing less than 1.8 X 10% keys.

Advantageously the key information stored at a conclusion set may be the conventional key
as stored in prior art system, or preferably is a further encoded version of the key where the

‘mapping function applied is different to the function used to encode keys in the decision

- graph.
nalifier

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




Thus, the error rate is generally small. AdvantageouslyNﬂﬁlda§s returned
are |nspected so as to validate the data and renove any ongly returned
results. Wen performng insertion, deletion or retrieval, the new key nust
be conpressed using the sane keylﬂranslation process as was used to build
the index. Preferably each additional elenent after the first elenent of a
concatenated key can be represented as a "qualifier". Each qualifier is
preferably only 1 byte |long. Thus, conparing an enbodi nent of the present

i nventy rior art concatenated key conprising
eightI&§3H%$%%g%$§ﬂakh§ﬁyg%h@?%ﬁ? byt es, occupies 64 bytes. In the present
i nvention the principal key nay be represented in an unconpressed for mat,

t here t be
respe3¥|ve r%%@@%gﬁf% %%Q%%ﬁ a%%&%ﬁ% Qh#hQﬂ ° %? key | engt h
is nowecsnm;el dstabape gsordditte dgeuhing iternuneys OEmeloWa; basad jn hmﬂon@nfé any or all

of the,. d r do not
affect 1 §§|92§P§L # ?%jg&&dﬁgs %r ?g%él géMFQE i'n its against
t he quaanyfeumloweyﬁorwsglper flesryvelt by the saswliedpft the AdN sl mummﬁsaets It will
t her ef ated that this enbodi nent of the invention can be used
wth r%%ﬁf%ﬁ%?%%%ﬁg%atabase structures, such as a B-tree, or wth the
structures disclosed elsewhere in this application. Additionally
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------ ---- cco I'ng to one ! t he present
i nventhﬁrthe threces df g cgﬂalatmdclangiam@lbas@en thia eruaber of higs iehuhesd yshe ai ns at

| | east ]ﬁﬁ) r, s are represented in a
conpre@&§d¥§%?ﬁ$g%%%ﬁgmgé 8&§a f%% u?%?nbefore the efficiency of data

base i ndexes can be highly dependent upon the key characteristics used
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second search criteria is added to the first at the time of index creation. However, the
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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 embodiment 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.
Preferably a plurality of keys are provided in compressed form.
Preferably the keys are compressed by mapping them from an uncompressed form to a

compressed form. The mapping need not be unique but must be well behaved. Suitable

mapping can be performed by the use of hashing algorithms.




where the key value is continually increasing or decr «aa}ii,l 0gAn exanpl e of
such an unbounded key is the date/tine key that constant{i}gzl ncreases with
current tine. As these keys are added to the index, they cause new areas
of the index to be created, and ad3the old keys are deleted fromthe index
they may cause fragnentati on where obsol ete areas of the index cannot be
reused for_ new key values. |t would be highly advantageous if the index

st r uct Theee soby dhebeery faph Hhat defiqrent kgyshcan bamjeprasented: be thgssamsfredusedinbounded key
did n i i t her
embod ] o e P o RS il ofine o
navi gaesuiy et damabassh\the Ruay.rBewryepfaswming that sueesd modemising fagh and a second
key . I SREESERLUAY e pfithbiliff of d1RisANEon HkeYHET/S59) bhi'e:r KeYRIFBPPEd to a
reduced range, and if the” order of the keyS is not preserved during the
mappi rife BroBavdlity if 4 wisradeh i6K1/2H8 -mapped space greater than the |arger of
the keys and less than the smaller of the keys. Advantageously the key is
operated on by a hashing or nodulo function such that the keys are

subst aHus.dhe grassmtaisiggnemllytsiaBut ed t hr oughout the dat abase. Thus, for

exanpl e, an unbounded date/tine(K) (which may, for exanple, be the nunber
of ml|iseconds sincelst January 1970) is converted to (K nodulo N) where
N is th&appgoedy ahdils eryragd arpasperishso as 19 yalidatedhe d#9 epd ssmayeynyal ue wil |

al way syl rdnthQ dfiasrange 0 to (N-1). Preferably the nodul o val ue applied
to the keys is greater than or equal to the maxi num nunber of distinct key
val ues which would be held within the index. However it nust be pointed
out  t hthed frRrfAP MsbiiBh, deferiBR br FRRAAL HeYnewley YRkt B0 CompristedduARt ageously
t he concl usion séts (nodes at the end of the“tree 1ndex) contain the key in
t he uriheipedey sanslatiohprocesaapivasqsediie bpdddieindext y of error since the search
key can then conpared with key data in the conclusion set, both in their
native form such that mappin errors can be avoided. This invention can
be appir¢fe@blysaghp pdditinnpbelamemn-aiter the dirstolleneent joh 8 execpienaied &eYic#ybe o an

embodi gRadenff of SMQuURERFERECH cﬂ:‘éﬁﬂér'i@;?’l—efel;aﬂl%rrq?dyl Pbye g abase including a

nmet hod ‘'of codi ng unbounded keys for use w thin a data base, characterised
in that each key is processed by an operator which maps the key to a

boundegy§ aRgfariny AShESHmERY? the present invention with the prior art, a prior art
- concatenated key comprising eight key elements, each of eight bytes, occupies 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 embodiment of the invention can be used with
conventional database structures, such as a B-tree, or with the structures disclosed

elsewhere in this application.

Additionally qualifiers can be used in conjunction with an index where the information
relating to a node is inferred from the position of a node rather than explicitly defined by or
contained within the node itself (such as an index constituting an embodiment of one

aspect of the present invention).




o L AT i

There is sonmetines a need to handl e data whose validibyhﬂiiﬂﬁgfulness i's
limted. to a certain tine range, or other range of val ues. " 'n prior art
data bases, such "transient” data is handled nuch Iike normal data, and as
a consequence it is usually necessary to explicitly delete obsolete

transi ent key data or to renove 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

i Mpos i const r.ai c ' . ' f resent
invengygﬁﬁngﬂgrégi%mﬁpgéiléﬁéésﬁ%?%%gn&ﬁgﬁgéﬁﬁgqggggﬂkfS%F%mgmgata base,
char actlerdirsthd iridax tdndeing 4 éeakteme kéyn etduid evhichdhat ar foiors] ktys amdipesseitedy a dur ati on
for m@ﬁg@o Q:“ %Hgnd its associated data should be maintained within the
dat a base. us, sonme or all of the conclusion sets may be nodified to
include data indicating the duration for which a key and its associ at ed
proper(hg§ﬂ%$ be considered valid. Preferably, expired keys are not
activéﬁy—renuged fromthe conclusion sets, but they becone avail able for
overwriting by new data once they have expired. Thus, there is no need to
explicjt i . ead is

ol visdioled 18helE g A AREG N B CRASS B ORLL TR (GOS0 Rt ¢ he
dat a itk kay dhamgeristigaiiised, theremeith, dgading to petentially Gedigierd ndesinggpvemas/ai | abl e f or

re-us 7 . I i vide an
explingéﬁggg%zﬁgﬂgiﬁég%é%%gfq@%?%%ﬁggggggggﬁpgaﬁ?%ﬁﬁ% ng% ormation would
no | omgeountel kiatie dteatitefimndkey thitecongiardlylinéreasesswith cwingng tifngr s gfese encodi ng
could I rred
embodiEFe HpAh HORBEERI o B AR PORUE R 10 TRRREed BB ESIET 20 age
uni t, keys ahddetedfom treiaden theymay casise fagmentation gbereahepleimargggeotithari t whi ch
i ndi ca t i t Nalols id and becone
avaiIgﬁﬁgc%gﬁtggg?ﬁﬁﬁﬁ?%ﬁbk relggégﬁ?&gﬁgqéggF%%it %%B§?€%ﬁ¥§% e, whose
| engt struatwe eswWd bs otghmisaduinisech aofaystbadimosse iofiaraunboimdgt kendid ngh¢ause The age
limt §ﬁﬁ£ﬁgg&% EQSbﬁﬂﬁgfr of age units after which a key may be renpved
from the I ndex  Advan ageously each concl usion set contains an age base
which is a date/time stanp of the nbst recently inserted/ updated entry in
that set. \Wen the conclusion set is accessed, the age of each entry is
cal cul ated, and advantageously the results of the cal culations are stored
According to another embodiment 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 mapped 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 sincelst
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).

Preferably the modulo value applied to the keys is greater than or equal to the maximum
number of distinct key values which would be held within the index. However it must be
pointed out that this condition is not mandatory.




in an entry age field. A conparison may be made betmegaDhQ@Q@mﬂry age and
the age limt to determ ne when the entry can be overwitten. Determ ning
the Duplicity of Scalar Data As noted hereinbefore, prior art (B-tree)
deci si on graphs are navi gated dowmi3to | eaf blocks that hold the key val ue
and pointer information. Navigating the decision index may require one or
nore di sk input/output operations to find a chosen key. If the index is

used téfivaptageondly theeorslpsiqnessisdnesies airthe erd /icdhe Bemibfieraconssis thaegin duplicate
conbi nRd L@AsHpad Sorm' ’Tﬁﬁ%&l{ces 13 SR sIRy HErod kinkC e sEardi ké)h@an' {dex may be

|nappropr|ate for a high performance” system Accordi to one enbodi nent

of t heopparsed Hithikey deip inghe canghision pef, aitlyip th@anaaww&%wcb at BepRIRg si ng a dat a
base sueh bl avatdelas a decision index and a key index, wherein the keys in
the key index are stored in a conpressed nanner, and mherein a check may be
made of the key index to see if the key exists prior to interrogating the

deci siTaf ihitGiGen éh‘ﬁ'b@gpﬁlféﬁ 6 &hveribndl B-EOUS oBRERIDlE 10 provide an efficient
menory base net hod f determning the existence of a key with an index,

such that the need to search the index itself directly for the key can be

vl dotheodihgMYun 20N 0P AR APETLARALIAR2A2: addbabd ikfuckfls POSSI bl e 10

provi de an eff|C|ent menory base net hod for deternlnlng@ exi stence of a
key winRgthod pf periegunbeyndrd keysiorruse withia @ dets basen pleappctorieediip dhakeack k&Y f directly

for tlbﬁo&@éedwanBﬁeratapmeldmaﬂmékéyh@aibmearasage effectively conplinents a
standard index structure by holding encoded key values in sem conductor

menory. The existence of a key is checked to nenory prior to searching the

indqu}&ﬁkﬁtm%EChing entry is found in nmenory, the key is rejected as a
duplicate, otherwise an attenpt is made to insert the entry into the index.

In order to provide an efficient and conpact structure, the key index uses

a one Ti@Y is ¥BREEAG { HORt bAAndie lt!lﬁtla Wiosd vIREH &%emrfegh is ThRitdae@tar es of the
hash functi.on or other nappin unction are such that; \Wenever the

reppi (PR HRE fange.i of ofhey BRIl dfﬁg% &n prgrertdein haggsymichFaasionti datadhce, t he
- mappi gndisielidOfkeMbShal (RS bkt KY do¥sdgBENE Bt i§ RSB HBYBHUS 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 embodiment 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

duration 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
deletion process. Rather, once the marker indicates that the data is no longer valid, the

space that it occupies is made available for re-use.
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provided that no information within the key has been 8%1%!%5 If two keys
are deenmed equal, then calling the mapping function on ea the two
keys must produce the sane result; It is not required that two unequal
keys. are mapped to dissimlar val tlés, however, providing distinct results
for unequal keys will inprove the efficiency of the index. Published hash
code al gorithns, such as CRC 32 and Adler 32 may be used as they provide
sui t abhléhogn gtvcotdbbe nopsible o providephenplivitataleomd gimet tharkrelpr thadete at t he menory

may b ?ﬁg a &F@fg gThis array
s kn?mlﬁ&gglg 3%‘??’?’@9?‘ g?%%de?%c%rﬁﬁ%ﬁﬁn &ﬁ%m%%‘rgé 0 errent S in the
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Two hawtreftiaget dndris, aga liamdwBich andicagesghie agmatodw;fuﬂnstdatyrﬁnm kehi arheo array. The
functi oMY 2005 WO 02/ 44940 PCT/ GB01/ 05242
18 Ford §/@%1@o"ﬁ§h§°§%§q"%§%,f&&@g"r‘m”ég’é?' where A(K) = A(L) it is unlikely that
B(K) = B( L). For any two unequal keys K and L where B(K) = B(L), it is

unl i kel t ulate the
offset Ter }aﬁg e ?%@rﬁ)ls éﬁl&zﬁk ont | {{%}ﬂ%j} éS&R du&ﬁbis@dse&%dgg{l %g the
f ol | owinglp asquait.i e agElI@mnresnmﬁ@mumbﬂBﬁ(agf( mlys mﬁdwh;clNa ﬁnsemey hBS( . .

retur N8miNg fAshoREg: magni tude of a nunber and N is the number of eI enment s

in the tdentity array. This function is known as the el ement function E(K).
Each element in the identity array stores B(K) where the el ement offset is

‘gi ven }Q;K/aﬁ%\%ousl}r éach%bfncﬁu]t% nlsSt ARGHE dn g%ﬁcﬂagé:@ﬂl@h hfearda{\/%g}n@‘é s‘?ﬁlﬁﬂ&t‘tﬁé of fset E(K)

cont ai ns ment cont al any ot e | ndex
st r uctrgstrasently insrtedapdeted ¢nin indibatesehi Wieni the cengpision isetyis acceged, dhe at t enpt to
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in an entry age field. A comparison may be made between the entry age and the age limit

to determine when the entry can be overwritten.

Determining the Duplicity of Scalar Data

As noted hereinbefore, prior art (B-tree) decision graphs are navigated down to leaf blocks
that hold the key value and pointer information. Navigating the decision index may require
one or more disk input/output operations to find a chosen key. If the index s used to
record the existence of unique key combinations, where duplicate combinations are
frequent, then the disk structure of the index may be inappropriate for a high performance

system.

According to one embodiment of the present invention, there is provided a method of
organising a data base such that it has a decision index and a key index, wherein the keys in
the key index are stored in a compressed manner, and wherein a check may be made of the

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

It is thus possible to provide an efficient memory base method for determining the
existence of a key with an index, such that the need to search the index itself directly for

the key can be avoided.




Firstly E(K) is calculated. Then B(K) is cal cul at ed. I2]‘71\;1Q)¢2@dserrent at E(K)
inthe identity array contains B(K), then the insert 1s rejected as a
duplicate K However, if the elenent at E(K) in the identity array does
not conga ) then the elenment is overwitten wt d a search is
made of{l?ihdgm]ﬁﬁlgex to determne if i;e key is a dupl ig(éﬁé@uf’ﬁ%@use of an
identity array considerably reduces'the storage area required to hold the
list ot i$ Heuskpogsibleltb movide an leffctenh asknone base| method &mi daepminimntheeach key was

32 bytes,long, .then it would i.re oyer 3 of . nme t ache the

i ndex iWﬁﬁ%‘ﬁBPﬁ/?E%M@r %méf%@%%@ﬁ%l% ﬁ@ﬁ?%ﬁ“diﬁﬁg‘afa%‘ﬂﬁﬂ%%nl y occupy
4. 4Mo ofe Ye addid@d@ni si ng I ndexes by Hierarchy As noted herein, prior art
i ndexes typically use tree graphs with nodes containing one or nore itens
of four key data. The tree graphs (decision graphs) are navigated down to

| eaf  bltos ki ifreemtion effictivelsanslinehtat: skodald index Kegtureahyiwldmgpenoadedt er
informgtion to, the; sﬁ)red dat a ﬁ.ﬁ I\/aét 200? 19, aﬁd data bottl enecks can
occur. VAU PPmicPRuSiOLREmNY IR FHTRICE OF & K 1§ FREke R MM with each
par ti tigneasmhdiheGnde®. Qféiinfaﬂfcﬁhg@ﬁtgpﬂ)féihﬂ% bk, tieheyedisicdlei @wiang di sk
|-Os to be oVerl apped during index operations to increase the overall

t hr oughipplicadd, othimviseratt @ftempt il made i@ inkertithe enteyimid ibyiieflerg t he i ndex presents a
flat one dinmensional view of index division. According to one enbodi nent

of the pregent invention,.there is provided,a dat.a,base index divided in a
" hierar c[ﬁl‘lfi r fgtﬂfﬁ‘e&u?%e ti‘qqa‘fonﬁ’ﬁ&i Sﬁ‘a‘é’@éﬁ’nﬁ&? bo% | 1deA WS 4,88 ¥ t s wor k oad
t o onengipidPfufctRh§ich iaf d @%6S imbHdal eTbieuids e thedatle funtkteXomaheri t sel f
del egat e 'Sone:- of its work load to one or nore other indexes. An index
parti citpappingfunahon greBuch ttier ar chy of indexes is responsible for a range of
sub keys. \Were such an index is handling a sub-range of keys on behal f of

anot her_ind it i known. as. a .del e I I ey sub-range is
known as a K nﬁ)ﬁiﬂfeeglgpplqgrfgpcg:rogﬁwn%o %dt{neyg%agﬁ?kgggd{é% ﬁag&n% iyndex is gefi ned
by 1'imiting tRnCaidt,i tBe appits Rmelionood \ossdstentli; trdtinh thd€ankeeyalie0 a cont i guous
range of possible values. Any attenpt to Lnsert,, el ete or update or
search for @reededthesnro glegatiogwithiiyiheksy hag eawwﬁ@e& key manifest is rejected
by an index, otherw se the key operation is handled by the index or one of
its del egate.] ndexes, . Th |.erar chy: d hat each i ndex
may hav'ega igbv(gficeg%ge g?emﬁgg @Mgfe (!,\lgcg%f %Eﬁ% ohipiRf ARG i of

' 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
érray of four byte elements. This array is known as the identity array. Preferably the
purnber of elements lin the identity array is 1.1 fimes 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;
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. indexes, but each index may only be a del egate to one 2 Zgarzd'o dex. Were an
i ndex has one or nore del egate i ndexes, an operation 12 Insert, update or
delete a key is submtted to the delegate index with the appropriate key
mani fest. If none of the delegate indexes have an af,)é)ro ri ate key

mani f esVO HEH t he operation must be handled by theP¢HEBRBPHEe| f. Where an
i ndex has one or nore del egate i ndé&es, an operation to search for a key

range is sybmtted to all of.t L ; hrs ropriate key
mani f est's aﬁngeg’%Oe‘é‘feﬂwﬂh(gys’ %@Lgﬁh?q%%@nd%w{?awé}!rﬁgpquery results
fromthe seggh=dgtpgate indexes are conbined with the result fromthe

i ndex's own search. Al of the queries can be perforned sinmultaneously. It
is thus possible to nodify an index structure §uch t hat rk can be

subdi vi ded dor esyp twarhagual keyK japdi byvdisre B&y & R(L =Eéb9n“r€’gﬂ1’iﬁ%ﬂex may point to
an associ atcefg 4 2005 WD 02/44940 PCT/ GB01/05242 20 with the result
fromthe in S ' search. All of the queries can be perforned

simul taneously. It is thus possible to nodify an index structure such that
Wor K Cafpdpash FiRdby B8 dsedah QaSuIaehi OffSet Skieitr(0Nein theidentitynarrafdah sub- i ndex
may point to an associ ated physical storage device thereby allow ng

mul ti pl éhedkenBusing the folleskingeualitdes to occur. This reduces the disk

bottl eneck and all ows faster operation of the data bases as whole. The

present invention wll [ [ - ' way of exanple, with
reference to the accon%@ﬂ%ﬁqﬁam%gamé,t@ﬁod Ich: Figure 1 is a schematic
overview of the present invention; Figure 2 is a schematic representation
of the I\\ﬂﬂi:ecﬂESEt)rrUﬁiﬂértﬁe Qbsighedl @fiesinae ofreaminiber B OF ¢ Be smmbemof cal |y
illustrates the Structure of a decision node; Figure 4 schematically

i | 1 ust r alemsnts ehsideniy eway- of a concl usion set; Figure 5
schematicallyillustrates the structure of an entry in a conclusion set
Figure 6 schematjcally-illustrates. act search procedure. Figure 7
schemat ﬂ@’é&‘i“ﬁ?@‘ﬂ%&‘?‘i%@eéle??ﬁg’éig%cga%@ﬁ procedure. Figure 8 schematically
illustrates the procedure for inserting a key; Figure 9 schematically

|11 UStr 848511 ARG B SRS diay sieh BNGhede theKlemeiietss PResbyBEYL i cal | y

illustrates the procedure for an exact ke uery;
A key (K) is deemed duplicate if the element at offset)é com}éms E(K). If the element

containg any other value, the index structure must be searched to determine its duplicity.

For an attempt to insert a key K into the index the following sequence of events occurs.
Firstly B(K) is calculated. Then B(K) is calculated. I the element at E(K) in the identity
array contains B(K), then the insert is rejected as a duplicate K. However, if the element at
B(K) in the identity array does not contain B(K) then the element is overwritten with B(K)

and a search is made of the index fo determine if the key is a duplicate.

The use of an identity array considerably reduces the storage area required to bold the list
of the keys. If a data base had one million eniries, and each key was 32 bytes long, then it
would require over 32Mb of memory to cache the index in memory. However the

equivalent identity array would only occupy 4 4Mb of memory.

Organising Indexes by Hierarchy

As noted herein, prior art indexes typically use tree graphs with nodes containing one or
more items of four key data. The tree graphs (decision graphs) are navigated down to leaf
* blocks (conclusion sets) that hold the key value and pointer information 1o the stored data

-t e e e e ettt




Figure 11 schematically illustrates the procedure for >a Mapg®sof query; and
Figure 12 schematically illustrates the procedure for traversing a node
with a decision group G decision value V, to mnimum and nmaxi mum key
ranges, and returning a result. H9ure 13 shows the structure of a portion
of a decision graph. Figure 14 shows the |ogical structure of a
nodi fi cation deci sion node. 27 Nhy 2005 WO 02/44940 PCT/ GBO /05242 21

Fi gur eAnfliainbpieneris oan gear Femitaty tiscrveihayl andexss are plepupastii@ed hows t he

pr oc edgiiie edcl rpaﬂﬂbﬁr' hish@edtokdiffore HyLiSal lifsk,sﬂB@Bé@y hihsviky @geoisqoher an exact

guery match. gure 18 shows the procedure for traversing the tree with a
pat t er$veflfRped SH‘PP% Beel PReFRiiophie inpraasg|the overadh theoughpus gh ik hdes. Bhiscedure for a

sear ¢chmehodofabdiBig iieShdex pkosentdd Bt oBe dithehSoNvR¥ I RIdex Gikishaw a pattern
mat ch process helps in sorting data. Figure 21 is a schematic illustration

of a decision graph having a bounded index; Figure 22 shows the structure

of a rm.gbofduegdoea@slhb&mﬁan%ﬁﬂm pFe'sQiﬂ hﬁieﬁt%nsﬁ%ﬂ%rbﬁééd ¥ddth ba&@ Eﬂd@i es a first

way of s tting a C|S|on gr aph gure 24 sc enatlca lustrates a
s econodlwg?}l B 1%6‘5?"‘?1&119 uciurg gichdhag An g}da)bﬁlay driggats ymeot s Wgéﬂ{@éé? ically

i | I ustam@ioemotdBhes takk@ur ati on of a conposite key having qualifiers
therein. Figure 1 schematically illustrates a database incorporating an

i ndex constituting an enbodi nent of the present invention and a data

i E) (r)II: Ie ul;r?%%lglyrsﬁgtﬁg%ggte fﬁﬂfgf? rﬁ{ag %ei%e@%%ﬂe%bﬁ@ Eaﬂ{ﬁc k10 4;1;;16{8 gn@oxpxln %Itﬂe} y of

usi on se reached by
one, dndxehly one, path through the decision graph. However each concl usi on
set then points to relevant entries within a data store 16. Figure 2
schematically illustrates the structure of a decision graph, generally
i ndi caAremd@0particaeinglmeust az)lnielgrchp bf indexer Reespomiblafor ﬁ)rdngé of 2B keyd | navi gation
t hrou t he deci si,on.

start, at the The, origin may have

zero (Tor exany fdg & S%apﬁlggd%tg%o%%e f’ttskw&ﬁflmeh"gﬁg 8‘?0 FRdgeEct gf’ on pointers
poi nt ikngwh as 4 del¢daterindeagded itakéshsub-radpe ideivaiaon kegy mplifest t o concl usi on sets.
Each ot her decision node may contain O, 1 or 2 decision pointers, with

Preferably the key manifest of an index is defined by limiting a contignous subset of bytes

within the key to a contiguous range of possible values. Any attempt 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 or 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
made by the index itself. The query results from the search delegate indexes are combined
with the result from the index's own search. All of the queries can be performed
simultaneously. It is thus possible to modify an index structure such that work can be

- subdivided across various sub-indexes therein. Each sub-index may point to an associated




each deci sion pointer pointing to either another deci?g@ n%{% or to a
concl usion set. The 27 May 2005 WO 02/44940 PCT/ GBOL ) 2 deci sion
pointers at a decision node will be referred herein to as "the | ow pointer"”
and "t hj pointer”. A decision pointer at any decjsion_node in the
deci si gﬁ"d’%@\%ﬁ“ can only point to either one other dg‘ﬁ@"gﬁ'sm)de in the
sane deci sion graph or to a singl e2®oncl usi on set. Any deci sion graph node

must  beypeigy ?%u%%ﬁ%fet In¥es®Y oRRScAbCTAINQE iR QubriaOden b thaifbmicae same
p

decision gra r by the origin. Simlarly, any conclusion set nust be
poi nt edsitoltexasty. yIt by thus pyssiblsrie miwlify sindndexctraciietiph thehwolietgn deon gr aph.

Thus. any, co usi on set can.on reac ] ingl e and

uni que %’ng%%#'ﬁgﬁﬁﬁa?% S@E’élfl e%)ﬁ'e‘%&ap]}%a? g@%“‘%‘“‘%@%ﬂ’!dg’w iﬁ%%%’gﬁtegni que path

i N Knowphygisal dtoRaiidevitd @eretiadlibwing ngiliigte Consefuntrdisk aedebsgs ol detig! Thises t he

| ogi cal structure of a decisjon node, generally indi c%t ed 40, in greater
det ai | . redurss e cdisk bofilepesiiangd alopg daster aper ¢ bases s whaley 5\ nointer, a

hi gh pointer type and a high pointer. The | ow pointer type 41 indicates the
pur pos f the | ow,.poi r.42.  .Ih I, N pe: i,ndj.cat e whet her
| ow poieﬁee‘?reseﬂtzmﬁ%:\uﬁ? g‘ﬂ[ ﬁ’r%e%gélle Ssc?lgéld?‘ﬁ%%& 8? 5{3"“0153%’ g’gﬁc f%%#?)ﬁ&{sﬂgt . The | ow
poi Nt er acdgmptinyg didvengg dalvaib: of the deci sion node or of the conclusion set
that it points to. A zero value can be inserted to indicate that no
pointer exists. Simlarly, a high pointer type 44 indicates whether the

hi gh pBigwe dris aghppiticoyervigwHf e Pressnb AR or a concl usi on set. The high
pointer indicates the address of the decision node or the conclusion set

that it_points to. ' | p0di cate that
oo nt er FERe rge SHma Tl Rut fRE e Rt 5P o HaBier B, 12" T O

graph to be represented and stored with a data processor and its nenory.

Fi gure fio8eRapRidagally Miiskdtsithd dubitrelof® dsdisishGiods;e of a conclusion set. A
conclusi Oon set conprises a plurality of key and property entries, 60, 62,
64, 66 and 68 each linked together by a directed link giving the address
of the Feut 4achamaticallyilletraethd druttore of atonclusignpad; 5 schenmatical ly
illustrates the | ogical structure of each entry within the conclusion set.
The entry consists of three fields, .nanely a link field 80, a key field 82
and a pVigpessehomagipally dipstratesihe stuptireof ag ¢ 6’??1?@0@8‘0’3562 next concl usion set

entry. The zero value can indicate that there are no nore entries. The key

fiel d 83 Holeds bDRcRY Ak Mt solrclf BioctliR ©as the properties

Figure 7 schematically illustrates a range search procedure.
Figure 8 schematically illustrates the procedure for inserting a key;
| Figure 9 schematically illustrates the procedure for deleting a key;
Figure 10 schematically illustrates the procedure for an exact key query;
Figure 11 schematically illustrates the procedure for a range of query; and

Figure 12 schematically illustrates the procedure for traversing a node with a decision

group G, decision value V, to minimum and maximum key ranges, and returning a result.
Figure 13 shows the structure of a portion of a decision graph.

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




field 84 holds the properties associated with that keyfg-,—fl\%y%rrpl e the
address of the data corresponding to the key field 82. Having defined the
conponents of the index, there follows a discussion of howto use and
navi gat gt pndex. -- - -------- - ----- 27 May 200 44940

PCT/ @Cﬁyp&g@ﬁﬁdﬁ' 23 In order to navi ?ate al ong the inﬁ%&&é@c“ deci si on node
visited along a navigation path réfers to one or a group of bits within

t he keym i I Is : as a "decision group" the nunber of
bits i nFlgyé 133%@?%ﬁgﬁe%%%gé%e%ggi\gﬁyato i ncl ude any nunber of bits
~between a single bit and all the bits of the key. The range of possible
val ues Fileerslkhovshie merint Gor dgletingm lieg. "known as the "deci sion range" and
i s bounded by a decision range m ni mum val ue and a deci si on range maxi nmum
val ue. _The decision range m ni nrum val ue may be any value |ess than all
bits seFigmg 17 iskovsdbs mpesaire frgh grack@erydnaish ar | y t he deci si on range nmaxi mum
val ue may be any val ue greater than the decision range m ni num For

conveni ence, ..M ni mum i R, I Bh.an unsi gned
nagnituﬁ@mﬁ BaPP%h %9@@%Wg9éﬁgﬁﬂ%%@4@§§n nodg%ﬁgﬁfgﬁ%§£SOC|a%gﬁ deci si on
val ue. Jdgg@t.deci sion value determ nes whether a | ow pointer or high pointer
is foll owed when navigating through the decision node. The high pointer is
used when the val ue of the exam ned decisjon bit group in the key is
greaterFEW@d9ﬁh€W&@ﬁEﬁ%WW@%Péﬁwmﬁﬂ%ﬁmﬁ%tﬁ%@% | ow pointer is used.

Conmpari son of the decision value is advantageously performed using unsigned

magni t ude tation. Th cl sl I G any val ue chosen by
t he sysfq’@fﬁeg@ﬁ%ﬁ@?@plagﬁoﬁ%ﬁa%@q%a\[@ g 8;3%@]@8?132@%1&?}1 ageously is selected
fromone of the followi ng: 1. The mat hematical nedian of all possible

val ues pfoufc8 iieehenh A jlGk@aton of 2 deckivn ofdph Revily 4 suahdqiaadean of all the
expect ed val ues of deci-sion groups. 3. The nmathematical average of all the
expect ed val ues of the decision group. 4. An arbitrary value specified at
t he ti nBigafe Rrshevws thastwétuterod amvztégedcﬁnclmh?@sﬁ’fédi an of the current decision
value (ie the nost recently used decision value) and the decision val ue

Egﬁceghgﬁ%é%&%ﬁﬁl Ones%fﬁrﬁvs%%%hﬁﬁiﬁirﬁggﬁgcli's?onagtrap%;V' sited deci sion node

Figure 24 schematically illustrates a second way of splitting a decision graph; and

Figure 25 schematically illustrates the configuration of a composite key having qualifiers

therein.

Figure 1 scilematically illustrates a database incorporating an index constituting an
embodiment of the present invention and a data store. The index 2 6omprises a decision
graph 4 and a plurality of conclusions sets, 6, 8, 10, 12 and 14. Each conclusion set is
reached by one, and only one, path through the decision graph. However each conciusion

set then points to relevant entries within a data store 16.

Figure 2 schematically illustrates the stracture of a decision graph, generally indicated 20.
The decision graph commences at an origin 22. A_ll navigation through the decision graph
must start at the origin. The origin may have zero (for example when the database is new),
one or two decision pointers pointing to further nodes within the decision graph or to
conclusion sets. Bach other decision node may contain 0, 1 or 2 decision pointers, with

each decision pointer pointing to eitber another decision node or to a conclusion set. The




necessarily, be based on one or nore of the foIIomﬁngeg5ﬂ§gggﬁdecision
group may be the sanme for all the decision nodes. 27 y 20 WO 02/ 44940
PCT/ GB01/ 05242 24 ii. The decision group nay be changed on every visit to
a decisﬁQﬂnﬂﬁg§. iii. The decision group may be changgﬁGﬁﬂﬁgu%he deci si on
val ue fromthe previous decisionngﬁde reaches or approaches the deci sion
range nmaxi mum or deci sion range rhi mum of the current decision group. iv.
The deciegisi r@gﬁapat%m@n 038 RAIEBL heRd hieinde s ‘Shelfw\pointee” HatwRen

successi ve odes woul d change by | ess than one unit or by |less than sone
ot her phighipoivterti ned threshold. The size of the decision group at  a
deci si on node may be determ ned on the basis of one or nore paraneters.

The size of, a decision grou or, exanple, be fi for all decision
nodes. ‘&6\%@?@? PO‘Ph aigny ge c{})l "g’gg}“n%? gacé%??ng?@rﬁa?%%lyﬁ?gngpoﬂ “d&€i si on group
when a HRW detiSioh Bbdin Be @t detishalgeph @8 o singhd tonclagbn seel Any ddaRichi ze may be
decreased fromthe previous decision group when a _new deci sion group is

sel ect egraphniusle poist e pointegito exaptbthysang ethgr dagisionnafewitlie the sampedecisiop. ~at a

deci sion neode, can he b n : f 10l 1o e position
of t he. HE0T & B0 o0 Ay e o B i benbicat RSy pI° POTLI 1Y
and/ or @letRERdhind@ Withit the dgdstont draph. Athut ey ceduskinast gnonly baesacled a fi xed

of fset fromthe previous decisjopn groyp when a new deci si.qn group is

sel ect eb¥, fowwm%a%%@wwtpﬁ@ﬁﬁfeg%ﬁ%ﬁ%@nﬁ‘éﬁhgemi gl &rplst he index is
to suppqr . ‘g,rp% lhaviii¥ioh g€ matching. In particular the nost

signif i@gﬁe&%ﬁlﬁ%ét gnia‘ﬁ I ﬂdgéc}gvm thin a hierarchically significant node,

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

over al | Figey 3 hohenehtitdlienillistraied alg kgicah stmotove aff on devisien nede, géneddlyr easi ng
. be. idiHgh DD Prgh G, DRSPS (HoeD B BT 48 Wi gat od |-
an exa%%fahmgﬁ g%ar ggg atd'h PigBpIbe THRClowkRitier 5t PaRdres MeASCl | codi ng

and t he" nunbers~s I nst each key show its val'ue in hexadeci mal

not at i opurpdse of tieslowpeiniet €. Taeclhwdrobitesitype 4reew indisats vehethesdew pointer of f our

1o ¢ Epnie oo aRdor s RG0S B bR pbikiof B Bivdsd iRyt OUT T 095
the decision node or of the conclusion set that it points to. A zero value can be inserted to

indicate that no pointer exists. Similarly, a high pointer type 44 indicates whether the high
- pointer 45 points to a decision node or a conclusion set. The high pointer indicates the
address of the decision node or the conclusion set that it points to. Again, a zero value can
“be used to indicate that no pointer exists. This enables the “trec” like structure of the

decision graph to be represented and stored with a data processor and its memory.

Figure 4 schematically illustrates the structure of a conclusion set. A conclusion set
comprises a plurality of key and property entries, 60, 62, 64, 66 and 68 each linked together
by a directed link giving the address of the next entry in the conclusion set. Figure 5
‘schematically illustrates the logical structure of each entry within the conclusion set. The
entry consists of three fields, namely a link field 80, a key field 82 and a property field 84.
The link field points to the next conclusion set entry. The zero value can indicate that there
are no more entries. The key field 82 holds the exact value of a key whereas the propetties
field 84 holds the properties associated with that key for example the address of the data
cortesponding to the key field 82, Having defined the components of the index, there

follows a discussion of how to use and navigate the index.




new node visited. In this exanple, the nost signifi ca%t7 1\%55260% desi gnat ed
zero, the next 27 May 2005 WO 02/44940 PCT/ GB01/ 0524 nost significant
bit is one, the next nost significant two, and so on. Furthernore, for

si npl i citoy t he decision value applied at every node is four. Thus, if the
deci si oNOJM48 has  the val ue zero, one, two, three BYUSBUMSHPe graph is

traversed to the left. However, if23ihe decision group has a value of the

range five to.fifteen,th r L Se b T I : As shown in

Fi gur eo%‘, orgerﬁﬂ %@gateo?lo%tr}%é@? daeg’eé%%?gésczsﬁ(%ne%\ﬁtg gﬁ ? ﬁieglgré% gg%ééea.%ﬁ'ﬁg%e nanes or

key val jdfss to 0o @6up KBS withinl the ke eThiEgrioup afitikts Retnown The“deeisiadeci mal

equi val ent of each key is located adjacent the me. The navi.gation

proces sgrpwatﬂwwbebefbés@r% 15108 ZEQPPLC: Eﬁsetﬁ%fncﬁﬁ%@}ytl}"ﬂﬁ?r %éql tion or

mat chi ngL LRl t 3l sk shHQ1 E¥Rs ik ey esented to a first decision node 100 at

whi ch bi tséegg%igg{egﬁt ree ar eS testgd. Si nce each hexadeci mal word occupi es

one byte, it is apparent that bits zero to three correspond to the first

char act e fafigetof podstblesvalutl taken bysthé-depibionJopbup, is Badvin as e “Bedistoraahge™st art with a

"4" there keys ar%@ﬁgat ed l.eftwardly ‘Zl an .the branch 102 to a second

| evel #9debongded jorl SR PRV UsSre @ AERROTHAMCHT YT RI PRl bits

- failing ] ERGmuA GSe SR ahp vl RS thansll Kignesd We decisionhei r keys
are pro%%%e?fggﬁé@%ﬁg a high Sonigzﬁte( %at h 106 to node 108. The nodes 104

and 108grouy; apd simierlysthe devisionotange nufximinn valoe may bhanyrvalyn sialgr dant8quent | y

their decjsions are.based.on the.next four bi [ .S

cor r es pERGHIOn; GRge BT, « FeT qonvefience, fminpit 2]?&?1}1 @ﬁ%@%ﬁ%&i{%l

repr esepbakdnRf in A \hSighdtan c oA dykteins passed along a |ow | evel pointer

110 to a subsequent node (not shown) as bits 4 to 7 in the key encode the

val ue 2, whereas Fred, John and Eric are passed along a high |evel pointer
112 t o Bachudetision nododies gmessoeinfodudicisier: sddue The deqiven value duGtaHnesn their key

encode t val.ues 6, A and 5. j L0 j i on.
Si mi | ar Myethea Iay pomieror %'lg%ep %é‘%qégﬁ%wfes{w%%segé Eﬁ%ﬁ%‘ﬁiﬂ%ﬁ g’vel poi nt er
114 as RideS The hizh poinkeiistd ehapde vilhe ok emaninsdaiecivibe bit gmugdeile passed
along a high |l evel pointer 116 as hits 4 to, 7 encode the value "A". This
pr oces skeydngipater cgigiop yelpg. othgrofisecthelop RO BRdSfbky has been searched to
reach a conclusion set. Figure 7 schematically illustrates how a four bite
key can,be navi ed Ln a C - teh. , keys are
st or od rropEen S eV LR Bly Rt g abioc e Y
notation. The decision value can be set to any value chosen by the system manager,

designer or operator, but advantageously is selected from one of the following:
1. The mathematical median of all possible values of the decision group.

2. The mathematical median of all the expected values of decision groups.

3. The mathematical average of all the expected valueé of the decision group.
4. An arbitrary value specified at the time of creation of the index.

5. The median of the current decision value (ie the most recently used decision value)

and the decision value preceding it.

The selection of a decision group at a visited decision node can, advantageously but not

necessarily, be based on one or more of the following:

i The decision group may be the same for all the decision nodes.




each key to show its value in hexadecimal notation. 27%7Ngy, 265 WO

02/ 44940 PCT/ GB01/05242 26 In this exanple, the decision group has a fixed
size of eight bits. The decision group is noved down to the next eight
less sigRidklpant bits only when the decision range iﬁcw@ﬁ&]ﬁlgﬁﬁed; that is,
when the deci'sion val ue reaches either boundary of the decisSion range. In
this exanple, the nost significant it is designated bit zero, the next
nmost bit' on . NS e fsi bhletisi nmpl e shown in Figure
6. The Ei"eci g}‘%eﬁdggglﬁggog?ﬁg E?y nggleaﬁel S BSOIW?%WSO ﬁ%ggdd%eci mal in order to
cover all digits and uppercase letters represented in the ASC I format.
The deciigi onThadaRiontgr@ipenyy bo dengsleshdndhe deawion vdud fowrthgpwuipus s 48
hexadeci mal , _and i s the chan%ed to, be the average of the grevi ous deci sion

val ues of t hdecisiogmadereaches o5 apRIpachis the ge@’é’(?ﬂr@ﬁf) or{5GNOR BPEY hat sane
group. \Wer e,0Rnhym 8P@e clRfaYVdRiPn@RmpSi On val ue is known, then the m ni num
or maxi mum bound of the decision” value range is used dependi ng on whet her
we have just navigated the left or the right, respectively. Using the sane
keys asiv.n tTe decisioh @umpanagni changetl vhiefle decisiop velue heteden suceesfiver st node 118
whi-ch exam nes the first eight, bits., .zero.to,.,even nd_c ares them

agai nst the BdE @P‘H&chayﬁefWégﬁmgﬁ%é@i%?sf.thawgﬁé ?ﬁgpﬁe@é@@%ﬁe@hom, Fred,
Bill and Erig,J@se along a low pointer to node 122, whereas John, The and
Pete along a high pointer 124 to node 126. At node 122, it becones
necessary to change the decision value. The decision value used for this
new deciThé size offtheqtecison ghapgealdeciiontmodempali berdeteanived on the basignf@pe 6us deci si on
groups reached alo t he .sane .pat h. Wier.eas o e.preyi deci si on

Ui e’ ogompeids °TH St s B EDinRY i ARare bt B BT he

deci si ofo¥al PRwERRGRe dife HSEKb inkstaeNfréth 3o prdvivik devdden gy whh avawi gat ed

agai nst the |low pointer 120, then the |ower bound of the decjision range is
used. THeisior group ibereleeted ewlaliematively: ¥ie sive wap beidssreased Fpmdhe preyigus equired to
find the_ nedi an of i rrange 30 hexadeci mal to 48
hexadecuﬁﬁ%*f“’“e%{%‘fpu%?eﬁ‘ﬁ%wtgﬁ‘?@%%ﬁ}%s%@&ﬁe&nbers is 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 3A 3B, 3C, 3D, 3E, 3F, 40, 41, 42, 43, 44, 45, 46, 47 and
48.  Fr ot Phsitioniof a devisidicnrapereldibedo thd ey med deuisiotalode cabedased Sebtd ng this as
the decision value, Fred, Bi|ll and Eric all procbeeefd gl ogﬁ t he high pointer
127. To ot merernsthe falloydng. The position of the decision group may be fixed for all decision

nodes. Additionally and/or alternatively, thgtposition of the decision group may be a fixed

offset from the previous decision group when a new decision group is selected.

Advantageously further constraints may be imposed if the index is to support key retrieval
by range matching. In particular the most significant bit must be included within a
hierarchically significant node, such as the origin. Then the significance of the decision
group within the overall key should then be changed ina monotonic manner of decreasing

significance.

It is advantageous to consider some examples of how the index may be navigated. Figure 6
shows how a four byte key can be navigated in an exact match search. In this example the
keys are storéd in ASCII coding and the numbers shown against each key show its value in
hexadecimal notation. In this example, each decision group has a fixed size of four bits.
The decision group is moved sequentially down to the next four less significant bits at each

new node visited. In this example, the most significant bit is designated zero, the next




| (not shown) whose decision value will be the nedi an % e range
extending from 3C hexadecimal to 48 hexadeci mal . Ii%am%%%dshm 02/ 44940
PCT/ GB01/ 05242 27 Simlarly, node 126 reached al ong the hi gh point 124
from no as a new decision value cal cul ated, whi I n this instance
wi || ‘g@e}%‘ﬁggadeci mal ). Applying the key at this h Bo V5h wi il pass to
t he Ieft (1 ow poi nter) because it @b&ntains the val ue 4A V\/m ch is less than
t he decj of ml ggﬁ] t @%ﬁ S0 d hand (hi gh
poi nt erﬂ“ﬁh aus {esycﬁlgont alrn L a g‘i&aa% respge%%olfvg y, which is
gr eat ersm;ipliﬂtytthedatémmvahm appiiddabevey node fsdourhéhuse»fdrqﬂeesmm gmephashi ng can be

seen in_the context of character, searching, thu sear ch erforned
usi ng t He velve ZeRi PRS» B0 ?%9; om'&heg%%{sq?g?réqqr}pﬁ&glgfto ogﬁvﬁ\é@ﬁf char act er

key witj, ?ﬁ}g& Had bfitie of Uil 'of‘ﬂ & lﬁ!ﬁ%él 5 Bevetsad tohBe figige "A" to "Z"
only. A TIXe &%em Si one group of 8Vb|0ts ECllhgl on graph or?gl n of t he
nmost significant 8 bits (the I’ character) The deci si on 'group advances by

8 bits AeskovahiarRigte6,)a fumberalande are presentsicd dhe dafbase ASBEse namekesr f or " A" and
"Z" are, 65 and 90_r Ther a.sensi.bl.e deci si val ue for
thi.s grbipraue q? St ‘ﬁ&?pglhtaﬂi% egf%emle ’EBHF@MH‘E@ ‘?ﬁ% Bieci si on
group agyag %ae@wA&ea R RnRE 119k néﬁgdﬁbﬁ ﬁbocayafavwml B¥RIcEdrBéd B sui@W deci sion

node i s reached conparison is nade of the value of the bits in the
deci si oforg:mempn,\dﬂlﬁhmprmﬂ@hms/ to the fixed decision value (78) to determine
which pointer to follow A nore sophisticated approach involves changi ng

t he decjsion Iue at e ve,to.a ne cj si.on. node. t he deci sion
range ftﬂl agl &% Hh p@“F‘EH%%tP tﬁ?ﬂ*@?’@‘ﬁ“B 1&@%‘3@01%})’6% 21 0] fg’é?eﬁ{ i mum and
deci si Oﬁs&@”@&cﬂé@hrﬂéﬂ&deléﬁﬁapﬂoﬂr&cﬁﬁest&eQﬁgter RSP Yatedeihit bR tomoVi ng to

t he next decision node, an operator may choose to_sel ect the new decision

val ue tiyeeusimgponchte the frsh shagioter i the (eyse rFhus i Fadedoho Billpad iBsicall val ue. When
this i Sst%ymﬁlg “Q,e f?'kgﬁca?@r sﬁ% Oﬁag%@&jleﬁ&mﬁf EAARITII bga%%fl 020 a‘é@t!oﬂ&le'v avai | abl e,

t hen we ran l"'ue®m ni mim or dependi ng on
whet her n@del 10w wa@eg Both @@ hxﬁﬂrPetﬁﬁve an initial four bits falling outszde of the range
| zero to three, and consequently their keys are propagated along a high pointer path 106 to

node 108,

The nodes 104 and 108 occupy the second level of the decision graph and consequently
their decisions are based on the next four bits in the key. This corresponds to looking at the
next character in the hexadecimal representation, Thus the node 104 Bill is passed along a
low level pointer 110 to a subsequent node (not shown) as bits 4 to 7 in the key encode the
value 2, whereas Fred, Jobn and Eric are passed along a high level pointer 112 to a further
node {not shown) because bits four td seven in their key encode the values 6, A and 5
respectively in hexadecimal notation. Similarly, at node 108, the key Pete is passed along a
low level pointer 114 as bits 4 to 7 therein encode the value zero, whereas Zoe-is passed
along a- high level pointer 116 as bits 4 to 7 encode the value “A”. This process can be
repeated until sufficient of the key has been searched to reach a conclusion set.

Figure 7 schemaﬁcally illustrates how a four bite key can be navigated in a range match
search. As with Figure 6, keys are stored in ASCI coding and the ASCII values against

each key to show its value in hexadecimal notation.




foll owed, respectively). The selection of a new decisig s may be nade
when the 27 May 2005 WO 02/44940 PCT/ GBOLl/ 05242 28 eC| I on val ue changes
by less than 1 or sone other predefined threshold. An exanple of how a
deci si v changes is given bel ow. Decision gro y has a

val ue gﬁoé@#ﬁ%e starting decision value for a new ;fougb&l%gu% The
decision range is 65 to 90. The deg¥sion group has been set such that a new
- group RS 9G4 31598 %3k Be e§hd¥eclsRBSrblpR 1. Deci sion
Change |?fmi%{(ﬁﬁoé%g a uemhggl ion val ue el%g ow hi geﬁspofgﬁtltéﬁ( > 78).
New deqnsvedndovai tietl® nekl7 &gﬂ:OMsZs@ﬂﬁ@anFcbﬁw @mlyl whrenpﬂnﬁ rdecisiof §2nge B84) . New

deci si on_val 84+ /[2.,81 r 2 > 81). New

deci si oFFOus ethat S8 tﬁ%gsc;sgmg/ ugr%c%wﬁ qr Eﬁ? r‘ii%%?lo?g’fg< 83). New
deci si of wyi@bikenpe, tlk%%sﬁsf@iﬂcéﬁbﬁlsJélgﬁatc?@blgb?d“ﬂ@néﬂ%&tlﬁfblﬁr@idﬁdt shoul d be
noted that | ndéxés which” are not requi red to support key retri eval by range

mat chi n@emm&ﬁc@omﬂmﬁwﬁgmﬁweeﬁs Hﬁd@@l@nmgedéevenhnqslart i cul ar

| ndexes, ired to TRl £ fave any

deci si dﬁggg%ﬁ(gﬁ%‘f’ eﬂl%al 5‘7 0 Coé’ﬁraanscgﬁ ﬁg%p&%hlé Pljs&i%ofnéa% ogp posi ti on
arbi t r ax$EN forasht.C e AbdidorC a0 oG 1%d6 s fot! p Sewadebistor @fdubyis wien t he

deci sion val ue gets close (as may be defined by the syst signer or as

may be hsapdegimal apy isthensebangsd tos eﬁﬁﬁ%é’ﬁﬂﬁtpf?"éﬂ‘l‘é@wn‘f eﬁﬁ thgeci si on

range | m.t e ci sion
range, < re eeigllsg)lglg%t’\?ai&ue cﬁangiagﬁtr%ﬁg I'ess tﬁan %fa%}}]e?g%ec%e %ﬁrmunt. When
traver spra@m&; deeidiog &tluois inatly thor the hnmpmmptusmxuﬁum heundtaf thy, dedislost i ng or

‘retrieving a candld e deC| i on rou dld e key is
conpar e\@h%t rapgecks uged: p%ﬁu%%ggether We have 3 Eated the qgﬁ e r1g%£ y

respectively.
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Using the same keys as in the previous example, the keys are presented to a first node 118

-which examines the first eight bits, zero to seven, and compares them against the decision
value 48 (hexadecimal).. With the keys as shown, Fred, Bill and Eric pass along a low
pointer to node 122, whereas John, Zoe and Pete along a high pointer 124 to node 126.

At node 122, it becomes necessary to change the decision value. The decision value used
for this new decision group is changed to frhe miedian value of the previous decision groups
reached along the same path. Whereas only one previous decision value is known, as in
this case, the mininum or maximum bound of the decision value range is used. Given that
four node 122 was navigated against the low pointer 120, then the lower bound of the

decision range is used.

Thus, in order to calculate the now decision valuve it is required to find the median of the
numbers in the range 30 hexadecimal to 48 hexadecimal explicitly, this group of numbers
is 30, 31,32, 33,'34, 35, 36, 37, 38, 39, 34, 3B, 3C, 3D, 3E, 3F, 40, 41, 42, 43, 44, 45, 46,
47 and 48. From this, it can be seen that the median valve is 3C. Setting this as the
decision xlralue, Fred, Bill and Eric all proceed along the high pointer 127. To the next node
(not shown) whose decision value will be the median value of the range extending from 3C
hexadecimal to 48 hexadecimal,




visited with the decision value of the decision node & %Lh?od 50W poi nter or
hi gh pointer is followed to the next decision node or usi on set. Once
a conclusion set has been reached the journey along the navigation path is
conpl et The [ourney along the navigation path is al Iete when a
deci sio 06’?’61?}5 val ue indicates the use of a decisi o]rjtc"g‘g?%?’gzr?‘ t hat does not
exi st. 27 I\/ay 2005 WO 02/ 44940 PC?7 G1101/ 05242 29 A concl usi on set

consi st 18k H{oﬁp?ﬁh&%neﬂ”@ecmbﬁber of keys
cont ai nglggl fn%ﬁégfﬁirggc u5| o setglsp% an upper bound which can be
det er mi wgék dajeulatedewlich im:ﬂue imsfanee vaib) ﬂmrtﬁa}mmcwi) Jé\ppléanfgutb@el@ylat thist; 2. A

limt specified, thet t he,index is..c t at can be
speci fi g?ﬂeﬂ?b’é) ﬁ%f totth% 'foéi‘tﬂo nﬂ'tectlﬁ%ltc '%%1?4%“6@“”&‘”}”%&% that varies
as a fugel 'ttf%réle&l&?ﬁ Qﬂﬁé(oigﬂf(@‘%ﬂéreaﬂ&tﬂh& PRteiphdsUis o6 hidaqhigh peiaity € f or

inserting a key h properties (03. The, procedure commences at step
150 V\heb@amshehelymdmamtbe winecT e ahd:i0, tesnectivelyg whichiis greaer dhqnhe decigion | nj tj al

deci si on g%{l DG as set by the designer. An algorithmis inplemented in
order t %%t culate a start decision value DVo Control is then passed to
step 152 which tests whether the decision group in the key is greater than
t he deci sion val ue. If the test is satisfied, <control is passed to step
154 whengyliiee da'ﬁ’bé&e@iﬁ%e&ﬁﬁéxﬁﬂdh@aomweaﬂ@ﬁi sihose value DVi is
created. From st 154 cog[ I's passed to step 156 where a check is

per f or nmﬂrmasmdbrmddajsmglﬂmeMQHer(amhet her this be a high pointer or a | ow
- pointer) exists. Simlarly, if step 152 indicates that the decision group

in the key is not greater,than the d i on val i s passed
to step 158 WhefB € ‘5 %Wdﬂ&‘?’ft%"r @ﬁi@ﬁﬁ?{@fd ﬁ%}’ gﬂtﬁew l6Ie ta& [jn value DV3
is calculated. SRRSHO)Q RAIREBeid i MeThp “ASH “¥p oslyep 156. Fr om step 156,
control is passe to step 160 provided that the pointer exists. Step 160

tests to seeg |fAt4}g%@&iS§b%§E Q)‘Pkﬂftss to a further decision node. If the

poi nt er does poin ion node, then control is passed to step 162
whi ch advances f.est to the /5P 162 control

i s passed td’stégh?ﬁﬂnﬁmw%ﬂ”%%?Qﬁ?ﬁeggt.'mmﬂﬁ%ﬂggg the deci si on
group '

+  The decision group advances by 8 bits {one character) for each decision node.

The ASCII codes for “A” and “Z” are 65 and 90 respectively. Therefore a sensible decision
value for this group is the median value (i.¢. 78). ‘

In this example, the decision group advances by one character (8 bits) every time that a
new decision. node is reached, A compatison is made of the value of the bits in the
decision group within the key to the fixed decision value (78) to determine which pointer o

follow.

A more sophisticated approach involves changing the decision value at each move.to a new
decision node. Thus, the decision range for a decision group is limited by the decision
range minimum and decision range maximum, which are 65 to 50 respectively. When
moving to the next decision node, an operator may choose to select the new decision value
by using the median of the current and previous decision value. When this is a new
decision group and no previous decision value is available, then we may use the decision
range value minimum or maximum (depending on whether a low or high pointer was

followed, respectively). The selection of a new decision group may be made when the
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Tt should b

e noted that indexes which are not required to support key refrieval 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

arbitrarity 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 travetsing a navigation path for the purpose of inserting, 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 compiete when a decision group value indicates the use of a

decision pointet that does not exist.
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has to be created and a deci sion pointer updated such 2t7rﬁay'2(§05poi nts at the
new concl usion set. The new deci sion pointer nust be placed in the

deci sion graph at the point that traversal of the decision graph

termn d. wever, if the navigation path term natge oncl usi on
set, tﬁé’ “fz’ﬁ‘gg(f(ey and its properties are inserted in{)(gwgéﬁ@mégncl usi on set.
Each nodification of a conclusion28et varies the size of that set. Thus,
if a new key [.S | . ' ji d ' A8 or woul d
cause t#é:ogéeik&fnoée{e‘cf?%étggﬁégﬁ%%ogggﬁ%g%ﬁ?&@@g@ﬂﬂg@ﬁéﬁ%%%i on flsode has to
be creat@hindd wieida slesickhisiomset isdingited byl irovppeicimingd whick ednhe detsemined 7 May 2005
WO 02/ 44940 PCT/ BA /05242 . 31 be associated with the new deci si on node and
the decPat®ngsepha Ombaletethr evi ously pointed to the full conclusion set
has to be anmended to point to the new decision node. Then every itemfrom
t he ol di{ nowAffixkd imitioncl usi on set has to be reinserted into the new
conclusion set or sets follow ng the navigation path along the index. The
dat a i n2t he gaindhwmedfiot dt the diwelthecsndexas crédtale and this evol ution will include
the deletion of keys and data, either because the data is no |onger

rel evang to A%iﬁﬁ&t%ﬂ@%ﬁe@ﬁemmaméufemecﬁmm&e anénoved for archiving
purposes in order that the "live' version of the database does not becone

cluttergd W%Mi{t{xﬁlvﬁ%ﬁ% a3incBRS Ot ifdeR oflRlR- Figure 9 schematically
edure fo

illustrates the proc r deleting a key. Some of the steps are
identical to those which were described with respect to Figure 8, and
consequ@igutey 8t ilesteites tthp prdoadnes Ifecinsegingem ke €K) sdirepropdrissei@e Rmeral s. Thus

steps 150 to 166 are identigcal to those, already.descrihed, i t he
except i SFPcediR CqUEmenges 4 geg I%W%@eﬂdgflsﬁ%rﬁgﬁ}é}%%%g tht{ﬁgtde{aﬁ%%oi nter does
nhot exi gﬁ%aé dbi1&6h @gﬁﬁ,ﬁ@i ab ot Bﬁﬁsltﬁg%iéfef. Ao o2f0i0n WiinplameRBd BSdd fo an exi t

fromth I'eti on” procedur e. 160 passes control to step 176 if the
test at caltwlgte 26Bridedisionvatisd Voh Lontrdd s ther passed togds! 52 dichiestswhethgr 3 deci si on

node (a s.the case wih the prqgc r I.Asent i : From step
176 conwecfsg’np%%‘?elﬁ df,lm%{(?'t ‘é&“’é‘%ﬁ%\ﬁﬁg@"e&%‘i{ Eés‘}taﬂ'lé's I%,gﬂr%% 85?%%%%6‘1’5 ee if the
concl Usic8itrol ¢ paséed(tShteh 356 WhErY thel High heinteORP isedamined ehd b sewrdptision control is
passed to step 204 which represents an exit fromthe procedure otherw se
cont rol vakee P¥sdésateated. st ep 206 which inplenents a scan through the entries
in the conclusion set. The scan comences with the first key (L) in the

o seo o Aep3) coti L Piamtde G TR OPBER Rtk pRetifa pRicuR dET (B Ree

passed tgintdr §Rhet& 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 poimter
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 fo step 164 which performs a test {0 see whether the decision group
'should be changed. If the answer to this test is yes, then conirol 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




where the key (L) and its properties are del eted fromﬁf@a}i;%@ usi on set.
From step 210 control is passed to step 214 where a tes S nmade to see if
the key (L) is the last key in the conclusion set. Control is also passed

to step 4 fromstep 208 if the key (L) '"Is not the t he del etion
| ast kev.%joafé{?fﬂfol I's then passed to step 216 where tﬁ%ﬁﬁﬁfﬂ?’%@y s
sel ected and control is then passe®to 208. Ctherwi se, control is passed

fromstep, 214 t 2 I CRef SRESSE YHes 19 wB¥h hddsiBdkdying ir ocedur e.
Thus, i‘}qq‘}éee eev?(é(ﬁldtu%%lr?ﬁ%t' #@nﬁéﬂgllﬁﬁﬂg ey ang Its associ ated properties from
t he i ndgpereso the sonclubien Bavi gati on al ong the navigation path for the key to
be deleted. If the navigation path termnates without arriving at a

conclusion set, then it is deened that, the ke%%s. not . exi gtt 27 May 2005
WO 02/ 4Bgthermmgss/ i€t/ (68 2pss nabpoipt fona depisien no el 1St PPWE "8y gat i on

path terni | 1@ S60 176 WRRh SauB&al jumipls the ifads @raRNCed t hrough
a conclf?&("l('{)&%ng?t %?Dugﬁgvﬁlﬁeé)%ég@%i géh are exactlga/ﬂequal_ to the key to be

del et edrelevh cendheion sanmid tiroai them tssien Eiedclptheiphe keyeand dis drapedies p8noved from

the conclusion set. Figure 10 shows the procedure for an exact query of a

key, aneidedio thesmrlsioRsethe result. The procedure shares a great nmany
simlarities wiwth the procedure for deleting a key and steps 150 to 206

are as ' . Qifethet fhe ChistiisRon Qet HEPMRYSed iteslzalidit! [fonal st ep
163 o ARREi e b Tseb 6 St eps 150 and 152 in which a result set (R is

reset tthetchschedantsyt has ootdirewiotoo l4ge, lcontioh és naseed trastepolYSovhiehyentiestisx to t he
concl usi on _set at _ste 02, cqntrol is. . sch initiates
a sequefit $¥di f?%gwkmng%é% Hrﬂcggﬁrmwﬁ‘é r&#@é@%ﬂé@ﬁ%&%ﬁ&ﬂ%%l%o ntrol is

passed {ifiFieaRoRN isHaREEoieha80 whith BRaRs 4 fevedeisioh nbdecwilteno fidintersur rent | y
being examned is equal to the search key, | .5 passed to

) f yes, coptrol
step 23Pronpsieprif senteedpesses to pigp J83 sduch @dg@@ﬁh&zmte%ppb?ege\ggy the key and
its properties.are . j ( control is
t hen' padetn o8 e bty AAGiRTRAC R Bh e BASURduicnshe (CRroLONI O} 10
exam neg inen pliged BSdtepi T84t dilicte axvalings ithe ol epnclisionrsst CBt® taesa iflkieys i s examni ned

passed Piptn A6t 1 gosey ookl Rneet o PR B e e, orn ARHRERS To0t i ne.
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ret ur ni pgwtdoachisimuset iidRwhichinhis entry should be placed. Once the enfry 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 info 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 aﬁd 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




procedure comrences at step 300 where the results set z(g%a' odseset to a
null or enpty condition. Control then passes to step g ere the

deci si on group and deci sion values are calculated and fromthen on control
S pass%&lg o34 €p 304 where the index is traversed ipCT/ ﬁ(ﬂ%%zﬁo find those
resul ts whi c‘h mat ch the range querﬁ1 The procedure for traversing the

i ndex is shown in greater detail in*Figure 12. The procedure conmences at

step 350 wWastifted i M6 ARRVERIoh ShoBtaBd @ adcisidnSpdiittar whithl pedeuslyCont rol then
passes to step 352 where a test is nmade to see if the mninmmkey is |ess

t han orponjecito the fulhcontbision sesrhay i broamendedie paiedy thenppw decisiganodaxi mum key i s

greaterthan it.s associ at 1S ; . t result of
the testt Sevggéfflq Fla eo‘flﬁené)%@lﬂmg@g& g’# %’% gé{f {os%ir%#eg%% rtJ())FhepIg%gls es to step
370 ot h@mwiu§ien sé onietsdblldvaassndvipatisrepatiddeng i iafex370 checks to see whether a

| ow poi nter has been set, if it has control passes to step 372 where a
check is made to see if the |low painter points to_a conclusion set. If

yes, cobe @ita indhpdazhase il evplepoveptime ppd s evelghen will melupp e deletiaqq st e pd 374 27
May 2005., WO 02{ 44 : P
Y. 2000 MO 0otk S0 B HR 3o AonodrciIth o b Bard BE 2 BRaliE@UP. an

deci si recal ¢ to traverse the 1ndex fromthe
node reaghes béirambved facirdhivirg puffosesyin oxlediiatahd fdive't veasiomglethé ddtdbaset o cal |

itself, and as such is regursiye. Contrql then passes tp step,376 where a
check i et heéﬂ%feél‘lﬁ?re‘ia W“EH igRleRant ¥ e‘h’s‘g?ﬁ S‘F@ ?fg“ﬁao, %’8??3’1118 %'s passed to
step 37g k&g ﬁBEeﬁﬁt%gﬁrsdeﬁﬂn,fé(kéy. SRR of theXsRPs are §RidkidaPto thescRitged to step

390 where a test 1s nade to see iI'f the hi ght&%i nter points to a conclusion
set, ifwyreslesoribad with réspecptaFiguct: 8, and cangeqnonly thise ptepsshave beengivendh® poi nt er

does not pojnt to _a congl usjon t ntr.ql . 92 where a
new dec?ag}ed'ﬁ%eﬁqnﬁﬁﬁmﬁ S ‘Fi%ﬁ’%hﬁt&@g a'é?rlgén gg@éﬁﬁ%ﬁeﬁ%re%%&%sﬁ?ote ler traversal
of the {yRf &% dxSeph6n el IR tdsPlshdait bthye1 Soaudicanadieat 88 painsdrdods nodeidst, Ret ur ni ng
to near the beg_i nnigcg of the procedure, in hoseﬁjigpst ances where step 352
has patheedontohisipass @s@pawmmmsﬁﬁeawasamhé?m&c efjon Pre¢edpss see i f bot h
the m ni num key value and the maxi mum key value are |less than or equal to

t he decysi value. 1f .the r. ont.rol .. ot herw se
contr ol é‘iegqg%@é?f "toﬁméltt%ge%k@f@teg%spéggep plger) ? %tfglﬁﬁeg%g{eﬁ%ogﬂﬂ?g% if alow
poi nt erna;goﬁﬁ&) a ddcision nd@AEs Wi the eRaiththeipfocpdsster insartifba ke Blomr epr esent s
an exit rom the procedure otherw se cont r'0|%f S %gi% ed to step 360. Step
360 t esstep i ensitsol if passrd tp siap 29ovhares topids prridmped tg s CHOPEHIUSEE i f yes,

control kg F%E‘Se%ﬁ)%t & e SOnctilidn W& Bhitf GRISITEpadsid to step 204 which

represents an exit from the procedure otherwise confrol 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 conirol is then passed to step 208 where a test is
‘made to see if the key (L) is equal to the deletion key. Ifit is, control is passed to step 210
where the key (L) and its properties are deleted from the conclusion sét. 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 7also passed to step 214 from step 208 if the key (L) is not the
same as the deletion last key. Contro] is then passed to step 216 where the next key is
selected and control is then passed fo 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 fo be deleted. If the navigation path

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



passed to step 402 which recal cul ates the decision group, ng%gecision val ue
and invokes the traversal procedure in a recursive nmanner. Returning to
step 358, a test is performed to see if the high pointer does exist, if
yes, COopLy IS passed to step 362 otherw se control j d to step 364
whi ch rgév%égﬁ s an exit fromthe procedure. Step'SGEbﬁg?@§$%§ atest to
see if the high pointer points to 2conplusion set, if yes, control is
passed i%l(%hes 8% 4ﬁgwe\.re9 LP&E ‘?faﬁ%‘ﬁﬁﬂ Bhth Wrmidied 868 Eshclubiod k@ Pthdb4 syl ch
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I'f the copokdsien set is not enpty, then a sequential scan of those
entries 1n 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  WhEigeredOtshews ite mpewefue fedntesact auery fof grkey.iaag fgr rptupgng fhe Fesglty he r ange

defined_by- the m ni mum and nmaximum k I the f the test
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represe e procedure. Step 410 al so passes control to step
412. | f pashdago b@E DOG whivh eyitiatds2 seqentiakiscan Shrowghtthe ¢vaclgion sehdBlomc#ersi der at i on

is not the last, key, then the, next key in th | 1S -1S selected
at st ep20f1 eomsoliisgapied 8 stens?3P hgieqdest {stasdp é%seﬁgg.ﬁé)ﬁ%@@ﬂgﬁ&%%er@g al terns,
et eV ngkOMS . AlftolRlolrk RG240l isgRsch todtepapBAiEAiSOedARONg an

optional™ mnimnmal “sea ey val ue ‘and an optional maximum search key val'ue
F equi r ess paised t siep/234t rAhsepIAR thefkey tnd ittesopsitisharg added to i #earPedUSHY gi n, wit h

the continued co ring,of th ecl.gl ' ¥ Ldyrum and

NBxi wﬂ@&é%ﬁﬁkg& ' eqmseggocsrq%p%n-%&p%g%%%%ﬁﬁgg%fﬁ‘%aﬁ%ﬁe 1f the
unsi gnegeiiRgpinitePisorthe 143€inMho icBAdusbaaLE hifleey tHeirest key islveamietpsd on group is
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maxi mumceset istpakeed thsters230n I e keyde i 18t kegh SAAFor § PATRGERR ﬁ S¥he deci si on
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reached i'nter using the

Figure 11 schematicaily illustrates the procedure for performing a range query with a
minisaum key value (I) a maximum key value (A) and for returning the result (R). The
- procedure commences at step 300 where the results set (R) is reset o a null or empty
condition. Control then passes to step 302 where the decision group and decision va}ues
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 proéedure for traversing the
index is shown in greater defail in Figure 12. The procedure commences af 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 _decisibn value (or omitted). If the result
of the test is such that both conditions are satisfied control passes o step 370 otherwise
_control passes to step 354. Step 370 checks to see whether a low pointer has been set, if it
has control passes to step 372 where a check is made to see if the low pointer points fo a

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




m ni mal search key and omtting the maxi num search key, ondly
actions are taken to traverse the decision graph rea?ﬁe@gf%%ct he hi gh
poi nter using the nmaxi num search key and omitting the m nimum search key.
If the i magni t ude of the m ni num search key Xi mum sear ch
key bi t%lsorzlg%t%ﬂe deci sion group are both |less than o?gﬂﬁﬁﬁﬁsﬁ t he deci sion
val ue, then a traverse of the dec8%ion graph reached fromthe | ow pointer
using bat h the, m.ni S0 dellsi b RealchBtd M uSRAb GAvicaYthes per for med.
I f the ‘81?%‘? Bﬁ’e‘yfc 8:%@305230@ IE‘g)éar}?ér}?arIrum Search key “and the maxi mum search
key bi tigddxfrdnithedad hchad ga thapointee Dt froegrwa hasthe ¢epebilitto eldtsdf.on  val ue,
then a traverse of the decisjion graph reached from,t.he high pointer using
both t hend w@mww&a?-cﬁﬂwﬁﬁ%ﬂgﬁﬁ% ﬁiﬁf@e"g}e{ﬁ? gok i a "‘eﬁf*&‘fﬁ&d. t is
~ apparent E@{ﬁ Jid R aRdoliSPR)HIGE sthf 3YEwRIGh fepRbcntsa efigcind ifyas,gr aph are
requi rer\%“.gﬁ gf%%ythe ngvli gﬁtio_n p%t hs re;suFti‘n fromthe traversals
t er m nagontrol isfpassed a0 stey BHhwhere a test isroadgsio gae Hdbe high ppinter peigtsd@@ned t hat no
mat chi ng keys exi st in the.inde or 4da ' j i ch
t er ni nafase 0%13@0%@,@%§?W?§§ﬁse%h°e§e%4dsdgﬁg&eﬁﬁ g\t% R [{Rﬁh 5 tﬁin%ys in the
concl Usﬂxﬁ‘ﬁ $61 SntRsiBe it QbREA ipesealth stp 192 whisern went ddvistoneztoupcanidr ed
properties within the search range are re‘lnkirn.ed S search . results. 27 My
2005 WBcBivhaalsoreugrriapdandiube travusahel the index s pe FH6O5 i on of the

dat abase w t hi,n ata processor and storage system it is advantageous,
althougﬁ°dﬁg§aﬁ%§%%0ry, that the size of the conclusion set should be an

Integer nmultiple of the storage device block transfer size, this provides
opt i mal peeRaR 1Bfnehile bigisigce theTpitydyre, irt tho® iattsmesdbamstagdBlbas t hough not

mandat ory, that the decision graph be dividg into blocks.that are of a

si ze whpasedi contzel tp step 3o Sﬁ?ﬂ?’?‘?lj?ﬁrg”ﬁafeﬁtemﬁeo‘? B‘brﬁbee‘yﬁnﬁ%um E‘fyov %% ransf er

size. THSnDRghilh BYVARL 80 el ditlor MR de defolvaRe if Gk aesarsss Tull, 2
CAR a new § cl

new bl pe Cr ed an sion pointers can point into the new
bl ock ag jaged epstbRBs othdrmise cabtml is passehiossiep 358piStepdpe perfargm 2 6Ft the dat abase,

it i dvant that t deci si . Lally held, i
use, i KRR ENCPRBHY Sl e b oPyoF PENE Raph vaisp el o Y 1l 1T

t her eby gavai di EtiickiBe QUBSIHERASEI3S KOSI6 Stkpdic0 kestlitedee iithelo As a
furtherﬁgir{llﬁg%%%%gh}té, tlliet I's al so pref ergcgilge that the concgl usion.sets be

st or ed pbiistet pointdo a serciusion sridf s, ensireliy passed to tep 499 otberyise coppl &5 5
conclus ngsrs]edst%tstegafﬂzb“?h?& r'ega?crv}}akefs 'ﬂ?eddccisfon'ﬁoup 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 sfep 362 atherwise control is
passed to step 364 which represents an exit from the procedure. Step 362 pefforms atest to
see if the high pointer points to a conclusion set, if ffes, confrol 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 eniries in the conclusion set is initiated, starting at step 406
where the first key in the conclusion set is selected. Conirol 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




swapped into sem conductor nenmory such that the sequenti y§(5‘0€5~nni ng of the
conclusion set can be perforned quickly. The optinmal configuration for
range matching of all key types is to use a decision bit group of one bit
with a fjx deci si on val ue of zero. The decision gr t the originis

t he rms‘fvoogllgﬁﬁ(?ficant bit and the decision group advg(ﬂﬂ(égmf?%“gne bi t
(towards the least significant bit}4 for every decision node visited. For
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and ret 75°&Y ng of scalar”data by pattern matching. The tree structure is
still speikive aaweabe thodepisiongraphtfrodniha ohgiacuithsthe eentiapedcomperiag ¢fn- node 27
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deci si odecipicaygowntis kets, thanror eaual tovhs decisien valpaanddhe yngigned-mapny 55 was shown
in Figure 2. However,. .the o] L S ntains a bit
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can be any e wever, important to note that,.in general,
and omitting the minimum search key.

2

If the unsigned magnitude of the minimum search key and the maximum search key bits in
the decision group are both Iess than or equal 1o the decision value, then a traverse of the
decision graph reached from the 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 af 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.




t he decision bit sequence will be significantly Short%ﬁ&&%ﬁﬂxkhe | engt h of
the key presented to the decision tree. The node i ncludes’ an “excl usi on

poi nter type 452 and an inclusion pointer type 456 which indicate whether
their ocj ated exclusion pointers or inclusion pojnters point to a
furthe?aﬁﬁﬁéﬁwbn node or to a conclusion set. Thus tﬂ%gém%@gﬁ%ers perform
the sanme function as the | ow point# type and hi gh pointer type 41 and 44,

respectj vel descri bed. wi neference to Fi sion pointer

454 an WOFH?I]@B{"%’%%H} r?%@? Sigo‘g nt ta;agﬁ ?ﬂjgé sgﬁé?%égﬁ%?%?h%, 1l};lext node or
. concl usg aivasBbedus) Jithngh 8ot Mgdatpfye Santhe Bizd of thé koslusivhaetpbould be an 454 and 458
are anal ogous to the | ow pointer and %i gh _pointer 42 and 45, respectively,
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cont ai i t sequence, ereas the other pointer is followed
i f t he matidiedbin® blécky ttdbee ofwsizcwhithisent iheged amltipleod the storegeyiesisee. Fi gure 15

shows the procedure_for insertin K into.t # . This

pr oc ed Upeek; tensigrsize. ;Lﬁhﬁsatge ?‘{Y Wt?étﬁﬁe@%?iaggﬁl%ﬁ%&rbggoﬁ%% Eﬂgéﬂéﬁgur e 8, and
| i ke- 1 afiSi&aE Be BEATRT Al Sel a¥BionReerseRDofnbintd th&eevwislodkss bfprofeiaeyi ty.
I—b\A/eve?;,h%step 6152 'S rm?:lifiedn?? becorrgJ step 152' as the test is changed
to see whether the decision bit sequence at a decision node is contained

wi t hi n Tnheddtay achiéveyrepid oparatianaif the dggateswdt is adwniageous that fisedegisioRe i ncl usi on
pointer is  followed. ntrql. t hen passes t . 152 finds
that t HEaRtebs g’*’%l ¥i ng‘gﬁbﬁlﬁ’c usg,sWiGE ense{ngcgﬁéugﬁa ?I%%IOQJ {)<fet)§% (agtﬁen contr ol
passes Iggeggiﬁ'gtosg;é& {h¥RBY Srofdie HRXhé vcRtibadisibiRfed ith disd doowe.dAsA furt her

nodi ficatlon the procedure is that step 162 can point directly to the 27
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omtting steps,164 and 166. % (o) ] LRSerti.on procedure
is as h%@é?oﬂg‘écf%r%en&o&cof ?@%&mﬁ’e&%}? g‘céeagﬁpégﬁnfs%} e etﬁ%{%eah.?ﬁfé 11{(?3% as shown
i h Fi gufuipdéll infoSseRtic@aducRE ynefiofyi suali thabthie fseduenttibsrantiigeof the casichisiohor e and once
again, like reference nunerals are used for |like parts. As was the case

wi th t hest eandepaderaed gyickiiserting the key, steps 152, 154 and 158 are
nodified to beconme steps 152', 154' and 158' as described with reference

to Fig 1 uc t $, 3 G0 et efioh B8 di date key
I ncl udﬁ?%ﬁm&g%qngg%%f?ﬁ%%@g °§§% ?%Et?p yes? the i nlg[ us iggﬁ@poi nter is
f ol | owegk ond e viith d¥@ted dedistorevabiews zevo. fihé decisionigeoup ot tho rigin 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

e

a{ab]

bit configuration seems to be to ise 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 teference 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 2 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




Additionally, step 162 now points directly to the i”p%ﬁlﬁﬁy§&fp 152",
thereby omtting step 164 and 166. The i ndex can, of “course, be navigated
for exact query matching of the key. Figure 17 illustrates the navigation
pr ocedu eturning an exact query of the key. T re is very
sinilar&?gﬁgﬁ%ﬂ described with reference to Figure lgggﬁﬁﬁﬁggybefore, i ke
reference, numerals will be used B®r |ike steps in order to avoid
repetitjop, O Rliati Bt hiabhnt P @lta radlc R MR enibOfoydi3ds BR8 are
nodifie sﬁ%ﬁqgﬁgﬁlﬁﬁ%%lggé&ﬂ%OM/conparesrthe candigzte €§§ Swith t he

deci si ocasbivith pberieetnggemand i f the decision bit sequence is within the
candi date key, <control is passed to step 154" where the inclusion pointer
is foll owed, otherwi se control is, pass o 158 re.the excl usion point
was. T o Rimeita Saesaitiont Fopss e T TG o B gied, 966 | nput " of
step 15ﬁérrejnﬁii§%§ ﬁa%hg“é RRBiHE o%eaécié&t{negd(p%whﬁdham%@w@ysf, hRftAnsnode with a

pattern T1st returning a result The procedure starts at step

500 whethe sams lagott an ode shawreint Rigurel2. Howavar,che pdgin laad egrhigledision sodet ep 502

where a test is de to s Lt the decision bit..se N cont ai ned

W hi o BBo T seneaes e it seaienet gt ot o ARSI EBAER v 0"V e
cont r ol ;icsydiARSERds cBmpitP TAY 10pREY ArudimicCstt eatls deviien hededeehdvin @an excl usi on
poi nter exists fromthe decision node. If_an exclusion, pointer does exist,

t hen coRignwll4i Thpmchrs is yery repnismet et descriped with respechigddguies’-sBE i f t he

poi nt er i nts to,another | Sl N &gg& [ passed to
step 50§&§t %eé‘?ﬁ%%esﬁ%% eggf(ﬂ?%é %gaté}g c&.ggt'?%lﬁsotfeo*pggl . l%ifé’%ﬁ%e% 5 cg}ﬁs es the next
deci si OBedishebitsoqiRacesah be by dongkht Hewtven derimpbrtant momtktha, in gerewdl) ed in a
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02/ 4494 passes to step 514, "sim|arly control also
passes peiniat type 8361 whichsitdipatd Ohethan dbeiragsensiatet] exclusien peipigisuilenlusy®i nt er does

not exist. Returnin st 510, . this causes a_ju mde to the
concl us P%‘Ht‘??etpo%it%gefh‘gtIEGS %&S‘%&M@p itﬂtae?onglgé?ﬁ' ﬁ‘gd r@{ug E'Eeg‘ﬁp 5,> and then a

search ;a&fdmd@e tshh® WeHRtibA @s TR RUSIIRE S5 afl highgointérligpe Fhend aay ch
procedure will be described hereinafter with referenge t%qulngure 19. From

step 51spectively, olesdribed adbaglergoastoeliene 4.  Sco prajsion Romtes sts to see if

the inc lin%?u'si?)g pointer 458 point to the address of the next node or conclusion set following the

: j:resent 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 decisioﬁ 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. Conirol then passes to step 156. If step 152 finds that the decision bit sequence
is not in the candidate key, then control 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




poi nter exists, and if it does control is passed to st §,§L§®050t herw se
control is passed to step 520 which represents an exit fromthe procedure.
Step 518 tests to see if the pointer points to a fiuther decision node, if
it does“%oda Is passed to step 522 which calls th re again in a
recursive rr}éé?gr?\&er, ot herwi se control is passed to stegcg%&\%%%gh causes a
jump to the conclusion set pointed37o by the pointer. Fromstep 524 a
search is r.f or opd, of e S at 5l SGReriil Gl LS, the same as
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r epr esegiskrign procedng i$ 2 helepbgbecesyibal. Fi gure 19 schematically illustrates

t he search procedure of steps 516 and 526. The procedure is entered at
step 530, fromwhere control passes to step 532. Step 532 perforns a test

to see iThe precedusnior deleting the key, s shpwny in Figure(16; is qlygevesy foethats oxjted at
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to step 546. ep 5468 selects.th ext.key dn t | { and
return é&ﬁ‘????ﬁtyt %epsltéﬁog’ﬁ}nttw&ﬁﬁ%%é %ngﬁteoﬁcas% 43 rg‘g‘f‘!’ﬁ( @%%@ how a range
search gaghgdageper fornmed using a database constituting an enbodi nent of the
~present invention. Suppose that node 560 has the bit pattern RE stored

therein and node 562 has the_bitﬁgattern OR Wien the node_is queried wth
t he wor dhe imlelx ciy, @f cousiel be navigagrsiar exanlequent Baickingiobihg key. o Bigdicel Xi r ect ed
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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
retumning 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 within the pattern list (L). If the result of this test is negative, then wontrol is
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 508 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 conrol
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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 pattern 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 coniro! 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 patiern OH. When the node is queried
with the words red, Fred, Bill and John, the words red and Fred are directed along the
:in‘clude path towards a further node 564 whereas the words Bill and John are directed along




search key in order to exclude those terns that do nota7mhghodst . However, a
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ri sk of . fs occurrence. Bounded Key Figure
21 schem%%aglt%%ﬁﬁﬁ %%&?@g an |%€%§¥18§%tltutl ng an enbodi nent of the
present invention. Conceptionally, the index |ooks like that of a

convent [tds &lorth nbtigethhtndle positidloveme bit padrin i thelkay dedit Aot daveedol idevekeys bei ng
I-ncl uded within each node of the decision tree, a encoded version of the
key is sramentialiynlong thekey peone navigatehizem pedeiqnode fnjhe fafabage. i t hetic functi on.
It also follows, that where only part of the key is unbounded, then only
part of eds to be mapped in accordance with the present
mventm‘%ﬁ#%en a 27 May 2005 WD 02/44940 PCT/ GBO /05242 41 key is
presented to the index for searching, deletion or insertion, a standard
modul o Tif ¢oneéntiounl dsta dpelsyseng the tehiredy@y terkepls dtered BiSeadls decision gl y t he

nmodul o to a character stri nq:j %
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 saine 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 &
much shorter ouiput 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 A(K)
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.
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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 Key

Figure 21 schematically illustrates an index constituting an embodiment of the present
invention. Comceptionally, 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




Is less than the domain of the nodul o encodi ng scheneQ7RQH§2 G atrivia
exanple, if the keys were mapped using a nodulo ten, then the difference
bet ween the | ower and upper Kkeys in the search range nust be | ess than
ten. Tr Lent Keys Figure 23 schematically illustr ta structure
of a coﬁ@ﬁﬁ@#%% set/leaf block 600 constituting anagﬁﬁggﬁﬁgﬂ of the
present invention. The conclusion 4kt contains an age base 602 which

represents the da nd. ti X : oncl usi on
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and an geesm%h?ggﬁf}%ﬁ&%% %mg\'ea%ogq}éérﬂqcherqyﬁéex aseéa whol'e, but optionally

coul d hbepplybig theoodudali vi dual concl usi on sets. The age unit specifies the
nunber of seconds in a single age unit. Thus, for exanple, a value of 60
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the in b $nd kSR lihed nl PherdinBiefore 3da cdndREiBRYet€Nabl i ng it
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t he age(laafiblock)sising the enand8bkyalve visstsdanhindexractbagls, arimefhods preseatedt 0 31. For

keys to expi fter, one .. the age . uni.t. and L, (] .he set to
3600 selleé"r’l‘gs&gﬁgeyﬁ,mepégsﬁga etF @"E@E‘ﬁngﬁtl? %ﬂlg%ﬁ?g?dﬁé%g%ﬂ %ﬁ?‘ﬁ‘% age,

expr essgoded foAe D¥feforf 20 sefrbling £8 pitforMadlint fBtar ays. bENBEIN a featcheen t he
value zero and 255, in this exang’lée, al t houg ,otafr @u ranges nmay be
chosen - ense apprdisionaeichas beangeachad; thekexiscpmparedwithel} the; W el ess t han
one age unit. ol der, t 55 indicates that the entry is
obsol et(’éo}lcﬂ%?nseeg%ﬁtheﬁtﬁ%%% Ore?%g@??%oﬁnlg.n t he concl usion set, the foll ow ng
sequence is followed. Firstly the current date and tine is noted, and then .
t he nunber of el apsed age units between the age base and the current data
and tinme is calculated. Then, every entry in the conclusion set has its

entry age increnented by the nunber of elapsed age units. Any entry wth
an ent r Jigang 82 sehlematically dlustntesshegroasibilities s map peopiqiaen a1 §PUESr Wighesi ts” ent ry

age set totrgn g?a%’ge %lgtciy,alyithgrotggn anvé?acq %{afbﬂ%geﬁ%gd BAHAEREA Fhe Arimum

and maximum search keys for the range are represenied 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 illusirated 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 sefs having: encoded
values less than or equal to the encoded maximum key MU. Once again, this is performed

using standard navigation methods.




Any such entry then becones avail able for re-use. Therﬁt e QR base is set
"to the date and tinme noted at the begi nning of the prgce‘a’ﬁre. Any key to
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set to an entry age of zero. An available slot may either be a slot which
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can berl%@u\% u‘acﬁl?f%géelélﬁsﬁeﬁe I't 1s thus possible to provide an inproved
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the bl ROP- dt glso eqtgips %@Bﬂﬂgé’g%@hgmﬁ?so@% ?’déﬂqiﬁogp @E?%%’I"g ﬁgﬁf[}ﬁ/’ is used in
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to such a"nenory, it is preferable that the deci si on graph is structured in

such a entty kehinformptiondA8B anskoptrpproperty ipforpadion984C.as possible, is witten to a
single block. Thus, a decision graph is likely to reside within a bl ock of

menory. wever . as the inde becones.,i.n asi ngl | af. t he deci sion
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when i treRBC RIS ade fSHI bh @gt SmRcORIGINGATe sthfr dRCinddxoms a whelp/busi t hin a

si ngle bl ock. Thus nethods of acconmodati ng the_ decisign graph _across

mul ti pleptighallyiceuld be set &y didivednal copeclyaign setio S'he ggy upit saceties theamepsf/ 05242

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 1to 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. Zeto 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.




44 Wth reference to Figure 24, suppose that nmemory blgglg,/8hs epresents
the physical size of a block on the hard disk of a conputer system and
that the block is subdivided to contain individual portions 702, 704, 706

and 708 t others, each of which relates to th |n respect of
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t he outﬂfil a%? S 0f node 706 is nodified to point to the new node. As
part of the insert process the output pointers of the new node are al so set
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given that it is no |onger possible to store the data relating to the new
node, 728 timerperipds ipwvhighye Bpeolidatagmny beeame obsdlelp B 1§ pessible/ig uiegneiEw node 710
nmust be, st or I B . I 1l k2. . r; | to that new
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outside of the nenory block 700. This process allows the decision graph to
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700 i-s thasisiondamept Sydiitirist is nowrequired to insert a new node. As before, a
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split into equal parts. One part is placed in the old hlock 700 whilst the
Sher phi Sisebeg e obetoi, it Rorofaable i ied codesty obthe digsiot gt (dex) 1 |

" held within semiconductor memory as this allows fast access. However, the capabilities of
the hardware platform running the database or the size of the database may be such that it

 is not possible to hold the entirety of the index within semiconductor memory or the time.
This may, for example, be because the machine is expected to muiti-task and perform other
functions.

It is well known that mass storage devices, such as hard disk drives, are divided info blocks
of a predetermined size a file of any size less than the block size still occupies one block.
Thus, physical memory is used in multiples of the block size. When reading and writing
the decision graph to such a memory, it is preferable that the decision graph is structured in
such a way that the entirety of it, or as much as possible, is written to a single block. Thus,
a decision graph is likely to reside within a block of memory. However, as the index
becomes increasingly populated, the decision graph grows as the key population grows.
There therefore becomes a time when it becomes impossible to accommodate the decision
graph within a single block. Thus methods of accommodating the decision graph across
multiple blocks are required.




RN hoaall

WO 02/ 44940 PCT/ GB01105242 45 Wth reference to Figur I‘%%[g(g)gssurne
initially that the index 720 is stored within nenory I 0 and that
bl ock 700 is now full. Supposing that an index insert results in the
creation of new node 722, and at this process causes_the index to exceed
the si z¥94%E nenmory bl ock 700. However, in this ReVHBUYH2controlling
I ndex growt h, the structure of thg4indexes analysed so as to split it

bstantj al | |1y bet he index bl ocks. Thus. _taking t ti
of ¢ ho WHREsreR A FiaToR iEse b e Hogl AR FHA o b Tel B &t node 724
ten nodeguaChis hiatidoratihfingQsids: had #Pie dhckes sisaehaTiobymbie path

ele (0]

1
extending to t he node , Whereas twelve nodes encircled by
chai n- dinfividusleporidis 782, 104, T0buand 708, anrpmgst mthers, eschefhigh elotes fethei ght of node

724. An, al gorithm.recursivel y scans t d | ecting a

t est no@éﬁgﬁﬁﬂ’f"f’i&qm&%ﬁs‘&‘m&éﬁoﬁﬁw . l%?‘?o%g 1°§g’§§%d?‘sﬁ%hgﬁ?g% g?p é%t;ﬁ% order to
find a guidigPh® neaeicHat Ko W the thedidck 700 RGompletelyfalex. |1 n the exanple
shown in Figure 25, node 724 and the nodes encircled by line 726 woul d be
placed in the old nenory block 700, whereas_ the nodes, encircled by

chai n- dowlsippesc7that asewesitoba datapessdnsert operidony s feavitse jo Bpgcaduther  Thi s

_process _ensures that. each il ' | I tably utilised
and st offdleripia e Sesiian £ 16 né%%‘s”?%ﬁ?% g‘faﬁ&%ﬁng#fx %g%%y%gllﬂgc@s.

Qual i f i RdrsinbelreBaeldcikionitodd Figles3)rooniptideat dbdisiors edmes nd lom point¢rhe i ndex
shoul d be performed using, two orr nore search criterja. Thes riteria are
combi neend advigh apinter vduchy inicgies oy aEt BPIH L HiccEZ R ASod i gﬁ“é‘ebra. It is
possi bl g e | M | e babe/ ingiiRl afay with each
part bel %D%S}é@?%%eéx%% o?%lg%sgggg}g%mﬁ%mr}%@agﬂﬁthen t he reinarl ts conbi ned
at the efiding Tbis, Thispsuppesing thadas b eesule ofjarc nsquly itds raghimd tp insatemewve and

require nmany read wite erati.ons to b] pc tore u as a hard
di sk. Tmﬂg,t%lﬂwm%%ﬁﬁfi“e?’gg‘e&ﬁ%W%F%F?ﬁ’é’t%ﬁd&ﬁl%g Psrfﬁs@)ys a8 trf‘%%g”#%{’l’ t hen
require £QME Sligilf pdinfrsOfFaioat 706S mediféddepol® td eealewt he dat a
poi ntern%%%?éﬁt%g&}eﬁddex qtﬁl?r‘;llj. Not all of the data fpetched by the query
may be nedsuiAspart Thihs inseft peoceps dheyowps ppigtees off the new 20daye alse &4 Uhd al | cars

istered jn 1997 that . ; ' d i
697 wotmpelbesh i opiEt EahE UGS A hecbitf b it Bvtn BEG B BT D T
of t hesg, 1dAgHPofiaRdtodtodeme aaeslatigotthaientiode, 71 Grin temengyelock0Dt may not be

ossible inorder to
g 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 bloek
712.

" If at alater 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 result in the spawning of a large number of nearly empty

memory blocks from each full (parent) block.

Figure 25 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.




change the order of the query in such a way as to redugavhpeogunber of
unwanted results. 27 May 2005 WO 02/44940 PCT/ GBOLl/ 05242 46 This problem
can be overconme by using concatenated keys. However, hitherto such

concat egat@gdsdigys have maintained the entirety of bof,&,&ﬂ(ﬁmgmrrary search
key and the subsidiary search keys in the combined concatenated key and

consequently the conbi ned key becdbes particularly | ong The applicant has

reali Se%m@fer 5@&%@9? ??%Fﬁ&e@ﬁﬁ&lﬁ@ﬂ&’lﬁ@mﬁﬁ!‘@eis IRAR 2 %ﬁflgﬁéas ting

qualifiers, cular appe ng qualifirers, primary search
key. Thﬁodum(] indeuhat Wooks700a¢ nelv fdic t Soppodieg theipateméext ingenieres s dm theor

subsequent, search ter but rather is a hq ed fo of that subsequent
term |¥eatioR P@g’éﬁg"‘ %@PA?I SW%ESS&G%?&F ?‘3 @{Qf’ g‘eperform ng a
hashi ngm&ﬁes«tw&ﬁ 700. HBGeRE, if B mSHRBEGURRL e&fgr&ﬁhrﬂle &H@m?@éfe hashi ng
function is’used to query a database as is used to insert or delete data

fromi tthe mm Wdﬁga%méﬂtllmbwhﬁwmn thetidex ptheks. i Bsr eat ed wi t h

- a pr|n as f.ore d z r ys. | n use,
the i nd é‘élfg%%{? %%““ﬁ‘g“ﬁgé} Eﬁérﬁ%else ﬁaﬁﬁﬁga{%%gﬁtz’t ored in the
concl USﬂe@ﬂodes edngirtled byhéhalnsdoa lina/FRg cad-bweu&fed bﬁ&[éfpamlb&fendm@fo thelefi s hash
encoded downtoasmglebte that is a ILn the range zero to 255,

and is %fttb?wegpﬁﬂW‘?ﬂét‘Y%‘@ nedss earitcled Wﬁh?lﬁr ot IE’SH% £Agy by fowwin thoyr j ng a
query, @Salﬁ? hdlf Q@'théﬁgbt'éf P lledAﬂ"'aﬁébnﬁﬁ{ Qecﬁlrsl s%a:%uﬂ‘lle hagr keys. The

I ndex i en n V|gate usi ng the principal ore. Finally, once
t he corstmcture; bpctlogingl tesenodecand dlnakniatingthe lnettes dt:}teaélag ¢hegefitohein scanned by

ot 1§ £<O 1o (BRI PO RolkCRE SR o PR, I Borcs RO | of tne

princi pﬁguﬂée))s apgk 44 mﬁfthe%datbibmédeﬁy hias e ader &rﬁadeatlurtnedld It will be
noted that nultiple qualifier keys can map to the sane sm&g@e byte hash

code. mpmeny blacki798, wfetas the nedas lepoitsled bmchaméﬂdmgﬂ%mu@e d ¥nwant ed data

wil | be ret urned e r sh encodi ng
S used Pﬁ%“fpgga%g&lﬁﬁi g?" E’%‘?%%wg%dr%%e%r@?{?‘%‘gﬁ‘%‘gﬁz b?o%ﬂ%%ﬁ%o %}%ss t han
0.5% iéquﬁﬂﬂyb@s&@aﬂiétd]ﬁthetphﬁfdﬁtbﬂeﬂiubbmﬁﬂyemﬁtym@mafy&ﬂﬂms to return all
the correct results, but wwth a small percentage of incorrect results as

well. Thus all the key hits returned nust then be inspected in a data store
tore

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

boolean algebra.

1t is possible for the query to be divided down into individual parts with each part being
performed before the pext is down and then the results combined at the end. This,
however, can be very corputationally 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 ali cars registered in 1997 that were Mercedes, the query for cars registered
in 1997 would retwm 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.




of the unwanted entries. However the reduction in si z§7q\1jla)1;¥%5i ndex and the
sinplification of the query process nore than conpensates for the

addi tional analysis of the returned hits. This advantage increases as nore
qualifigrs. are used given that the probability for ap 2005 WO

02/ 4494‘8;05’ 9(@301/ 05242 47 incorrect hit decreases W%ﬁmgﬁ’g?r"ﬁcreasi ng
nunber of qualifiers. The probabil 4§y of a bad result is, under ideal

ci rcunst ances 1/ 255)x. Thus, with t ualifiers (N= t he robabi | it
of a batu$ @gqyiepl( can pe ?Oﬁere%ezgy §Fng &Q%G\Q%H%ﬁfk?yﬁo%gw%? ﬁ’}tP?fF"e%“"ﬁum ifier s?/
the  CaRERald 1814 Ete Meiindd WOTeirhiely JFIHOM O pibd BN KSP aidirPPr OXI Mt el y

14 mllronto woul d be seen that, the size of the search key, and

dat a stmbsidieryrsequih keysemths opinbined congaenaiedrksy aed enmsegaenily thescombiedr educed.
Thus, if it had b en h,r]tended to search on 8 ternms, each of which could be
up to gke\PEeeLIeP BAHCUlETY; 808 b1y d conventional Iy require storage of 64 bytes
of data for each search key. In the present invention, this requirenent is
reduceﬁﬁéﬁggﬁ&iﬁf Bas rdatishY hSSinfoved® berch WOEBImANGRS &h B nidiebfaisaiang, each
qualifier y 1s optional and none, any or all of the keys nmay be supplied
becaus equalifigts,dad Aropartiguilas appending gealifiens, tofthe prinary,spasch key. yHhaquelifithe qual i fi er
keys on affect t nu i ' e e 9 nni ng the
concl us‘%l%{ﬁ g ﬁg‘?"ﬂy;}ﬁ%gfp?%)s%{et trﬁr%rs %Q%q%gr?ﬁég‘}ugﬁtt eé:?ﬁ g{%rgl’ g‘&%o rl%égg'?i he nore
preci seshoftiéhed B&fyofftes tibkequbrt talo Wb the peeseny trventiohathe gualifierduigdriefatedr t echni que
can be applied to any_ index structures, for exagl e, well_known structures

- such asbit pefopmingez b (iactio cncthe o epdapubiearent gedrgha et (HE S5, npt of
search key | | ' Glsedfo thiler Y REGNdard BYR/NEI ON i n which

a fi rStﬁ%g#ﬁg%ﬁ&%iﬁ%ﬁ%%%ﬂ%ﬁ%%@ﬁfﬁe |eor iomary key dataa, and then the

r enai ndEuspduring ercetion ofthagatdbasesthe irelex) isadréatadovith aQirincigel keydpsdefont) to Q7, each

of which is a 1 byte |lo \@"ﬁ)rd produced by a hashing function on the

ori gi na@%ﬂ’i@?"&ﬁﬂm‘k@?gﬁer ¥%hing Pattern It is often desirable to do a

pattern matching query within a database. Thus, rather than searching on

the entyr % i 1k VisindhS AR key 0@ 41 FREbdYS h8 GorthiioR- por tion of

t he kegln.]ﬁ%'ﬁ%eqé?e?{fglﬁ%ing%y o‘? S%%trl} g@é@%iﬁg depends on how wel | the key

popul at setsninities whialivebyrd Howeeesodach 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 fhe qualifier hash codes are returned.

Tt 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 vsed, 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 smail 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 simpliﬁcaﬁon
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




node in the decision graph. A problemw th the ASCI| chajagb@is set is that
It conprises 255 characters, but that the |ikelihood of sone characters

appearing is very high and yet conbi nations of dual characters is

parti cufayr, rare. 27 May 2005 WD 02/44940 PCT/ GBO1 The

appl i cant Oh%‘s%?eal I sed that pattern matching can be {r}(g@éﬁ'laﬁ%zﬁ%ved I f the

ASCI| character set (or indeed and®quivalent set) is mapped to a snaller

set. The appl,j.cant has .defi.ned a nu r FRRPI e the set to
16 charBeqspishit deeraapes wi Bélilﬂgf%m%nlé?gegtogg s VW ﬁa{%@%ﬁfgﬁ#@ (0- 15)

V\:hij| fst. %sﬂt‘r’]\’i%, Ghddr bR cieeEstaRes (T255)1.i tThuwi with twa qialifigre (Ny2)ethe These

nodi fied character sets can then be used | si,ngl e i ndex to, divide down
the keyprobsbidity ef # bard revplbispiaig 1 Aey Wfle$ﬁﬁa%¢1§92§(&t Q‘B&sfg{ee ﬂgﬁﬁﬁﬁi ted to the key
just pr| ! ﬂﬁ»}{jﬁ" | itded 6 datd Schudes WaprAaté1f 14 aMlibRar t . delete or
query o%]glﬁcaetoﬁﬁen. g?]%iél?&{%{eﬂorl g?ngﬁa iégy ?I@Fue or9t he Iconverted key val ue
(being of smaller size) can be stored with conclusion set dependi ng on

whet her 1; a@aMItRiseerOhat) the Ba® iof ihs tdacchdioy rand dats wiotage seveirersatsi withdn thExanpl es of
two character sets are given bel ow Phoneti et ASCl I, Characters Mapped
Val ue Spoolasien gefs, lseeluqh,re‘gl,oeqae%% fhﬂdbeﬁ%m(@,ﬁ to searefl on/8 tegDs, B%Chz 8, 9)

Ee ”avid%f vﬁ]ﬂghgéo'dﬁtﬂe% 16 BAVREIRE, HifRORY SshvertRAsIR redidB srdBe 47 645y1esQ 2 D 3 F

of data for each search key. In the present invention, this requirement is reduced to a mere

15 bytes of data.

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

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

1t should be noted that this qualifier technique can be applied to any index structures, for

| example well known structures such as the B-tree. Figure 26 scheratically 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-portion 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 problein with the ASCII character set is that it comprises 255 characters, but that the
likelihood of some characters appearing is very high and yet combinations of dual
characters is particularly rare. '




K7

5, 6,

H Y8

L8 MN9 P10 R11 S z 12 T 13 V14 w1
Simlarity Set 27 May 2005 WO 02/44940 PCT/ GB01/ 0524
Mapped Val ue
7

%7 ]%gy g%@?ro\éﬁgr acters

Space, Tab 0 Punctuation characters | Digits 0, 1, 2, 3, 4,
2 Vowels (A E, 3 B, D4 P6 G J7
WRRAGHM M N10 P, Q11 RS 12 T 13 V W 91%5(*?‘1{’“@-“% 15

The applicant has realised that pattern matching can be much improved if the ASCII
character set {or indeed an equivalent set) is mapped to a smaller set.

The applicant has defined a number of mappings which reduce the set to 16 characters so

that a single character fits within four bits (0-15) whilst a two character sequence can fit

within a single byte.

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 éppliéd 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
ASCH Characters Mapped Value
Vowels (A,E, 1O, U) Removed
Digits (0,1,2,3,4,5,6,7,8,9) Removed
| Punctuation characters Removed
Space, Tab 0
B 1
C.KQ 2
D 3
F 4
QG,J 5
H 6
K 7
L 8
M, N 9
P 10
R 11
S, Z 12
T 13
N 14
W 15
XY Removed

Similarity Set




I n each of these schenes, characters are converted toyppgss@se such that
the query is non-case specific. Furthernore, non-printing characters such
as line feed and a character return are renoved fromthe nappings. By
utili S|§,g E)%§ reduced set the perfornmance of patterpcﬁéﬁdé% can be much
i mprove e keys are mapped prior to insert, query or ete operations,
and then the index is navi gat ed u§9ng the mapped key. 27 May 2005 50
CLAI M5 |- J(EH?&' JS of organl SiTg a datrapase 'M,db g&rwﬁ}a TOMpPT) ses an

i ndex alrg:%% whet-ermthe Tndex—ts—que iﬁu ustng—a—searth key in
order t £2 4 fre— : -erilom—and—-A—whi-eh t he i ndex
is a hijer23FCAIE S at—i-s ' i a search
unti | a%&@ka%%%ﬁi@ﬁé P}aachpd and the strilture is aorganised such

t hat at| ewds Hodel,Ol) search key is conpared wilBh a decision gripup which
conpris|g®,Iat | east one bit, the decision groupj#s not stored at|{ a node in
the stfr@@ ure, each node has a nmaxi num of two|éxit paths therefrom and
some of[ffpe decision groups conprise a pluraligy of bits. 27 A nethod as

cl ai nme Gry crarm I, in wii ch the decision groupexam ned ar a n de is the
sane aS“II:il'{F decrstonmgroup exan ned—at—a pr t:t,t:ugllg node—3—A et hod as
cl ai red3’n—etatm-1—or—2—charactertsed—+n—thatthe nodes—do—not] store the
entiret { the key—associat-ed—with-thenod 12_A-method—as—chai med in

claiml MoN 3, i;’yl which the nodes._do._ho tond0the deci sion._jrul es

rel atind>®Qb interrogation of the node. 5. A neihbd as claimed ijn any one of
the prgdedi ng clains, in which, at a node, the|lkey or part of the key
being ysed for a query is conpared with the degi%ion criterion | at the
node, dngWhe test applied i's whether the key ofq4part thereof Iijs greater or
| ess trygrztné—demsmn criterion. 6. A nethod|qa§ clainmed im any one of the
pr ecedi ng—ctarms, T whicthrevery recordTm—the database betomngs to a
conclusion set. 7. A nethod as clainmed in any one of the preceding clains
in which, in use, the hierarchical structure of decision nodes forns a

~deci si om @R theed ohhés)iclbrdolt®s 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 inseri, query or delete operations, and then the index is

navigated using the mapped key.




electronic menory of a data processor. 8. A method as gl -§E§§§ n claim®é,
in which each concl usion set has a maxi num si ze. 9. & met’hod as clainmed in
8, in which the size of a conclusion set is the sane as or is a nultiple
of the size of a data or address BPOock used in a data storage device. 27
May 2005 51 10. A nethod as clainmed in claim8, in which as a concl usion
set approaches a predeterninedglﬁﬁﬂﬂ§ a new decision node is inserted into
the hierarchical structure of nodes and the data which was in the

concl usi on etg{Rﬁ te-i ndexeg ibnto Qie . concl usi on i}Iﬁts re(ﬁched via the exit
pat hs of t He™TER FERGERTYRS f GYR02SG YICAT NS (IYPA¥ES & fepdi e Pat m 10, i n

whi ch t he nelwrdtete snder inqefed Ssingsaadchk ey i drd@ to dochie daadthatélingna a node t hat

pointed to the conclusipon set that, reached the redeterm ned .size. 12. A

Pt hog as ket % ar B0 Rt i dask S R L B R SRR 25 Lerur a

re-organi satavigatedidutipea dedretbast? aodthnylusibd e tis reatiedpind e sdeaiugiion nodes at a
time. 13. A net hod clained jn, an e of the preceding clains, in which
e oo oi dnPmisan R Ihed ol body b SR Ry Reotpae b e ERr Aot efir 34, ' A ot hod
as cl ai med whictctamipiisdsdat 1¢ast oreibiththic ldecisiet bwup s it apredi=s alnadgil the | ndependent
of the structure of, the key. 15. A t hod a |l ained in an e of the

O coodi ng. orrtie. &b bife B SR LR o oiths SRS and s a0lE

struct ur ed detisibn glvaps engesanplutaliorddeits.of key sequences is preserved. 16. A
met hod as clainmed in claim6, in which each entry in the conclusion set
conprises a link field pointing to the next itemin the conclusion set, a
key fizld Auolktbdgs diimedxadsimvilinrehioli tha de@siormagoue exatrakdwt  hodehe entry in

t he concl ustilé)s% set %radcisign o) gxrti.ee%auerlege vvhin%g hol ds one of the data
correspondi ng %6 ?Hle Eey 0 pé’imﬁlfer ol N |gng to the data correspondi ng
to the key. 17. A nethod as clained in any one of the preceding clains, in

whi ch ach z{'gfi&oﬁ%? cBflnedds $Rfh 3159 %ﬁeic?eh%& iﬁqfi‘#%e“md‘é{‘?d Sqepppared, in
use, Wth a decision bit group ina Kkey, an e result of e conpari son
is used to thednticty efithekdytasypaiatedfwityihe fodenode. 18. A nethod as clained in

claim1l7, in which the decision value is selected from one

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

decision rules relating to interrogation of the node.

5. A method as claimed in any one of the preceding claims, 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 i

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 1s

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




of . the mat hematical nedian of all possible val ues szbﬁﬁﬁﬂﬁﬁBSiO” gr oups;
the mat hematical nedi an of the expected val ues of decision groups; 27 My
2005 52 the mathenatical average of all expected values of the decision
group; a predeternined val ue sel édted at the creation of the index; and a

val ue sel ec s, a fupction of the npst recently. used deci sion value and
the deci si rfn pdias plewesdgingglaim &+ wophich 125 a goneisignseh aPREPaEhFed in clai m 17

or 18, in WikdeferinhRd SBb,aCHdwORkcRion3o8S i ifdeRBd SHOR hicMrcilcal s@idngél deci si on
node is selected fro ﬁP Eﬁg deci sjon group which is the sanme for al

nodes: a dedigdehagh Ay dle ecwcwewefvﬁsepﬂnqebedamabewon node: a

deci si on gr@ﬂﬂuﬂms‘e&@%ﬁé&ﬁﬂh%ﬁlﬂpﬂhﬂﬁ%&k%e\é@ioﬁﬁoﬁ a precedi ng node
reaches a decision range naxi mum or deci sion range mni mum of the current

deci sion group; and a decision group which is changed when the deci sion
val ue Het we‘emeﬂlspd@esleinwé in ¢laided), wowhidh the amg dedision esle it insantedinphedet er mi ned

threshol d. G4 pftn TRAhOM168, HLelRtd 1, 4 A0880 LhSnR S68gNG,C! 20 Mo, 11

whi ch, when a t he |n ex I's navigated untl conc u5|on set is
reached OﬂﬂﬁhEMMEedSMQ create a conclusion set is identified, and the
data is then added to the conclusion set. 21. A nethod as clained in any

one of__the precedj ng clalns in whjich one_or nore of _the nodes contains a
parti a® keyfee&%‘rﬁ?é aigsd imamepio?f the PEacsding ¢latms.dp avhigh gtrugtralini ch t he key

stored in trBereaReidhSIfeR dRbask SnlyaHedeshd o two §RIRINSRAGGt h ame) 23. A net hod
as claimed in claim22, in which the conpression naps the key to a smaller

representation of the key 24. A method as clainmed in claim23, in which
t he malPpi nA msthed|ds chahed/ moany woh of et preckd g c&dim&riapﬂiﬁrhgﬁbsic@@mii ed to a
gi ven key i Iwg% t Ega result. 25. A nethod as clainmed in
claim 22, é@d%% §m¥25§ﬁﬂ§ﬁ‘?ﬁ§% ey %3'conpressed using at least two
dissim |l ar algorithmns.

14. A method as claimed in claim 13, in which the decision graph is largely
independent of the structure of the key.

15. 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.

16. A method as claimed in claim 6, in which each entry in the conclusion set
comprises a link ficld 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.

17. 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.

18. 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;

the mathematical median of the expected values of decision groups;




27 May 2005 53 26. A nethod as clained in claim 25, Eghﬂl}j%st he results
of the at least two conpressions are stored in the conclusion set. 27. A
nmet hod as clainmed in any one of the preceding clainms in which keys are
processed by an operator which naps the key to a bounded range. 28. A

met hod as clainmed in claim27 in which the operator distributes keys
subst ant i althgmatheinstiselavoragheiallghprstedivaliesiefttbtdesision 2BupA et hod as cl ai med
inclaim27 or 28 in which the operator is selected fromone of a nodulo

function angd,aicRasheddafdidfebic: thdSeatdnBeiHiathcASng! ai med in any one of the
preceding clains, 1n which keys stored wthin conclusion sets include a

data field indicati ng the duration for which the key and its data should
be mai nt ai fe¥rl¥g tefcisdene Uagtioppfdhe most tacondly Nerdl desisionarelecndribel ai m 30, in

whi ch keys Rgidiofl @ilge pdeamgMay6nexpi red are made available for overwiting
with new data. 32. A nmethod as clained in clains 30 or 31, in which expired

keys and data are not actively deleted fromthe database. 33. A nethod as
cl ai md@. i n Aaihod 30¢laidibd dn cl3izy 17 or Mhinckhivkthe selection of aidedsiorsgbup s  accessed

t he age of n..ent ry. havin ration i.s calculated and the results of
the cal cuIaggi%cs)lrtleedr#%/%g%%‘%%@%%%rﬁﬁg)éne(gletoct} determ ne which entries can be

overwitten. 34. A nethod as clained in any one of the preceding clains, in
whi ch t he daleaibiag group winphiistbes seanelferall mdex and a deci si on i ndex, wherein the
keys in the key index are stored in a conpressed nmanner, and wherein a

check is : i . Xists prior to
interr oga’[ried %gm'?i tﬁ% g%:@%égﬁ%ﬁ%e@%ﬁﬁﬁém{t&SHE%S;&P%O&Q’ A nethod as clained in
claim 34, in which the decision index is not searched if the key does not

exi st in t Helerigign gistipwhich ghengestahansdlesision Valiprelch nreeedingnpdeagaches 35, in
whi ch,  duriangecRbn 3REdeAhh @i Cor! d&%ﬁfolhﬁn eK@Mmén TR coftfent QEidi&y 1 ndex i s

made and the key is tejected as duplicate It a matching entry is found. 27
May 2005 Boup; 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.

22. A method as claimed in claim 16, in which the key stored i 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.

24. 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.

25. A method as claimed in claim 22, 23 or 24, in which the key is compressed using at
least two dissimilar algorithms.




37. A nethod as clained in any one of clains 34 to 36,2i V“i(}’oﬁh t he keys in
the key index are stored in a conpressed, encoded or @g??'e orm 38. A
nmethod as claimed in claim37, in which the keys are mapped using a hash
function. 39. A nethod as claimed3ssn any one of clains 34 to 38, in which
the key index conprises an array of elenments, the nunber of elenents in

the arffay bbimghet a3 clgnedain claim g8, ars whid thantsedts off hiaiagUeaskéyo el enent s
wi thin the doﬂg%ﬁoﬁqm gebrg@ﬁlr[ggcﬁlugﬂ)@géged inclaim39, in which two

di ssimlar functions are use ere one hash function is used as part of
a process to calculate a destination elenent E(K) within the key index and
the otiver hashethadnad tlaimddsinuggtoreoofethe gitecetiing dkfiyis amavhidthReysesell t B(K) is

stored at the destination el.enment. 41. A-nethqd, as clainmed in claim40, in
whi ch dur i SR LY P RV R s sy ip SEOIRRL RS  on ol enont | S
calculated for a target key, and the encoded val ue using the second hash

functign isf} ﬁtéglga' Laligthed arcla[hg%tmﬂ]ﬁﬁ tH SYeratBf WsthiBlfesiYs éu?stgﬁﬁwd to be

duplicate if encoded val ue natches a pre-existing value I n destination
el enent . 42anifanpgthrsghes theldafabasel i n any one of the preceding clains, in
whi ch the index conprises a hierarchical structure of indexes such that an

i ndex gan dgl egate sonme ,.of. its. workl oad.to at | east one other index. 43. A
ot hodoas. b HEHEN of HAETdinF I 27 F Al naRatioe ARHOURFUF AL wor k

del egat ed dfamdduledimctieh &gl laisking Rntionot her i ndexes. 44. A nethod as
claimed in claim42 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

rej ect3®d  byA nisghod g eleimerbin guynasterd dhepreedditignaleimisninewhiclmkays, stored which i f t he
key is w tRi:R: i : qglaﬁ rforman
operation %%%%ﬁfgegﬁ%%ﬁ?g%ré)%& %ggtglgﬁtg ﬁg th?gg%ﬁ%nf t @"‘ﬁ@g klp}g w thin the
mani f est r &idés dfta shepldbe maipdaiged wigie theidpidesses. 27 May 2005 55 46. A net hod
as clainmed in any one of clains 42 to 45, in which each index is

associgted w t i gal orage ice, therehy allow mul tiple
concurrent 4me 08 aggé’zrgeggn P]%ltnbé@g}l .\V(}illec keys and d?ita which have exgi?ed are P
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

key does not exist in the key index.

36. A method as claimed in claim 34 or 35, in which, during an operation to insert a
key, a check of the key index is made and the key is rejected as duplicate if a

matching entry is found.




47. A nethod as clainmed in any of the preceding clai 7W®5n a node may
contain a sub-sequence of a key, against which a candi date key is conpared
in order to determne an action to be taken. 48. Conputer readable
instructions for causing a conputé# to performthe nethod as clainmed in
~any one of claims 1 to 47. 49. Conputer readable instructions as clained in

clai m3B, i megHiodips chimediigany eng ofedaims 84 t@ 3¢.rip edrichihakeysimthekeyier. 50. A

dat abase Whihgdx drdlstdtS@ irCABRIprESR, $RoddddeXagid fe@t.a, and wherein the index is
queried using a search key in order to |locate data matching a search

criterion, and in which the index is a hierarchical structure of nodes

that i navh Galed Aikifla 3n SA%5 37, inAPAEA 1R 690Gl IBhARd helahapached. and
node th re

the structure is organised such that at eac e se ey is
conpar ed wifupetigndeci si on group which conprises at |east one bit, the
decision group is not stored at a node in the structure, each node has a
maxi mum of two exit paths therefrom and sone of the decision groups
conpri¥e a Apnathadl ast glaipfediitany Dhe oA chhansniBdde 38s inc whichebe key oldagi m 50, in

whi ch the deggi.si ggn%gqﬁ ] I; ﬁﬂﬁ deci si on
“group exam ne at a p ecg%fiﬁg ’%eﬁéﬁbg%ﬂ}%g%gﬁs_ggg%gﬁﬁ C aa?%%%qlgn cl ai m 50
or 51, charlaige ey theveimbay of wrigquetker elowduats watbindlt indtxore the entirety of the
key associated with the node. 53. A database as clainmed in claimb50, 51 or

52 in which the nodes do not store the decision rules relating to

i nt er rdfigat i dmethibd bshdaimedien cldim 39kin Wh3wo Bsiblar dndiabsdasedaghert ai med in any
of clains 50 ethgsh5§1nctio'?1 imge%gks Va%{t o2 aq)gcgjc%SS Eo%%lclﬁ%}/e 2 Elesagltfop e?f]‘;_lmetnpe key bei ng
used for a query 1's conpare h-a*deci'ston criterion a € node, and

t he test apgiK) edhinshelegtimiex atdtbe ktbyr hash foaation isheedwfencsle gredayend or | ess t han

the deci si; reSJﬂ]% iig&m ﬁﬁfnth?ﬁ%%%lgot%}ﬁen%tc' aimed in any of clainms 50 to

54, in whi cﬁ‘pevery&{r)ecorg i ase "bel ongs to a conclusion set..
56. A database as clainmed in any one of clainms 50 to 55, in which, in use,
the hjer arghl 68 ot UaiShithuh A5 hof ai9ges ol BPud g5 Sladl of 97 apn hel d
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.

45. A method as claimed in claim 44, 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.




el ectronic menory of a data processor. 57. A dat abasezgg\,lg}lfdgged inclaim
55, in which each conclusion set has a maxi num size. . A dat abase as

clained in 57, in which the size of a conclusion set is the sane as or is
a multiple of the size of a data or Sddress bl ock used in a data storage
device. 59. A database as clained in claim57, in which as a concl usion set
approaches a predeterm ned size, a new decision node is inserted into the
hi erarchical structure of nodes and the data which was in the concl usion

t i i nd ' | US| t. hed via .the. exi hs of
the now dibi si Brinpiih & dftimed dhany 208 Syl FLE i 1 bl B oteBB O Che
new deci si on n@gkidted with & phftfcal SokpEdevice, theRBY BlidwiRFmaltpREBnédNRNt dige Nt ed t o

t he conclusion set that reached the predeterimned Size. 61. A database as
cl ai med i n anycedssesitapeaur50 to 60, in which, structural re-organisation of
t he database only affects one or two decision nodes at a tine. 62. A

dat abase a,s cl ai rr&lg in any of clains 50 to 61, in whjch the decisjon nodes
are rel &'ed tomshed s pkimed inmey ebthe preording clguns, wherginffiode max coRiaing.q | n

claim62, in i iS4, O [ : bS, | ] QEB&%

structure of %Q@%J&2$§/ak§&2%6%ﬁg@cg4a c%{%t%ggsg as g{é gi%rretga?ltn&gny of
clainms 50 to Q&ermifie wha&ionttdBe tak@r ar chi cal structure of nodes is
structured such that a semantic order of key sequences is preserved. 65. A
~database as clained in claim55, in which each entry in the concl usion set
conpri se48.a | Colupéteeteddgiié tsimgions fdrhmusiegt dotgprier o pdrforn dhe mgdiodnasset , a
key field holding.the exa f a key associated with the entry in

t.val ue
the concl usi ofl® ‘%W%‘“e“gf’@ﬁ@’fh"e ‘field which holds one of the data
corresponding to the key or a pointer pointing to the data correspondi ng

he kgy. ' [ | .0f ,oCl aj.r . LA whi ch
each nods has AR ATERIBR IR Rl B btofiags ol ileiymps W 0T 1

a deci si on gr&uied dh 2ddteyarrierand the result of the conparison is used to
select an exit path fromthe node. 67. A database as clained in claim®66,

in which the decision value is selected from one
50. A database which in use comprises an index and data, and wherein the index is

queried using a search key in order to focate data meiching a search criterion, and in
which the index is a hierarchical structure of nodes that is navigated during a search
“until a conclusion set is reached, and the structure is organised such that at each
node the search key is compared with a decision group which comprises at least one
bit, the decision group is not stored at a node in the structure, each node has a
maximum of two exit paths therefrom, and some of the decision groups comprise a

plurality of bits

51. A database as claimed in claim 50, in which the decision group examined af a node

is the same as the decision group examined at a preceding node.

52. A database as claimed in claim 50 or 51, characterised in that the nodes do not store

the entirety of the key associated with the node.

53. - A database as claimed in claim 50, 51 or 52 in which the nodes do not store- the

decision rules relating to-interrogation of the node.




of . the mathematical nedian of all possible val ues of 2§Maﬂ}jﬁ)%55i on groups;
the mat hemati cal nedi an of the expected val ues of decision groups; the

mat hemat i cal average of all expected val ues of the decision group; a
predet erm ned val ue selected at thes6éreation of the index; and a val ue
selected as a function of the nost recently used decision value and the
deci si on val ue precedi ng that one. 68. A database as clained in claim®66 or
67, in WA ch A deatas) #eldined dfanpofldainsisono §B pinpwhieh, at awmodé, tthakeyextipaiton node
is selected fromone of a decision, group \Ahi‘ﬁ)?,ai s .t.he sane fo%l alcli nodes; a
deci si on gr o@pthatkey: heigm nsegder agnesy iscpmpared prith deciaen EHGHOR 8L "8%yeci si on

group whi ch Chfﬁ&ﬁ?w‘“’ﬁﬁ@erdaiag@m%&%h% DA gog?,aﬁtm@wef?gs%ﬁg oReLe theambes a

deci si on ranaré nra m ni num o e current decision
group; and adegsibbéRénidy oup which is changed when the decision val ue

bet ween successive nodes would change by | ess than a predeterm ned
threshol d. 27 May 2005 58 69. A database as clainmed in any of clainms 50 to
68, in WBhi chA détshnsaa chipeadainaanytdfelainn $xtoi $4,navvhisheayenniecordaincacl usi on
set .is reached,, or, the need tlo Ccreate a conclusion set is identified, and
the data is W%B%‘Elﬁsf%a?%“%ﬁé‘?tusi on set. 70. A database as claimed in
any of clains 50 to 69, in which one or nore of the nodes contains a

partial _key se e, 7d. ) i i | aj 5:n ich the
oy storba i CRERES AL FhunGn IR BEE it FR% B, anPulich fin w1

dat abase as kib@idkRal stfuchilréiofdédision Mol folimk e deqsiph geaphoheldawithih fthe key to a
smal | er representation of the key. 73. A database as clainmed in claim72,

i n whi ch t heclentnopicmenicgy ofd datdproesseat. such that when the mapping is applied
to a given key it always returns the sane result. 74. A database as cl ai ned

inclaim?7l, 72 or 73, in Wwhi the key.is ¢ ressed usin at. | east two
di ssi mi¥ar aA\ng #5528 claimed 1n czgm 55, in w¥nch eacl?rcr:gnc usion sef hash mAkimunf

SIZC.

58. A database as claimed in 57, 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.

59. A database as claimed in claim 57, in which as a conclusion set approaches a
predetetmined 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.

60. A database as claimed in claim 59, 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.

61. A database as claimed in any of claims 50 to 60, in which, structural re-organisation

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

62. - A database as claimed in any of claims 50 to 61, in which the decision nodes are

related to portions of the search key.

63. A database as claimed in claim 62, in which the decision graph is 1argely
ihdependen't of the structure of the key. o




- 75. A database as clained in claim74, in which the r %%%?(@% the at | east
two conpressions are stored in the conclusion set. 76. d% abase as
clainmed in any of clains 50 to 75 in which keys are processed by an
operat or which maps the key to a boufded range. 77. A database as cl ai ned
in claim76, in which the operator distributes key substantially uniformy
t hroughout t he dat abase. 78. A database as clained in claim76 or 77 in

whi ch t he per 4t driahase ascildimed dn fnyofcleims 500b @3, imwhich the hietarahivabstticirhashi ng

f tion. 79. | ai ped | f i 50 to 78, in which
coys stored wi CRERe BERGr Ao ShOLBHE sttt futes kP Fghegs FrrEfng t e
duration for which the key and its data should be naintained within the
dat abase. 37 MY s#ie a9 Udifled 4h €RERRIS AhicH AP iff R Bnéllmioh el Ch

keys and data which have expired are nade ava or overwiting w

new data. 81. sompissbadimkafield paintimotoite odx@iitdn 19 thy cdRlusion sediaUeyeend r ed
- keys and data actively deleted fromthe database. 82. A database

re, not ( ) . £
as claimed in. g?lgiﬂﬁﬂmxa@fablﬁ 0%2!@3& aasogiated witththe eatry dmthegonclysioneset and a

accessed the . Aty avi ng ,a ration is cal cul.ated and. the
et e of 't noPtopafieCRAl MR o B . Sl B @oh Ting o Bk B 78 Lk
entries can bepaintaigo thetdat cotdspohdifidloalales. as clainmed in any of the clains
50 to 82, in which the database conprises a key index and a deci sion ‘
i ndex, wherein the keys in the key index are stored in a conpressed
manner, af@l whirdatahasg asheleineidsinrmg eof alaimin S0k ey 65 néexitich seh node takenkey

exists prior to interyraogati t he. deci sion jndex using the key. 84. A

dat abase as claé?oﬁ@ge%ic(‘?c'gﬁﬁi"%%??fcmﬁ SRHIP tﬂ’euséfa‘é’ﬁt@i CISIH &oUpPdn A &EYs

searched if thgg tﬂé%suﬁ%?ﬁle%hpaﬁoﬁ&s ds%l NI e éﬂgﬁﬁ?ﬁ%ﬁx t{né‘ngc?et abase as
n Ich, du n opera

clainmed in claim83 or 84, | rng a ion to insert a Kkey,
a check of the key index is nmade and the key is rejected as duplicate if a

mat chi ng @Mt r \A dafaciictlaiMd irelslal DRSPS tHel dlclRsh Ydludi %elBed RbmUndi N5 83
to 85, in which the keys in the key index are stored in a conpressed,

encoded or ma@fed form

‘the mathematical median of all possible values of the decision groups;

the mathematical median of the expected values of decision groups;

the mathematical average of all expected values of the decision group;

a predetermined value selected at the creation of the index; and
a value sélected as a function of the most recently used decision value and the
decision value preceding that one.

68. A database as claimed in claim 66 or 67, 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.



87. A database.as clainmed in claima86, in which the kg?igarﬁﬁgapped using a
hash function. 88. A database as clained in any one P 83 to 87, in
whi ch the key index conprises an array of elenents, the nunber of elenents
in the array being at least as lardg® as the nunber of unique key el enents
within the index. 27 May 2005 60 89. A database as clainmed in claim@88, in
which two dissimlar functions are used, where one hash function is used

as part .f a,p ess_tq..cal.cul i g e K dddtfpen the
key i ndg ) ané @%&asgt%eﬁm@ghlnﬁgf?%%%?@ @é%rq?é”hg‘%‘égﬁgﬁ taﬁ(iellﬁ kg‘?’ and the
result B(K) ingexstiphadigatedt il desbadi@ionoBeteisersacticd, 80 theAnckat &basatcag cl ai med
in claima89, in which duri n_? a query of the key index, the destination

el ement is ceonclubign get is edentined apdtheidatp is then adéed te Hiesaudusial $f using the

second hash function is calculated for the target key, and the key is

deened be duplicate.if_ the encopded I .mat ches re-exishi val ue

in dest%ﬁat Aiéﬁ“’@B@ﬁ@ﬁtC.a‘@E@ ARy & H@%SQXAE" @“ﬁéﬁl Wbﬁ’gio e§5’3‘°§?%§§%}950 to

90, in whi Chwﬁﬁﬁmia%%al%ggé.uéﬁ&a hi erarchi cal structure of indexes such
S

that an i ndex can del egat me of its workload to at | east one other
i ndex. 92. A database as clained in claim91, in which an index which has

had wor i del £@ahBae ak Qldithed aclai 65 a4 o/hiel the key sibieerin iiredmmelssio 3¢t 1A
dat abase as clained in claim91 or 92, in which a key mani fest of an index

is defined syedinaxogepressad fomp. r equest to operate on a key outside of the
range is rejected by the index. 94. A database as clainmed in claim93, in

which if the key is within the index, f datab t b
per or ifn dheRMsB RS IRGJR: Goid viobr coapiraL wapadle B PR Vey s

wi thin the i ﬂgemé of the del egate indexes. 95. A database as
claimed in gﬁ’g"%ﬁé rS% C alqrr)lf:sf 170 94, in which each index is associated

with a physical storage device, thereby allowi ng nultiple concurrent disc

accessesy t 0 Pgflase 9 clafndPihdbamer2am whidh ARImbppime vedl iehavadsubiothab 95,
wherein a node nay contain a sub-sequence of a key, against which .a

~ candi dat e keyhen theonagangis appliet tdergiveo key it always returns the same result.
74. A database as claimed in claim 71, 72 or 73, in which the key is compressed using

af least two dissimilar algorithms.

75. A database as claimed in claim 74, in which the results of the at least two

compressions are stored in the conclusion set.

76. A database as claimed in any of claims 50 to 75 in which keys are processed by an

operator which maps the key to a bounded range.

77. A database as claimed in claim 76, in which the operator distributes key
substantially uniformly throughout the database.

78. A database as claimed in claim 76 or 77 in which the operator is selected from one

of a modulo function and a hashing function.

79. A database as claimed in any of claims 50 o 78, in which keys stored within
| conclusion sets include a data field indicating the duration for which the key and its

data shouid be maintained within the database.
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A database as claimed in claim 79, in which keys and data which have expired are

made available for overwriting with new data.

A database as claimed in claims 79 or 80, in which expired keys and data are not

actively deleted from the database.

A database as claimed in claim 80, 81 or 82, 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.

A database as claimed in any of the claims 50 to 82, 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.

A database as claimed in claim 83, in which the decision index is not searched if tht_a

key does not exist in the key index.

A database as claimed in claim 83 or 84, in which, during an operation fo insert a

key, a check of the key index is made and the key is rejected as duplicate if a

matching entry is found,

A database as claimed in any one of claims 83 to 85, in which the keys in the key

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

A database as claimed in claim 86, in which the keys are mapped using a hash

function.

A database as claimed in any one of claims 83 to 87, 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.
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A database as claimed in claim 88, 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.

A database as claimed in claim 89, 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

Eiuplicatc if the encoded value matches a pre-existing value in destination element,

A database as claimed in any of claims 50 to 90, in which the index comprises a

hierarchical structare of indexes such that an index can delegate some of its

workload to at least one other index.

A database as claimed in claim 91, in which an index which has had work delegated

to it can delegate work to other indexes.

A database as claimed in claim 91 or 92, in which a key manifest of an index is

defined by a range and any request to operate on a key cutside of the range is

rejected by the index.

A database as claimed in claim 93, 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.

A database as claimed in any one of claims 91 to 94, in which each index is

associated with a physical storage device, thereby allowing multiple concurrent disc

accesses to occur,

A database as claimed in any of claims 50 to 95, wherein a node may confain a
sub-sequende of a key, against which .a candidate key is compared in order to

determine an action to be taken.




