| DATABASE The present invention relates to a method of indexing,
placing information into, and querying a database. In particular the
invention allows efficient searching of scalar data within a data storage
system. Scalar data types include, for example, logical data, text strings,
numeric data, and date-time data. Although data processors are fast, it is
inefficient and time consuming to search through all the data held in a
storage system to find a par having a specified property or a
range of properties. Also, it is almost inevitable that the data will be stored
Th inemass stora@%ﬁmedia, and this gives rise to delays due to disk access
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date_,[tlhe %ge of the database changes or as, for example, the data in the
dafasade changes from time to time. A simple example is in a database

storing chronological information, such as dates of birth. The designer
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Index mechanisms require the creation and maintenance of an internal index structure. The
navigation and maintenance of this structure incurs a processing overhead in its own right.
The overhead can vary as a function of the indexing mechanism used. It can also vary as

the size of the database changes or as, for example, the data in the database changes from
time to time.

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

such as:



2 1) The size of the index. Larger indexes require more time to navigate.
They may also require an increased number of data swaps or read
operations involving transfer from mass storage media, such as hard disk
drives, and faster memory, such as semiconductor memory. 2) The
structural constraints of the index2A highly constrained structure may offer
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on the index. The index may be constrained.b imum size
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data. In order to interrogate the database the trees are navi
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capype 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 pr ]megﬁ
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5)  Growth limitations on the index. The index may be constrained by a maximum size.

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

insertion and retrieval of key data.

Known prior art systems typically use tree graphs with nodes containing one or more items
of key data. In order to interrogate the database the trees are navigated by comparing key
values at each node visited with a required search key. 1t 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 propetly. These methods can incur- significant maintenance overheads for key

insertion and deletion making them unsuitable for high throughput systems.



3 Navigation In accordance with a first aspect of the present invention,
there is provided a method of interrogating a database having an index
and data, wherein the index is quer?’ed using a search key in order to
_ locate data matching the scarch key, characterized in that the index is a
Navig#ierarchical structure of decision nodes, the structure being navigated until
a conclusion set is reached and wherein at least one of the decision
nodes is navigated by pattern matching the search key against a
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In accordance with a third aspect of the present invention, there is provided a database
having an index and data, and wherein the index is queried using a search key in order
to locate data matching the search key, characterised in that the index is a hierarchical
structure of decision nodes, the structure being navigated until a conclusion set is
reached and wherein at least one of the decision nodes contains a sub-sequence of a
key, and wherein the index is structured whereby it can be navigated by pattern
matching the search key against the subsequence of a key contained at the decision
node to determine whether the subsequence is included within the search key and
wherein it can be navigated along an include path to a further node or conclusion set if
the subsequence is included within the search key or along an exclude path to a further

node or conclusion set if the subsequence is not included within the search key.

In accordance with a fourth aspect of the present invention, there is provided a
database which comprises a key index and a decision index, wherein key values in the

key index are stored in a compressed, encoded or mapped manner, whereby a check



node or conclusion set if the subsequence is not included within the
search key. In accordance with a fourth aspect of the present invention,
there is provided a database which comprises a key index and a decision
index, wherein key values in the ké¥ index are stored in a compressed,
can beencddedf dhariagypederaoner; Whelelyyvalcheokss panrhie nmacteoghting key
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first set constituting at least some of the possible elements to a second
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set smplisrdhspitie K&§sStierein are represented in a compressed form. Also
disclosed is a method of organising a database having an index and data,

wherein the index is queried using a search key comprising af least one
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less than three exit paths.

It is thus possible to provide an efficient index structure that enables efficient search and
update of the database. The index structure is much smaller than prior art indexes because
the nodes do not store the whole of the key associated with the node. Indeed a node need
not store any key associated with it. Furthermore the nodes do not store the decision rules
relating to interrogation of a node. This is because the rules are global in that they are

shared by all nodes rather than being node specific.

Each decision node makes a binary decision. That is, each node only has a maximum of

two exit paths.

Preferably the decision applied at each node is a simple query. By that it is meant that the
query compares the key or part of the key with the decision criterion at a node, and that in
binary terms the test is typically (though not necessarily exclusively) is the key, or part
theréof being tesfed, 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 decision node makes a binary decision. That is. each node only has
a maximum of two exit paths. Prefefgbly the decision applied at each
node is a simple query. By that it is meant that the query compares the
key part of the key with the d n. crlter at a node, and that in
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resultkey, 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. 3b Each exit from a node may point to a
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concigdgdnerally concluded. It is possible that no results will match the search
terms, in which case the search ends at a null result. 4 Every "record" in
ase belongs to a clusion set. The conclusion set its ints
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null eikoltmstances may store the data itself. 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 entity in terms of its size in a memory of a
processor. Preferably the decision graph is, in use, held within electronic
memory of a data processor. By holding a relatively small decision graph
in RAM, the data processor can quickly find the result of the query. In
particular since the analysis of the decision graph does not require
access to magnetic or other physical storage media, access times
associated with such media are eliminated thereby enhancing
performance.



Preferably each conclusion set can only be reached by one single route
through the decision graph. This ensures that all the keys in a conclusion
set conform to a shared unique set of decisions. Database indexes can,
and indeed must, evolve with timg and this can lead to degradation in
performance as the database grows. It is therefore necessary or

1o allow
Everyifreeotbrimiig dataleass hepeata dAORAEicitkion e él?élﬁl&%fso&r%”r e
o the HERHAR QHGRW eRslEIeBcaRIBcriRtaiesablyopac ticanstisien st fas the

maximum size. The maximum size is a user or designer controlled

data itselfameter. However, the size may advantageously be related to the size
of data or addressing blocks used by a storage device, such as a
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deciftégierably the decision nodes are related to portions, and more preferably

relatively small portions, of the key. This has the consequence that the
Data%gscésilrg ex%rsa ag,lgnl Egge!gd must, evolve with time and this can lead to degradation
in performance as the database grows. It is therefore necessary to allow for insertion and

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

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

used, such as optical storage devices.

As a conclusion set approaches or reaches a predetermined size, a new decision node is
inserted into the decision tree and the data which was in the conclusion set is re-indexed
into new conclusion sets reached via the exit paths of the new decision node. The new
decision node is inserted in the exit path of a node that had pointed to the conclusion set

that outgrew its maximum size.

Thus the conclusion sets are constructed to be well behaved.



independent of the structure of the key. This also has the advantage that
the decision graph places few, if any, restrictions on the stricture of the
key. Furthermore, the portion of the key to which a node is related does
not have to follow a structured order as the decision graph is navigated.
Thus, the portion of the key in question does not have to progress along
the key in onotonic fashion as the graph is nayvigated. Advantageoysl|
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being global means that the computational task of maintaining the
decision graph is generally low. The localised nature of the reorganisation
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no functional limitation to the size of the decision graph. The structure” of
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Also disclosed is a database having an index, and arranged to hold data
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being represented by a plurality of bits, wherein the index is a hierarchical
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a search until a conclusion is reached, the search criterion of each node
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sequences is preserved. Thus, for example, the decision graph may be structured such that

a first node or set of nodes test a first bit or a first group of bits in a search key and that, as

the decision graph is navigated towards a conclusion set, the bits of the key that are tested

at subsequent nodes become increasingly less significant. Thus the decision graph can be

navigated to locate keys either by exact matching or by range matching. The range may be

partially or fully bounded during the search.

The structure of decision graph, and in particular the fact that changes to the structure are
local, in that they only affect a node or two, rather than being global means that the
computational task of maintaining the decision graph is generally low. The localised
nature of the reorganisation facilitates insertion, deletion and retrieval of data using the

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

Preferably there is no functional limitation to the size of the decision graph. The structure
of the index gives rise to a well behaved increase in search time as the decision graph

grows to accommodate increased amounts of data.



The localised structural changes in the index facilitates concurrent insert,
delete and retrieval events within the index. Preferably each item of data
within the database can belong to only one conclusion set. Decision
Graph Splitting In spite of the stron@ preference that the decision graph
should reside wholly within semiconductor memory this may not always
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database. Under such circumstances the decision graph can be held .
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index will increase as the key population within the index increases. Thus
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for growing the index when it is required to insert a new decision node

' .and the b G is full, a new block is created and the new node is placed in
Decigion éra lt%n) he decision graph is amended such that the node that
points to the new node also causes 7 the new block to be fetched from
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drives can hold phenomenal
system does not allocate sufficient memory resource to the database.

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

occupy the same storage space, namely two blocks.

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

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

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

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



amounts of data, but it may compromise index performance as more disk
1/0 operations are required to navigate the index. A preferred approach is
to create a new block and then to split the parent block (i.e. the full block)
substantially equally between the twd blocks. This approach does require
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nodes in the block or by approaches which are more statistical in nature.
Thus, for example. a recursive algorithm might be used which repeatedly
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disclosed is a tree structure where the nodes do not store the search key
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This second approach has the benefit that each index block contains a substantial

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

Pattern matching.

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

any given mode.

Earlier disclosed is a tree structure where the nodes do not store the search key but the key

data is inherent in the structure of the tree.

Also disclosed is a method of interrogating a database having an index and data, and
wherein the index is queried using a search key in order to locate data matching the search
criteria, characterised in that the index is a hierarchical structure of decision nodes, the
structure being navigated until a conclusion set is reached, and wherein a node may contain

a sub-sequence of a key, against which a candidate key can be compared in order to

determine an action to be taken, and in



node in the sense that the key portion is not calculated by selecting
successive parts of the key in a nominally varying manner. It is thus
possible to provide a database wherein the decision nodes can be
maintained relatively "small” since each node only stores a sub-sequence
of a key rather than an entire key. Phis structure facilitates data base
which tlonbﬂﬁg ﬁe; st%r %tglg&g’% Q}/ Rauern, M@Eﬂ@e (ﬁllc%’?{ %%ﬁl%%%gdl%oa
base having an index and data, and wherein the index Is querie
- the pOﬂm@@amﬁlR@y@W@MQ@qm&é Wehdayritching the search criteria,
characterised in that the index is a hierarchical structure of decision
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and wherein a node may contain a sub-sequence of a. key, against which

node iy terignsaibatdheden m&%w&@é%@e@ﬁ& s ps et T o ae

key if@k@mBAaRGRARaHgRMatching Within the process of pattern
matching, it is evident that the computational load in pattern matching is a
function of the length of the pattern that is to be matched, and in particular

It is thamesstity oA dRabaor s dIe CEF S BBASt Y feiagdntained

relativeR/PRU AN CBKRBAS M BRA-MAIGEHIRY RH1P S SINBY rithathRARArthe
database/index efficiency a%so depends on how well the key pogulaﬂon is
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matcliH€ry. This is best illustrated by considering two rather extreme examples.
Supposing the index is organised by name of clients and other entities

that a business may wish to correspond. with. A pattern matching ,
Also é@a[hé?fﬁm AT B IO AEtey YABIREE o BB B G

usingkeyarsRaBNas GuENg Ro-i0dex Wnﬁhh@sé@bﬂ&ﬂf&@?chﬁiﬁl&eﬁ'ﬁé&ﬁ%@t
sed inthe 9 paitern matc?lgg IS "E". the ven that this is likely to occklr
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a conclusion set is reached, and wherein a node may contain a sub-sequence of a key,

against which a candidate key can be compared in order to determine an action to be

taken.

Enhanced Pattern Matching

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

expensive than matching a long string.

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

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

This is best iltustrated by considering two rather extreme examples. Supposing the index is

organised by name of clients and other entities that a business may wish to correspond
with.

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

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



As a further extreme example, a sequence which occurs infrequently will
also not reduce the population of keys that have to be scanned in most
queries. Thus, for example, "ZZ" is nglikely to appear in a query and so is
not a good candidate for a pattern matching query. As noted

patterh efigiciahic Bhehamrechhradiang likkbteddnunisatsekee, thedegkdikely it
h is Hnat the seguence \{vill appear in a key. Thus a single character is likely
elp n 1viding the ¥ %%at10 ; e
0 appear ina )? Ith many characters whereas a specific sequence of
four characters is much less likely to appear. In an ideal case, the query
As a §trihgr wotdtheliviglertieeqrspudationick@psuactieqhfrohn wilhetie not reduce

substantially evenly, A probl i [l t ' tit s .
e AR RSl
unlikefetsepemutiere ey mdny shatacterd Gutituc iketibaturonhgshies query.

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

As mgé_aa"}?esz&%{éodda%vl%{mg%ﬁa%e@&oﬁmw&@ &E@@&I@m&@%ﬁaﬁﬁ%

isclosed is a method of storing a key or part theyeof’in anindexofa
the seipenisasell orherein tewlEhvemsieglerhnagars Hksppedumsa B arsexsadth

manFQRSHYERG G dSLotaieast somed trgNaluesibREdhe flRMERsIgaly o

take to a second set smaller than the first. set. Thus the number of
appegifferent characters that can occur in the key is reduced. The mapping is

not unique but if the mapping is appropriately selected the likelihood of

Tn arPfAXS0ELE dehAtastarinl tNSLREGRNL SR! QERIAHNY FaR RELRASIRJRNA gk

and combinations of two or more characters can be used for sequences.
substsyEfabyIy M- mapping is applied to the key prior to navigation of the
decision graph for insert, delete or query operations. 10 Advantageously

A pRithentheprgingbkey yabieiar iheiconvarteddtey \aiaedwiicints smatlese
in terms of the space required to store it) can be stored in the conclusion

sequepee AISBEIISEI Bdbd s SMEEESE INWHEATE )Y dRaThppates a1t the
likelBSHICET:SBRABBIN@NGHearing is much greater than that of many other ones of the

characters.
However, combinations of dual characters can be rare.

Also disclosed is a method of storing a key or part thereof in an index of a database,
wherein the elements of the key are mapped from a first set constituting a list of at least

some of the values that the elements can take to a second set smaller than the first set.

Thus the number of different characters that can occur in the key is reduced. The mapping

is not unique but if the mapping is appropriately selected the likelihood of any single
character of the second set occurring can be reasonably high and combinations of two or

more characters can be used for sequences.

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

insert, delete or query operations.



prior to index navigation. Key Com rep scion. As noted hereinabove, some
prior art databases store the full decisioniseareh key at each decision
node. This can create a relatively largge.index structure given that the keys
can themselves he large. It has also been noted that in a database
AdveanpstlistingBe eivboadimentyoldue prasesinnventivg; (hiseattthke ymelter
0t not ?%ad to he stogf%? atteacth decision né)de a|th%tl h it may be desirable
T store PPSHON'G h"ess"é%}»éﬁ%‘;%%oée BLIBor RSO option to
store portions of the search key still results in a relatively compact
Also didebssieis detisiorsd reewhiic hhedwe yreartanmigiatet trapictjuddd vaage r ftvelues

riorl{g)\/iegé}cgr h%s {%%Iised that the key does not need to be stored in the index
PHOT 8 Rativeform. Thus the key may be encoded into a form which takes

up reduced space. Also disclosed is a method of encoding keys within a
Key @atapaseorwherein key data is stored in at least one conclusion set in an

encoded form so as to reduce the storage space requirements of the

As %‘?&’dﬁé&é&é@éﬂ%?&%ﬁé‘)'%? RIAUE EMONE. RMBAG ?s%'}z‘s%i&&ﬁ%- e
ata base supports ekact ‘matc ing. It Is important that the mappl%g
decifinctiols.id e ltdnetrasted; thlatiis]tHatew hrste:tsombppigyefuthetior iseys can
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not necessary that the mapping is unique. In ere the mapping
of thelgerienmryiveion Highcdurbeveiloomprestiorit Betshesanlgityisintikelge.
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_mappingalgorithms are used. The use of dissimilar- mapping may be
optigedtrighed notticasintieccsatthdien gétsesultsidpswislaieehubtished dwpsisg
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implement the mapping tunctions. Preferably the mapping function is

key daesnpcdnasdéeuba stvstanfibeniadesngeitsmsssriverm. Thus the key may be

encoded into a form which takes up reduced space.

Also disclosed 1s a method of encoding keys within a database, wherein key data is stored

in at least one conclusion set in an encoded form so as to reduce the storage space

requirements of the keys.

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

matching.

It is important that the mapping function is well behaved, that is, that when the mapping

function is applied to a particular key, it always returns the same result.

However, it is not necessary that the mapping is unique. Indeed where the mapping

algorithm gives a high degree of compression it becomes highly unlikely that the mapping

will be unique.

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

mapping may be restricted to use in the conclusion sets.



integers (including zero) whose size is at least as large as the population
of distinct keys held within the index. Thus each key has the potential to
be mapped by the algorithm to another value and no keys are too long.
For example the mapping can be calculated from a scalar of length N
bytes using the following functiort:1[(KO x 31 A(N-1)) + (KI x 31 A(N- 2))...
Knmigf Dt &%On@gyx{%%golﬁmﬂ%t%}pﬂ Byt YRIME (R ERBMAMABKK sy
the smallest powér of 2 greater than thé size of the population of distinct
be ugedys implenientbeimdpring figigeiensd values of R are 216 for indexes
containing less than 65000 keys. 232 for indexes containing less than 4 X

me%%ﬂvg(r?{%sgné %ﬁl&oﬁm%eé Eﬁﬁ@ﬂqg leasthem i KorDd Q@Y of positive

usly the key information stored at a conclusion set may be the
integern(ioriidinglZees) whostoTE ih Brienshre dgkekers by pravkatpoldistiriieys
3@?199 | ' eflxml%b@' B BPieslgsrithm to
beld [ ere%%\({)ﬁ{ﬁr%fmg%%#fgg\g?? g%?&tegalfg%g;rg] the ecisl?jc?n gragph.
anotiPu siferandmdrkeEsagies /188 lead to many key hits. Each result returned
from the query may result in a retrieval of the associated data from a
r da¥iee. calnaaihig-iypically 42 |anare digks thefeathe
disk I/O operation may be required for each result returned from the
follayiegyfunidedil of the data fetched may be required. Consider for example
the case of a. multinational organisation which wishes to query its
personnelgatabase in qrger(ie detervine thexwriigoehiemployees based

in London and within a specific salary range. An index based only on

location or on salay, nmight return
Where KN is the ny, byte value (0..255) of key K

Fo

R is the smallest power of 2 greater than the size of the population of distinct keys
held in the index.

Suggested values of R are
2% for ﬁdexes containing less than 65000 keys.
232 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



many employees for a given query. It is only the resulted of the ANDed
enquiry that reduces the query size. It is known to modify database
indexes for this type of query by storingsmore than one key in the index.
Thus the key can be regarded as a compound or composite key. The

a hardrdisicgbenhalishiriditaper tionanag iteyréauiteddatarab e swlarching dioRets

quemjs much reduced compared with the chances of a candidate matching one
key, then the number of hits returned by the query is reduced and fewer
disk I/O operations are required. It is known to make these composite

Not ajleféhp gl ftchehmmidkegdaiteether. Put simply the second search
criteria is added to the first at the time of index creation. However, the

Consiadividualkeys mayRe ulteBngiivhand PIAdHEINGARINIRKS o query its
concatenated keys can result in the index becoming very large indeed.

persoypd dpiphessrinradorda daeriag syraatacheb ey shersd in lendngirad.
withifPEpRUEeanI Ry fastbeancadeshQrepressMiestiBY & Wekdian kitisecenee

of significantly reduced length. The first key in the index, and every
many; GRRNRNFSAHRE{ B Ve HERteR At kel e ARSBECdarbsenbitsh Strery that
reduBodifiefdprmzAlso disclosed is a method of organising a database,
wherein the index key is a composite key containing at least one key. and
in which one or mare keys are re%;esentegj in a compressed f

rm.

Itis Ioyatariagh L Bl ARG RES S BB AHEbNiprasEay R b one key
in thE[ﬁ@iﬁblﬂlihﬁgk%@y&%%@mﬁ@@%d bynipapRing EemoiiRRedNThe chances
uncompressed form.to.a compressed form. The mapping need not be
of s GRS TE R SRR SRR A P B A SHRE )
withtihe ciggek bishingi@ge rthohs ddherkds, thynthe warbtaciithiat differentkeys
can be represented b .tgg( ame reduced r%%es ntation, a risk that a

queradéfﬁ%dﬁ%eiﬂgr:}%%% ¥és (s ST Y IR 8 tfery and some results
that do not match the query. However, assuming that a good randomising

It is Maskn encodintdscusedidiie pegbbpitityaiaatiis atclhgthon@keynply the

255 gutf r.N.qual
c

seco:rl'l:cll search criteria 1 a%dgg '® the first at the time of index creation. However, the

individual keys may be quite lengthy and producing an index of concatenated keys can

result in the index becoming very large indeed.

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

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

represented in such a modified form.

Also disclosed is 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.



the probability of a mis-match is (1/255) N. Thus, the error rate is
generally small. Advantageously all hits returned are inspected so as to
validate the data and remove any wropgly returned results. When
performing insertion, deletion or retrieval, the new key must be
Prefesgmhpiieskexs usingnipesarnhbykeyrans titon fryoces suas wassssé ddorbiaild
i Pref - itional nt after, the first element o
o e e B R b
mapipRgferably prfprmdtbyl dgueheishasbimpalenyitherembodiments of the
present invention with the prior art, a prior art concatenated key
TherEQNBYSAO RIGE LY GlAMENLS 260 OfLINDNCHOFHPIES OISRl
the embodiments of the present invention the principal key may he
reprepepEioBniaetirthaha greoplassad orrrssuthdhebygooveiebyitryigeny eas, some
resul/ R H3ESEYRRACALIGNAL KENRURY Nea HGRRCHIY e IoR ERABIARIACNEsh
byte qualifier. Thus the total key length is now only 1% bytes. The qualifier
encofiagdavecepiiie mapbabilith oha, misy el &F the ke Mayhdysrovitleaalifipg
the pREbABERY GUERY; DRCALSE (Neysgg not affect the navigation of the index
structure. The testing of hits against the qualifier keys is performed when
scanning the conclusion sets. It will therefore be appreciated that this
Thusefheiikiaftioetnaalvemabn can be used with conventional database
structures, such as a B-tree, or with the structures disclosed elsewhere in
AdvihiscepriicationLénAddiianalipqualifiers canfigidisad inco NSRRI,
an index where the information relating to a node is inferred from the
WIOn X RIHTBP GRS rather than explicitly defined by or contained within the
node itself (such as an index constituting an embodiment of the first
Wheaspeirafilbenseasendvestionetisadiselasekis aeatabasapiisseinthe
index contains at least one key, and in which one or more keys are

the slaéﬁ?é?éﬁfgas- t&%@ﬁ?ﬁ?@%@é&’?&r}lﬁ?d to build the index.

Preferably each additional element after the first element of a concatenated key can be

represented as a “qualifier”. Each qualifier is preferably only 1 byte long.

Thus, comparing the embodiments of the present invention with the prior art, a prior art
concatenated key comprising eight key elements, each of eight bytes, occupies 64 bytes.
In the embodiments of the present invention the principal key may be represented in an
uncompressed format, thereby occupying 8 bytes, whilst the seven additional keys may be

respectively represented a one byte qualifier. Thus the total key length is now only 15

bytes.

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

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

It will therefore be appreciated that this embodiment of the invention can be used
with conventional database structures, such as a B-tree, or with the structures

disclosed elsewhere in this application.



Bounded Key As noted hereinbefore, the efficiency of data base indexes
can be highly dependent upon the key characteristics used therewith,
leading to potentially inefficient indexing systems where the key value is
continually increasing or decreasing. An example of such an unbounded
Addikeyaidy iealifesiandkeyethat eonsrativy indheaseadwithvbeigdhe tifEnmgon
relauﬁ@%% HRMS AIRAdd %ﬁ@ dRE IR SReRCALSBEN.A sgﬁa{ y&me@w%r

be created, and as the old Keys are deleted from the index they m
contegngiswitty e ResiotsWHeHs s Aol sr 28RS Aek bodimsibet %ﬁé@&
aspedObNEW feyeraluesadbwould be highly advantageous if the index structure

could be organised in such a way that the use of an unbounded key did
not cause the index to become unbalanced. Also disclpsed is a m thod of
Alsorflisrlpatihiy 2 BB SERRIRR AT YIS OIS HEIRRLATS FrstaRdy BRdrsh one
or mSRAQRM keYdepresantingdimitscatdhedange, and wherein the keys
mapped to a reduced range, and if the order of the keys is not preserved
B durjng the mapping a search is made of the mapped space greater than
Jﬂ%@?ﬁ%@ of the keys and less than the smaller of the keys.
Advantageously the key is operated on by a hashing or modulo function
As rogehrfainthgore se afﬁ@@hsﬁaﬁﬂa@kﬁﬁmﬁi&eﬁiﬂfﬁmﬁeM@@L@p@hﬁdﬂ&pen
datapase. Thus, for.exa an unbounde te/tl K) .(which ma
the K5} SRR 58 W ORAEI o b RIS LS TS0 SR A Tob) R
wheﬁomeekt@d talK inodutdadd)wheteading hedeheaemgnddulkefortieecingeh an

Th st e ver WI|| al fall into the. range 0 to (N- )
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Ir native form, suc ing
the mdex to become unbalanced.

Also disclosed is a method of navigating a database with a range of keys between a
first key and a second key representing limits of the range, and wherein the keys mapped
to a reduced range, and if the order of the keys is not preserved during the mapping a search

is made of the mapped space greater than the larger of the keys and less than the smaller of

the keys.

Advantageously the key is operated on by a hashing or modulo function such that the keys
are substantially equally distributed throughout the database. Thus, for example, an
unbounded date/time (K) (which may, for example, be the number of milliseconds 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).



errors can be avoided. Embodiments of the invention can be applied to
conventional B-tree or other indexes. Also disclosed is a database

including a method of coding unboundexd keys for use within a data base,
characterised in that each key is processed by an operator which maps

 Preferaple hsyniochil buaia sambyle. thedrisietit Reye TrEtOISSshbibRaBY

numbdiQopandie data whessveldiyu® salinessiistHanitRedoR IR HIREbe
_range. or other range of values. In prior art data bases, such "transient"
pointed o fBahhireadHifeh ke B Rta, and as a consequence it is usually

necessary to explicitly delete obsolete transient key data or to remove
Advarggebiogs oktbenindexwberasishohseleierkay watammsideseiueR key in

operations can be very pr&cessor intensive and can.incur a sgl%r)ifica ce

the ungaRBEhE5EE SO FRESHITPIRE HRanASE S TAFF M oSE dbkigncn then
compReNSHBURtsdaAlso Hiscackdiés sceshioe henaging keys withitha miiatping
base, characterised in that the keys include a data field indicating a
mors(‘fﬁ?iﬁf’o?l"f& ?éhich the key and its associated data should be maintained
within the data base. Thus, some or all of the conclusion sets may be
Embothodified the iolutd@nata tredipglinigdhenduraienBareahichharkedeaed its
associated properties can be considered valid. Preferably, expired keys
re not.actively, removed,from the conglusion sets. but.they become, .
Ao G R e a0 e SR Rt PR WBin o
data bisd)ohareeetitedeixplicitipdictetastransiand keys apotitendsdoapesithaiancea
boumfggeggeead is involved in a 16 deletion process. Rather, once the marker
fdicates that the data is no longer valid, the space that it occupies is

made available for re-use. Although it would be possible to provide an
TransexpHleitsdate and time marker for the data at which the iniommation would

no longer be detected within the conclusion set, this form of encoding

TherE RS IRIGRUP 2RISR IR U AT QLAY BPRECRINRPIETRHEA 10 o
- embodiment of the present invention, the key'is associated with an age

certaigrimeviaigle.givether regsoraabiigss [n prior art data bases, such “transient” data is
handled much like normal data, and as a consequence it is usually necessary to explicitly
delete obsolete transient key data or to remove sections of the index where such obsolete

key data resides. Such operations can be very processor intensive and can incur a

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

Also disclosed is 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



current age, and an age limit which indicates the age at which the data
and key are no longer valid and become available for overwriting.
Preferably the age unit is a variable, whose length represents the number
of seconds in a single age unit. The age limit represents the number of
deletiagetonitss affetiwhiohca Keymadsehmdientesvibat flomrtteindelonger valid, the
fyantageously Gonglysion set contains an age base which is a
Spaoe?ate?‘t?me S%impS?% e mé)st receﬁ‘ta?y Inserted/updated entry in that set.
When the conclusion set is accessed, the age of each entry is calculated,
Althoagll cveniidirepersiylenie reevills of thielealcidationstiare swked for T eyt
whiclP @ ﬂ&tqgrﬁa BAIRALER0 m?egzlha% MAdE-DEMERTHOERBRY G082 e A%
imit to determine when the entry can be overwritten. Determining the
encodngntivity BkSunlar DueseREbtatkharednbefbreaptdn amrarekbyaeedsmt
of theIFARAR AFeRRYIgAad dawmataileal DIACckS JthakfoldHRE Se¥\AaRR.f its

pointer information. Navigating the decision index may require one or
currephEs-csR Hipagolitpiitdperandisates MscaccHosbirkdle daeaobs ide
longdPvBACEH P& EXISIANER AL YDigHekRyisgmbinations, where duplicate
combinations are frequent, then the disk structure of the index may be
inappropriate for a high performance system. Also disclosed is a method
Prefeéwaijygtaﬁigw%@ta Vaksbleurhatde RN SRTBReESi O ingaReANE seoreds in a
singlNgexaWhereindth gk YSiRsthe: ey index ae:staiskk ke GAmIM € 28§ nay be
manner, and wherein a check may be made of the key index to see if the
femwgﬂ’é"té}ﬁrié‘@?é‘intenogating the decision index using the key. 17 Itis
thus possible to provide an efficient memory base method for determining
AdviRRoexistensd ebackeywwith @ntnden sHchathatihg needite seakihiper the

index itself directly for the key can be ayoided. Thus the embodiments of
oS L R LPRGHE R BI Borrip IV SRS SOARRISH PRI SO

age SRl ding enegeaaike ynvblidesitncsemsicanduetor safraplcdiiv existensed
of a ke
in an entry a)ée field. A comparison may be made between the entry age and the age limit

to determine when the entry can be overwritten.

Determining the Duplicity of Scalar Data

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

frequent, then the disk structure of the index may be inappropriate for a high performance

system.

Also disclosed is a method of organising a data base such that it has a decision index and a
key index, wherein the keys in the key index are stored in a compressed manner, and

wherein a check may be made of the key index to see if the key exists prior to interrogating

the decision index using the key.



is checked to memory prior to searching the index. If a matching entry is
found in memory, the key is rejected as a duplicate, otherwise an attempt
is made to insert the entry into the index. In order to provide an efficient

~and compact structure, the key index uses a one way mapping function,
It is thychossiblhasipievidiom Th featmenontesasisthakiion dsishiging the

existeﬁ@@{)mw&ﬂ% agRush-thal: Y¥henavsrthe MarRIRG-fUREHR Ry for

invoked on the same key value more than once. the mapping function
the ke}‘rﬁi‘@t%ﬁ‘ﬁ%@@ﬁtly return the same value provided that no information

within the key has been modified; if two keys are deemed equal, then

Thus #RIIRBIAEMRPBINASWRGIAN AR QRGN PlDR AV KEIFEHIS L RIAEHIEE HRx
same result; Itis not required that two unequal keys are mapped tg
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is chellRravenibRosffisiRnay etihrdinden. Rublished hash sedecalgorthmmsdauch
as CRC 32 and Adler 32 may be used as they provide suitaple
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into thakfeged as a homogeneous array of four byte elements. This array is
known as the identity array. Preferably the number of elements in the
identity array is 1,1 times or more the number of unique kek/melements
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mappBififaieniiorsibe identidyhafiayionbelat feastasdarpe kslihnodex of wiher
hash functions, Ag d B. are used in conjunction with the array. The
MapPR; AHBHLCAE S ECE Such that, 18 For any two unequal keys, K and L,

where A(K) = A(L) it is unlikely that B(K) = B(L). For any two unequal keys
o KWhenkewheke Bdi)im: Bihytidrs uinlikdbdthatthd ($he A¢k)value more

than once, the mapping function must consistently return the same value

provided that no information within the key has been modified;

° If two keys are deemed equal, then calling the mapping function on each of

the two keys must produce the same result;

° It is not required that two unequal keys are mapped to dissimilar values,
however, providing distinct results for unequal keys will improve the

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

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



The hash function A is used to calculate the offset element (0.N) in the
identity array for the key K using the following equation: Element number
= ABS(A(K))modulo N Where ABS(..) returns the unsigned magnitude of a
number and N is the number of gJements in the identity array. This
function is known as the element function E(K). Each element in the
icentityyawayustgue S IBTK Kansr b bt AMEN TofEk) 5 i velikey Bak). A key

(lﬁ)@g:eﬁ@ed duplicate if the element at offset E(K) contains E(K). If the
elément cantains any other value, the index structure must be searched

to determine its duplicity. For an attempt to insert a key K into the index

thieofotying wequaicy oK endrisvisa B rdR(iE ik jiLpkkelidiel. Then

B 53,:% lated. If the element at E(K) in the identity array contains
B(K),then‘the insert is rejected as a duplicate K. However, if the element

at E(K) in the identity array does not contain B(K) then the element is
The tovlefmition With BEK o salswatetopifactfieRest éﬁ%é\‘m Hededdgrtian e for

the key is ?&PAWE cquagolse of an identity array considerably reduces

the k%g(sutso%lggtjl% area regzi?ed to hold the list of the keys. If a data base had
one million entries, and each key was 32 hytes long, then it would require
over 32Mb of meﬁl@ﬁ?@b@&&%’fﬁ@%@é@?ﬁ?@m . However the

equivalent identity array would only occupy 4.4Mb of memory. Orsanisina
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graphs'with nodes containing one or more items of four key data. The

elemtreeip thphSTAREEMA graphs) are navigated down to leaf blocks
(conclusion sets) that hold the key value and pointer information to the

‘Tmsg%ﬁgnqgﬁg&&nﬁyﬂﬁtw&é}{WMQﬂm‘index may require one or more

Input/output operations to find a chosen key. Disk access operations

generally represent the highest performance qverheag of the.index since,
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contains any other value, the index structure must be searched to determine its duplicity.

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

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

The use of an identity array considerably reduces the storage area required to hold the list
of the keys. If a data base had one million entries, 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 data



with each partition assied to a different physical disk, thereby allowing disk
1-O's to be overlapped during index operations to increase the overall
throughput of the index. This method ofgubdividing the index presents a
fiat one dimensional view of index division. Also disclosed is a data base
structiigieNatigrivg haindsraremicinsire cig O sTsetaiHHEXDH Speativgate

find SURRAF IS, Workload 4q pRRidROIR.QIhRY IRdexes: RieTeiakly adeipgaie

index may itself delegate some of its work load to one or more other

overhpidelebe Apidancparti@pstilg drisacsss Metaveryrapireiedsgory access
and Jﬁi%ﬁ%l@é@lﬁé@l r@d&gg. qrfosl?hk?@w%iwmd e‘éﬂ?ﬁh@i}(ﬁédﬁé isbandingsed
.. sub-range of keys on behalf of another index, it i wn as. a delegate
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overlgdnanifesinab-anjegaxis eefinaddyiimiting b thantigpousfsiibsatof This
bytes withip the key to a contiguous range of sible valyes..An:
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conform to an index key, manifest is rejected by an index, otherwise the

Alsokiyoped ationtism hasdiedekydthigléddex bicomehofdtstdetegateithdbxes) ifdwe
may ISIRIEhY ey be artanged such that, eadindexmay have a zero, one or
Y ffore’de egate n EX6s. but each Index may orrfly be a delegate to one

other index. Where an index has one or more delegate indexes, an
Prefapgdyatideldgvin sektx npgattsctirdbigte sotkepistsuismiitiend to thve deteeratether
., Index with the appropriate key manifest. If none of the delegate indexes
indexes. . . .

ave an appropriate key manifest, then the operation must be handled by

the index itself. Where an index has one or more delegate indexes, an
An infierptitnipatisganchidbrdikeydangfaidessbmisednmbilior tHangeelgatekeys.
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index itself. The query results from the search delegate indexes are
knovgoasloiAeldea indich. td Fedwit srbrreage iindexs awnkepaieticall of the

gueries can be performed simultaneously. It is thus possible to modify an
PrefGRY SEUCIHESSUCh Jhat YAk GaiRR.SHPHMIARE ACEATSMANIGH et of bytes
sub-indexes therein. Each sub-index may point to an associated
within the key to a contiguous range of possible values. Any attempt to insert, delete or
update or search for a key that does not conform to an index key manifest is rejected by an
index, otherwise the key operation is handled by the index or one of its delegate indexes.
The hierarchy may be arranged such that each index may have a zero, one or more delegate

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

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

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

the index itself.

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

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



physical storage device thereby allowing multiple concurrent disk
accesses to occur. This reduces the disk bottleneck and allows faster
operation of the data bases as whole. The present invention will further be
described, by way of example, V\g h reference to the accompanying
drawings, in which: Figure 1 is a’schematic overview of the present

with Bverban; fiigutee 2iitax’s otvemsticche pradenfathon oletirs loaficks gwrformedof

. .adecision graph; Figu schematically illu t
Smm@&ﬁ?&@ 'n{?o‘g; i resif) 53(1)e%0a%t%aﬁ9 fﬁ)éggrﬁs#é@ the gt%fct%ér%%%éoz& be
subdividaé lusins seloisguirénBesehthoraitic digchl ssbratdex thieyspaintipdibimncaied

.in.a conclysion set Figure 6 schematicallyj r .
Dl AR Do e L Gt 216 ABLUgTh SEAl e
reduckd g edBlsbbicinaticaty allostrfuste tyerptvoadithe dateibasertiagvaokey; Figure

9 schematically illustrates the procedure for deleting a key; Figure 10

schematically illust the fg,r Bﬁ%@ﬁﬁh@y\ﬂﬁe{% Sigure dd
The p§8?%?n%ﬁ%%“i%’§t§@§rt eedégglgg l’J?%fora g range of query; a%rd Figure 12
accorsphpingticadingiistrabedthe procedure for traversing a node with a

decision group G, decision value V, to minimum and maximum key

Figurg?pa%esécﬁgr% art%%g%]m%g Jegultse JQUIe dfishows the structure of a portion

ecision gra igure 14 shows the logical structure of a modification
decision node. 21 Figure 15 shows the procedure for inserting a key.

FiguEigire Shemsivsetmesqptateel hddesierbinerBray 2 frgisieneraBhows the

procedure for an exact query match. Figure 18 shows the procedure for

Figul{ S ERAGIR AR AP ANELRlbRBg. e result Figure 19

ows the procedure for a search of a pattern list. (L). Figure 20 is an

example of how a pattern match process helps in sorting data.
Figure 4 schematically illustrates the structure of a conclusion set;

Figure 5 schematically illustrates the structure of an entry in a conclusion set
Figure 6 schematically illustrates an exact search procedure.

Figure 7 schematically illustrates a range search procedure.

Figure 8 schematically illustrates the procedure for inserting a key;

Figure 9 schematically illustrates the procedure for deleting a key;

Figure 10 schematically illustrates the procedure for an exact key query;
Figure 11 schematically illustrates the procedure for a range of query; and

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

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

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



Figure 21 is a schematic illustration of a decision graph having a bounded
index; Figure 22 shows the structure of a modified conclusion set; Figure

23 schematically illustrates a first way of splitting a decision graph; Figure
24 schematically illustrates a second way of splitting a decision graph; and
Figure 25 schematically illustrategthe configuration of a composite key

FiguRadneRiksalié grscdipesisr iighigy b Rehematically illustrates a database
incorporating an index constituting an embodiment of the present
invention and a data store, The index 2 comprises a decision graph 4 and

Figuge 16 shoi5 B dBeratin i deding &eY0, 12 and 14. Each conclusion set is

reached by one, and only one, path through the decision graph. However

FigueaChBens MsintcsaRidTenpRinis: pdsiavadt entries within a data store 16.
Figure 2 schematically illustrates the structure of a decision graph,

. generally indicated 20. The decision graph commences.at an origin 22
Figuh KGR PPGCANG R GRIRRRE AP FUBFSRAREER b SHigRImFife the

resufdrigin may have zero (for example when the database is new), one or two
decision pointers pointing to further nodes within the decision graph or to

. _conclysion sets. Each gther decisipn node may. contain O, 1 or 2 decision
Flguﬁ%i‘r% gwﬁﬁgﬁ pgoggﬁ egcfgi%ﬁe?f%?g? B%%ﬁﬁh%g‘té ither another decision
node or to a conclusion set. The 22 decision pointers at a decision node
FigurdlR0& saferiegibefdinwia pattémarah posases helpditithetihiplamointer”. A
decision pointer at any decision node in the decision graph can only point
T to either oge (%hell dgc'siongo e.in the same de%i ion éﬁ‘l{’h ortoa
1 SO eRAEH L&t Nloﬁl Ea:is?cc)ﬁ‘loélrgrﬁﬁ hode must be pofh 24 to
exactly by one other decision node within the same decision graph or by

Figiuhe2d sigpvs Bigntiadyranf eanclifsidnosehsiestdye pointed to exactly by only
one decision node within the decision graph. Thus any conclusion set can

._only.be reached .hy followi single and unique path through the
Flgggg/?sfgneﬁlﬁalﬁﬁ%érés %eéﬁg%]? yﬁéisrﬁguegpaﬁcfnli%gr\%gas a navigation
path.

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

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

therein,

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

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

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 (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



Figure 3 schematically illustrates the logical structure of a decision node,
generally indicated 40, in greater detail. The decision node includes a low
pointer type, a low pointer, a high pointer type and a high pointer. The low
- pointer type 41 indicates the purpose of the low pointer 42. The low
pointer type 41 can indicate whettier low pointer 42 points to a decision
decisiBRPSIREAPRCHIRIEIOsUS etilThertdor pbliotein4R aitfds: toer adidteSsnd ‘the
., decision node or of the conclusion set that it points to. A zero value can be
high pAYESYed to indicate that no pointer exists. Similarly, a high pointer type 44
indicates whether the high pointer 45 points to a decision node or a
A deiEBEIpGHAR 3etnY ldechigh pedatier tindieatdentpepaddnessopong Wedibimmne
node or the conclusion set that it points to..Again, a,zer lu be .
other S48 TRETCRIP AT RO FOTNLFERAR. AL SRS R pee e ctton
graphSibdetunietkthein@ecisinacyaphote beegrasenediamdtistotetswithdaciaca
processor and it memory. Figure 4.schematically. illustr; %2
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by ol S PR R AT eap e e o RIS, G s
uni siRMsataslheavégtiyrcpaiBists of three fields, namely a link field 80, a
qQUROERLE

key field 82 and a property field 84. The link field points to the next
conclusion se

) eniry. The zero value can indicate.t e
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index, each decision node visi long lgati : SIQARE 2
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8t possibl8Valtes taken by the decision group is known as the "decision

pointandfeboints to a decision node or a conclusion set. The high pointer indicates the
address of the decision node or the conclusion set that it points to. Again, a zero value can
be used to indicate that no pointer exists. This enables the “tree” like structure of the

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

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

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



and is bounded by a decision range minimum value and a decision range
maximum value. The decision range minimum value may be any value
less than all bits set in the decision group, and similarly the decision
range maximum value may be a% value greater than the decision range
minimum. For convenience, minifum and maximum values may be
In ordEPISSEHIEAIRIA; YRSHREH BavaltsRMatdionsEystemoRasividetinigath
node has an associated decisign value, The decisjon value determines
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examined decision bit group in the key is greater than the decision value,
betwesiha Aige ﬁ‘fé‘ﬁ’é\ﬁrudé}ﬁwlm ﬂi‘§é‘8§"€omparison of the decision value is
advantageously performed using unsigned magnitude notation. The
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decision groups. 3. The mathematical average of all the expected values
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decisib8aiapeofinarindex For thevenkdian ofithewnraedtdedision values (ethee
most recently used decision val eétangl the decision value preceding it.
reprepeiied dpAiBRF SRS SRS egt}%tﬁ%o S3\W8ited decision node can,
advantageously but not necessarily, be based on one or more of the
EacHllewing riodehRad eisien girdpdmayohetiiecsafie fdeadl theraecidétmmines
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key He%?éfslht%%gﬁ%9%%%%%“&%%%?83651%& lggnclr:‘ﬁ%lr?gues when the decision
value between successive . ‘
Comparison of the decision value is advantageously performed using unsigned magnitude

notation. The decision value can be set to any value chosen by the sysiem manager,

designer or operator, but advantageously is selected from one of the following:

L The mathematical median of all possible values of the decision group.
2. The mathematical median of all the expected values of decision groups.
3. The mathematical average of all the expected values of the decision group.

4. An arbitrary value specified at the time of creation of the index.

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

and the decision value preceding it.

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

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

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



nodes would change by less than one unit or by less than some other
predetermined threshold. The size of the decision group at a decision
node may be determined on the basis of one or more parameters. The
size of a decision group may, for example, be fixed for all decision nodes.
However, the size may be increagéd from the previous decision group

i WHSQ BWn Qx%‘agiﬁ&%@?&ﬁﬂg&%ﬁﬁ%@y%@k@maﬂwﬁ,m.si_ze may be
decreased from the previous decision group when a new decision group
is selected. The position of a decision group, relative to the key, at a .
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and/or alternatively, the position of the decision group may be a fixed
offadnifm of érprEVIAG §GELESFPHRoup when a new decision group is
selected. Advantageously further constraints may be imposed if the index
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significant bit must be Iincluded within a hlerarchlcarg?/g%l ficant,node,
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overallikay should then be changed in a monotonic manner of decreasing
significance. It is advantageous to consider some examples of how the

index may be navigated. Figure 6 shows how a four byte key, can
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in hexadecimal notation. In this example, each decision group has a fixed
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the most significant bit is designated zero, the next 25 most significant bit
dec%%%?tﬁ’é”%%% H‘?B"s@%’rﬂlﬁt%‘?ﬂpﬁ(ﬁ?lﬁﬁtﬁdéo on. Furthermore, for

simplicity, the decision value applied at every node is four. Thus, if the
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nodes. Additionally and/or alternatively, the position of the decision group may be a fixed

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

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

significance.

Tt is advantageous to consider some examples of how the index may be navigated. Figure 6
shows how a four byte key can be navigated in an exact match search. In this example the
keys are 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



As shown in Figure 6, a number of names are presented to the database.
These names or key values, are Fred, John, Bill, Zoe, Eric and Pete. The
hexadecimal equivalent of each key is located adjacent the name. The
navigation process that will be described is suitable for insertion, deletion
or matching. Initially the keys are pfesented to a first decision node 100 at
most G MR bR t§’n§,‘_ " 8L%: }%S’SFF%%%@&%&%E‘ Rgragdegim @L%é&ﬂaore, for
ocguples one byte, it Is apparent that bits zero'to three correspond to the
simplicitys Haer destisiom whlgckappdied latieveas toded's Johin Thilk df thedesisibrsgzoumis
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are propagated along a high pointer path 106 to node 108. The nodes
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conseque heir decisions are based on the next four bits in the%y.
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0 a subsequent node (not shown) as bits 4 to 7 in the key encode the
for ipsaripR dalaégeasErsiinEohn and Eric are passed along a high level

pointer 112 to a further node (not shown) because bits four to seven in
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notation. Similarly, at node 108, the key Pete is passed along a low level
testagdoirftineg each esederimal wasdepscanies Ry 9alliés ZPrgrenh Sredyty gargsto
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IS process can be repeated until sufficient of the keﬁ has been
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6, keys are stored in ASCII coding and the ASCII values against each key

zerqdostheres RBAADR M MEX AbRIE AN HemiRpAsT! Homeig Bighmpiatermath 106 to

noddegision group has a fixed size of eight bits. The decision group is moved
down to the next eight less significant bits only when the decision range is

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

repeated until sufficient of the key has been searched to reach a conclusion set.

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

each key to show its value in hexadecimal notation.



exhausted; that is, when the decision value reaches either boundary of the
decision range. In this example, the most significant bit is designated bit
zero, the next most bit one, and so one as was the case with the example
shown in Figure 6. The decision range at every node is 30 to 50

hexadecimal in order to cover alliggits and uppercase letters represented
in the ASCII format. The decision value at every node used for a new
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subsequent node for that same group. Where only one previous decision
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value 48 (hexadecimal). With the keys as shown, Fred, Bill and Eric pass
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is known, as in_this case, the minimum or maximum bound qf the decision
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respég%aginter 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 tg 48 he adecg‘n 118
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the range extending from 3C hexadecimal to 48 hexadecimal.
At node 122, it becomes necessary to change the decision value. The decision value used
for this new decision group is changed to the median value of the previous decision groups
reached along the same path. Whereas 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, 34, 3B, 3C, 3D, 3E, 3F, 40, 41, 42, 43, 44, 45, 46,
47 and 48. From this, it can be seen that the median 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 value will be the median value of the range extending from 3C

hexadecimal to 48 hexadecimal.



27 Similarly, node 126 reached along the high point 124 from node 118
has a new decision value calculated, which in this instance will be 4C
(hexadecimal). Applying the key at this node, John will pass to the left
(low pointer) because it contains the value 4A which is less than the
decision value of 4C, whereas Z@@ and Pete pass to the right hand (high
Simileﬂmﬁfaer?%%ﬁ&%éh %Yoﬁ@@ﬁ@iﬁiéﬁ%&ﬁﬂ;@5$@ﬂdl&& llfegﬁ;esﬁvi&lw, debigibiis
greater than the decision value 4C. rther example of searchin
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key with each character, occupying 8 bits and bejng in the r "A'.to "Z"
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bits (one character) for each decision node. The ASCII codes for "A" and
value4€are 65 and 90 respectively. Therefore a sensible decision value for

this group is the median value (i.e. 78). In this example, the decision
group advances by one character (8 bits) every time that a new decision
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decision group within key to.the fixed decision value (78) to determine
Sear%ﬁ"ré’ﬁ’rﬁgﬁ’fgW&%%ﬁfﬁ%r‘g@gﬁhisticated approach involves changing

the decision value at each move to a new decision node. Thus, the
decisiontangetfanadenigian qromp ASIiitcoiaygten ekde cigibneaein gbaracter
minimum and degcjsion range maximum, which.ake %?,to 90 respectively.
When SStISS g%@?%“e%fg%(ﬁ rr%a%,vén%gp%ia?o may choose to

select the nec¥v decisionovalug8 R%Susing the median of the current and
pre'vioué gé% s%?%%?m%.%ﬁen IS is a new decision group and no

previous decision value is.available, the decision, range
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ether a low or high pointer
was The decision group advances by 8 bits (one character) for each decision node.

The ASCII codes for “A” and “Z” are 65 and 90 respectively. Therefore a sensible decision

value for this group is the median value (i.e. 78).

In this example, the decision group advances by one character (8 bits) 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 more sophisticated approach involves changing the decision value at each move to a new
decision node. Thus, the decision range for a decision group is limited by the decision
range minimum and decision range maximum, which are 65 to 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 previous decision value. When this is a new
decision group and no previous decision value is available, then we may use the decision
range value minimum or maximum (depending on whether a low or high pointer was

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



followed, respectively). The selection of a new decision group may be
made when the 28 decision value changes by less than 1 or some other
predefined threshold. An example of how a decision value changes is
given below. Decision group in the key has a value of 82. The starting
dec?s?on value for a new group is2878. The decision range is 65 to 90. The
decisHEGSIAN BOLR Badleanselsuehinaha pRMGIRIRhissheleciachgn-be
decision value changes by less than 1. Decision Change in Action Value
how Disgigion iR hangeEBIBFRRI Fointer (82 > 78). New decision value =
/72848r€1)cg2 Sﬁf 6 Follow low pointer (82 < 84). New decision value = (84+78
1 Follow high pointer (82 > 81). New decision value = (81 + 84 /2,
Decisoncmmm ROV THREI % 457, NEWBLERIGH VAl 2 TEovEre 3
78. Thi-dRidPrdnEeaBESIREiSiRNdBERUR ek bt besnateduthahinderesich

are not required to support key retrieval by range matching are not so

is seletadwhen Ristspienaiodentrsdesh Bt deular indexes that are not

re_quired to support range matching can have any decision group at its
origin, and can change th isi " s

Decigigange o@éﬁ%%@hngroupsA%fFB‘Ptrarlly when the decision value gets close (as
Valuhay be |de¢meerby the system designer or as may be selected by a user
or some mpﬁagpmpnf function)-to-the decisionrange-hmits—thatisthe
78 maximun and minimupFoHRTSigh Rairs i Par %“?’8?%88%‘(8&* Value
changes hy less than A& mount.
84 6 Follow low 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 Follow low pointer (82 < 83). New decision value =
(82.5+81)/2
81.75 0.75 Change de_cision group

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

by less than a preselected amount.

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

decision pointer that does not exist.



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 Vvisited 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. &hce a conclusion set has been reached
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navigation path is also complete when a decision p vilue indicates
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one SISt Rt asetigRebkeys and associated properties. The number of
keys contained within a conclusion set is limited by an upper bound which

1. can hgdeigrmined by one or more of a combination of: 1. A fixed limit; 2.
A limit specified at the time the index is created; 3. A limit that can be

2. spagifieddhmnahewidslifaimediithedndex; and 4. A limit that varies as
a function of index growth. Figure 8 illustrates the procedure for inserting a

3. key GiGhwiibproRapiesii@)nbhgndarediareaninehdes; admiep 150
where the index is entered at its origin with a default or initial decision

4 IrURRGeARSEl Y dhedesignetdAnalgarithm is implemented in order to
calculate a start decision value DVo. Control is then passed to step 152

~which tests whether the decision group in the key is.greater than the
Figugfe §siipstialfetht rocsitts %’ét%‘ﬁ%‘g?%é‘anfg éé LR PIGRS elﬁslrgg;' e

where
proctigrBishipoiniey drifids Bewlinedanadaxneentesisioits veilie Dithlaidefault or

. .created. From step 154 control is.passed tq step 156.where a check i

iR PR 8 B RET R e o DR & A DA BoTois

calcaiBieRevdetRichinalles PME. stentid2s iheigaes] thatdhd Yewisivrigtowpdher
the key is not greater than the decisigon value, then coptrol is passe

the GGG TFRALIL Bre O pEIFREE LI SR A LA S

conti®Calplatedo Gontrel parse shr dighspeints 8Fois tepriB6d Frona step desion

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

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

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

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



passed to step 160 provided that the pointer exists. Step 160 tests to see
if the pointer points to a further decision node. If the pointer does point to
a decision node, then control is passed to step 162 which advances the
test to the next decision node. From step 162 control is passed to step
164 which performs a test to see3@hether the decision group should be
to thei%%\'? %‘lc'l}%];irol?ﬁes@f SWEIHA RiRIETaRER élagnmmmhmaaeqté@ siefts
which calculates the value of the new decision group in accordance
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0 does not point to a decision node, then it must point to a
addedomtiashoalemem$fd control is passed to step 176 which causes a jump to

be made to the relevant conclusion set and from then to step 174 such
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reallocated to a conclusion set, it is removed from its current conclusion set CS(S) at step

188. Control is then returned to step 184 and the process is repeated until such time as the
conclusion set CS(S) is empty. Control is then passed to step 190 which represents an exit

point from the key insertion procedure.

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

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



188. Control is then returned to step 184 and the process is repeated until
such time as the conclusion set CS(S) is empty. Control is then passed to
step 190 which represents an exit point from the key insertion procedure.
Thus, in general, the procedure for inserting a key and its associated
properties into the index requires3the navigation along the decision path
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Figure 9 schematically illustrates the procedure for deleting a key. Some

of the steps are identical to those which were descriped with respect t
Steprh§f) aéa@ﬁeaﬁanér@hg%a%Hﬁ/%@é@é‘téﬁ§fm%€0rg§ém%{%5‘%£ﬂ{a’fﬂ does
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described, with the exception that if the test made at step.156 indjcates

stepth4} SoBRitBR LY H5P SRR A STt SFTOpREL Lyts Sills SRS IR St
CS(IBPresaipy anent frompliiedeleionmfReetiiiol is passed to step 204 which

represents an exit from the procedure otherwise control is passed to step 206 which
implements a scan through the entries in the conclusion set. The scan commences with the
first key (L) in the conclusion set and conirol is then passed to step 208 where a test is
‘made to see if the key (L) is equal to the deletion key. If it is, control is passed to step 210
where the key (L) and its properties are deleted from the conclusion set. From step 210
control is passed to step 214 where a test is made to see if the key (L) is the last key in the
conclusion set. Control is also passed to step 214 from step 208 if the key (L) is not the
same as the deletion last key. Control is then passed to step 216 where the next key is
selected and control is then passed to 208. Otherwise, control is passed from step 214 to

step 218 which represents an exit from this procedure.

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

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



Step 160 passes control to step 176 if the test at step 160 determines that
the pointer does not point to a decision node (as was the case with the
procedure for inserting a key). From step 176 control is passed to step
202 where a test is performed to see if the conclusion set CS(S) is empty.
If the conclusion set is empty, cogprol is passed to step 204 which
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step 210 control is passed to step 214 where a test is made to see if the
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Figure 11 schematically illustrates the procedure for performing a range query with a
minimum key value (f) a maximum key value (A) and for returning the result (R). The
procedure commences at step 300 where the results set (R) is reset to a null or empty
condition. Control then passes to step 302 where the decision group and decision values
are calculated and from then on control is passed to step 304 where the index is traversed in
order to find those results which match the range query. The procedure for traversing the
index is shown in greater detail in Figure 12. The procedure commences at step 350 where
the procedure is entered at its starting node. Control then passes to step 352 where a test is
made to see if the minimum key is less than or equal to the decision value (or omitted) and
if the maximum key is greater than its associated decision value (or omitted). If the result
of the fest is such that both conditions are satisfied control passes to step 370 otherwise
control passes to step 354. Step 370 checks to see whether a low pointer has been 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, control is passed to step 400. If no, control is passed to step 374



passed to step 206 which initiates a sequential scan through the
conclusion set. From step 206, control is passed to step 230 where a test
is made to see if the key (L) currently being examined is equal to the
search key. If yes, control is passed to step 232, otherwise control is
passed to step 234. At step 232 tie key and its properties are added to

the search query result list (R), control is then passed, to step 234. St
hors 6 GRISRS E0LR 8 KEROUM SRS BESHSARHRLAE freo R e o
indexCRBE! ﬂfé%f@ﬁteagua@ wih %Ell gxﬁxkk@y Theptonited nmhd efmmmmwpassmismg

step 230. If the key is the, last key, contro] i ssed from 234 tep 236
s 5, e PO GFER GHIATE 1B NP1 G Ay o 1
high | 5@F§$st(gefmwduﬁeﬂ§ramﬂffrm@?3a&§rfhgm mgﬁeyemﬁlﬁteemﬁlhﬁiﬁ;yesa

ey value (I) a maximum key value (A),and for returning the result.
conph s PHEA Ao mEREE A 506 FreReH i ) Sap R 2

concl@sRN L4t OF eEapéyntondivencConitgl 408N phssasifolisidieBRinihedecdtheot
decision group and decision valyes %ée cugﬂed and from then on

POy SPRS ISR GBI SPPRRHRRR THE ifdfey T Traareed i order 16 ind

decisionsaltesulishisfednatcithe rangaaléiie Texpiopaturecionking drsirgy
the index is shown in greater detail in Figure 12. The procedure
nodegs FREhR&E ot step 350 where the procedure is entered at its starting

node. Control then passes to step 352 where a testis made to see if the
Retufinimomekeshistesianingrodthe quadabitheiv dnistoimstanaes (whaenitepd) Britsif

the maxjmum. IS greagter than its assqciate 8%%%%%
Passﬁqrﬁ?@ i t%éé’ ?:%QG I%t%%zg%%a%ss%%ﬁ%t%%%&%gco nsg%ions are saﬁsl(s‘fl%%e
and gRnclipassks it s dikeonigealcortholgision yatnstdpizs argreptrol
. 370 checks. to see whether,alow pointer NSe BJFg QH&&Q%“EQ& t
15 pﬁﬁ%@ssfgps%g)% %%??Wﬁee?gng ¢ lggligslss?%n%gd%%?o?s%‘?e ?tr}l;e.ovs/) pointer point_g
see iDaA0ROUIhSI @Rise] iffiyémscontrohinbispedetbts Bl 400chitppresanitias it

ssed ta step.374.33 where the ? is] SERUR; qdAaciaion NaHes A6
ﬁo“?éah%lpcfﬁfg% a{))r‘ﬁh VT rBZ\}Sé se ﬁee&) ?1% ex from %?e node reached via__
poirtiee jdintes. sldvaqusioedetaihas, teetedgapiiseddcsitndel oterrias eudtlids
rerursive-foRlokinen 0 RIER A BMDGIR uEhask nmAdR 1RwRes
pasﬁ?it%?éﬁ? égglf%tél%kifgfsil %ﬁ r%ge?c%:gt%?r%?%opa%se% to step 378 which 4
the tepeeabptscaduedit, aredufsiggpanner. Returning to step 358, a test is performed to
see if the high pointer does exist, if yes, control is passed to siep 362 otherwise control is
passed to step 364 which represents an exit from the procedure. Step 362 performs a test to
see if the high pointer points to a conclusion set, if yes, control is passed to step 400,
otherwise control is passed to step 364 which calculates a new decision group and decision
value and causes further traversal of the index to be performed starting from these new

values.

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

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



control is passed to step 390 where a test is made to see if the high
pointer points to a conclusion set, if yes, control is passed to step 400,
whereas if the high pointer does not point to a conclusion set control is
passed to step 392 where a new decision group and decision value are
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is "yes" then the key and its properties are added to the conclusion set
Ifth(es x)masggsr;[géj n?a]g%%gee reas if the test.al SleRFOR IBOREANEM search key bits in

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

minimum search key and maximum search key is performed.

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

the search range are returned as search results.



34 control is passed to step 412 in which a test is made to see if the key
currently under consideration is the last key in the conclusion set, if it is,
control is passed to step 414 which represents an exit from the
procedure. Step 410 also passes control to step 412. If the test at step
412 determines that the key undes consideration is not the last key, then
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for every decision node visited. For numeric or date/time exact key matching, the optimal
bit configuration seems to be to uise a decision bit group of one bit with a fixed decision
value of zero. The decision group at the origin is the least significant bit and the decision
group advances by one bit (towards the most significant bit) for each decision node visited.
For the searching of ASCII based keys, the optimal bit configuration for exact matching is
to use a decision group of eight bits. The optimal decision values will depend upon the

range of expected characters.

Pattern Matching

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

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



navigation paths which terminate at a conclusion set, then a scan through
all of the keys in the conclusion sets is performed and all keys which
match the required properties within the search range are returned as
search results. 35 As part of the implementation of the database within a
data processor and storage systam, it is advantageous although not
mandatory, that the size of the conclusjon sels uId
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‘present node Thus, the pointers 454 and 458 are analogous to the low pointer and high

pointer 42 and 45, respectively, described hereinbefore. However, the change of
terminology merely clarifies the fact that one pointer is followed if the candidate key
contains the decision bit sequence, whereas the other pointer is followed if the candidate

key does not contain the decision bit sequence.

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



range of expected characters. Pattern Matching The database structure
described with reference to the proceeding Figures relates to a structure
where the decision nodes do not contain any key data whatsoever.
However, it is possible to modify the database structure such that one or
more nodes contains a partial key7sequence. This facilitates the indexing
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desctibed hereinbefore. However, the change of

with the decision bit sequence, and if the decision bit sequence is within the candidate key,

control is passed to step 154° where the inclusion‘pointer is followed, otherwise control is

passed to 158> where the exclusion point was followed. Additionally, step 162 now points
directly to the input of step 1527,

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

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



terminology merely clarifies the fact that one pointer is followed if the
candidate key. contains the decision bit sequence, whereas the other
pointer is followed if the candidate key does not contain the decision bit
sequence. Figure 15 shows the procedure for inserting a key into the tree

structure. This procedure is veryggimilar to that described with respect to
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a test to see if the conclusion set is empty, if it is the procedure is exited at step 534
otherwise control is passed to step 536. Step 536 selects the first key in the conclusion set
and then passes conirol to step 538 which tests to see whether the key contains every |
pattern in the pattern list. If it does, control is passed to step 540 otherwise control is
passed to step 542. Step 540 adds the key and its properties from the conclusion set to the
results list. It then passes control to step 542. Step 542 performs a check to see if the
current key is the last key in the conclusion set, if it is, the procedure is exited at step 544
otherwise control is passed to step 546. Step 546 selects the next key in the conclusion set

and return control to step 538.

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



with the decision bit sequence, and if the decision bit sequence is within
the candidate key, control is passed to step 154" where the inclusion
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reference to Figure 19. From step 516, control is passed to step 514.

Step 514 performs tests to see if the inclusion pointer exists, and if it does
Keveonmprisiosassed to step 518, otherwise control is passed to step 520

which represents an exit from the procedure. Step 518 tests to see if the
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step 522 which calls the procedure again in a recursive manner,
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realised that further space savings can be obtained by storing not the entirety of the key or a
sub-portion of the key in its native form, but an expression of that key derived from a result
of a mapping process. Hash code algorithms, such as CRC32 and Adler 32 are well known
and provide a function for mapping encoding key values. These algorithms operate on a
long bit sequence to derive a much shorter bit sequence. The mapping algorithm is such
that it is deterministic, in that if the input bit sequence is always the same the derived bit
sequence is always the same. ~ However, the mapping cannot be unique due to the high
degree of compression obtained and consequently several input sequences will map onto a
much shorter output sequence. Nevertheless, by accepting this consequence, the designs of
the index can be considerably reduced. Thus, when navigating the tree graph for a
candidate key K, the conventional traversal method is followed except that the value A(K)
is used instead of K, where A is the map function used for the tree graph.

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

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



performed of the conclusion set at step 526 which is the same as step
516. Step 526 and 522 both point to an exit step, step 528 representing
an end to the procedure. Figure 19 schematically illustrates the search
procedure of steps 516 and 526. The procedure is entered at step 530,
from where control passes to step32. Step 532 performs a test to see if
~ the conclusion set is empty, if it is the g{ocedur IS exit?[d at gteQ 5341
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the search string (as it may be contained within the wild card portion) and

Del&%‘n%e 3 g“xrr}g a},h\%ith the key being deleted from the conclusion set in either its native

form, or using the encoded value form as a result of operating on the key using the second
hash function.

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

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

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

part of the key needs to be mapped in accordance with the present invention. Thus, when a



index has to search along both the include and exclude paths. It is worth
noting that the position of the bit pattern in the key does not have to move
sequentially along the key as one navigates from node to node in the
database. Key compression In conventional data base systems the
entirety of the key is stored at eagh decision node. Whereas, in the
invention described hereinabove a portion of the key was stored at eaﬂ'é
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sequence. The mapping algorithm is such that it is deterministic, in that if
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reached had the mapping function not been used, 40 It is therefore
necessary to examine those entries in the conclusion set in order to
exclude those which do not correspond to the unmapped key. This can
be done by holding the unmapped key in the conclusion set and
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and aagifigum search keys for the range are represented as L (lower) and U (upper)
respectively. These keys exist in an unbounded or unmapped search space 580 as shown in
Figure 22. The keys are then mapped through the modulo process 582 in order to convert
them into the bounded range of the index. It cannot be guaranteed that the order of the
keys will be preserved after the mapping process. This gives rise to two possibilities.
Firstly, as shown in the mapped set schematically designated 584, the mapped lower key
has a value less than the mapped upper key. If this is the case, then the index is navigated
to a conclusion set using standard index navigation methods. However, as also
contemplated and schematically illustrated in map set 586, the mapped lower key ML may
have a value greater than the mapped upper key MU. In this instance, the search must be
made of all conclusion sets having encoded values that are greater than or equal to the
encoded minimal key ML. This search is performed using standard index navigation
methods. Additionally, a search must be made for all conclusion sets having encoded

values less than or equal to the encoded maximum key MU. Once again, this is performed

using standard navigation methods.



algorithm B, where B is different to A. The likelihood of an incorrect search
key mapping to two identical map values under both mapping algorithms
is very small indeed and consequently it is highly unlikely that a false map
would be obtained. Indeed, the probability of a false match is

approximately one in R2, where R is the range size of the function map.
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conclusion set in either an un-encoded form, or encoded using a second

T hagg gunction. Deletions are similar, with the key being deleted from the
1ang n set in either its native form, or using the encoded value form

as a result of operating on the key using the second hash function. It is
Figurth3 pm&sihtﬁddlp_rﬂmmt_mwﬁtwnmnemgd)bﬁ encclding datdtd Jdorkydih
consifuRE A KeTEodiateh 3 Shi> NGR [RGRGRE, AL WBHEAIP UPERlARUR G e

encoding using dissimilar functions reduces the risk of false matches to
base 602ashizhteptyssniathodsamehives BbtrdaoskeyRigeion ﬁ@mﬂ@awet
600. ) Saﬁrs%tegn?n i g%)fu?acfi? %M%ge%% 29&56’@ %@%H%e @&E@M@V&ﬁy%y

onceptionally, the index looks like that of a conventional B tree’index.
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entryi(g?tﬁ & o?‘e:%iiilgﬂ GHﬁ?al?d%l?g?gﬁ) e‘f%fﬁﬁ%hﬁtﬂ%ﬁ &R¢is used, where the key

apped using a modu rithmetic function. It also follows, that where
only part of the key is unbounded, then only part of the key needs to be
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modulo function is applied to the key prior to its use. To apply the modulo
optiquallchrarddie seitiondnitisidual conclusion sets. The age unit specifies the number of
seconds in a single age unit. Thus, for example, a value of 60 implies one minute, whereas
86400 implies one day. The age limit represents the number of age units after which the
key may be lost from the index. This is typically in the range of 1 to 254, thereby enabling
it to fit within an 8 bit word. Thus, if a key is set to expire after 31 days, the age unit is set
to 86400 seconds and the age limit is set to 31. For keys to expire after one day, the age

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

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

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

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

with an entry age calculated to be greater than or equal to 255 has its entry age set to 255.



type, requires the string to be treated as a very large unsigned magnitude
integer of multiple bytes with the first character being the most significant
byte in the integer value, and then applying the modulo. Thus, to insert a
key into the index, the key is encoded using the modulo chosen for the
index The index structure is then3navigated as described hereinbefore, to
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navigated to a co n set using standard index navigation methods.
However, as also contemplated and schematically illustrated in map set

Itis mmmapmaimﬁmymdﬁégﬂshave a value greater than the
mapped upper key MU. In this instance, the search must be made of all

Deci g%ﬂl!&[& ﬁfﬁ{ﬁlgaving encoded values that are greater than or equal to
€ encoded minimal key ML. This search is performed using standard
index navigation methods. Additionally, a search must be made for all
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navigation methods.
the hardware platform running the database or the size of the database may be such that it

is not possible to hold the entirety of the index within semiconductor memory or the time.

This may, for example, be because the machine is expected to multi-task and perform other
functions.

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

multiple blocks are required.



42 It should be noted that this technique can only work when the
difference between the keys is less than the domain of the modulo
encoding scheme. Thus, as a trivial example, if the keys were mapped
using a modulo ten, then the difference between the lower and upper
keys in the search range must bg4ess than ten. Transient Keys Figure 23
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the details relating to new node 710 must be stored in a further block 712. Further nodes
relating to that new node may also be created and information stored in the memory block

712.

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

memory blocks from each full (parent) block.

Figuré 5 illustrates an alternative method for growing the index. Again, assume that
memory block 700 is full and that it is now required to insert a new node. As before, a new
memory graph block is created. But now the parent decision graph is split into equal parts.
One part is placed in the old block 700 whilst the other part is placed in the new block
T12.



the age base and the current data and time is calculated. Then, every
entry in the conclusion set has its entry age incremented by the number
of elapsed age units. Any entry with an entry age calculated to be greater
than or equal to 255 has its entry age set to 255. 43 Any such entry then
becomes available for re-use. Thggl the age base is set to the date and
time noted at the beginning of the procedure. Any key to be inserted is
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decision graph to such a memory, it is preferable that the decision graph
Qualgfisttuctured in

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

boolean algebra.

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

by the index query.

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

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



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 becomeggmpossible to accommodate the
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itis required to insert a new node relating to an earlier existing node, 708,
conclusion set.

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

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

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

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



then again the memory block 700 becomes full and consequently the
details of a further new node 714 must be stored outside of the memory
block 700. This process allows the decision graph to grow, but can result
in the spawning of a large number of nearly empty memory blocks from
each full (parent) block. Figure 2&7illustrates an alternative method for
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format of search key in accordance with this aspect of the present invention in which a first
portion of the key contains the primary key data, and then the remainder of the key

comprises the qualifiers Q1, Q2 and so on to Q7, each of which is a 1 byte long word
produced by a hashing function on the original additional keys.

Pattern Matching

It is often desirable to do a pattern matching query within a database. Thus, rather than

searching on the entirety of a search key, a search is performed using a sub-portion of the

key.

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

node in the decision graph.

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

characters is particularly rare.



more search criteria. These criteria are combined, generally recording to
the principles of boolean algebra. It is possible for the query to be divided
down into individual parts with each part being performed before the next
is down and then the results combined at the end. This, however, can be
very computationally intensive anggrequire many read write operations to
a block data store, such as a hard disk. Thus, for example, ry which
The Aoglieis HSCHSS Tl BRCFTERARE e B Toeieied B Qb ritioNs
chardBt@ree(doidateh dheqiiatal poitpistaapyethe indedlguety. Not all of the data
fetched by the query may be required. Thus, if a query was made of a

datgbase to find gll cars registered.in 1997 that were Mercedes, the query
The RFRSHE g QRERE 0685 hQUTGEIRRA AR 5 B Lt o
that b ewgivehaariyrdisnelbinifoebiof (he S viiveawenchaMercedggnce can fit
... Furthermore, for many queries it may not be possible in order to change
Wlﬂl}ﬁ@% rSthe query in such a way as to reduce the number of unwanted
results. 46 This problem can be overcome by using concatenated keys.
Thedd anediftad bithariar setshracahaatenatedikeysrigtymdoaintaiivet theve rihisdtyy
f both the primary search key and the subsidiary search keys in the
POPYEAMBined concatenated key and consequently the combined key
becomes particularly long. The applicant has realised that improved
The seapphgpeffinmednceteandasmaplichtassostingt gualifiersaepation of the
particular endin lifiers, to the primary. search key. The qualifier
cecifR R GRS e o B o Sl 6 R

convatiaéikéy aalsh (rtarped foxaliafsiixgteau bsatuehwitrnontiudienpee deprnding on
invention, the qualifier is generated, by performing-a hashing.function o
e St A e A R DA ety
setstorggiesy @ldatabase as is used to insert or delete data from it. Thus,
during creation of the database, the index is created with a principal key
(;;ist.bgf?re) and with zero or more qualifier keys. In use, the index is
Phonétic e% . o d . .
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ASCII Characters Mapped Value
Vowels (A,E, 1,0, U) Removed
Digits (0,1,2,3,4,5,6,7,8,9) Removed
Punctuation characters Removed
Space, Tab 0

B 1

C,K,Q 2

D 3

F 4

G,J 5

H 6

K 7

L 8

M, N 9

P 10

R 11

S, Z 12

T 13

\Y 14

W 15

XY Removed

Similarity Set



sets in the usual way. However, each qualifier key is hash encoded down
to a single byte, that is a number in the range zero to 255, and is stored

alongside the key entry in the conclusion set. Du

ring a query, the

principal key is supplied with zero or more qualifier keys. The index is
then navigated using the princip#%ey, as before. Finally, once the correct
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V. ¥Wad resulti is, ||ndnr Ldeal circumstances, (1 I’)R'—'\\"

'H‘n 1S \With two.

X, Z’luallflqu {N ?\ the nmhahlllf\mf a.bhad rpqult is 1

n1|5(~‘.':.0?'% aorless than

0.002%. Wlth three quallflers, the chance of returning an incorrect item of

data reduces to approximately 14 million to 1. It w

ould be seen that, the

In eRiBOPHES %‘éﬁé&'&sk%b{maa&@a{@ SIavagedes %Eﬁé&%ﬁ@ssﬁwﬁhiﬁhmﬁe query is
conclusion sets, is much reduced. Thus, if it had been intended to search

nON-GAFBSREGHS. BRSO BRCCRNENgEC

bﬁr@@t@‘% 3 Ilf&e #srd\Rwyl pycharacter

returBORY RGRAl e iR iape of 64 bytes of data for each search key. In

the present invention, this requirement is reduced

to a mere 15 bytes of

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

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

navigated using the mapped key.



When querying the database, each qualifier key is optional and none, any
or all of the keys may be supplied because they do not affect navigation
of the index structure. The qualifigy keys only affect the number.of hits
which are returned when scanning the conclusion sets. Thus, the more
qualifiers that are supplied the gigmprecise the query result. It should be
noted that this qualifier technique can be applied to any index structures,

forA%ém%Wﬁgrm@W@ SlHACIbEES f%m a3 Wﬂfeﬁ e %aé' ANESS the index

schematlcallé/ illustrates the format ofs arc ke§|n accordance with this

aspect of the prasent mvent r'1n|r?r\cfjvrt 18R %CB‘I”ﬁw@‘f(ei?aé%t‘éﬁ}‘rs
ther?rﬁFéWSRg S taﬁdnﬂ%rf%ﬁ)eméfwam%rsﬁﬂméa«eyd@@mnww@e
qualifiets < knQ Aeaivdiso ol to Qehehsef iwvkisthisl arkl hytedpng wetdne
prqsmﬁs@&ys@mag&u@gsmgﬁg&@oosytegt@mmﬁmq '%“«?AJ?&%%P%%& a

Matc mg It IS of en deswa}] allf%é[g 0,8 pa ttern matchi (1?
datab us, rathé/r(f AA SRl mgeghs'ﬁ? "ot r% of 48 éﬁt%&/”}f

sea%ftﬁ%%%é?f’oﬁdé%ltﬁ%y HiguBeptatish bPthenkepyigeiaefletsnay oflsdeh
searthitvgedepesids on dieanvied|dhedkétipoputséinrisdivideddeieastn the

nodediihe fecisisny Warbefuorohien williihe ARECILcharactenselis that
it cgmgnses 255 crgzlirzilc&ers Bﬁjnt t1iqhat the_likelihood of some characters

appear'lenaeirslc\e/elsr 4 3 Wet combinat %Flsy of dual characters is
particularly rare. 48 The applicant has realised that pattern matching can
be much improved if the ASCII character set (or indeed an equivalent set)
is mapped to a smaller set. The applicant has defined a number of
mappings which reduce the set to 16 characters so that a single
character fits within four bits (0-15) whilst a two character sequence can fit
within a single byte. These modified character sets can then be used in a

single index to divide down the key population.



The mapping of the character set is 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
probatstistic o wegynisgsy ltstare regatebdsExaintplesnpfitesocharacier sets
arg e helow:Rhopells S6HAR é' &&a&&&y%é\ﬂe&%%é@éyin@wﬂ%
(A, B,1, O, URemoved Diits 1, 2, 3, 4, 5,6, 7, 8, 9) Remove
PUFRTIPERRSACC RRTARER A AR BANSaWE PR 0SS, Tfi9x E3bechedied B 6
K &eb 8 aMteNVAILP dbtRid IheSkef thded pkdr Y6 Iftevbhaling Xhey Baspvingex

using the key value.

A method as claimed in claim 2, in which, in use, the key index is held in

semiconductor memory.

A method as claimed in claim 2, in which the decision index is not searched if the key

does not exist in the key index.

A method as claimed in any one of claims 2 to 4, in which, during an operation to
insert a key, a check of the key index is made and the key is rejected as duplicate if a

matching entry is found.

A method as claimed in any one of claims 2 to 5, in which the keys are stored in the

key index in a hashed manner .

A method as claimed in any one of claims 2 to 6, in which the key index comprises an
array of elements, and the decision index comprises a number of unique key elements,
the number of elements in the array being at least as large as the number of unique

key elements within the index.



10.

1.

- Similarity Set 49 ASCII Characters Ma ed Value S ace, Tab 0

Punctuation characters 1 Digits (0, 1, 2, 3,4, 5,6, 7, 8, 9) 2 Vowels (A,
E,I,0,U)3 B,DC,Ii5FP16%3,17 H,_ Y8 KL9 M,N10 P,QitS
12T T13 V,w 14 x,Z15 In each of these schemes, characters are

corveribddtesupgiertaseisich, thathhie tyu eiysisikonicapasspecified, where a

FuphermeLe,en ;@n@ws characters.such @ﬁchr}ﬁefg%gs %&%@%Q&t%(

return are removed from the mappings. By utilising this reduced set th
peMERM AR HINPRIEPA PeteMf GsarupeimuE NSRspRoseIeT e eyyandrise

mappaecbrics iaiaserthauennaicdeletesaperations, and then the index is
navigated using the mapped key. 50 CLAIMS

A method as claimed in claim 8, in which during a query of the key index with a key
value, the destination element can be calculated for the key value, and the encoded
value using the second hash function can be calculated for thekey value, and the key
value can be deemed to be duplicate if the encoded value matches a pre-existing

value in the destination element.

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

claimed in any one of claims 2 to 9.

Computer readable instructions as claimed in claim 10, in which the instructions are

carried on a data carrier.



12.

13.

14,

A method of interrogating a database having an index and data, wherein
the index is queried using a search key in order to locate data matching
the search key, characterised iBzhat the index is a hierarchical structure
of decision nodes, the structure being navigated until a conclusion set is
redetrenligncewdetlrinsatiitiast aneaofitheadeecisiaar no gesdsnavigaigedbas
patterndnatehing the search key against a subsequence of a key
contained at the decision node to determine whether the subsequence is
included within the search key, and navigating along an include path toa
urishRde.ssanruiBm seL g sysegnense s auded wilig e
search key or along an exclude pat to a further'node or conciusion St it
the"8ILR 18R &8 ot included within the search key. 51 2. A method of
organising data in a database which comprises a key index and a decision
index, the method comprising storing key values in the key index in a
cor?ttﬁaé%%%“ﬁ RS R 1B en appedttanferhsEiertisyintex ey ndex e ke

cheeked tey pegdéadRyakigaxistaing theskey NdsX REHRLIGRIEH agatiRg

the eC|S|on index LiS nl%the Iﬁy value. 3. A method as claimed in claim 2,
lsa hierarchical str of de

~ in Which; in Usa. the Keyindes e |'ﬁ°d§5ntth8071i'a'ﬁtt‘:’f8Pﬁt‘@ﬁ@t’)ﬂ%%”t”

meftt?@dcbtél@laﬁh sddacokedran2 whenehich Itaet deeisiomneinetéscis moeseantied
if theskeyedlrasaot £Xis} indhe ey ingeXn@AMmetnadasfaimed inany

one of claims 2 to 4, in which, during an operation to insert a key, a check

of fIRYKISR R Belle A aing thee W&@é&%ﬂ%@@@ﬁﬁéﬁ%%% PhatdRIng
entynisifedntte. démethoabaswlmmedwmvma)h@n&u@fs%aﬁmﬂc&@mkﬂuded

vvhtam thw@efmr@e?,tgt%%nettﬁ key.indexin ahaghed manner. #\to 2

method as claimed in any one of c?alms 108, i which the ke u

coﬁtB’P%é@dfrPréﬂ%ﬁwé*P@I%%‘éﬁﬁss@ﬁ@lqﬂ@écéé%@%iﬂﬁddé%l&(ﬂm gﬁ@'@g laey or
nuander Hf sdigueseyele RMB node or conclusion set if the subsequence is not

included within the search key.



15.

the number of elements in the array being at least as large as the number
of unique key elements within the index. 52 8. A method as claimed in
claim 7, in which two dissimilar functions are used, where a first hash
function is used as part of a process to calculate a destination element

E (R)datatiaise theickepimtiessarie airsiesend hdstisfamotien ishesetky esicedie
therkenpRAdRGe d SRIMLE K)dsh iR et tREHe AR SRR vhefby a

method as claimed in claim 8, in which during a query of the key index
witf&k&§" YEITEEE Gestmatisn BiEsRdiit tan Bl iipeRapo
valihe darisidh@enestedhe/ayeaiging the second hash function can be
calculated for thekey value, and the key value can be deemed to be
duplicate if the encoded value matches a pre-existing value in the
destination element. 10. Computer readable instructions for causing a
computer to perform the method as claimed in any one of claims 2 to 9.
11. Computer readable instructions as claimed in claim 10, in which the
instructions are carried on a data carrier. 53 12. Computer readable
instructions for causing a computer to perform the method as claimed in
claim 1. 13. Computer readable instructions as claimed in claim 12, in
which the instructions are carried on a data carrier. 14. A database
having an index and data, and wherein the index is queried using a
search key in order to locate data matching the search key, characterised
in that the index is a hierarchical structure of decision nodes, the structure
being navigated until a conclusion set is reached and wherein at least
one of the decision nodes contains a sub-sequence of a key, and wherein
the index is structured whereby it can be navigated by pattern matching
the search key against the subsequence of a key



16.

17.

18.

18. 2OA

20.

21.

22.

contained at the decision node to determine whether the subsequence is
included within the search key and wherein it can be navigated along an
include path to a further node or Tonclusion set if the subsequence is
included within the search key or along an exclude path to a further node
or éonelusion eeifsthe sdétskepservdmisanobdinciubied wiethentthiersearehkey
keYorﬁ‘ﬂe M&#@tﬁgﬁ% ng:la ﬁ@%{'é@ﬁs%}?ﬁ& E}qé‘é&%%@ gfet%smsible

index. wherein key values in the key index are stored in a compressed,
enEEIABITASHERY FRaFRREREIEBYS Sheck can be made of the key
index to see if a key value exists prior to interrogating the decision index
using the key value, 55. 16. A method of organising a database having an
inclox RS S TSRS FAreiinl dckal t4r e AR BaraISaR R eL At
setrboriitribisirizrckaiegemis sfctemeoysibie elements to a second set
smaller than the first set. 17. A method as claimed in claim 16, in which
the mapping involves converting phonetically similar characters to a
comMEHaAn &2 8 ANHBIRIE As s TAPOIATIM (@Y SR fRRLIngIRd vowels.
mapping involves removing all vowels. 19. A method as claimed in claim
16,,in which the mapping inyolves converting vowels to a common value.
S e R TR AR S e e e e
rerf@Ving pal¥ctuation characters. 21. A method as claimed in claim 16. in
which the mapping includes converting punctuation characters to a
common value. 22, A method as claimed in claim 16, in which the

map PRt B8 B BRTIng AT mErid" cHAFACHBRs MePRg. AcHRhoEmYing
clapmed.inigiaimrdderin which the mapping includes converting numeric

A method as claimed in claim 16, in which the mapping includes converting

punctuation characters to a common vaiue.

A method as claimed in claim 16, in which the mapping includes removing numeric

characters.



characters to a common value. 24. 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 repre§énted in a compressed form. 25. A
method as claimed in claim 24, wherein the primary key is uncompressed,
23and fiimimsok@ysiiitienh ithadagor ositeghketarengppimgreskeds 26nvartingthwderic
as clajmeddn daim 2t 2Rein Which the or each compressed key acts as
a qualifier which is used to refine a search performed using the database.
27. A method as claimed in claim 26, in which the index is navigated using
24the primmatyokiey digdilisnganchisiasesahisdieackedy asshtheEradts i theex is a
CO”C'C%%OQSI e eare %geoneiglterrol’g%¥q% Singtghr%ir?ra%agh gualtiﬁfr' 28. 4 d
method &8 claimed in claim 33, iR which'th eys Gre Br?leﬁrgséré i éease
hashi@@ function. 29. Computer readable instructions for causing a
computer to perform the method as claimed in any one of claims 24 to 28.
30. The method of claim 1 wherein the portion of the key stored in a node
at an’(FIFTHH2I4RNTES GrTaiReh 10 EHRpBFROR 3RO KBY S B pRpcRRTRfy FdR ther
in thexdythwithrethebnhdatadeasecacaqrdisgato claim 14 wherein the at least
one decision node includes an exclusion pointer and an inclusion pointer
which point to the address of the next node or conclusion set. 32. A
26datalfadeterscardinged blammt wtidinwiieh dideision eodwetsied keydests as a
includesif wans it IBIRE BYRRRAGARINEIURIAR Peifiehiyre which
indicate whether their associated pointers point to a further decision node
or to a conclusion set. 57 DATABASE Abstract A database is provided in
27which amreiingiexs (Bifextine databasersdprovitiaexas mavigated 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.

28, A method as claimed in claim 24, in which the keys are compressed using a hashing
function.
29. Computer readable instructions for causing a computer to perform the method as

claimed in any one of claims 24 to 28.

30. The method of claim 1 wherein the portion of the key stored in a node at an (N+1)th

layer is unrelated to the portion stored in a preceding node in the Nth layer.

31. A database according to claim 14 wherein the at least one decision node includes an
exclusion pointer and an inciusion pointer which point to the address of the next node

or conclusion set.

32. A database according to claim 31 wherein the at least one decision node includes an
exclusion pointer type and an inclusion pointer type which indicate whether their

associated pointers point to a further decision node or to a conclusion set.



hierarchical structure of nodes t t are navigated during a search until a
conclusion set is reached, and e structure is organised such that key
information relation to nOd%ﬁAﬁngﬁd from the position of the node in
the structure. Fig. |

Abstract

A database 1s provided in which an index (2) for the database 1s provided as a
hierarchical structure of nodes that are navigated during a search until a conclusion set is
reached, and the structure is organised such that key information relation to nodes is

-inferred from the position of the node in the structure.

Fig. 1



