1 DATABASE The present invention relates to a nethod
of indexing, placing information into, and querying a
dat abase. In particular the invention allows efficient
.searching of scalar data wthin a data storage
system Scal ar data types include, for exanple,

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

people born after 2000 AD increases.

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

such as:
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al so require an increased nunber of data swaps or read
operations involving transfer from mass storage

nmedi a, such as hard disk drives, and faster nenory,
such as sem conductor nenory. 2) The structural.. ..
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of key data. In order to interrogate the database the trees are navigated by comparing key

values at each node visited with a required search key. It is inherent in such a design that

each node includes the entirety of a key associated with the creation of the node and hence

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

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

data is added to the index.

Furthermore, some methods require the trees to be “balanced” at all times if they are to

operate properly. These methods can incur- significant maintenance overheads for key

insertion and deletion making them unsuitable for high throughput systems.




key conprising at | east one synbol, the at |east one
synbol represented by a plurality of bits, in order
to | ocate data matching the search criteria,
‘characterised in that the index is a hierarchical
structure of decision nodes, the structure of nodes
bei ng navi gat ed during a3 search until a conclusion is
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binarystfms tHertest s typiosllys(thoagh sdtareeessdnidy exthisively) iseth¢ key, or part

thereof being tested, greater than or less than the decision criterion. This removes the need

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

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

result.

If an exit from a node points fo another node, then the search continues. However, if the
exit from 2 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.




The hierarchical structure of decision nodes may be
regarded as a decision graph. The decision graph may
be of any arbitrary size and internal structure.
‘However, the decision graph is generally a small_. .
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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 sefs 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 ate consiructed to be well behaved.




A further advantage of the present invention is that

changes to the structure of the decision graph can be

made, and that these changes are local. That is only

one or a few decision nodes are affected by the .

change. This means that structural reorganisationis
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few, if any, restrictions on the structure of the key.
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provi ded a dat abase having an index, and arranged to

hold data and-.to allow the data to be | ocated by
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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 risc to a well behaved increase in search time as the decision graph

grows to accommodate increased amounts of data.




i ndex using a search key, the key conprising at |east

one synbol, the or each synbol being represented by a

plurality of bits, wherein the index is a hierarchical

structure of decision nodes, the structure of nodes
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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




This nmethod is sinple but inefficient as it is likely
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navigated until a conclusion set is reached, and
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order to determ ne an action to be taken, and in
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The first and second aspects of the present invention dislosed a tree structure where the
nodes do not store the search key but the key data is inherent in the structure of the tree.

According to a third aspect of the present invention, there is provided a method of
interrogating a database having an index and data, and whesein the index is queried using &
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




As used herein, the portion of the key at an (N+1)th
node is unrelated to that at the Nth node in the
sense: that the key portion is not cal cul ated by
sel.ecting successive parts of the key in a.nomnally
varying manner. It is thLéS possible to provide a =
dat abase wherein the deci®si on nodes can be mai nt ai ned
whicl @k pbiti¥g b¥ihe RéBikdred 4 b M6 R N-NBAGyPbf the Hildex B ImRlated to
sub-sequence of a key rather than an entire key. This
thep@ﬁmﬁ@@d@ﬂ‘%ﬁ%ﬂ&@@é%@?%%ﬁﬁ@ navi gation, insertion
and retrieval by pattern matching. According to a

fourth aspect of .the presgant..invention, thereg. i
s s Bt S0 3 e 0 7 B RO Rt e g
node W06 Sénde. thahd RErtion iCMtR Chibelated by @leatisemtclsivearths Bf the
_order, to locate data matching the search criteria,
key inoegraipallrviesying mapnerhat the index is a hierarchical
structure of decision nodes, the structure being

. havigaked unti.l a.cqn on set. LS r nand .

1 is Y pERARC o abiice £ g kS B€ ool AR SR v Rggines

relativafatsimll” WhideGachnodandly staies alsalyscqaencdef a I mythor @tniafi entire
order to determ ne an action to_ be taken. Enhanced

key. pPihis svetpndectlitates d4ta Arse naigatinne dsertion and settigal, by pattern

matcHiE ching, it is evident that the conputational load in
pattern matching is a function of the length of the
pattern that is to be matched, and in particular that

Accordfpttb Adoilirtheaspait 6fthd preseht Bhertion,dheae &qirevidedra daytbhsel having
string is less conputationall _expegﬁé}ée t han

an indexragd i%ﬁ*@s d \heginthe odex Isrepexopsing eLsemh ket A8Es & fosex
dara iy BB R g RGO L P L 5 R e
of devisioh nefgedr stuttine rbemgquaeipyied Thiilsa cenchsioh sél isusdched, edd

wherefiys 0t i South g eSS B Hen e R EA o R i b
comp&8d il dr8& 8 DAmBe BYSHIDE BSHe ¥ Sh to correspond with.

A pattern matchi ng sequence that appears often w ||
not sufficiently reduce the population of keys

EnhargedBattech Maiching an i ndex query. Thus, for exanple, if
the sequence used in the 9 pattern matching is "E",

...then given that thjs i,s . likely tq occur, in st. keys,
Withip @WWE%&P&W Pk ey i Hhe seropyiiopedjoud in pattert
matc a3 ®iBn of e ?enéﬂd ok ﬁi‘érpa&éhﬁﬁaﬁﬁlt@)b@%'tcﬁed, gn&"ﬁﬂ%ﬂﬂﬁﬁar

I
I ch occurs infrequentl'y wll also not reduce
that testing the match for a short character or symbol string is less computationally

expensive than matching a long siring.

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 paitern 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




t he popul ati on of keys that have to be scanned in nost
gueries. Thus, for exanple, "ZZ" is wunlikely to
appear in a query and so is not a good candidate for a
-pattern matching query. As noted herei nabove, the
nore characters involved,_.in a sequence, the less
likely it is that the sgquence w Il appear in a key.
patterl maﬁshagss ‘| @erCEitdnabit €is is Sikély kadoyurtiomag e it providesiitie
characters whereas a speci fic sequence of
helpmdmdnzgrbfréwrp@p@aﬂoe much less likely to appear. In an
i deal case, the query string would divide the

opul ation S f i
s BB R0 Pl XSRS AR K 050, SAPBLPRIANY,
the pdphilatién Sfidepthatitbdd t6 bk Ecahm:dfm Adstapevidst Ahisgfor S@mPENLRL” is
using the full 255 characters |n the set as there are
- unlikebaioyppeaRinAtieD snb it is ppfe opd rapidpis & 2pptan MECRIAG ALY or s

appearing is nuch greater than that of many ot her ones

f,.th f

s nefi R ! S MY vca JOTRAGEL SO L i ot

the setyi@ciwvilisdppéar| |1mslﬁer}t iThis 4 siegle clmacf:ﬁ- eMikellydo appewtii eétejofvlth
storlnga key art ther id:ganln ex Le

many GRETASES SV hergAS APFE PO e g R gk festrlikge do

appeajroma 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 set. Thus the nunber of

Tn an dleflfasecthic qubmkRriag evosldtdhdde the popmiation of keys feechked froins: node
reduced.., The mapping 1is not unique but if the mapping

substangiallyfYedr i at el y sel ected the |ikelihood of any single
character of the second set occurring can be

A prdbﬁ Q\Q@b&lé’ AP l%?ﬁ@tei: gé{t’iknﬂit'l? RSofth difRu®o ﬁﬁ@raesmtable

_ A Aeters can pe used for sequences. Preferably the

sequeh@Dsinpgthe Sulh 255 ichatadians fuhﬂle r@y apthewr ar¢ ouana vhageetsro hutothe

. __.the decisjon rahfor r e

Hkeligg RS LA SRR SOy SRR ST YGRS Ra PE e,

charaMg@kue or the converted key value (which is snaller
erms of the space required to store it) can be stored
in the conclusion set. According to a sixth aspect of

Howdvhrecqmitdisatiohs dfidva wharamters ¢ande earé.s provi ded a dat abase in
which the keys are mapped to a reduced range of

val ues ior to jndex navigat r
According to a ﬁ%h aspect of the presentqnven on tlhere is pro de%%l}getfosd of s{(])rmg 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 pot 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 fo navigation of the decision graph for

insert, delete or query operations.




As noted herei nabove, sone prior an databases store
the full decision/search key at each decision node.
This can create a relatively large index structure
.-given that the keys can thenselves be |large. 1t.-has
al so been noted that in ﬁkdatabase constituting an
enbodi nent of the prese i nvention, the search keys

Advaﬁ&%eﬂ&‘ly 8880kht Orifigal Kep ek (attheeamerma ey ivalne (veldih, is smalier

ugh it may be deswable tore a ortion of the
in termeefithe spResyreqrired tafkers B) @R &Y m ‘é’n"]&}ﬁ‘ #h to store
portlons of the search key st|II results in a
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rapi d eI nventor has
the kdy@at hapstdihatedhded raﬂgeyf desprivp to indechavigation. st ored i n
the index inits native form Thus the key may be
encoded into a formwhich takes up reduced space.

Key Gommessiong to a seventh aspect of the present
invention, there is provided a nethod of encoding
h| n_a dat abas e t '
s nolg? eliepoish ftnE A I8 oAk ol BB kRl B
'de(:lsﬁ)ﬁ’ nbRAUFISs bddecrsdi®s &ﬂﬁw&l@ asge ﬁﬁéw ithuetoed five that the kiysycen
is thus possible to provide, a nore conpa
thems@kypa:wg:ge Ttes alsorbenagied tBkisa @@Bﬁsm@h@@w embodiment
t S
of e e il b schfPR e ack B O RE ol ] el 0
although iBuRgy bedbsirablatopsort la(puitlan ok thy sedr¢h ledyveh pslecisioninais.. (The
sane result. However not necessary that tgcgg
optnomﬁpﬁpwqur%onﬁ o a%f‘eseaichdfé% Pl % B ™PAT JBPPER m
declsgh ‘fr@iwﬁl ﬂi‘béjﬁam 2Rd SpidP "RERSRH, & 1h¢ren&ﬁ‘@1@:!@§hs€d giat the
that the mapping w Il be unique
key déeh/mttmqujb& ptoge ih desindexvin it mativerfomay:  ABusOie ey may be
or i hrrs a used Th use of dissimlar mapping
eﬂ°°ﬂﬁﬁ31 k@ﬁl“‘? &%t he concl usion sets. 11
Knovvn and publ i shed mappl ng al gorithnms, such as, for
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functions. Preferably the mapping _function

encodiigg keys mﬁlga a detabase tvdhereindeey datyis stordghin at leasheee conclysnsyset e
| east
i o E SR 5o o BB SRR RS e P o2, 22,

the i ndex. Thus each key has the potential to be

It is tﬂ{ﬁgﬁs‘s@m@% frb\RdSd B6fel chiPack Soncramei e Thadaseban sipportderyst
are too long. For exanple the mapping can be

matclied. cul ated froma scalar of |Iength N bytes using the

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.




follow ng function: [(K x 31A(N-0)+ (K x 31

A(N-2))... K'-"]nmodulo R Were K14 is the nm byte

val ue (0..255) of key K Ris the smallest power of 2

greater than the size of the popul ation of distinct.

keys held in the index.. Suggested values of R are 216

for indexes containing | &s than 65000 keys. 232 for

10RBs, for ¥xahifle GRES2 and24d16r32 ma

Kuowrf YR HERHANN Mol 088, i, forbuekihe CROM mnd d
be usétivamplanenils iyapping ftasiionsnf or mat i on stored at a

concl usion set may be the conventlonal key as stored

n.prior art system or efe a further
ProferhiL e P opBG TG0 Iy HEE O aes VRS SR FHREE Pl Resiivg,
mteg§r9 @hblﬁﬁn §er95 Fhae &ns st léaQteasflbt@é?Eé o) pb;amoh of eRtad Geys

he ‘deci sion graph. Qualifier i, ndex uery
held within|tesigdexo Timﬁyaqhéw has the potaeiis] mé&m@pﬁ%bmﬂlﬁ algofi
theaer S Iﬁ in aretrieval of the assomated
anothg yalu e Ogla % storage device. Since this is

typi caIIy 12 a hard di sk, then a disk 1/O operation
For d¥RplR&hd ﬁﬁp&blﬁ%edaﬁ B c@cldied 26! 4 scale bf ReRgth TN bpees being the

query. Not "all of the data fetched may be required.
followWpgfirgten:f or exanpl e the case of a nultinational

organi sati on which wishes to query its personnel

dat abasg_jn r\{o L, NEWt f enpl oyees
based iméﬁ%&e‘a‘%(@g{ﬂi@a@w% ”’8&1{ gry range.
An i ndex based only on | ocation or on sal ary m ght
a given query. It is only
Whe{e%{ewi%{ehgﬁlfht%vggp{og%ﬁzﬁgeegq{enqw ry that reduces the
query size. It is known to nodify database indexes for
t IR g5 thy/ pmallest pawer of 2tgyeatdr dhainrip sigrad theipanulating df distingtkeys
' the Hﬂ@éﬁl Thus the key can be regarded as a corrpound

dex- key. The chances of a candidate (i.e. an
entry in the database) matching two keys i s nuch
%&Jﬁﬁg goppared wth the chances of a candidate
Suggsﬁ:‘ ching one key, then the nunber of hits returned by

t he
2% for indexes containing less than 65000 keys.

2% for indexes containing less than 4 X 10° keys.
2% 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.

Qualifier

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

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




query is reduced and fewer disk I/O operations are
required. It is known to nmake these conposite keys by
~concatenating keys together. Put sinply the second
search criteria is added to: the first at the tine of
i ndex creation. However,_ .the individual keys may be
quite I engthy and produ&@ng an i ndex of concatenated
a hard<@¥E R disieFO! dpefatiort }gy b bguirddiee each gesult mytuthed fam the
i ndéed. The applicant has realised that key data need
quetynot be stored in its original formbut can in fact be
encoded or represented by a word or bit sequence of
ignificantly r ength. The first key in the
}k“aﬁﬂ%QQdm% u"%vgﬁﬁ’ (ﬁﬂéguent key in a concatenated key
can be represented in such a nodified form According
Consill& ﬁf‘eﬁh@m e 350 € h nAfltirdafienap bgasisdtion Whidhtwislies td feareits s

provid a method o or gani SI ng a dat a:g? w ein

pcrsonmbdatatha@(ml@‘@er ite; deferminefbe purabee o crployess gﬂh ‘}dréﬁﬁld
n

Wlthmrfefﬁeg@éﬁ?l %’# a%ﬁ%geg%ggﬁ&or 5&8}?12 i?‘??ﬁ{f might refurn

many Riripicyedst for @fgivetymergr di j3r anly dedresuited ofrfreesNBal ¢nyiry teg
Preferably the keys are conpressed by mappi ng them

redﬂcﬁﬁb?ﬁﬂ&ﬁ’%con‘pr essed formto a conpressed form The
mappi ng need not be uni que but nust be well behaved.
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representation, a risk that aw{g{ﬁ%swll urn bot h

ofac q (deAARTHE aehaighiog iEsigh T ‘é‘iﬁ‘1°f’§‘ Brhht
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. om si ng encodi ng 1s used, the probability of

queryasﬁﬂmem&ﬂawmﬁzskd/@ dpegatlom alfll@@@‘edbut for Nqualifiers
the probability of a ms- rratch |s (1/255)N. Thus, the
error rate is ener

15 Ko S S b o5 Db G FREE 2 S

seconfl SHRRYE cidBa i V!d@&ﬂﬂoythé By anad thesel fndex Mbigion. pElotveval he
I nsertion, (Te letion or retrieval, the, new key nust be

individeatykeps mey! be giiiteglengthyeandapreducing aor inex %ftqoa??feﬁ?%% keys cq8
d,to build.the i,ndex. Preferably each
resuué’?jgﬁetn?cgﬁg?c g’lmgryﬁﬁtlarg?lp%%gt he first el ement of a
concatenated key can be represented as a "qualifier”.
The apfidAnihd rbadibedthdt keyPdR] £fedbloybOfRbid In ydrigidabiogm but can in
fact be encoded or represented by a word or bit sequence of significantly reduced length.
The first key in the index, and every subsequent key in a concatenated key can be

represented in such a modified form.

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

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

Preferably a plurality of keys are provided in compressed form.




Thus, conparing the present invention with the prior
art, a prior art concatenated key conprising eight
- key el enents, each of eight bytes, occupies 64 bytes.
In .the present invention the principal key may be
' represented in an unconpifssed format, thereby
occupyi ng 8 bytes, whilst“the seven additional keys

PrefeﬁBb)’( Be kéyR IR E3hPEENsdd ByE By thesl feono ae un@yﬁlﬁessﬂdaﬂohﬁ itea.
hus the total key length is now onl yt es
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'meré< %y By it Ry el Wl duhedt keRniahng titesentod mbr Uhé edme addeeed
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wi th an_i ndex ﬁ%ﬂtéslﬁlnforrmtlon relating to a
the probapality of 4 isapat he position of a node rather

than epr|C|tIy defined by or contained within the
an index constituting an

Thus E&e’tsge‘#&?i%g @r aspect of the present

' |nvent| on). According to a ninth aspect of the present

AdvahRYR04ty am hit$ febureed e pispaciedad agtodadiditade datreandiramoteay
i ndex contains at | east one key, and in which one or

WOH@WW@V@We represented in a conpressed form
Bounded Key As noted hereinbefore, the efficiency of

dat a ba g :
ol A5 5 BB Wi
the sdd IR trirdlakipyn pmeésﬁ acwasnsed to teild thaindgrst ens where the

key value is continually increasing or decreasi ng An
exanpl e of such an unbounded key ?éﬁl,t he date

Preferablyt eaghy additionel clempntrabist the ﬁxﬁttqlﬁﬂ@etr foncptcpat eYt Wg
f
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del eted fromthe index they may cause fragnentation
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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 stracture. The testing of
hits against the qualifier keys is performed when scanning the conclusion sets.

Tt will therefore be appreciated that this aspect of the invention can be used with
conventional database structures, such as a B-ree, or with the sfructures disclosed
glsewhere in this application.




According to a tenth aspect of the present invention,
there is provided a nethod of navigating a database
_with a range of keys between a first key and a second
key. representing limts of the range, and wherein. the
keys mapped to a reduced range, and if the order of
the keys is not preserve@zi4 during the mapping a search

i st e ihf
Addlt%)ﬂ?laltﬁﬁgt?a&lﬁgrs he b&rﬁ.@cﬂ‘iﬂ cORjBS@ion SR AnCinddxklikkrd Frékffon

eys and less than the smaller of the keys.

relatiniio ambdeie auferred framethi pesition of p apderratherdbantoypplicitlydeRpalpysr

nmodul.o. functj ch t hat. e L al
conaigf,Siiip i S eF LA 408 e o ifEng B EpfgRAR Bl e
aspec BsenfifiventiBlpounded date/time (K) (which may, for

exanpl e, be the nunber of mlliseconds since 1st

January 1970) is converted to (K nodulo N) where Nis

Accotdive to hoswh aspectalf dhefrawsenttisventiene shere iy preyidedha deiehssewhaein
) l, i | | fall, .i h 0 .
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comp%@atf@{n‘than or equal to the maxi mum nunber of

di stinct key val ues which would be held within the

i ndex. However it nust be pointed out that this
Boundedrifivt i on i s not nmandatory. Advantageously the

concl usion sets (nodes at the end of the tree index)

cont ai, he key.in t unmapped for [

s LR 56 b 5o RBP4
the k&OHRACREsts ubedkBdtewidt, Qeatliﬂlﬁtt@ QoL@ iRifiviens didexibpysteirs
their native form such that mapping errors can be
wherea thsi kewavaluphis scontinpellt insreasing ob decziahing e Pt BXagBley &ntich ma
B LY 88 Qlind ' ndHH0 il AufbAYER s th
“nbo%{'ﬁlﬁég?y lgfﬂ] % ageﬁnrlée{sg%ﬁtﬁﬁi%ﬁven? ' (‘)%,Ha%ﬁtg?tg 'S4 dat abase
keys arB@lided itdrthe anderphdyaduso hew artanef thiibdexrtd bel ceatyd afdas theeld

within a data,. base, characterised.in ihat, each ke i S
keys B o4 damiipe Ao iy DG P FRTEeD PGS R R
inde o n 00 neky RESIaRiRE. HaMwIdTiResighly SivaaiERbis e the idex

need to handle data whose validity or usefulness is
structirerdotilddbetorganisediarsuchi awayi tives theawsg of amwnbaended key-did aotppuse

.values. In prior. art data bases, such "transient" data

themﬁgxtoﬁjﬁ?ﬂﬂ‘i‘eelﬂlgﬂﬁ‘@ﬁd‘l i ke normal data, and as a

consequence it is usually necessary to explicitly

del ete obsol ete transient key data or to renove

sections of the index where such obsolete key data
resides. Such operations can be very processor
Accotdiiige s b vienth redpecinf ilecpresent invemgions themnis erpadeior method of

navigg%iﬁg;?tf gzrl?\é\/lsgt Q&tﬂ a} rr‘a%géj %% gi(%?ss et%%encgnﬁrlstnl%j)fsgndd & deha 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 dateftime (K) (which may, for example, be the number of milliseconds since 1st
January 1970) is converted to (K modulo N) where N is the chosen modulo for the index.
Thus the converter key value will always fall into the range 0 to (N-1).




According to an twelfth aspect of the present

invention, there is provided a nethod managi ng keys
~ within a data base, characterised in that the keys

include a data field indicating a duration for which

the key and its associ at data shoul d be mai nt ai ned

within the data base. Thus, sone or all of the
Preferablf Ghd b@flo $ﬂhé3apgﬁéﬂ foeha'Rsi s @ehtérahinne| eqok ielthe anaximum
~ ur

indicating the iration for whjch a key and its
numbgrsef sistinetdey priagsayhisharouidibe hedd wihia theapday: \}%‘W‘fr it must be
. Rr £Rid re not actively renoved from
point dhogl{%énc S)Lﬂxsn:ll on slgefogfn%?’rﬁhey becone avail abl e for
overwiting by new data once they have expired. Thus,

Advaihthgossly theRGnchizR@dets toteslt ki onll Wf theltet index)ansthiante keg)is
and hence no perfornmance overhead is involved in a_16

the unmedpped Swmpr Shis satucadhapossibilityof arien sings e pearqhorey subtien
complsabych REy 684 el HARE ok il ol RE 3R it apbine
errorswanlbdlavdidepossi bl e to provide an explicit date and tine
marker for the data at which the information would no
. longer be detected wi thin the conclusion set, this
This ipvsifipmean be gprlied Mropvsationat Birge orpthes idsXiscept abl y | ar ge
anount of space. In a preferred enbodi nent of the
Fesent i . . cacia . ]
AccogB8 Y BRI AL or OB ihBpdis Bl il siih i
methodrdf 3¢dng tnbotindadh ke for met withies dath basapharadtensiad mithat kechday a
. and key are no _ longer, valid and, hecone avail abl e for
is progagisA iy AR PP%‘?“"P?bé‘fhéPag’BﬂV hio aali?@n@ﬁirﬁngf"s a vari abl e,
whose | ength represents the nunber of seconds in a
' age unit. The age |imt represents the nunber
m%&%d@ units after which a key nmay be renoved from
the index. Advantageously each conclusion set contains
Theredi® s8@€:iDESS nwddi 16 Mhandle datd athesd valilitg toanpefalhess Helimitabsto a
recently inserted/ updated entry in that set. Wuen the
certaig B FAREP-o¥ Othet range of ¥aless ypriqr g datg basessu it iz 18
SRR Bl BbrmA TSR3 Yot heuduBB lebdsf 1 SiBlicit
handlca %H %%el onsa;H%tg’ %t\aoréacﬁﬁéleﬁéégne ent?y age fisﬁ d.&gm Y
deletecobsqlate itmnsientrligy detn oreiol eenlyeve wentiong dfithe index/ where sush dbbsdiete
age limt  to determ ne when the entry can .
toy fhereniiry « SHE RFUER Ftnbe ORE BRSO ihran, D, 4
igniffdindd REESHRRIvERGH Within tRY dibadd dr cABinipb@elkesifiecohnstiails.
- grap%s are r?avi gated down to | eaf blocks that hold
the key value and pointer information. Navigating the
Accordingi t8i 2 twaliite xspewtyofr the)prasent 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




one or nore disk input/output operations to find a
chosen key. If the index is used to record the
exi stence of uni que key conbi nations, where duplicate
conbi nations are frequent, then the disk structure of
the index may be inappropriate for a high performnce
system According to a thfrteenth aspect of the
deleneﬁ SRRak. RAMRA bh&he nk@lce ildfoaRks Hist HR AR 5RbhGGEeOValid, the
organi sing a ‘data base such that it has a deci sion
spaceithed §oceupies & tadg availdels forgheseei n the keys in  the key
index are stored in a conpressed manner, and wherein a
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ficient nmenory base nethod for determ ning the
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curreidt #5b,od & hgt Midexwhich iinlidites teyagbat eihith tbfndﬂdaﬂﬂ kdgeate no
val ues in sem conduyctor nenory. The exi stence of a key

longer walidigad hesgme av %ﬂﬁ F% OBFFBIE t 0 sear ching the index. If
a matching entry is found in nenDry, the key is
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singldPdp@ \ahitle The uge litvilkmadenta e zmﬂmﬂa;ﬂagesmmta afternduclt diceylogay be
’ i ndex uses a one way mapping function, such as a hash
remoyedi{tom B/ dPhe features of the hash function or ot her
mappi ng function are such that; Wenever the nappi ng
AavOBRAP Sk IRHSH S0 AT Knie) R iR Saurp o7 he
most kdeentiydnertudihpdated pnigyindbad stth aVhondhd eohclnsien sabis adeesbadnthe

age of g PR GO PR A BERIS I o £ B L B FE Spred
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I'tTed that two unequal keys are mappe
to deteinsind whdnathe anéiy oashe ovbisuer , provi di ng di stinct
results for unequal keys will inprove the efficiency
. P b |]s_)hed hash code al gorithns, such as
) 5 Saer=32—frey be used as they provide
swtable functlonallty '

As noted hereinbefore, prior art (B-iree) 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 is used to
record ti1e existence of unique key combinations, where duplicate combinations are
frequent, then the disk structure of the index may be inappropriate for a high performance
systen.

According to a thirteenth aspect 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, whetein the keys in
the key index are stored in a compressed manner, and wherein a check may be made of the

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




In an inplenentation of the key index, the menory nmay

be arranged as a honbgeneous array of four byte

el enents. This array is known as the identity array.

Preferably the nunber of elenments in the identity

array is 1.1 tinmes or oL t he nunber of unique key

el ements held within the"index structure. However, it
It is ik |porgble hatprdvidei a efficiehy nembfyi bdse nethodr for tdeerminingt the y

. array to he at, | east K as |l arge as the index. hash-
existopog ol K vk oty it TR e FROER Pl e

r functions are selected such that; 18 For
thekegr?ja/@?e\/\%%@ﬁ%qual keys, K and L, where A(K) = A(L) it is
unlikely that B(K) = B(L). For any two unequal keys K
Thus @3dnlentdissti2ctidelf)compRfubats a sthndasd inddx stradtyretblydibldingy(afyoded

A(L).. The hash functi% A.is us tq calculate the .
key velhpib eomPRRBRET eorRy The iH@ Bokeyy SlRpkeS mgmon rigr
to seai%gﬁ?é’}( %a&a ﬁ%&%@m&%% %&h&@tiﬂ Biemot BEBRY i WEbRd asa

modul o N Wiere (..) returns the unsigned
duplicateg othéruibe anattezuphismizde tocinserithd entry frdo theindex. of el enent s
inthe identity array. This function is known as the

In ondg ipprasics, BectBORY S SOBDE, SBEelE K67 1ABF W56 bt
mappggf*%%ctﬁo (éﬁé}y as KhadhSHARRAE ArHd YBlnireRbthé hadhhin@ioRrg Hheat

_ K) contains E(K). If the elenent contains
mappag funotiéreare sush thel; t he i ndex structure nust be searched
to determne its duplicity. For an attenpt to insert

K i,nto the | .the fqll ow f
S g PR N T AT
| $hafi Rln6d) gl xﬁﬁbpidgfﬁlh&ﬁn%m&ﬁsis_@hﬂﬁfdﬁh ithe éAR vallentity
array contains B(K), then the insert is rejected as a
d previdedthat nq infprsesion pithinfthe kex heq bepemedified; E(K) in the

identity array does not contain B(K) then the el enent

is.overwitten wth K). ,.and a seargh i t he
© | T e e deBed S, e hatiRE e bR filrdob e, | e
Okheo k&l Blukiltp¥odRtd @Y saiedulter abl y reduces the storage
area required to hold the Ilist of the keys. If a data

base had one mllion entries, and each key was 32
«  Dbiitie nol wogjredtthat iwo tmequelukeys aquinped &y dissigipuvabifes,nenor y
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efficiency 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
atray of four byte elements. This array is known as the identity array. Preferably the
number of elements‘in the identity atray is 1.1 times or more the number of unique key
elements held within the index structure. However, it follows that it is merely sufficient for
the identity array to be at least as large as the index. Two hash functions, A and' B, are used

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




Organi sing I ndexes by Hi erarchy As noted herein, prior
art indexes 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 bl ocks (conclusion éets) that hold the key val ue
and pointer information {9 the stored data 19

S FoRAty W unbiiial Bevk, end hewlhens A& )ran(l)dtisiuntikebyrthaor

nore di sk i nput/output operations to find a chosen
kB¢K) DB access operations generally represent the

hi ghest performance overhead of the index since, in
genera : ccess
AT ot oL ORI ol SR RTREER f £ (EH ool
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partition assigned to a different physical disk,
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t I.ndex j od of subdividing the index
thekeg:}g-g%?ﬁ egon}l%r%egﬁ%%%i nmensi onal view of i ndex

di vision. According to a fourteenth aspect of the

present i nvergiémdht nioftRr € ABS(AKmiodeld Na data base

i ndex divided in a hierarchical structure such that an

i ndex may del egate sone of its workload to one or
WherrokBS(o) kebwms tigesnsignedomegniingds of 2 pugdpiogist B isrberughsy of
I i self.&eL at$ some of its work |load to one or nore
elemegis{afhel %&ﬁ%&? An index participating in such a

hi erarchy of indexes is responsible for a range of sub
This H8Mon is MbnGs Bleelnift fu@exBGS. handl i ng a sub-range of

keys on behalf of another index, it is known as a

del egate index, and its key sub-range is known as a
Each lelementeini theklientitpredyestants B(KD wdetedhe elemant effset ix given byrddEx

i 5,.def.ine dimting a.c i of
A o ST e B YR SR B Y e
conta¥B labPStherARbie Ahd RABE striure REET e, seleted toedetarming fisl ditpdicidy.
~search for a key that does not conformto an index key

mani fest is rejected by an index, otherw se the key
For appiterpt torinsey & itp thy inden therfgboving sequence fof pregts occdrs.
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First 0 B SRk ARl Pl sPEAGHERE iy
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i ndexes have an appropriate key manifest, then the
The P OF ad ideftitiaihy Emsidatdy fduday the storage area required o hold 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 to the stored dafa




the index itself. Were an index has one or nore

del egate i ndexes, an operation to search for a key
range is submtted to all of the del egate indexes
~with appropriate key mani fests and the search is nade
by the index itself. The_ query results fromthe search
del egate i ndexes are conb?ned 20 with the result from

strucfufe WRHRHnShe Mics ARY QJJ;mré\bﬁe &fmcsrB %Mﬁﬂ%ﬁtpﬁﬁdpeﬁﬁons to
erfornﬁ d ~ sinmul taneously. i s thus possible

find amhbesly keyn  iDigkeacosss operatinng ggmaﬂwmes % highest B@formance
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accesses to occur._ This reduces .t heg g‘jf sk bot {{i@
with each patifienessigredrie p difisembplvsinal ofisl Hisredy plloving disk LO’s to be
r
overl%%{i: %}l%ng}ﬁdqg o%éﬁﬁ‘(;ns 16 éﬁ:ggﬁ%ﬁotﬂe W/érélh F@ﬁg ﬁi’gle tlrgie)t{ This
methed efuapdiviing gle ahdammegems a fiat o dnluensiéngime&v df index leSlon

schemati c overvi ew of the present | nventi on; Figure 2
is a schematic representatlon of, th |caleds§aal%g ure

Accotingtoce dputegih gengrirpt the-praseni myention, ? cl?fPY ase
index dLvH:l%& rﬁ‘taglﬁ?él@klﬁffﬁtsw&ﬁférsﬁdﬁha?ag%eﬁ'n?ﬂ &%ﬁe sbial WF 8ts4

emat’l c ustrates the structuré of
workivad & ans iopmors ether iBidepes.e 5 schematical lyill ustrat es the

structure of an entry in a conclusion set Figure 6

schemat i ca i1y t]*g Ees an ex ct s ﬁg‘b rocedureLh
Prefepapis dlogais ndniney Hspd Geer Sng b Boveik R Bledh RfF oter
indesRf Ocedure. Figure 8 schematical y i I | ustrates the

procedure for inserting a key; Figure 9 schematically

illustrates the procedure for deleting a key; Figure
An inH@x patidpaitg tesutlya hiblfawhy phindexes is eespoisibiedior erafhgerof aub keys.

o, Sl By B ER rhiee

knowd Gl %gak%m&%%&e\é dnld i &Ly RbSSngh M@@ﬂ&&@aﬁﬂmt raversing

a no decision group G decision value V, to
m ni rum and maxi mum key ranges, and returning a

Preferabiyuthé key IEang’astef aBindbniaslefited bsﬂmutmgwr@nuﬁuous qybset pOlpytast
a deci sion | oqi,c

With@tth%]&yl}? é CB‘% g‘fﬁfﬂ‘?&‘eg"g S%ﬂi ?552 s |A6]ﬁ t %’feﬂ’ elste %

updathdr SEHRNol 4 1y B0 BRE WbEcohfm td &Ehld 1@y ma}i@ét 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




Figure 16 shows the procedure for deleting a key.
Figure 17 shows the procedure for an exact query
mat ch. Figure 18 shows the procedure for traversing
the.tree with a pattern list and returning the
“result. Figure 19 shows the procedure for a search of
a pattern list. (L). Fi e 20 is an exanple of how a
with BRU el Hom 48 ipdatessn bekds Al sD el qyrickatam be peiformed
21 is a schematic illustration of a decision graph
simuligagquely. dt iofireagsibla de wodify-pg didex stricsyre gl e WkiseR b e
subdifdfiecPacfd it R b ARG inS Bhch dib el v} pBIHIE MR ok
ITTustrates a first way of splitting a decision graph;
physidall glorage 2evicedineebyalloweihg multiplershaetests disk sw@essesdo weopr.oThis

splitting a decision graph; and Fig 25

reduogite (koI RIdAIGTs SHBLoPPEC e SR EERS g vhele o
conposite key having qualifiers therein. Figure 1
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accompawyng drawings)ih whiclkat a st ore. The index 2 conprises a
decision graph 4 and a plurality of conclusions sets,

. 6,.,8, 10, 12 and 14 . Each concl usion set is reached

Flgurq)l,m@rggl’%engﬂaoy{;ﬁwgﬂv githe PESEPHOYRENgh t he deci sion graph.
However each conclusion set then points to rel evant

- ri i<t bl j 2 tically

Figur P e Ripfhsdhih 5 ) BBl Bt BB decich gl
generally indicated 20. The decision graph conmences

Figuré3 schBmatidally iMlustidies Melstruvaute gbd deoisiohhoderigh t he deci si on
graph nust start at the origin. The origin may have
zero (for exanple when the database is new), one or

Figure hechgwatios|lyflugitatep the ssuogse pfa ¢ogclption §kt her nodes within

the decision graph or to conclusion sets. Each other

. _decision pode cont ai n 1 s S poi nters,
Flg“r‘?/\f f‘i#em%%%ﬁy @8‘?@@3 S%'bcl%ﬁ? 8&368‘]}2{% aﬁca gﬁq@“’;ﬁ st%ﬂ er anot her
deci sion node or to a conclusion set. The 22 deci sion
Figurd§ bbb Abifcalt ilRst AR hibhast sRRieprbedlnebe ref erred herein to
1guras "the Ig}w poi nter" and ﬁitﬂ%e hi gh pointer”. A
deci sion pointer at any decision node in the decision
FigureyT sqhbmetivallyilliistraipo  rengd sparsh progedune ot her deci si on
node in the sanme decision graph or to a single
. conclusjiopn set. decj si on, . a node nust be
Flgmf‘p%?%?‘%m?@"il%e@%ﬂpcﬁ%‘ée ’%f W@%{‘%if’gfegi on node within
t he sane deci sion
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 schemafically 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.




graph or by the origin. Simlarly, any conclusion set
must be pointed to exactly by only one decision node
wi thin the decision graph. Thus any concl usi on set can
onl.y be reached by followi ng a single and uni que path
t hrough t he deci si on gragp fromthe origin. This “
uni que path in known as navi gation path. Figure 3

FingQ@%%i:h%ﬂdc&’d&éfoHﬁkérlﬂllﬁ§§k@he | ogical structure of a
y

eci sion hode, genera I ndi cated 40, in greater

detail. The decision node includes a | ow pointer type,
Figura 16 shows fheiprocedure for Heletingadent er type and a hi gh
poi nter. The | ow pointer type 41 indicates the

. purpose of the |ow pointer 42 _The | ow pointer type 41
F%m%éﬁ§ﬁﬂ@ﬂE§F§ﬁ£ﬁ%§ﬁ@&aPHWWBSWWE r 42 points to a
deci sion node or to a conclusion set. The | ow pointer
i ' r ing tRERAGHHSE PlleHORR afd reRinihd
F%wgéﬁg%ﬁgﬁgiﬁgg? Hgfﬁ?@gggints to. Aﬁ@gro valdg caﬁ?bg
resul. nserted to indicate that no pointer exists.
Simlarly, a high pointer type 44 indicates whether

. the hig poi ntef 45 points to a ci sion node or a
F@”%é%@ﬂﬂ@ﬂ@ﬁ“§ ure ésﬁW§W B&wﬁ%ﬁﬁgﬁbicates t he
address of the decision node or the concl usion set
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"tree" like structure of the decision graph to be
Figure 8PIsQs6Hinatk fadratibn 68dedision gapliidvingarboasied didegnd it s
menory. Figure 4 schematically illustrates the

~structure of a conclusion set.. A conclusion set

Figure 32phoiws the stuqiure phRintogifisfl conslusign éetpr operty entries, 60,
62, 64, 66 and 68 each |inked together by a directed

. lipnk. givi th ddr.ess of.the next.entry.in the

Fxglugaﬂéqhgtg?hgﬂﬂ@g?s%a ﬁgfszwéy of spiiten %%ec?las O;HF é|£1hi ustrates

- the logical structure of each entry within the

F hbiSdtRAySRhstra® § secBid W &@ﬁlﬂmﬁg]"' adogiioh AR, ahil €] ds,

Flgm%gﬂgély a iyrs;lk fiel ds%o, a&ykey field 82 a%fda@a property
field 84. The link field points to the next .

Figure Q6 Gthesiatimlly dlusteaies the cditfiguratiorooiaadomyogiterkey having qealifibrgt
fhere are no nore entries. The key field 82 holds the

thereldy act val ue of a key whereas the properties field 84
hol ds the properties associated with that key for

igurf X @#aﬁy%&fn% Pladifite dRbborabRf ASRAH cagtituing ha

Flg"rfeg%eg\a 82. Havfﬁﬁg dg_ﬂ?i ned tﬁ)e ng onents of t he%_

embodinstek of thépregent Inventionsind a dits sloss | Brs indexotompsisespedegisign

navi gat e index.. 23 | rder, t avji gat e
ERTR Y AR S T R e
reachB@b¥one! Sk dne, p’&ﬂ?i;hﬁfuﬁﬁlﬂﬁ IdediflorOfraghi. t Howkiel eath ehluston.

Thi's group of bits is known as a "decision group"” the
set thawpdints tootlevant entiies within aidatd stre }0.gr oup can be set to

i ncl ude any nunber of bits

Figure 2 schematically illustrates the structure of a decision graph, generally indicated 20.

| The decision graph commences at an origin 22. All navigation through the decision graph
must start at the origin. The origin may have zero l(for example when the database is new),
one or two decision pointers pointing to further nodes within the decision graph or fo
conclusion sets. Each other decision node may contain 0, 1 or 2 decision pointers, with

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




between a single bit and all the bits of the key. The
range of p035|ble val ues taken by t he deci si on group
is -known as the "decision range" and is bounded by a
. -decision range m ni num val ue and a deci si on range
- maxi mum val ue. The de0|£4on range m ni num val ue may
be any val ue | ess than bits set in the decision
decisiBh PeiBtersa 6 dedisibn Rad will Bearefifed hireif to BITER 10MBbinlir aakte
may be any value greater than the decision range
high peitesium  For conveni ence, mi ni num and maxi mum val ues
nay be represented in an unsigned magni tude notation
ste ch [ ecl si on
A deci) §5ThuorsR . S50 Bl A 4PRu AR RS LT, BTG R0

other ﬂ@dlﬁdilﬁliode fin i gneliRLIBbE Erabls of t0lal sglectondiastonnsay i Ayet detigion
t hrough the decision_. node., The high, pai nt@r is used
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1miqu® gﬁﬁ{@h“mngnggy paeously is selected fron1one of
& Ee fol |l ow ng: The mat hemati cal nedi an of all

p033|ble val ues of the decision group. 2. The
Figureredt behembiticatly. ilmtiatesn thef logichl sttwtum( pﬁ@t dedisionl uds, g¢neraily

indicREAGL 3o 5, e SRR RETBERAE T 5 Fogoh o
pomtéi'r Dinigh gsovnté&%beanaeﬁ gﬁ ipBEkteRl ThB Sow ipbRtep ftyper AdhdiofesOfhe
he in . ian of the current decision val ue

purpose; ef thirbownpainter4de e’lfhp g peiatr Hive 45 camnindigate @hotherdew printer
42 pogxg gqoé:dgﬁszgl}a lolil:lg o %819011@ | ét ﬁg ?(N? clrlﬁglloti %qvegthe%ddress of

up a VI SI
the deREAHAG SIS ﬂieﬁoﬂdlﬁswﬁ%t thatdCmssstol |Ay zerdealiioga de dRetadeao

or nore of the foll ow ng:. The deci,sj.on gr.o e
indica, hatserROIeS exigfs S%Iérvlvlﬂ@gvé} Rﬂﬁﬂtﬁdﬂ’ésﬂlnzﬁcatqs%hef% R igh
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eci'sl on no L. ecl sl on group be changed
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eCi si on val ue between successi ve

" Figure 4 schematically illustrates the structure of a conclusion set.. A conclusion set

comprises 4 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 fo 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 properties
field 84 holds the properties associated with that key for example the address of the data

corresponding to the key field §2. Having defined the components of the index, there

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




nodes woul d change by | ess than one unit or by |ess
than sonme other predeterm ned threshold. The size of
. the decision group at a decision node may be

determned on the basis of one or nore paraneters.
The size of a decision group may, for exanple, be
fixed for all decision des. However, the size may
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nonot oni ¢ manner of decreasing significance. It is
advant ageous to consi der. sone.exanpl es.of how the .
Bach KGRI ARG BB oGP ol G alies - 1B SRR FoWE geipines
Whet‘t??;ﬁ%\b Xinﬁ:lf‘ﬂr Raked & Rowad ﬂrﬂeﬁifa’ﬂg‘aﬂ%&ﬁ“ A gls thaldebisioh N

I's exanple the  keys are stored in _I 1 "codi ng_and
node.t Hke Wighpeinisr shswhwiadthsealuceefdhe fagningd darisien by goupin the

. hexadeci mal, natation..ln.this ex le, ch deci sion
key ‘S&rﬁ%ﬁ%}?ﬂgﬁge?lfl%ﬁm‘éﬁ’ %%e%?segbeﬁpwg?ﬁgq%u@z deci si on

group is noved sequentially down to the next four |ess
Comphihl JfiteAtiishih valud s KT ageSRY RN ik Alsigrod ndaBiifude

exanple, the nost significant bit is designated zero,
notatiphe Thexdecigion valys toar beysetf tp caapitvabie tchpsgn iy ehe pystemn mygpager,

. t sianifi . f
cesafe ety o EfAbakely SRR A iR EIRAG | o

is four. Thus, if the decision group has the val ue

1. Zgh9mafBRatichMRsdidnyT ek pékibleaidluet dfzhegdeaigion goup.r aver sed
to the left. However, if the decision group has a
value of the range of five to fifteen the graph is

2.t Tayewthedatical thévéanrdf gl the expsted Welugs of dedSiopreups, a
nunber of names are presented to the database. These

nanes or key val ue are Fred,, Jo ill., Zoe, FEric
5. ol metemetALHaR ol P e fRbisigh B

4. An arbifrary 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.




key is |ocated adjacent the nanme. The navi gation
process that will be described is suitable for
insertion, deletion or matching. Initially the keys
-are presented to a first decision node 100 at .which
‘bits zero to three are tested. Since each hexadeci nal
word occupi es one byte, #t is apparent that bits zero
t Orhe 1BiE6H &OMY REark&d & Welyivisitto & Baistsiimde. n t he
keys. Thus, as Fred, John, Bill and Eric all start
with a "4" there keys are propagated | eftwardly al ong
jii. t I¥he hieaision g0 nay be chawgsd dvhien il decisivl valvg AionHwewreious
bot h .Zoe and Pete have an ini.tial four.bits fallin
o fleasiRRe Toaples oL mpactsS e esipRpane arintiun b Sicn ey
th&&ﬁmﬁ@&ﬁmﬁmﬁmﬁH@ﬁﬁ&ﬁ@ﬁﬁxa'Ong a high pointer path
106 to node 108. The nodes 104 and 108 occupy the
second | evel of the decision graph and consequently.
iv. t Htkerdedsion gioummanbe changedtiwben the deaision valepubetweon supogssiviee

e ekos St e RSt o bR e e, A bternings

naglespbfd Bill is passed along a |ow level pointer 110

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

key encode the value 2, whereas Fred, John and Eric
The sigef frsieasiongrovnsta detisian hedeapaybe determtinefion thybagisfof prasr

node (not. shown ecause bi i '

e B PRROH R 0y BEHEE 0 Al

noded) SPIGASGI, TR |sizB 8faf bb @ftreaseld Fiobiht Yreviots deoliidonddp wilkke alvey

Pete is passed along a_low level pointer 114 as bits

- decisipntgoup is seleciadrpresitcanatvaln dhe, sirq may, be decrarprd, om theppeyieus

. . ' pnter 116 as bits 4 to 7

declse %%gogxg “{bglléé)% %egﬂ{oﬁlﬁr&uﬁ%sleég legt‘re%c ess can be repeated

until sufficient of the key has been searched to reach

- The phsi€ion 6f 4 debision g@tp, rélhippeite thé key; hendetision hbde dah beibasedoreme

how a faour bite key, can be navigated i r tch
or mage af R ollawing; {The Prgfisnet g decisen Rowp Te be redfoRgyabision
st O B kb S N QO IS Uidatlofped b

offseefkanthegrevichedaizbn giop vdeoa pevhdesisionfgronpds wlegigdof ei ght
bits. The decision group is noved down to the next
eight less significant bjts qn en. t he deci si on.
Advapiafiegusty Sriesaehtiotnuany bemoosed 1 e g @ Suet iy ey
by rdnE@ aiiEeRing! { MEParRAMR AR Yno@f sibiBcadBit TR0 bE ARARIed Wikhin a
this example,” the nost signrficant bit is designated
hieratohicallyesignificaitenodeauchhasthe origino rfden thedsignificangeeofdbe dggision

the .case w t he | e, shown in-Figur , .
srounysis o P o A BB e R e okl e o Mo
signifithn@d der to cover all digits and uppercase letters

represented in the

It is advantageous fo 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 stored 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




ASCI | format. The deci sion value at every node used
for a new decision group is 48 hexadecimal, and is
“then changed to be the average of the previous
.deci.sion values of the sane decision group .at, each.
subsequent node for that sanme group. \Were onIy one
previ ous decision value #5 known, then the mi ni mum or
most ﬁ&ﬂ?‘bl?cqy rdvﬂc Ghe h@)& 1RRE bighifehnt HﬂJ Whd ERBAES FuBhtmBR, for
pendi ng on whether we have just navigated the left
s1mp1m1ty¢thedeclsgmhtvalue perdicd ot qvwzlnyde lwmn gThusdf the decisienygrogshssn

t.h £
the VRPF 20 o B TR o S S e B B AL P by e
decisif rgﬂ)ub QasOMRIR of ﬁﬁ@m@@ﬁﬂﬁfe&‘& fiftdeg Mep@aphistravielsed 1@ald idhn
val'ue 48 (hexadecimal).. Wth the keys as shown, Fred,

Bill ,and Eric pass al ong a low pointer to node 122,
As sheivarie Higu®dh a pulber cﬁmamssear@p@se@wg iqthhidgtabasei khese namep ctro

o RS 0, B 2 BT TR BBRERA o i OPRS

key iSRS jaterd heGiafid P The nSMANGEEtodess thitewillbdidasriveal iy Qulfable
the previous decision groups reached along the sane

for ingestian, daltion ee@alsHiRg: one previ ous decision value is
known, as in this case, the m ni num or maxi nrum bound

f e deC| ot | V.
il Ul 5k 1 RO A E B B A
tested, N8iRcd &uGh hamecnbmm&d @fccﬂpiee onélBé, St isruppmethatsbms&eﬁ to
Thus, in order to calcul a e th newd ﬁ#&% val %ﬂpﬁé
three jogrrespendi tp dip st ghargter Heth W% 2§ ﬁr@ Hgn
. [ i |
s Bl e S
node 374. B8yeva&otlBdoe BB PedGiave3dd, inifi fOIB“I%its flljngdtiside Df theJange
44, 45, 46, A7 d 48. Fromthis n be seen at
zero Orires it STsoRPHlY thetr Koy a@&?ﬁﬂ%ﬁéﬂ%@& ‘a8 ol é‘?égtﬂ
node¥gg ue, Fred, Bill and Eric all proceed along the high .
poi nter 127. To the next node (not shown) whose

decision value wll be the nedi an val ue of the range
“The mdeseHdi ang 108 omu&y the deeonddexst nfithe derisi® grantn dukdonsgquenly

ther JoripRaBSP 8 e S G i P e Bl cRingthe
next c‘Mﬂia@t@r ﬂnrﬂhet Hékﬁdebx&ﬁl ARRGeniib. Tiis 46 nohe KAdSIliigPdssed along a

‘6? ying the key at 'this node, John wil|l pass to t
low i¢: pou(terokm od mbmylemée@a@@t shewry e biks 4o 7t1néhewﬁv gecodqth .

vlue ek Yok By D WS EPURONEI N 8 S 1k

node féﬁﬁ%ﬂ@ﬁh)tbh&yts&bm RN to fegenvial their bok maﬂe&ﬁe values 6, A and 5

respectively ¢h is greater th e deQ|S|on
respecuveg( in hexadecunal notauon Similarly, at node 10 lI(1 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 schematically illustrates how a four bite key can be navigated in a range match
search. As with Figure 6, keys ate stored in ASCII coding and the ASCII values against

each key to show its value in hexadecimal notation.




value 4C. A further exanple of searching can be seen
in the context of character searching, thus a search
is perforned using the following criteria: An exact
match index on an ASCI| character key with each
character occupying 8 bits and being in the range "A"
to "Z" only. A fixed de?éﬁsmn group of 8 bits.
: JOS [
It B e eBitn B bl O B bl Thehobioh gE‘*;“PéS
-movedidosm(onihe clezr aghtelﬂs)s Signﬁ@at hitgl enly sWhen the dlecisio mange is

exhanig Lt iy thosPion St ichef eftr BoAty 2P g decsion fanges,

In thid éiﬂa&pﬁrlﬂb' ﬁmbt%ag&ﬁeamﬁ isafasivdtedehii(derogthe A& moktbittdi,Sand so
eci si on group advances by one char act er

Xa
one ag sasztrﬁw eipe with iy example shewm imFigwe . dle fesisen tangg 6t gvsry node

s 20 SRSt TRAF 58l ) e Sl
ASCID @fingi, OThe/ ddcibton(vafik dt @velenederuded fhi (nlaw [ediside eroup is 48
follow A nore sgcghl sticated P@ﬁoach i nvol ves

hexadgtimaly %lstﬂﬁ‘é‘ eersiodis thatvsrea el e Erviony decisongalignef the
:Si fo d n

Lt

previche dedsiom valanig dmeveng |t11m r‘due uw:mmilma)r enaginuppb@d of the decision

respective When to th nex on, nod
value Zpeg 33 P%ﬂtddiﬂ%mﬂga%%%ﬂ 3% e 15 PR e &, et
respedf@bly€ by using the rred! an of the current and previous

deci sion value. Wien this is a new decision group and

no previous decision value is available, then we may
Using\thesanteckepkessiis itheprevicanggampld, the keysrdrerpnaseoted o finstmnde 118

(dependj.n her a |l ow or nt er. S ;..
whicH{ GGt e PR gisheuPvers o B L PaBer b feg pEish B decision
value 48 Th&ia@ebirBAI P UWitHENe b@s AR W BRed! BRI 40 EritesusSalon ¥ ddwie

changes by 1ess than or Some ot her predefi ned

pointer I@slh a2 Whpﬁafefﬂbm@%af@fp eterpbanea highaoites 424 tgngde BRanges

is given below Decision group in the key has a val ue

f The startin C or. |
L e Y e e
for thida8w A88 805 BburSid Chnbdiab t HeinG/iie pf the PresoleddRibn\Wips

t he deci sion val ue changes by | ess than 1. Decision

reacheghalongethe sampgpatiy nWhereas only one previous decision value is known, as in

" this case, the minimum 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 new decision value 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, 3A, 3B, 3C, 3D, 3L, 3F, 40, 41, 42, 43, 44, 45, 46,
47 and 48. From this, it can be seen that the median value is 3C. Setting this as the
decision \‘ralue, Fred, Bill and Eric all proceed along the high pointer 127. To the next node
{not shown) whose decision vatue will be the me.dian value of the range extending from 3C
hexadecimal 1o 48 hexadecimal.




Val ue Decision Value 78 - Follow high pointer (82 >
78). New decision value = 78+9012 84 6 Foll ow | ow
pointer (82 < 84). New decision value = (84+78)/2 81
3 Follow high pointer (82 > 81). New decision value =
(81 + 84)/2 82.5 1.5 Foyowlow pointer (82 < 83).
New deci sion value = (82.5+81)/2 81.75 0.75 Change
Simil8E in&k?m&{eé&h@d glb?gsms wigH pbtﬁtt Em ﬁdrn:ﬂb_aé uwﬁmﬁwvweb iston
are not-required to suppor ey retrjeval, by range _.
valuersaloe v abein e ingigncn aall be 4C Giseriamlle APBEIg sy gtkis
Lcul ' . . '
node i it AR B 1o B Bel b SRR e i RN A e
than iht Fedddidrgvdlye did, evhreasAvangd Peib pasd ée ilsiright lyand (pgh pointer)

position arbitrarily and can, a so,.change, deci sjon ..
becauly g sonta ol A I Ao PR Bl P B i hectecisime
value4@s may be defined by the system designer or as may
be sel ected by a user or sone nmanagenent function) to
the decision range Iimts, that is the maxi num and
m ni mum val ues of the decision range, or decision
A furthel examglean gaching ad RSsser ih &t cantprief eaecteestamhing rtbus dMhen
traversing a navigation path for the purpose of
searchwggﬁ@rm@gpswthéfqlﬁwrmkgﬁ!ri eving a candidate key,
t he deci sion group of the candi date key is conpared at
each gdecj sj.Q 0 Vi Sk ' Cl 51 Y f
t he iegigc(lt) nﬁﬁéhd gl?dg}r% dd 8 h%%égx tﬁ%ﬁrﬁg’r{vﬂ SﬁChp gflaér#{&é%
is foebipyingd bie aidigingdxthe eimge $A’00 “Bdady.or concl usi on
set. Once a conclusion set has been reached the
jQurr@ﬁx@jd@a@thﬁuﬁngm@;i on path is conplete. The
journey along the navigation path is also conplete
en 1S : st a
WeN Rafeihif SRR tAUE sipRALGRS B (R~ Uhkackl)

deci si on poihter es n exist. 29 A conclusion

set nsj st.s of a series pof. keys [

o opciti edsion frauh e B e % AR RE B hilon noce

conclusion set is limted by an upper bound which can
The ASCIHESd8S 18k R&8addy7> 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 bils) every time that a
new decision node is reached. A comparison 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 to

follow.

A ﬁore 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
tange minimum and decision range maximum, which are 65 to 90 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 previows decision value. When this is a new
* decision group and no previous decision value is available, then we may use the decision
rapge 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




one or nore of a conbination of. 1. Afixed limt; 2.
Alimt specified at the tine the index is created; 3.
Alimt that can be specified throughout the lifetine
of the index; and 4. Alimt that varies as a
function of index growmh, Figure 8 illustrates the
procedure for inserting %18 key (K) with properties (t3.
decisibh 9alu® HREEH BY Ges§ GRAHENE @6ma bihel widelin€l thivelicdd. tAreexamgierof
is entered at its or|g| n wth a default or initial
how ayiseision yriuephengss ispiyendglo¥et by the designer. An
algorithmis inplemented in order to calculate a
start decision value DVO. Control is then passed to
DecisidnGRoub32 ﬂwkbyahastae&hm of B2 tThe starting deaisan @iluerfoxﬁ rmmpgrnmp is

the key is greater the decjsi.on v
78. Thedeisiod rge s 1840 % isigp gfoup b@sslgﬁg‘u Etﬂg’ﬁaf%‘ﬂ group
is sl heh BE dQﬁ?&h x%ﬂierbhﬁ{sgeé'ﬁr b €63 M ned an d a new

eci sl on created. From step 154 contr.ol
IS passed to step 156 mhere a check is performed to

see f

L ||,\, oOfhtef \W

Decisign 5 é@x?nﬁ‘éﬂnnt er A@?Psts Simlarly, if step 152

| Valug ndi caPedsiethat tjhe decision group in the key is not
great =Wﬂ]!l¢1an thel decision . value then control is

{78 passeg-to step 15®ﬂﬂWéM$1H0hﬁerl(W%iN%Véﬁe°F%oné%h‘ﬁrned
and alnew deci si|ofi8¥hfle DV, is calculated. Control

84 passesgfrom st ep| Hdidwtlowpbiafer (836 34k Nam detision Y4l =
control is passe(tg4.t.13)@tep 160 provided that the

pOT TR~ eXT STS. fdr381 08 eﬁedrﬁediditﬁnﬁﬁiem g+
81 poi nt <>§to a furt g']ﬁg?lsqoon rsrgode D t he pointer (does

nt -t
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naode. t From-st ep-

r ol Lo nNnacaoad +-6—S
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+ o
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group should be changed 7ff the answer to this t est
is yes, then control is passed to step 166 which

ul at valeoftenew eci S| [
It shepdh B PP Bt aares ch s A e EBAT et ) range
matc%ﬂ@ﬁl{a @bt sothed ?@or@ﬁ&ﬁ&ﬂasftﬁ&mﬂﬁt i 6t pattientarlfdexes thatde not
ack to step If step 156 determ nes {hat a

requiredi tn tsempoctdmermatctem ean h%/@ ey gpeisien gfageéﬂltf 8rigipepd, ean

to,ca t NeJaPR oG n
change, the 38151&1 e%&ﬁ é&%& AU mg't es t % poi n ?I%rg (t?eg&g%l t %o
arbitta€ly titen e \le@ Rt @B dxﬁé (as Gy the déﬁneé by thesygieas d@cgnbloot

step 174 which adds the ke %JIn H]I‘OJJQI‘II es tﬂml
as m@obp(ﬁe@gqe@,hy g gger or some management function) to ecision range

that is the maximum and minimum values of the decision range, or decision value changes

by less than a preselected amount.

When traversing a navigation path for the purpose of 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 joutney along the navigation path is complete. The journey along the
navigation path is also complete when a decision group value indicates the use of a

decision pointer that does not exist.




Furthernore, if step 160 does not point to a decision
node, then it nust point to a conclusion set and
control is passed to step 176 which causes a junp to
be made to the relevant conclusion set and fromthen
to step 174 such that the key and its properties are
added to the conclusion 22t. A test is made at step
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contaired gt&ﬂun@momlmmn sst is imitedibst an uppasourdgviiph ¢ be deferayeadiby
exit fr key insertion procedure, however if
Qneofﬂ‘?rec%ﬁé’f’ g tﬁ’%’gt has reached its size linit then
control i s passed to step 180 which creates a new
L. deefisqddidifiode with no pointers. From step 180 control
passes to step 182 which updates the pointer of the
2. prielinbspecifigd of the tme edudex i cpeiedit to t he new deci si on
node rather than the old conclusion set. Control is
3.t helimpassed veapsifieg tid:phod iletifsmeemnfl tesndee and d
conclusion set CS(S) to see if it is enpty. If it is
4. N pRARYvERSAY 8fumkSonRdsRiedgbatst ep 186 which goes to
the first key and property entry in the conclusion
set CS(S) and re-navigates the index in order to find
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associ ated properties into the 1index requires the
valueJaVi iggiepteth al ong t he decision path for the key to be
inserted. If the navigation path term nates w thout

me %ﬂ Yéh n?Bl ig éﬁ&&f tH d?ﬂi(isﬁﬁere 5 BRBKk & PRWrRED &l 468 IR the

created and a deci sion pointer lipdat ed
pomtslu @%eﬂi@ﬁtbas be a highryointert ortahlewrgmmt@rb agibtes iSamilarbet

: new de oi nter st be a 0
indicgieapit e derBobSrap iR v if SotrEiE o JBGEEF LG then
contrgf i@%?sséc?{or&égqtﬂg %hef'e'%\?l‘b@vr poirtdr i§ SBmBRY laBdk inew dpddién value

nat es concl usion set, then the key and its
DV, mmhmtatade £catrel Passse rfnoenswmltis tp ieR 186 n Broms pieh | 5 contyol i,
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od
is pabsed to stop 467 1bish @lvanpes daa etide feinsH. dsoisian Tog Siom Siep 162
conth fs Sﬂsgeﬁ 1 %keﬂelﬁa@u&?péﬁ'orms a test to see whether the decision group

‘'should be changed. If the answer to this test is yes, then control is passed to step 166
which calculates the value of the new decision group in accordance with the criteria as set

out hereinabove. Control is then passed from eitber 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




be associated with the new deci sion node and the
deci- sion pointer which previously pointed to the ful
concl usi on set has to be amended to point to the new
deci sion node. Then every itemfromthe old (now
full) conclusion set has_to be reinserted into the new
concl usi on set or sets f%}|OMAng t he- navi gati on path
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reference nunmeral s. Thus steps 150 to 166 are
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conclusion set, then the key and its properties are inserted into this conclusion set. Bach
modification of a conclusion set varies the size of that set. Thus, if a new key is inserted
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a new decision node has to be created. A new decision group and/or decision value has to
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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 to a

conclusion set. If yes, conirol is passed to step 400. If no, control is passed to step 374
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Step 2{)0e pert%rms aqtest § gere i tﬂagontcﬁSoxg?e‘f S§ 'isoé?npty, if yes, control is passed to

step 404 which represents an exit from the procedure. If the conclusion setf is not empty,

* then a sequential scan of those entries in the conclusion set is initiated, starting at step 406
where the first key in the conclusion set is selected. Control is then passed to step 408
' where a test is performed to see if the key (L) is within the range defined by the minimum
and maximum key values. If the result of the test is “yes” then the key and its properties
are added to the conclusion set (S) at step 410 whereas if the test at step 408 is negative
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=19

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

the search range are returned as search resulis.
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Pattern Matching

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

The tree structute is still small compared to prior art dafa bases since each decision node
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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




control is passed to step 154" where the inclusion
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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 cauges the next
decision node to be selected and the traversal procedure is called in a recursive manner at
step 512. From step 512 conirol passes to step 514. Additionally, if the test at step 502

concludes that the decision bit sequence is contained within the pattern list, then control
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Figure 20 schematically illustrates how a range search can be performed using a database
constituting an embodiment of the present invention. Suppose that node 560 has the bit
pattern RE stored therein and node 562 has the bit pattern OH. When the node is queried
with the words red, Fred, Bill and John, the words red and Fred are directed along the
iﬁclude path towards a further node 564 whereas the words Bill and John are directed along -
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much shorter output sequence. Nevertheless, by accepting this consequence, the designs of
the index can be considerably reduced. Thus, when naVigating the tree graph for a
candidate key K, the conventional traversal method is followed except that the value 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 confain

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

Figure 21 schematically illusirates an index constituting an embodiment of the present
invention. Conceptionally, the index looks like that of a conventional B iree index.
However, rather than enfire 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




conclusion set, either in their native or encoded
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maxi mum key MJ. Once again, this is perforned using
standard navi gati on nmethods. 42 1t should be noted
that this technique can only work when the difference
bet ween the keys is less than the domain of the
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has a value less than the mapped upper key. If this is the case, then the index is navigated

io a conclusion set using standard index navigation methods. However, as also
contemplated and schematically illustrated in map set 586, the mapped lower key ML may
have a value greater than the mapped upper key MU. In this instance, the search must be
made of all conclusion sets having encoded values that are greater than or equal to the
encoded minimal key ML. This search is performed using standard index navigation
methods. Additionally, a search must be made for all conclusion sets having encoded
values less than or equal to the encoded maximum key MU. Once again, this is performed

using standard navigation methods.
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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 caleulated. 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.




Al ternatively, |less than one byte may be used as the
entry age, thereby reducing storage overhead, but
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overhdaﬂ,dmkalsﬁ redaing the rapgsof ge limigsdhat g hedplividualiy defired.
i ncreasi ngly popul ated, the decision graph grows as
. the k opul.ation There therefore becones a
I“Sth{’??fﬁs‘ﬁ%éﬁ ’{Of“‘iﬁg%o mé‘“’??ﬁ%%bﬁl bl e to acconmodate the
decision graph within a single block. Thus nethods of
Decisi ﬁ&lhgg the deci'sion graph across nmultiple
- Ocks are required. 44 Wth reference to Figure 24,

suppose that menory bl ock 700 represents the physical
As dlssuslsﬁi leekeinteefdé, dCik preferdbiethitdhakentiatikoldhe deci r(index) is

: stem and that the hl kIS subdi t

held Wik RO SIS Ao ot S8 s o R of

the ha%mé atfRRAGHnfthe B 8kbaEElaheszd o thd @tabiintayi e shebReGt
an associ at ed node w thin the decision graph.

is not pensxblaetp toldethe entingin ofthe n:d@x withi serrigREUSRISTABN OB B s
his oG t ha I W
i e B g DR 6L Ul MLl
functié@@er ation, it is reqU|red to insert a further node
into the decision graph. The node insertion may occur

_at any point As not ed herel nbef ore, each _deci si on
Itis wnw@v(mﬁ@tmaés siyrageriepicess aish as led g dives are dividedigtodlocks,

ofa pt%ﬁ'etemﬁned 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.




and a high pointer which indicates the next node in
the graph. As a result, local anendnents to the graph
can be made such that a new node can be inserted after
any exi sting node. Thus, supposing that as a result
of "an insert, it is required to insert a new node

fol |l owi ng the node whoset4dat a i s represented by data

Firstly, th t ed
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at _a | t e t Sm. se
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resu e spawning of a large nunmber of nearly
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Figure tes an aIt t.iye d _.f or
nod oliiing e pod; e oan aftpeseaied b e e 700, Ry e
node #08seked bhé bf &8 dmﬁ)htalsomtérs loB nERVT 066 tiodERd @ phinstarthe Aew
new node. As before, a new nenory graph block is

node. c Ae g df tIBUinsanomoeerscthy aBtpw: PoirdeTs of 81 R§iagnde fts il sef up

arts. d k
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no los%%ﬁleiostﬁﬁle ttthxh ﬂ{e?g%ﬁ'ﬂftﬁlg td the gte\g mt}dB P8, inabesmerory hlotk ;ﬂﬂ Ly

a e i ndex is s ed, w
the detgilg relafing tamew odnl 0 %uShéwt?fsqi ma gﬂgﬁﬁﬁ(ff% hE‘(“%i Rodes
t
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712. si ze of the menory bl ock 700. However, in this nethod

of controlling index growh, the structure of the
i ndexes .anal ysed so as to s it subsﬁ ant.i al |

It i, 07 oo 0 Heer ares oo o o Biof i g4e, 208,
then ﬂltthé) eﬂlfog} Bi6cK m%co?ﬁ}a@%ll 'a]!iH J::dngédihﬁlt@%e ddtaile D al¥Brther

tarting at node ten nhodes, encircl ed
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exten to,the |ef

~ decision grap o oW, but can resul% in the spawning of a large number of nearly empty

memory blocks from each full (parent) block.

Figure 25 illustrates an alfemative 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

T12.




kevs. .

of the node 724, whereas twelve nodes encircled by
chain-dot |ine 728 can be found in the path extending
to the right of node 724. An al gorithmrecursively
scans the index structure, by selecting a test node
and then cal cul ati ng the nodes depending therefromin
order to find a suitabl e4x£andi date node for splitting

.. the inde I n_t he exanpl.e . shqwn in i.gur e,25,. node
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bei n er,f ormed .before, the next. is down .and then.the
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wite operations to a block data store, such as a
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query may be required. Thus, i uer s, nade
the nmmama@é%(tds MRn &Prpcfé%urﬁ%fbﬁfse@@wgﬁn? bf@@ﬁr OPWH#EWQae
. : ' | J woul d
et B and i B ploki il GBI A Db ok
smal | nunber of these have been a Mercedes.
Qualifist hernore, 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 nunber of unwanted results. 46
Frequphilys s etsirebeidbe e PER e HgX HORHQe OEHRRFRIEEO or

IS T A Sl ek et e

booleaglgéth® subsi di ary search keys in the conbi ned
concat enat ed key and consequently the conbined key

. becones particularly |ong. The gpplicant has realisgd
It is posgible ifergthe geay Lobe dRdghdavgy Aipriedvidug) DBES il acpypant being

perfoSsiChifik B9 next is down and then the results combined at the end. This,

however, can be very computationally intensive and require many read write operations to

-

a block data store, such as a hard disk. Thus, for example, a query which returned 100 hits
might then require another 100 slow disk I/O operations in order to feich 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 o find all cars registered in 1997 that were Mercedes, the query for cars registered
in 1997 would return many thousands of results. However, only a small number of these
have been a Mercedes. Furthermore, for many queries it may not be possible in order to

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




qualifiers, and in particul ar appending qualifiers, to
the primary search key. The qualifier does not
directly the represent the second or subsequent search
term but rather is a shortened formof that . .
sUbsequent term In the present invention, the
gqualifier is generated 4 perform ng a hashing

. fupction on the or, each subse t segrch te The
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uring ‘creation of the database, the index is created
subsididry lseaachpkeys i o Porbiyed epncatrnnted &3y andrranspiuently Besopbined

' nore qual i fi er keys. In use, the index is navigated by
'hWb%@¥%ﬁ&WﬁQEﬁfﬁﬁ%ipa| key and data is stored in the
conclusion sets in the usual way. However, each
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is a nunber in the range zero to 255 and is _
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once the caorrect concl usi o%&ﬁet or sets_are riﬁched,
by peripraaiag @ kashing Aunstion AR dhend Fash SHPSIEICR PSR 1HE: p e gage
hashing*hH&icaNd viddGo q@&ﬁl | dahfBhsekRVis RaNo GRER Sr MEIER dafdSfrom it.
ries 1n the ctohclusion set. Only those entries that
Thus, detisgcredtion of the letapase, it jnddx ik expatadwith b Iprindipal ksey (as before)
%Ealifier ha ﬂ_cgdes are returned. It will be noted
and with z¢ro 9f PpLe JUAIIEIKEYP | or keys can map to the same
single byte hash code. There is therefore a small but
Tn use {10 ikdBx BIARBREA byl ki AR prid PN that{lads Wbred indRo conclusion
et ur ned. wever, “assum ng that a good random sing -
sets inths hswwhwayli Howiver, sxbdualifieekeyris b@biemo?isd Efwneto agingledoyte,

.match. is, In 255 I t.h . 500 .
ot if RGeSl AR ILAT AR DA Acagids B pEF EpePiariE”
conchisifh seorrect results, but with a small percentage of

Incorrect results as well. Thus all the key hits
returned nust then be inspected in a data store to

During e qperg, thenyrinciphl kel és supnkied et zemtor mers quplifigekeys. Theeindex is

ot s ; t the ind . o .
then g i 1§ R By i egbrP el dnkel e BB doblifitld 8
or set@ R feachB@ | thea® ateythérSsoiinet b radhioniae phindiml keyTtilse and the

_advantage. .increases as nore qualifi ersef\rtﬁ used, gi ven
qualifiendey berh qofiesu fhetopireyin fi canclusiocwstr Quly Hhese entrieS that

dec W ' ' ifiers. The
matet AR Ly 20 I AFOE TR BRRRs B ity

ci rcunst ances, (1/255?. Thus, with two qualifiers
1t will DiNBdted BRt mphiphadualifidr kepf cah tegciortEssihde sirglelbytenhsh @ade.

or less than 0.002% Wth _t_hrtig qual i fiers,. tge-
There is therefore a small but finite probability that unwanted data will be returned.

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

This advantage .increases as more qualifiers are used given that the probability for an




chance of returning an incorrect itemof data reduces
to approximately 14 mllion to 1. It would be seen
that, the size of the search key, and data storage

" requirenents within the conclusion sets, is nmuch |
reduced. Thus, if it had been intended to search on 8
terms, each of which caifld be up to 8 bytes I ong,
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with this aspect of the present invention in which a

15 byfep pkdata. portion of the key contains the primry key
data, and then the remai nder of the key conprises the

ual i fi i '
when Gy 4 e, S M50 ool andis, iy ol e oy
may HeRepplied Bécaade tiestdb bt nieyation Bhthe éndex Aatcong. ihelqualifier
Keys GalyBTARb S @Unes 46 it AR bR FHEERE WO PG (h pipti S
Thus, 3 rh%r@ Bﬁali?fers%ai %@rsﬁ@ﬁg@tﬁe mBreREHise hel qRef@éshiRr med usi ng
' a sub- por th

tion O key. The efficiency of such
sear chi ng depends on how well the key population is
Tt shodiavbiedmekbdi that dlis ualifiectechinigue ban Wherppliddatn agy sl stacpieshioam
‘ with the ASCI| character_ set LS that .t [
B A e
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characters is particularly rare.

48 Th

porticapafl fhe dwey chutaing dhel priveaty fkewn datpaadethan et @maiﬂéefc%fnt?ﬂﬁ ey
[ . i fqt Al : : t '

oSt Pt o B A, o PSR s (B ot

produBRPly CRmingsctibaloh Aedrigingludiidonabkeysappi ngs whi ch
reduce the set to 16 characters so

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 bow well the key population is divided in each
node in the decision graph.

A problei:n with the ASCIT character set is that it comprises 255 charactets, but that the
likelihood of some characters appearing is very high and yet combinations of dual

characters is particularly rare.




that a single character fits within four bits (0-15)
whil st a two character sequence can fit wthin a
single byte. These nodified character sets can then be
used in a single index to divide down the key
popul ati on. -The mappi ng of the character set is
applied to the key just pi8ior to navigation of the

 Tho g53leR gn Foutbed ! pBm A oak b el digeed it Asc
char&%yagéreﬁie&% M@iviRnt(sBS ishpPid t5 BBMbIRE séti ze) can be

stored with concl usion” set dependi ng on whet her

accurate or probabilistic query results are required.
The Byplingit bas dsfinedmonuniher atweppings ethichaeducgthe eet thdb churacters so

that %’ Eﬁg@tchz%ac?%tﬁtég ﬁln/m ef‘g@r%rﬁ%gé-? @S\trlai\s@g g}?ogch\z{gc%g seq]\é/gn\ég L§n7ﬁt

withBva sBisled®gtoved  Punctuation characters Renobved Space,
Tab B1 C K Q2 D3 F4 G15 H6 K7 L 8
MN9 P10 R11 S, z 12 T 13 V 14

These modified character sets can then be used in a single index to divide down the key

population.

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

whether accurate or probabilistic query results are required. Examples of two character

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

Similarity Set




W15 X, Y Renoved Simlarity Set 49 ASC I
Characters Mapped Value Space, Tab 0 Punctuation
characters 1 Digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) 2
.Vowels A, E I, 0O, U 3 BD4 CK5 F, P6 GJ7
H Y8 KL9 M N10 P, 11 R S 12 T 13 V W14
X, Z 15 In each of these4$chemes characters are

A e F T PR Ul 0 ™3
Spaqei turn ar 0ra':\_lnr'r'\\l_x:ar‘l fromtHhe
' P“ﬂqm&ﬁnﬁhﬁacteﬁ/ utilising this reduced LLt the
| Digifsd® lo2raAcs 6%, 8t t ern mmt ching can b&. much i nproved.
VowEld AKB)MsOdMe nmapped prior to insert,|3uery or delete
B,Doperations, and then the index is naavi gated using the
C’Krrapped_key. 50 CLAI Ms 5

EP 6

G,J 7

H Y 8

KL 9

M,N 10

P,Q 11

R, S 12

T 13

v, W 14

X 7Z 15

* In each of these schemes, characters are converted to uppercase such that the query is
non-case specific. Furthermore, non-printing characters such as line feed and a character

return are removed from the mappings.

By utilising this reduced set the performance of pattern matching can be much improved.
The keys are mapped prior to inseri, query or delete operations, and then the index is

navigated using the mapped key.




A nmet hod of organi sing a database which in use
conprises an index and data and wherein the index is
‘queried using a search key conprising at |east one
synbol, the synbol bei @y represented by a plurality
of bits, in order to |ocate data matching a search
criterion, characteriSkdIM8 that the index is a

hi erarchical structure of nodes that is navi gat ed
during a search until a conclusion set is reached, and

hieetbe¢ plcergandsing %d@a@%wb@h issusetvompises ke jndey airbiiasa ande
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he node. 3 as claimed tnclaim1l ,
m @mawaféedw%@g a@earﬁbvntétw@@htsm seldie regthed, andahfe%ructure

ﬁseérg&ﬁgae shh thiH 85T sO 1%% Rt of eﬁ%dl%de 4n R JHRE Igﬁﬁ

clarmed in any one o the preceding clains, 1n
eark ngdehasileshthar threesest pabg therefom. si npl e query and t hat
there is a maxi numof two exit paths from each node.
5. Anethod as clained in claim4, in which, at a
Aosethod peclpimpd di clom ., Jraracieasqdap thas dheyepdes del netoytorg the
BMBEY of Bic ROPRESERedIM &t H§ddeci sion criterion at the
node; and tthe test applied is whether the key or part
thereof is greater or less than the decision
A hifsd RMaified A c%ﬂo& 2% &high RGolS R hor OBR. tﬁé ddcion
precedi ng cl al ns, every record
Bgsapaing t@&tmguqr@f@emﬁm usi on set. 7. A rret hod as
clainmed in any one of the preceding clains in which,
in use, the hierarchical structure of decision nodes
AopetBodgasdéaiined wrang oap A the peeeoding ¢laimshia whithethe degisien at
H‘i‘i'bbfe Bfa aﬁ raﬂﬁ%?a?%erel 8-a A lTBLAE 85 egrt]%lcuﬁ? Hodn"
c aim 6, each concl usion set has a maxi mum
@WE@@¢39. A nethod as claimed 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 block used in a data

étlmtb‘gieanéaimé in glaim 40in whighetahadodss tiesd keiyras daitrof dheakem
el B S (0o A NP 3G G BAOTES Brchods apd he
tepitapplideleis mthethar th |k@ja pr part theregf 18 gufater or less than the decision

criterion.

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

the database belongs to a conclusion set.

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.

A method as claimed in claim 6, in which each conclusion set has a maximum size.

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

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




10.
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12.

13.

14.

15.

16.

17.

18.

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. 11. A nethod as
clainmed in claim10, in whixth the new deci sion node is

inserted jn the xit path froma node that.pointed t
| 15T s el g B S, OB s o
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st puestetermingfl sigedes is structured such that a semantic
order of key sequences is preserved. 16. A nethod as

claimed in claim6,. in wic ach entry.in th .
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the exact value of a key associated with the entry in

the conclusion set and a properties field which holds

one\ efetliddeaselhimeioin agpardinge tpreccting kdsimsy inawhishrthe decision
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in which each node has an associ ated deci sion val ue

whi ch i onpa i it decksi gn.: pi u

in‘h mﬁtég& agn éaﬁﬁ%d rl%scgflﬁﬁi &?I’I :"Ee"@l&lgﬁn'pcég?i g‘%ﬁ&é&s u edR‘t éargely
selifddpeAdbntyf the BRhdukloBthetkBg, node. 18. A nethod as
claiméd in claim 17, in which the decision value is
selected fromone of. the mathematical nedian of all |
poss ntettmdval dleimed fin tpeonteafi thé precegdingpleims in whigh the hierarchical

o heine 6P ol Bl S URECA Sl SRt BB s8dhcs is

Va|ﬁll‘§‘s§ fi the decision group; a predeterm ned val ue
sel’ected at the creation of the index; and

A method as claimed in claim 6, in which each entry in the conclusion set
comprises a link field pointing to the next iter in the conclusion set, a key field
holding the exact value of a key associated with the entry in the conclusion set and
a properties field which holds one of the data corresponding to the key or a pointer
pointing to the data corresponding to the key.

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

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

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

of:

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




a value selected as a function of the nost recently

.- used decision value and the decision value preceding
..that -one. 19. A nethod as clained in claim117 or 18,

19.

20.

21.

22,

23.

24.

in which the selection of adecision group at a
visited_decision node_ is selected ffgnlone of. a
deEhesmethegptinabmagipe AL ths expretegdraties g degISIOnBEWRS; a
deci si on group which changes on every visit to a

de thesmathematital averagd of bl expectpdoapennf the dedisiogygrouphen a
deci sion value at a precedi ng node reaches a decision

r agGRed¥Reknidlvale 966dt8d Sithé aeSfonBfthd MaR:Qf atdhe current
deci'sion group; and a decision group which is changed

when e |S]0 . [

ot RSOGO AR ORI JHEERP RcPechBif Soiye and the
20 dedisioB Qe pRSedih@ihaeshed. 1 any one of the preceding
claims, in V\:gi ch, when adding data, the index is
navigated until a conclusion set is reached, or the,
nedmiethod rae slamed incddainl Uik pob8,dutwhich thelseleqtionad a deqigion group
the data s then added,to the conclusion set. 21. A
rretaﬁ%?ilsggd%\cﬁfq?é}?%faﬁ sgwgegrﬁéon&fm? e preceding cl ains,

in which one or nore of the nodes contains a parti al

key deeigioa geap vezch is thasamsdonall eedesired in claim 16, in

whi ch the key stored in the conclusion set is stored

i n aalecision penparhifocinmge3on derpetikivt atecisioninedel i n ¢l ai m

22, in which the conpression nmaps the key to a

sng| de%ioh%?&t@%@ﬁhgghﬁﬁe@ﬁhéﬁ‘ﬁ dléﬁkion %due & APplebiling@fode reaches

claimed inm claim 23, i'n which the mapping is wel .
behadesibicurngt heaximwheor dévisiom pariga gningnep pifi thy qugrent decision

given key.it always returns the sane result. 53 25. A

meBHY®> &5%cl ai ned in claim 22, 23 or 24, in which the
key is conpressed using at. |least two . dissim/lar

al goidecisinnsgrons whichyis shenged when the decision: Valug,botyveep puccessive
whi th I f '
A GotsOEAl PR By R A o Bipdefifplnc] YBegBREDY 50 o1

clainmed in any one of the preceding clains in which

keys d AT PEREE S 2By oA 0P BRY ReQdingh il s RPwhichewkey adding
to a bounded range.
data, the index is navigated until a conclusion set js reached, or the need to create a

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

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

the nodes contains a partial key sequence.

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

stored in a compressed form,

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

smaller representation of the key.

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 refurns the same result.




28. A nmethod as clainmed in claim27 in which the

operator distributes keys substantially uniformy

. throughout the database. 29. A nethod as clained in

25.
26.
27.
28.
29,

30.

31.
32.

33.

34.

33.

claim 27 or 28 in which théddoperator is selected from

one, 0 modul o, f upct iQn,an . bi unction. 30. .
kb8 S 2no® et if i KLE hgBresselusing at
cl gi | iaulgiupmst ored  within conclusion sets

1 Htbivd SUaLIgHIEnS O o ng the duration for which

the key and its data should be nmaintained within the
datahastod 3%. cléinmedt inoclams 25, dihnebichnthe | miulis30f thenat least two
whi ch keys and dat g ich have expired are made

av &PPREsElonpire sloEsdAp i GOYC PR Sfew data. 32. A net hod
as clainmed in clains 30 or 31, in which expired keys

d, dat t t] I f dat
332 AonBedaf it 3hanl bl UF G Pl Gty AARE keys are
Whigsbededbyan eperatod suhivh rias theskeyas addtdbdirigpeage of
eaCh entry having a duration is calculated and the

results of the calculation my be stored or used to
detdermethod wis chimed riheslaipar2hdn owbichr fhet eperaa, digributes keys

met hod as..cl ai.ned i.n a one.af, the precedi ng cl ai ns,
i n SHpRafly %ﬁg@gﬂ&%ﬁ?f@@”% key index and a
deci sion i ndex, wherein the keys in the key index are

st %p{c{%ags cEeﬁEg& &5 Siafh 7R3P8s 'lxli ?m?(ﬁl‘éﬁlg ggélﬁto? iCHRLHed fom one |

made 0 ey 1 ndex to see exi sts prior
t 0 of atnesdubghibttivn dnide Ideling fimetiomdex usi ng the key. 35.
A nethod as clainmed in claim34, in which the decision
index is not searched if the Kkey does not exist .in

t heh. iesthadhare glainged inz@yy gnenpl thedpiaesdinarlains, ilh vinigh keysgstored

or 35. in Lch, . duri Al [

o o o0 B PREL U B R 16 Vi oy
r eja8d §18 da@Shell@ b Galtaihdd WithifRkeitstasent ry is found.

37. A nethod as clainmed in any one of clains 34 to 36,

in which the keys in the key index are stored in a
confpmesiselss daimed dul claim 38pimewhich keys a8l data mbidhdwve sxpired are

clained in.claim37,..in ich the keys are mapped
usi‘?ﬁgﬁé‘m@&ﬂww&gmﬂ hod as clainmed in any
one of clains 34 to 38, in which the key index

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

~ actively deleted from the database.

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 deiermine which entries can be overwritten.

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.

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.




~conprises an array of elenents, the nunber of elenents

36

37.

38.

39.

40.

41.

42.

43,

44,

in the array being at |east as |arge as the nunber of
uni que key elements within the index. 40. A nethod as”
claimed in claim39 in whi®h two dissim’larfunctions

are used, aqne, ha tio sed as _part of,
2 B g o A e M ois VTRt cr@Rign 8 insert a

th'e%?’in@éiﬁxstlﬁ@deoéﬂlﬁme hisfr 86k @B duﬁhcate if a

use to enc e the"key and the resul is stored
at nigtehinpeeitiyniafowd. el ement. 41. A net hod as clained in
claim40, in which during a query of the key i ndex,

the destination el enment i cal cul ate ar
ke)A mefhedhicclaimed do any, ape,al 4 G P ﬁ%léé‘%ys in the key

| < it 3@@%%%?8@2?@%@5&2"%?0oﬁ’Z%- vl

rrat ches a pre-existing value in destination el enent.

42.5 il 9f cREméd 81 BBEn 37, anwhenetelkev arePiRpSEl Bfng a hash
claims, in which the index conprises a hierarchical

st rfum:ltlune of i ndexes such that an index can del egate

some of its workload to at | east one other index.

oA et s G T aPe e s, 24 18 Sﬁ%ﬁ'—i*eﬁwfw index
t ? cﬁ%ﬂﬂﬁléeﬁia%%?%g %g eléﬂient@ tiE Bl!i]ﬁger%‘f eiéhféhﬁ‘iﬁi tHehrY Bkl éeleast as

ey manifest of an index is ~defined
by l&ps anie nambenoluniqekey tlemenis yathin thedndes. key out si de
of the range is rejected by the index 55 45. A

method as clainmed in claim44, in LHJEI épﬁhe ke% a

wi thmethod@s phaesdmeﬁ@@%%@ab%%dm% apingiionsarguged, where
perform I I

P on® HARF RufdBEs 3 LA Bkt & Blodel b8 fol ot 8l itk Uement

th QE(K? wahat Beikeg éxies andifhe ofierhhdhditinaionds asedea encvda the key and

one of clains 42 to 45, in which each index is

aséh@:ﬂealﬂlteﬁ(mlﬁﬁw&e%ﬁ%@ﬁm@%ﬁ evi ce, thereby

allowing nultiple concurrent disk accesses to occur.

| n%?ew%?l%e%ew@ i n%ﬂ’é hda'ﬁ%&a(ts ?13&%"5 ri eg% index, the

us 'd‘é&nﬁtﬁﬁ elbnk &Y call AR altlrge Qk’egf endlftlenb@ledhial@ using the
t he search crlterla characterised in that the index

.| s secdnidemsh Gimictieh is calendated forghe tugitfeprmddhe ey is dpemed to be

Strehune. el nd navl 20 ed Lt b 3 SRS BUciEibE clement.

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.

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

{0 it can delegate work to other indexes.

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.

46.

47.

48.

49.

50.

51.

may contain a sub-sequence of a key, against which a

" candi date key is conpared in order to determ ne an

action to be taken, and in which the portion of the
key stored in a node at ans{N+1)th layer is unrelated

| el oo e Do RES HE Bi B B o
da M Eh A a&e ; Seraticador heAtey! i8R or dBRBate th
cotrﬁl%ggéﬁfébn set ﬁasﬂ@ ?Izrmso as to reduce th eR‘%ae ©
st taskdfths kay i mﬂqnl iheemanifest raxge dflapy kEthe delegate mdextshod
of navigating a database with a range of keys between

a first key and a, second ke represent| ng [im
t hed maataedd an laimpd i iaAy tone oiyesl Hhde 450 1 W frl%&“@f%dmdex is

(AP wieh o fisiclf S5fagf icliDE diEYBy bloPill AUBRE!HHErent

spmggeégaésqbogaﬂn the Iarger of the keys and | ess
than the smaller of the keys. 50. A nethod as cl ai ned

in claim49, in which the conclusion sets contain the

ke inrethadhef infermgpling 4 databass having rast indek and deinoasidigherein the
th dat ab h t '

b R B A B g

t N@riledid. Sfadidred BSMa1 Bk ftllcf 34 A hietdiBhibsl sRActiR dfldatisied nodes,

within the database. 56 52. A nethod as clained in
c| dhenstBiiure heinginemigried yntihal conrclusianhset lis feached @né ivhegpin a node

are nade, avail,able for erwitin fa.
A DTGB SRR ot BT Heaigh! it s LR Rbfis cBihpared in
eXRidR fo HemiRd 9n deich 18'b8 t4Rh, ardiGh Wikl thd@ofidRChf iticlbdy stored
t he database. 54. A nethod as clained in ¢claim51, 5
or i3 noileatdri @R+ Wihdayen icwirelatedito thespartipw storeddn gquereding node
age ﬁ%ﬁﬁﬁh entry having a duration is cal cul ated and

&t Y%t the calculation may be stored or used
to determ ne which entries can be overwitten. 55. A

metod Rl @dlﬁqu BatRo AR LHRASR K s is stored in at least
con‘pir?l%g%go(}g %x ancﬂ‘le atgteciam on |ndex \}\ﬁwse?rel I}lna oas
I N ods eoﬁdiﬁldnﬁm in ahashed Keym smaeto radlmesth@stetage Bpage requirements
conpressed manner, and wherein a check is nade of the

kePfthed@XSt o see if the key exists prior to
interrogating the decision index using the key.

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 o 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.

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

the unmapped form.

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




56. A nethod as clained in claimb55, in which, in use,

"'the key index is held in sem conductor nenory, 57. A

52.

53.

54,

55.

56.

57.

58.

39.

60.

61.

method as clained in claimb55, in which the decision
index is not searched if thH® key does not exist in

the key index. 58. net.hod ai med in clali

or Astpethod %ﬁ)i@’ﬁcgdﬁﬁ%%gfno@?@%%snaﬂ%o&aﬁgﬁb%gg ﬁ’éé?ed are
a_GhRe'syAlatider kvl Hithaewatie, and the key is

rejected as duplicate if a matching entry is found.

59. A nethod as clainmed in any one of clains 55 to 58,

i N AMfettbd Becliimed ihreldihe Skey 52) imlwhichrexpied ke dnd data are not
conpressed, encoded or mapped form 60. A nethod as

cl astively deleted Siog o databasewhi ch t he keys are mapped

using a hash function. 61'. A nethod as clained in

any. ong of clalns, 55 .t.0 i j C [ : :
oS! o gy gy 315 of St e Wl Yo ofiiion set i
i N b R8s the Med6F &eh dhtry BaGhg @8uratios Gecabaldidteanduhbessulof of the
uni que key elenents within the index. 57 . 62. A nethod

as celonlatienl miay belstored @ vsed torletorming wiieh entees Gep bg pverwritien.
functions are used, where one hash function is used as

L1 mathdl RE ORI SR " ARopte Ve p R TRy and 2
is ts ggczi?ntiﬂd 9\@@1‘%{ #Gise iﬂﬁ}ke?sf‘ﬂl thb Rey Bk hrefitdibd insa compressed |

at thé destination elenment. 63. A nethod as

“c| ahanmer, iand stherein & Thecki in made of thehtkely riedea to oeerif therkey lgwists prior

key index, th estination, el nt is calculated for
a tapyerogetys cisjon ATE SFEE W fYe using the second

hash function is calculated for the target key, and

50 A S 8 9, S GRS Pl i

el ggﬁmondﬁ&grlﬁemfyhod of organising data within a
dat abase, in which the index conprises a hierarchical

structure of indexes such that an index can delegate
sonfenmthdd as clainei imeldin 55, an whickdhe deision idex jspd Reargsd if the

A nethod as clainmed,in ¢laim®64, in which an index ‘

mﬂ%ﬁgﬂﬁ%ﬂ §§%r$e§@ﬁ é‘g‘(ed to it can del egate work

to other indexes. 66. A nethod as clainmed in claim64

or Bihethdd s Whifid 3n K 556 23 ,Gh wiiich, BE8Ng drSoperation 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. |

A method as claimed in any one of claims 55 to 58 , in which the keys in the key

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

A method as claimed in claim 59 , in which the keys are mapped using a hash

function.

A method as claimed in any one of claims 55 to 60 , in which the key index
comprises an-array of elements, the number of elements in the array being at least as

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




62.

defined by a range and any request to operate on a key
outside of the range is rejected by the index. 67. A
nmethod as clainmed in claim66 , in which if the key is
within the index range of X¥atabase, the database can

P o mefhthes” Rapa gt RI'e e St e Pl BRAlcRs i used,
t h%vﬂéfé gggthssﬂ ARBRES i6s7@s%d_ 4 Pt bpd @ecsh ab WBKulait & @ystination

one 0 inse 64 to i n which each index is

 as stepent BERwithin dhedtey dndsatland the ether haeh funstion isawedip encode the

63.

64.

65.

66.

67.

68.

69.

70.

oo kepapars BN AR RO RRERRCE, g 27

conmputer to performthe nmethod as clainmed in any one

OF bl & &iftnidf-in Efdim SOMRHIVANICH @RURDA QubSir e kbPBlex, the

as clarnmed 1 n claim i'n which the I nstructions
ar esiiratioe dleaeniiscalcalatedr for ertarglitkeyydnd thedacedsd value using the

whi ch i.n use cqg?ptis S.an %nd X and,dat a ﬁﬂd whe

rein
t heesanddiesh dugtieh rommcaliieon 6 e by g ke P degmed to be
l o%‘bﬁc&@@&%ﬁ!@%ﬁ d{\&hﬁ niRales B y?n%é:fiﬁ'iﬂ U8 desif@ficlelement.
key tonprising at |east one s ol, the or each synbol
bei ng represented by a plurality of bits,
chay qediedd 6L Orghiisinp alatal Withinng dxtabsse Ainhwhichrthéiisdek comprises a
structure of nodes that is npavigated, duri n% a sear

] ch )
unthisravshisaln sirusture rpfsiadexes sueh dhalgan ddex; pan delegaie Somg of its
is_organiksed;s t . synbols are not stored at
thévcf’fgﬁg‘%%%rﬁ#@a}‘gﬁ%%o e¥has up to two exit paths.

72. Conputer readable instructions for causing a
Cow%ea{odta@ REhEPHMIARG4TRA RGCAH inGé:ewhRE hhsha Wéridelegated
47. . Conputer readable instructions as clained in

cl aé incaR delegateviotdtototfeer indexesucti ons are carried on a
data carrier. 74. A database having an i ndex and dat a,

and wherein the index.is. queried using sear.ch key. .
o kol 8 HBERE AN R G i PSR e ReRtt af A index s
cha L.sed | eyl j ' i cal .
CPIRBA ) 3Rl sl By il Ol o8 415 Bplab e e i
navbigalk@ty therinddx. a concl usi on set is reached and

wherein a node nay contain a sub-sequence of a key,

agai nst which a candidate key is conmpared in order to
dete meithed asrelaimed énclpism 66 , in which if the key is within the index range of

database, the database can perform an operation on the key itself or delegate the
task if the key is within the manifest range of any of the delegate indexes.

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

disk accesses to occur.

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

claimed in any one of claims 1 to 46.

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

are carried on a data carrier.




71.

72.

73.

- 74

75.

76.

77.

78.

. be taken, and in which the portion of the key stored

does not vary in a nonotonic sequence between |ayers
within the hierarchical structure. 75. Conputer
readabl e instructions feg causing a conputer to
performthe nmethod as clainmed in any one of clains 49
tAo dgahasey ghicltamper eamprisesiar index ant daje ehd whersin ©F dides ds

C t C n
qﬂe daus Zd;rkle:éxjcﬁ‘ k%in J}d%rlg Idc! g% ecfa{é%ét&ﬂﬁ% a?ch dcgﬁéariolﬁgh@
§m¢1e'epy qemprising aieas nee exorhel. e @Wasbﬁymbpl émmé merebeifed
b RIRA %f'bﬁ ﬁ&‘r%!&éq L6 HHdex RAL frief: [ SRS off
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nputer rea e Instructions
@Q@L@uthaj l%xnmﬁﬁﬁdt@mg @ spiseli vrtthat deaclpserhesd issrsacheflznddbe
s&uc‘rﬁﬂ'¥ 1506}Earﬁ§‘ed Ghe! 1R k%} Si’lﬁ Métare glgt Sth%Tl a@%g&&,r and each
readabl e rnstructions as alne Inclaim78 , in
Wﬁ&ﬂﬁSPHEHMW§%FH@h$onS are carried on a data carrier
80. A database, characterised in that the keys in the
dat abase include a data field indicating the duration
Computei tadablreinkieytiomsdfor taysing owimptied todzerfarm aeunethpxd as
RiaL e, W t hin the database. 81. Conputer readable
instructions for causing a conputer to performthe
method as clainmed in any one of clains 55 to 63 . 82.
Conputer readable instructions as clained in claim8l

- Comu%reeﬂﬁb!%@swg?wml%mgd Inp¢lEme s i @dich he inglgcsions

R dairRH on 8 data Purflat abase whi ch conprises a key index
and a decision index, wherein the keys in the key

index are stored in a conpressed manner, and wherein a

A, TRUFES b ot mhd St e TR (B PEER o i o
séuechkey in @der tOtopiatda niaddiafthesdanhtcritetib, chasctetded in that
RS PSR S 550 S TR b ahafe
untitarcoadhisionseis reatladdrid whereil aaiode 8y coritdin u\mli;ieqﬁénee of
rrled on a dat%? ar,rier.

st {
AR Bt G AR s oo e e EbiPh s
e hiked, and h \Giabh thie o ftiou Io€ the key stored does not vary in a monotonic

sequence between layers within the hierarchical structure.

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

claimed in any one of claims 49 to 50.

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

are carried on a data carrier.

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.

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

claimed in any one of claims 51 to 54,




79.

80.

81.
|82,

83,

84.
85.

86,

87.

of indexes such that an index therein can del egate
some of its workload to at | east one other index
therein. 87. A nethod of organising a database,
wherei n the database conprises an index and wherein

t he dat abase is hosted on a conputational system which
has a bul k storage devPBe organised to allocate

6} RSP RABR Nkl B8kl G AL Rl
arh emrritdhen sdatecarfiert he i ndex within a given bl ock

i ncreases such that further storage is required a new
bI ock is created ,and a portion of the index is noved

en eharpgterisrd iny that (th keyrgiaxthe databasesinelugde acdpta field

ﬁb*‘?'?” e B et e 4R e SkRLGBE B2 Shou, be

nhiaiaine® WithiotheukitaHase. upon i nserti on of a new node in
the i ndex, which nodes causes the creation of a new
bl ock, the new node |s inserted into the new bl ock

Goreputerreadahlei instmietions fpneausing @CoMpNiEF # Prrformhige method as
(ggl %m aﬁﬁ'oﬂgoﬂlﬁ%‘js (e, A dat abase, wherein the
at

ase’conprises and I'ndex and wherein the database

~is hosted on a conput atl onal system which has a bul k

Gimiyugeestiablie dRstRt@an ias elithal inadldiRCHt pinswidclage ifstRrtionsy
in blocks of a predeterm ned size, in which the index
gre;cardedpreddatacamiier) east one bl ock and when the size of
the index within a given block increases such that

&4 r . | d
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thelkdy ihfiad aré kiered rinl exompresseuﬂ abwer oant] evhetedt ave eleck tmadeef
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- f@fKdyndex, where elements formng a key for the index

are mapped froma first set constituting at | east sone
of the possible elenments to a second set smaller than
Gdnepuftérrreadabletinst@ittions, foreansiog ascogipatermtal pérforml thé megitnd asn

the ma [ es converting phonetically
‘%ﬁ&%%ﬁ&? %&gﬁggoéﬁl'commn val ue. 92. A nethod as

clainmed in claim90 in which the mappi ng invol ves

G&Wér Readable indtR¥RInS as 9RimdA ARAAR4ASInChIEEHRE ihstrueticism

0, in which the mapping involves converting vowel s
#W .

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

one other index therein.

A method of organising a database, wherein the database comprises an index and

~ wherein the database is hosted on a computational system which has a bulk storage

device organised to allocate storage capacity in blocks of a predetermined size, in
which the index is stored in at least one block and when the size of the index within
a given block increases such that further storage is required a new block is created
and a portion of the index is moved to the new block, and the index is redistributed
between the new block and the pre-existing block substantially equally.
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94. A nethod as clainmed in claim90, in which the
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A method of organising a database having an index, where elements forming a key
for the index are mapped from a first set constituting at least some of the possible

elements to a second set smaller than the first set.

A method as claimed in claim 90, in which the mapping involves converting

phonetically similar characters to 2 common value.

A method as claimed in claim 90, in which the mapping involves removing all

vowels.

A method as claimed in claim 90, in which the mapping involves converting vowels

to a common value.

A method as claimed in claim 90, in which the mapping includes removing

punctuation characters.

A method as claimed in claim 90, in which the mapping includes converting

punctuation characters to a common value.

A method as claimed in claim 90, in which the mapping includes removing numeric

characters.
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A method as claimed in cleim 90, in which the mapping includes converting

numeric characters to a common value.

A method of organising a database, wherein the key used to navigate an index is a
composite key, and one or more of the keys therein are represented in a compressed

form,

A method as claimed in claim 98, wherein the primary key is uncompressed, and

further keys within the composite key are compressed.

A method as claimed in claim 98 or 99, in which the or each compressed key acts as

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

A method. as claimed in claim 100, in which the index is navigated using the
primary key until a conclusion set is reached, and the results in the conclusion set

are then interrogated using the or each qualifier.

A method as claimed in claim 98, in which the keys are compressed using a hashing

function.

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

claimed in any one of claims 98 to 102.




