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"13-tree" structure have a decision graph or other index which points towards conclusion

sets which store data which matches the search criteria. Additionally and/or alternatively
the conclusion sets may store pointers which point to the location of the data which

matches the search key.

In any database of any reasonable size, the conclusion sets are stored on mass storage
media, which at the moment typically means hard disc drives. Hard disc devices tend to be
considerably slower than semiconductor memory and consequently database performance
can be compromised by having to perform these input/output {1/0) operations with these
mass storage devices. Even with a minimal index overhead a database typically has to
perform 2 1/0 operations as part of the read, modify and rewrite cycle to insert data into the

index and conclusion set.

According to a first aspect of the present invention, there is provided a method of
organising storage of data in a database, in which conclusion sets for the database are
arranged in a hierarchical structure, and in which the conclusion sets are arranged such that
items are inserted into a selected conclusion set at a first level of significance until the
number of items reaches a threshold value for the selected conclusion set, and then the
contents of the selected conclusion set are migrated to subordinate conclusion sets, thereby
emptying the selected conclusion set, and wherein following migration of the contents from

the selected conclusion set, further insertions can be made into that conclusion set.

It is thus possible to provide a modified conclusion set structure which significantly reduces

the number of conclusion sets which immediately follow the output of the decision graph.

Furthermore, it is also possible to distribute conclusion sets within the decision graph.
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memory, such as semiconductor memory, This is especially true in those embodiments of

the invention in which conclusion sets are distributed through the decision graph.

By holding the top level conclusion sets in semiconductor memory, no /O cost is incurred
when inserting data into the database. It is thus possible to provide a significant

improvement in database performance during key and data insertion operations.

Advantageously the high level conclusion sets effectively cache data until such time as the
conclusion set becomes full or the number of entries therein exceeds a predetermined level.
- The conclusion set is then emptied by migrating its contents to subordinate conclusion sets.
During the migration process the data is sorted with reference to a search criterion, that is a
search key, such that the data can be expected to be randomly distributed between the
immediately subordinate conclusion sets.  This filling and migrating process can be

repeated for a plurality of hierarchical levels within the conclusion set structure.

The migration of data may require, and indeed often requires, transfer of data between one
or more conclusion sets held on mass media storage. Thus disc read and disc write
operations are incurred, but now these occur for a conclusion set as a whole rather than for
each individual item within the conclusion set and consequently the /O cost per entry

becomes much reduced.

Advantageously, during key reirieval or deletion the appropriate top level conclusion set
and each subordinate conclusion set whose decision criteria match the search key are
examined in order to see if matching data are stored therein. Thus, the database query

overhead is increased compared to prior art databases, but this is acceptable in some



The present invention relates to a nethod of organising data within a

dat abase, and to a database inplenenting such a nethod. Typically
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According to a second aspect of the present invention, there is provided a database in which
conclusion sets for the database are arranged in the hierarchical structure, and in which the
conclusion sets are arranged such that items are inserted into a selected conclusion set at a
first level of significance until the mumber of item s therein reaches a threshold value, and
then the contents of the selected conclusion set are migrated to subordinate conclusion sets,
thereby emptying the selected conclusion sét, and wherein following migration of the
contents from the selected conclusion set, further insertions can be made into that

conclusion set.

According to a third aspect of the present invention, there is provided a computer program
product for causing a data processor to operate in accordance with the first aspect of the

present invention.

The present invention will further be described, by way of example, with reference to the

accompanying drawings, in which:
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In the arrangement shown in Figure 1, all the conclusion sets 6, 8, 10, 12 and 14 have equal
significance thus no conclusion set is more hierarchically significani than any other
conclusion set and indeed there may be many hundreds or indeed thousands of conclusion

sets.

In the arrangement shown in Figure 2 the conclusion sets are arranged in a hierarchical
structure, In the arrangement illustrated there are three levels of conclusion sets with level
one being the hierarchically most significant, and level three being the hierarchically least
significant. Thus in this arrangement, there is only one quarter of the number of level one
conclusion sets as there are level three conclusion sets, and again in this example one level
one conclusion set marks the entry to six other conclusion sets. Clearly, as the number of
levels increase then for a given number of conclusion sets at the least significant level, the

number of level one conclusion sets becomes progressively diminished.
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The decision on which of the lower level conclusion sets 22 and 24 receives an entry from
the Jevel one conclusion sets 20 is determined by continuing the navigation rules which
exist within the decision graph 4. Thus, for example, if the decision graph 4 has rules
based on individual bit values in increasing order of bit number, then the rule for migrating
data from the top level conclusion set to the second level conclusion set 24 and 26 will use
the next bit in the search key to determine which of the conclusion sets 24 or 26 should be
recipient for each item of data. During this migration process, the conclusidn set 20

becomes emptied.

The process of migration from an Nth level to an N+1th level oceurs at each level within
the conclusion set hierarchy as each conclusion set therein fills up. Thus once conclusion
set 26 becomes full, it in turn migrates its data to its subordinate conclusion sets 28 and 30
on the third level of the hierarchy. In this example, the third level is the lowest level of the

hierarchy and the conclusion sets 28 and 30 are not able to pass their data down to
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Assuming the hierarchical structure as shown in Figure 2, where the conclusion set has 8
sub-levels (where S = 2 in this case, S=(L.-1) where L is the number of levels) the number
of I/O operations required to move an entry to the bottom most level is 68, However, as
each migyation operation moves an entire (full) conclusion set which contains E entries,

then the I/O cost per enity is given by:
I/O cost =5

therefore if E is large enough and/or S is small enough the I/O cost can be significantly
reduced compared to the prior art scheme illustrated in Figure 1 which has an I/O cost of 2
per entry. Thus, with the conclusion set that holds 100 entries, and a conclusion set depth

of 8, the /O cost per insert is 6 x 75 = 0.48.
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conclusion., sets 28 and 30 nust also have their data read Tromdisc, this

requires Phbecendusigecitippdierqghical ggreiu®r om t he concl usi on set 26 is then
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only the two reads to sets 24 and 26 and the wites to these sets 24 and
26 nmust bdhpetieoingwt overhead can be further reduced if the conclusion sets are distributed

through the decision index structure.

Figare 3 shows a modified database where the conclusion sets are arranged in a

hierarchical structure, and wherein the structure extends into the decision graph.

Figure 3 illusirates a portion of a decision graph wherein the decision graph has been
constructed with a inter-conclusion set distance Q = 3, such that a conclusion set 40, 50 and
60 is allowed at every third branching node. Suppose that we join the database at a time
where the data contained therein is such that conclusion set 40 has just been created, but

that conclusion sets 50 and 60 have not yet been created.



Assum ng the hierarchical structure as shown in Figure 2, where the
conclusion set has S sub-levels (where S =2 in this case, S=(L-1) where L
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entry to tis kakéesn nost | evel is 6S. However, as each nacm@idz@bmeeper ati on
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inter-conclusion set distance between conclusion sets which are not in the lowermost layers
of the decision index to be held at a specified inter-conclusion set spacing. [n the
arrangement shown in Figure 3 conclusion sets 62 and 70 represent the lowermost layers of
the database, and indeed conclusion sets 60, 62 and 70 can represent levels 1, 2 and 3 of

conclusion sets in the arrangement shown in Figure 2.

As before, the mass redistribution of conclusion set entries to lower level conclusion sets
results in a reduced disc input/output penalty compared with the writing of individual items
of data. Furthermore, the data entry cost into the structure shown in Figure 3 is further
reduced since an entry is inserted into the first conclusion set found. Each entry from a full
conclusion set is then moved to the appropriate lower level conclusion set which is found

by following the decision graph from the full conclusion set via the entry to be moved.



Figure 3 illustrates a portion of a decision graph wherein the decision
graph has been <constructed with a inter-conclusion set distance Q = 3,
such that a conclusion set 40, 50 and 60 is allowed at every third
branchi ng waxmosBeppose that we join the database at a tipma/gpebesest he data
contained therein is such that conclusg on set 40 has just been created, but
that conclusion sets 50 and 60 have not yet been created. WO 02/ 069185

PCT/ GB02/ Wb#0guerginpthei datpbasscthe deision pathefigrithg relevanhieydwas tezesnayigaied righte

content of that data.is;such.that t congl usi 4 econes. full. Once
thi's occupdhd PrsrRhd L el b B ahd Fack BB 8 o Yo RE PR e i et o
nmasse by @lefiad hdignial) Cohtginahta nevdingibeleatB kep@iteidal | y node 43, and
distributing the data from conclusion set 40 into new tenporary concl usion
sets 44 and 45- shown in outline in Figure 3. Filling of the database then
continues until conclusion set 40 fills again. It then attenpts to
redistribute its contents to its subordinate conclusion sets. This in turn
may nake one of themfull and so it becones necessary to renove the ful
tenporary conclusion set fromthe exit path of node 42 and to insert one or
nmore further nodes and additional conclusion sets as required. This can
continue until such time as conclusion set 50 is established as an exit to
node 46. At this tinme, the inter-conclusion set distance between
conclusion sets 40 and 50 then <corresponds to the distance Q specified by
t he designer or user of the database. Under these conditions, a check is
made to see if an internedi ate conclusion set exists in the decision path
ext endi ng bet ween nodes 41 and 46. Any conclusion sets in this decision
path are renoved and their contents are noved to conclusion set 50. As
conclusion set 50 fills up, new tenporary conclusion sets nmay be created
until such time as conclusion set 60 is created, and so on. Thus it
beconmes possible for the inter-conclusion set distance between concl usion
sets which are not in the |lowernost |ayers of the decision index to be
held at a specified inter-conclusion set spacing. In the arrangenent shown
in Figure 3 conclusion sets 62 and 70 represent the | owernost |ayers of

t he dat abase, and i ndeed conclusion sets 60, 62 and 70 can represent |evels
1, 2 and 3 of <conclusion sets in the arrangenent shown in Figure 2. As
before, the mass redistribution of conclusion set entries to | ower |evel
conclusion sets results in a reduced disc input/output penalty conpared
with the witing of individual itenms of data. Furthernore, the data entry
cost into the structure shown in Figure 3 is further reduced since an
entry is inserted into the first conclusion set found. Each entry froma
full conclusion set is then noved to the appropriate |ower |evel

concl usi on set which is found



by follow ng the decision graph fromthe full conclusion set via the entry
to be noved. WO 02/ 069185 PCT/ GB02/ 00706 9 Wen querying the database, the
decision path for the relevant key has to be navigated right to the

| ower nost | evel conclusion set and each concl usion set found gn route nust
also be queried as it may contain data matching the selr %wﬁév riteria.
19 August 2004 C ainms A nethod of organising storage of data in a database
(2), in which conclusion sets (20, 24, 26, 28, 30; 40, 50, 60) for the

dat abase are arranged in a hierarchical structure, and in which the

concl usion sets are arranged such Cldms tens are inserted into a selected
conclusion set at a first |level of significance (level 1) until the nunber
of items reaches a threshold value for the sel ected concl usion set, and
then thé. contdenetBoddl argraising|stocase ¢f dom il aiddtabased@), ilawéiclmi:tglcbzsienl s¢t®
subordinate ¢ |14 S4 t h jusion set,
and wherein f I’g\% %ﬁg%h?(gr@f isgn&% erﬁg%ﬁésg%{etsg?anggd ﬁ"he se?%(gzl?t%ed

concl usi ons s efructure; andiaywhighsbe @qnelﬁswl@:mi‘s arparramgefesupinthet itebng taredossgedisi on set .
2. A nethod a h, C 24, 26,

28, 30) set, %HEEQ§%§%1h§ﬁg£%?Qkﬁg;%ﬁﬁ%m#g éf%ggﬁ oghpﬁ%%gpgﬁﬁgpu5|on sets.
3. A method asumbesiofisemns reachbsd threshadd vatue fonthaiséledted adoelusiap s, gndatheron t he dat a
in the selechgdqf ﬁt)jflﬁl%ga &t oSl ﬁ(%'&@gn%qm#a t@s&%?cfu&'t”ls Lkhgsd on in
order to select whic ﬁe |nnealately subordi nate conclusion sets an
entry is transfertheyby emptyinga theestleteda sordiusiomre st nnd:lvehemus follawinghi ch t he
dat abase i ncl H‘?ﬁ'éthcﬁﬁ c%hf%ﬂtsq{oﬂp e s@igc%cf &%cl%ﬁ%{s ﬁ':l’ihEIelli‘lé %nk %az?f fectively
an extension o eci sion grap . clarmed in any one of

t he precedlngb@H@¢ﬁ@mtmﬁthh@hnﬁﬁe hlerarchlcal structure of concl usion
sets is arranged into a |layered structure. 6. A nethod as clainmed in claim

5, in whpch tm%étmse:&uﬁédrlu@tauﬁe B QI @a8SconcluEME(28, 24, Y6108, fPGH, concl usi on
set inthe Ist to (L-1)th IeveI havi ng_two |nned|ate1y subor di nat e

concl usi on set® Ze59: Pt SrRyimrpedjately subginatecanglpsionis¢te| y. 7. A net hod as
claimed in claim6, in which once a given conclusion set in the Nth |evel,
where N Bs anaAi meth@iaais cflzzmadin (Elmrn( Led, 1Inaﬂu<zh gruetehipration e datmihehe of entries
in |t its coq%c he gh | e tatel ubor t.e concl usi on
sets.' 8. A n&tH e& “8%“ ‘&Sf"éﬁ I&C?‘ﬂpaé%/w‘ SEBYN PR PHB OB g*e F ' in which
concl usi on setfthe mauddiegelasiboriratecdohdadionsieg ah thioan amsfthey ®. a predeternined
val ue are stored, in use, in

4, A method as claimed in claim 3, in which the database includes a decision graph

and the search criterion is effectively an extension of the decision graph.

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

structure of conclusion sets is arranged into a layered structure.

6. A method as claimed in claim 5, in which the layered structure comprises L levels,
with each conclusion set in the Ist to (L-Dth level having two immediately

subordinate conclusion sets in the 2nd to Lth level, respectively.

7. A method as claimed in claim 6, in which once a given conclusion set in the Nth
level, where N is an integer from I to (L-1) has a predetermined number of entries

in it, its contents are migrated to it's immediately subordinate conclusion sets.

8. A method as claimed in any one of the preceding claims, in which conclusion sets
having a hierarchical significance above a predetermined value are stored, in use, in

fast memory.



fast menory. 19 August 2004 11 9. A method as clained in claim1l1, in which
the concl usion sets (40, 50, 60) are distributed through a decision graph
of the database. 10. A nethod as clainmed in claim1 or 9, in which the

deci sion graph is constructed so as to nmaintain a specjfied inter
concl usi on set distance throughout the majority of thelae&i80% graph. 11.
A nethod as clainmed in claim9 or 10, in which during mgration of data
froma conclusion set, the data is Migrated to subordinate concl usion sets
on the basis of the specific data content. 12. A nethod as clainmed in
claim1, 99, 1Q\ 8fthdd ab BlaidbdCh ddi@ 1C N ARKIhO tondlucien Ghttl $400150, 6@tarar €

m grated en sse. 13. A databhase in i ch conclusion sets of the database
are arrangedn}éﬁt uﬁ%ﬁFQﬁ@ﬁ?@%ﬁon%W@QR%%h%ﬁmﬁﬁd in which the conclusion sets

are arranged such that itens are inserted into a selected conclusion set
at a firdo. | evehetbdd i cdpinéd inataie 1w ih whivd thaddoBion @faph id @rEncedethes a
t hreshol d val ue, for. the

sel.ected congl.usi .set, .and, then the. contents of
Lhe ool eat o aioPhinkints SEORL B SRR SR hiddihe pRNad R TR elFi Rl oot <.
t her eby enpt yithegletikien geptect ed concl usi on set, and wherein foll ow ng

mgration at the contents fromthe selected conclusion set, further

insertio ca L : l: S 14 .. as clai med
in clainF%B, Phgﬁﬂgﬁﬁgglgkggh§?g£?gﬁﬂgé%g%%ﬁgég@%?ﬁé%yﬁggggggﬁéf?ibuted

t hr oughout a dewslusiopricigihghta is BigrAedOrapbardinatp conglusion seto du the Yasis ofausi ng a
dat a processoqhgikéﬁgﬁﬂﬁpgagm;he met hod of any one of clains 1 to 12.

12. A method as claimed in claim 1, 9, 10 or 11 in which the contents of a conclusion

set are migrated en masse.

13. A database in which conclusion sets of the database are arranged in a hierarchical
structure, and in which the conclusion sets are arranged such that items are inserted
into a selected conclusion set at a first level of significance until the number of
items reaches a threshold value for the selected conclusion set, and then the
contents of the selected conclusion set are migrated to subordinate conclusion sets,
thereby emptying the selected conclusion set, and wherein following migration at
the contents from the selected conclusion set, further insertions can be made into

that conclusion set.

14, A database as claimed in claim 13, in which the conclusion sets (40, 50, 60) are

distributed throughout a decision graph.

15. A computer program product for causing a data processor to implement the method

of any one of claims 1 to 12.





