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considerably slower than semiconductor memory and consequently database performance
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can be compromised by having to perform these input/output (I/O) operations with these
mass storage devices. Even with a minimal index overhead a database typically has to
perform 2 I/O 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.

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.



graph. Furthernore, it is also possible to distribute conclusion sets
within the decision graph. WO 02/069185 PCT/ GB02/ 00706 2 A prior art
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i ncurred, but now these occur for a conclusion set as a whole rather than
for

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 I/O cost per entry

becomes much reduced.

Advantageously, during key retrieval 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
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and so on.

These rules can be maintained throughout the decision graph until the final Q layers of the
decision graph are reached. In these layers the rules concemmg the hierarchical chstance

between conclusion sets become unenforceable and hence are not rigorously applied.

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 nunﬁber of items 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 set.

Accordlng to a third aspect of the present mvenhon there is provided a computer program
product for causing a data processor to opelate in accordance w1th 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:



t hreshol d val ue, and then the contents of the selected conclusion set are
mgrated to subordinate conclusion sets, thereby enptying the sel ected
concl usi owogeweddEcording to a third aspect of the presentCrroimwndmn, there
is provided a conputer program product for causing a data processor to
operate in accordance with the first aspect of the present invention. The
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reference to the. accompanyi ng draw ngs, in which: W 02/069185
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deci si on. : : t shown in Figure 1, all the concl usion
ey M qaasra :

sets 6, ave equal significance thus no conclusion set is
nore hierarchically significant than any ot her

‘"The decision graph 4 comprises a plurality of decision nodes at which a search key is
matched with decision criteria in order to define which path should be taken through the
decision graph. The internal organisation of the keys within decision graph does not
constitute part of the present invention, and consequently need not be described in detail
here. However prior art indexing structures, such as the B-tree index may be utilised

within the decision graph.

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 significant 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 1n 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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are migrated down to the immediately subordinate conclusion sets 24 and 26 which belong

to level 2 of the hierarchical structure.

The decision on which of the lower level conclusion sets 22 and 24 receives an eniry from
the level 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 conclusion set 20

becomes emptied.

The process of migration from an Nth level to an N+1th level occurs 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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input/output operations per migration. However this single migration may effect hundreds
of entries. It should also be noted that the migration from the top level conclusion set 20
will be less because it will typically reside in memory and consequently only the two reads

to sets 24 and 26 and the writes to these sets 24 and 26 must be performed.

Assuming 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 is the number of levels) the number
of I/O operations required to move an entry to the bottom most level is 65. However, as
each migration operation moves an entire (full) conclusion set which contains E entries,

then the I/O cost per entry 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 1/0 cost of 2
per entry. Thus, with the conclusion set that holds 100 entries, and a conclusion set depth

of 8, the I/O cost per insert is 6 X 755 = 0.48.
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of the conclusion sets into a hierarchical structure.

The inventor has realised that the conclusion sets need not all be at the lowest level of the
database structure. As noted hereinabove, in the distributed structure shown in Figure 2,
data is inserted into the first conclusion set found, ie level 1 conclusion sets, and is then

progressively migrated to lower levels.

Thus the insert overhead can be further reduced if the conclusion sets are distributed

through the decision index structure.

Figure 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 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 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.
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wher ei n tewozary weneireoR Retelies thavexit Pk caers Aa@néﬁ@mertmngmr@@mfmth@t rat es

a portion S\ﬁngﬁgg!“ 9,958 %rrvgqgsesreg %elae deci si on graph has been

const r uct® T erteo us di stance Q = 3, such that a
conclusion set 40, 50 and 60 is allowed at every third branchi ng node.

Suppose fhatcatRoh@hdd (e el @R@ € cHcliRidn TE50 WNRIB1iiHAE 243k 3x W h@&@@@

therein i s such that conclusion set 40 has just been created, but that
concl usi An tkisttegnsOthandte6-0otduszom ett @mand@ebaﬁwcmnea@mmsmmewmwm@ then

PCT/ GB02/ 00706 . 8 ri use, dat. d.to the database, ,and t.h

Port oo tarrasnandsatar e, BSlatf2ro shetifed, By M rtidier oh Isdiorbe ety Vit once
this occyless cbhBribm Qr SMREk @Mﬂa& % Red lirearpﬁn&maia@c&ﬁtumdnsse& edisat {nl huted en
masse by creating the lower |evel node 42, optionally node 43, and

di st ri butiedigjon Ipethdattendingbeteeerc hodsis g BEt4640 Amt @nolesioneaisan almy decininusi on
sets 44 and 45-

path are removed and their contents are moved to conclusion set 50.

As conclusion set 50 fills up, new temporary conclusion sets may be created until such time
as conclusion set 60 is created, and so on. Thus it becomes possible for the
inter-conclusion set distance between conclusion sets which are not in the lowermaost layers
of the decision index to be held at a specified inter-conclusion set spacing. In 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 eniry to be moved.



shown in outline in Figure 3. Filling of the database then continues until
conclusion set 40 fills again. It then attenpts to redistribute its

cont ent s WO o2e918ubor di nat e concl usi on sets. ' This in tuPeTraBo2/ele one of
themfull and so it becomes necessary o renmove the full tenporary
conclusion set fromthe exit path of node 42 and to insert one or nore

f urt her Whodgsrying ttedbitabiasm e deoisionpsiholer thetrelewant keyybistode niwigsted aight
continue yntil such tiTe as conclusjon.set .50 is t apl i shed as an gxit to
node. 46,0 1 lopRTrR0K ! Corclisioy et 2Lk pErgiege fetdPeiton B eriideito B¢

concl usiop;&eiSit Ay 3BFtaRYat S AichmQ EERRRAURy EetiRe di stance Q specified by
t he desfbner or user of the database. Under” these conditions, a check is
made to see if an internediate conclusion set exists in the decision path
ext endi ng between 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
becomes possible for the inter-conclusion set distance between concl usion
sets which are not in the |lowernost |ayers of the decision index to be
hel d 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 indeed concl usion 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 usion set which is found by follow ng the decision graph fromthe
full conclusion set via the entry to be noved. WD 02/ 069185 PCT/ GB02/ 00706
9 When querying the database, the decision path for the rel evant key has to
be navi gated ri ght



to the | owernost | evel conclusion set and each conclusion set found on
route nust also be queried as it may contain data matching the search key
criteri a.wo@0291869185 PCT/ GB02/ 00706 10 CLAIMS 1. A netrkadRR/0emgani si ng
storage of data in a database (2), in ﬂpich conclusion sets (20, 24, 26,
28, 30; 40, 50, 60) for the database are arranged in a hierarchical
structure, and in which the conclusion sets are arranged such that itens
are inserted into a selected concl ¢qivMSet at a first |evel of
significance (level 1) until the nunber of itens reaches a threshold val ue

for the sel eckeﬂeﬁlgﬂlgf%?%aggix{%ﬁstmragé;gf b8 atdgﬁb%s%r&f b S %hsw}lt%h%rﬁ{lggsé{SEd

concl usion set are mgra ) subordi nate conclusidn se

enptyi ng the &8 &dt &6, 28nd0;u40,050, @) . foR theAdaratbie draarreh@idnida ihfer@kchiicah 1, in
whi ch each concl usion (20, 24, 26, 28, 30) set, has zero, one or two

i medi atel y s#BStEErREnIIHel thsicopcluspn setg areqrigpgesomrch dhaliigmewee inseréadai m 1
or 2, in whic ugd 1 [Wely LN the.: s ncl usj gn set
is conpared w %%agésléelg?{k%cﬁs%oglr ﬁ%rﬁﬁi%ﬁ%sr%&g{rﬂelt%esé%qlg%:%%\%\he(?eggplﬁfu Hﬁ‘ngle

i medi at el y shingbeh sfatetnscenhes 8 itlabsimdd Salad f@nhé Yeléded EatRfifsRhrRE ah® theh. A
method as claimed in claim3, in which the database includes a decision
graph and t htheseateats of the selegigd icondpsien sehase yigigiedyxio sBPIginaET canglisidaci si on

graph. 5. A ”?e&%]?gesr ru%lﬁtiry[e@o é&le%'f'ﬁ\é c%ﬂ@lu&%ntgl.e. preceding clains, in which

t he hi erarchica concl usi on Secs is arranged into a | ayered
structure. 6. A nmethod as clained in claim5, in which the | ayered

structure CONnprhs@sd las cRWRESIn clihd D i8aahcIc eRGl W8EIAS 08 €20,i28, 261©815b) {ef.
(L-1)th level having two i mediately subordinate conclusion sets In the

2nd to Lth | ebas zere, @mpoc twwshmedigtelysuhetdiott aschisianmetd. in claim 6, in which
once a given conclusion set in the Nth Ilevel, where Nis an integer froml

to (L-1)_has a pred tern‘i,neg_nuggrgr of entries init, its contents are
migrateddto if™ @eiiﬁﬁeaai%%@e 13 GKeRdE AhLelc WAKhudiighe Begration the data in the
selected conclusion set is compared with a search criterion in order to select which

of the immediately subordinate conclusion sets an entry is transferred to.

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 1st to (L-1)th 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 1 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.



8. A nmethod as clainmed in any one of the preceding clains, in which
conclusion sets having a hierarchical significance above a predeterm ned
val ue ar ewetoonedssin use, in fast nmenory. WO 02/ 069185 PETTE@H2/000606 11
9. Anethod as clainmed in claiml, in ﬁhlch t he concl usion sets (40, 50,

60) are distributed through a deci si d graph of the database. 10. A nethod

as claingd in ghadtid aptlafned th whing, thevidecisi @AclgEidpteiss(40008t 60jcired SO
as to maintain a specified inter concl usi on set distance t hroughout the
maj ority of dipleibbiediterongh gdegivion greph af thstdats@asgs claimed in claim9 or 10,
in which during nlgratlon of dat a fron1a conclusion set, the data is

mgratedtosbor UIO th asi.s of  the ecific data
cont ent . ‘ﬂ"é"g?fg 5? ‘aft I’f‘(q’i h @ %‘6“8’? giaphiiy CWFEﬁtefl 2

cont ent s Of aasct%%ﬁlﬂ%rpﬂ s &?ﬁe@frﬁerrﬂoﬁélﬁ&%ﬁi s@t”dlﬁﬁ&%%hro]c%holﬁ‘ tH@ b ﬁ? offn

whi ch concl usi on sets of P dat abase are arranged in a hierarc

structure, anifieidacisdongraphhe concl usi on sets are arranged such that |tem;
are inserted into a selected conclusion set at a first |evel of
significance until the nunber of. itens reaches a threshold v for the
sel ect edl boncAuseibad gaclaimed in plapn One 1G dnvdnghsd @fnalﬁégrét&r\e%ft%d AtPusi on

set are m grat edlutsmn F O[flg ggt%:[&g gﬁgﬁ edutg'sﬂﬂoﬁﬁatatce co R@foﬁbs\éts Jin ¥'b@915 tfpe

sel ect ed conctUSI'ON s& ase asclaimed IR ¢l arm 1 I'n whi ch
t he concl usi ofhespdifi¢ 481a cbflentb0) are distributed throughout a deci si on
graph. 15. A conputer program product for causing a data processor to
i npl ement the nethod 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.

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.



