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Typically databases, whether they are of the type described in the applicant's co-pending
British patent application GB 0029238.3, or whether they are of other known types, such as
"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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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 d'isc 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
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query 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 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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invention will further be described, by way of exanple, with refefence to

t he accoﬁ}%ﬁhﬂl ﬁgthcﬁegigiqng:gi}criadnm%m 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 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.



WO 02/ 069185 PCT/ GB02/ 00706 4 Figure 1 schematically illustrates a

dat abase havi ng conclusion sets arranged in a conventional manner; Figure
2 schematically illustrates a database having concl usion sets arranged in
accor dancewo omobdiss he present invention; and Fi gure 3 schefmigogedioy
illustrates a database having conclusign sets distributed within the
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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 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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each it emand 3@ arcavritiarbaeitotths disqrregniaing gwo privvenssationh elheonhd agpflosios st 20
becones t.l : m'gia' - Lr evel .to an. Ntlth
| evel oc\(lz\??slg% pgggﬁﬁé@gfq%\%ﬁfh? n E%Eé&eg%ﬁ%l ﬁ%ﬁh{s‘{g VE!ﬁi aefoéarlcc‘r%?/t Qfssnéach
concl usi onnm®outphiespetatiohs pdr snigyationl hiiswewee ehiconglé ndgration met «fRGt naweses ful |,

it in turn_maogrates. i ata to,its ,subordinate concl uysi.on sets 28 _and 30

bn the. { AP o Harid o bF abla dhe (R RRHeE Horn iRl LoHEoMTRen 100! i o

the | owestyil; ®e@dss BEcahfisit will grg@mgh%esia@dl hB865ARE LustaRnELb8y AR 198Gea30 are
(0]

not able to pass their data down
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 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:
68
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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four or nore levels of conclusion sets were included within this,

hi erarchi cal structure, then the conclusion sets 28 and 30 coul d i ndeed

m grate thswgoxbgd®st o their own subordi nate concl usi on setE/@soRds When
they becane full. It can be expected that, assum ng a random di stribution
of keys, that during mgration half of the entries in the conclusion set
20 will gdt sepuidhe netadothat dar 2 fixadhdndenesizst tvdhilstheadficing [S) ingreases dhe dimetiusi on

set 26. Th i h.level of  ,m grati such that all
of the e%rr%}l@{g gg?lzﬁssot} g%%%%ﬁltgFlﬂ?%erq‘%gﬁ?c;l/u%ﬁinssf’ tlﬁi%baﬁfné’ Eieﬁ}'egcﬁa ASTHOY HE | ower
| evel condbhaisinefit todtscalifdde. |/ O cost of a migration can be illustrated in
the operation of mgrating data from conclusion set 26 to conclusion sets
28 and 30._Jn this process, the data nust be read from the concl usi.on set
26, whi ch W_Leﬁ]lﬁ“wg@g)th% Indgs orra PRGIAF S, cateonduiion sebined sisginpitisinoing iget s 28
and 30 nu : i : ' kS .k Lal: { read
oper at i onare FHE R BRI donflalih SRR U Chnd It B ERMUGE gty
correct |y cpusists of Ip leavhls, tes Licoatlicim st ma8 beruerd,in bhier @nfind sisrequle thdien
updat ed and.then ,the data for the t | ower, | evel ,cqncl.usi on sets 28 and
30 are wrir?att(g'hﬁ]galéeﬁ’ '8¢ ﬁbﬁ %Ys%‘,ay FEUG Hiany I?WE Wikhin g“eolﬁ Y-oniUs thién t he
concl usi ofindeging seRerhes irfaakds aBouhPuE dr HROBHSE GEWRRE eMriet $ha9RRIAMLLR mIhus
this gives a total cost of six input/output operations per mgration.
However t KidsXs ph ¢ expeeatal ofeersinge ayesy: treHommanedls Heowewsnt thisegrada-effsihoul d
al so be n 3 1i 4t | t I ,on_set. 20
W11 be | SeEhublh L9 gk, (M WPH Aol 8Re el SONGLLARAR 1Y
only the tnfiegnenilys An exaeple of 4uchnah Gplieatsdntine fmud idewction dybemehaciss 124 and
26 nmust b erfornmed. ..Assum ng the hierarchical structure._as shown in
Figure 2, ?ﬁeey%ryﬁ%sa%%lﬁﬂtsqn&ﬂq@ Sﬁ%a%ﬂ %‘m@hﬁqsl relgtinecto SYREHIUS 8OV 1y t hi s
case, S=(L-1) where L is the nunber of |evels) the nunber of 1/0

oper at i ongt i e ipbQehlé & HoVide aNingtbied dafibhRGeOtAF8 BDSbJ: he 5fucire
However, as_ each mgration operation noves an entire (full) conclusion set
whi ch conthibs sorclesign Setsdnto aljarprching sipedigost per entry is given by: 1/0
cost = c therefore if Eis large enough and/or Sis small enough the I/0O

cost can Wola A C e t prior. art ,sche
T ust at o PROot bETRI L U SR RRERTel ot o SO R i e
t he concl datbase setctihatAswitetbhek€ifabent,rih el distritutad eipudlre Shawn Bekiggem h  of

8, the 1/0Q cast r.insert.is 6 x.,300 = 0.48.
gata?s msgref\ed into &1& first conclusion set found, % level 1 conclusion sets, and is then

progressively migrated to lower levels.

Thus the insert overhead can be further reduced if the conclusion sefs 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.
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size, whilst reducing S increases the insert throughput, it also increases
t he nunber of conclusion sets that nmust be held in nmenory for the benefit

to be real naeshosdiBen querying the index for a specific kepT/€@RRo@encl usi on
set in a single path running to the Very | east significant concl usion set

must be queried. Thus, if the hierarehical structure consists of L |evels,

then L coibiringiwe, detd & addsd b eheqdreabiage] ahd tiayr ebdrent of fhiandatalit suchsthibi thet hat

mat ch t he ke si nc e ke reside at_ anpy | eyel W|th|nthe hi er ar chy.
Thuet hi's conatisidh T beromes Fant st B8 Gy parmation WK Shsongiisighfdt o
entries mi'é’réﬂ?stﬁﬂﬁ&ﬂeﬁ Shabdiehy bﬂ@&tﬁfg th@tlo\té}ete@ef Fh%&é az Otpt%ﬁatﬁ&sda@;ﬂ UgHY

perfornmance. However, this trade- acceptabl e i'n any application
whi ch has distritatioe the date @@manmumﬂl@ sﬁ 4@ attcanfbmterrqmm emnclusionisets 4d qné Ao y An

PXaPLe s @Hignsac | onlﬁgg'l?%gonﬁmrﬁg&tﬁer&?a% RhEe ‘%OHPI% Sﬁéﬁ{‘“ “‘E‘It‘]%‘lt"é???@

| oad every y “queri FH0SE T rans i ons

suspi ci ousiliacighivi tmhed ittet@tst huﬁdlpmbﬁﬂeﬂ{secohﬁml@ o \tts debaamnatembmtﬁsibrdeetts’ﬂbase
per for matngrglr by nodi f the ﬁtruc of, the conclusion sets into a

hi er ar chi S Dt PRcg él T1R8° Phifs fﬁ‘é§° Ak bicrrat negssterst lRae sy ihgibn -set s

need not dhpd?sydbondihdor QM8 1,8\6RH pth &f%d%ﬂfﬁé’@ﬂﬁﬁséﬁ EiCrhére fitheROt ed

her ei nabove,” in"the distributed structure shown in Figure 2, data Is
i nserted inndes anteddifiomd corshisionsttons wauirdound, ie | evel | concl usion sets,
and is then progressively mgrated to |ower levels. Thus the insert

head be furth d if th i t i st
i ough. t Rt ot e ALEoR Fft e srie Sieh el 1 5 SR Ce e Sl base

wher e t he saohl firGé, Ofhe SREScORERIsivR ls8N@iedndebewedAl @Jhahﬁ&t @éth @tdnucswmen and
wherein the structure extends intg the decision graph, ' %ure
i | | ust r at €QmrespaRAst todhe distancyQcinsrifipd §y Aismdsaeeriepmusehal tt@cct atabess- g¥adss has

been con%tensyetﬁatumst h cﬁedknts%acfeqevsley% Q{tm%e%e&ttetdaﬂa é&bset%x sfuphbhat a

concl usi on set 50 and 60 is allowed at every thir ranc I ng node.
Suppose t ldatisior pﬁthl axtenimgdwetvedon sedestd loandi4fe  Anheprclisin sbést ia thiomlecisior d
therein is_such that c usi ntset st bee created, but that
conc usi onebdreret i AR SRR plved B Rt BlontEi Vo 02/ 060185
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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 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.



During use, data is added to the database, and the content of that data is
such that the conclusion set 40 becones full. Once this occurs, the
information within the conclusion set is redistributed en nmasse by
creating thed2oemss | evel node 42, optionally node 43, andcrdimbobisti ng the
data from conclusion set 40 into new tgenporary conclusion sets 44 and 45-
shown in outline in Figure 3. Filling of the database then continues until
concl usi oWherquetying fhel databasgathe decision gativfon the egtprant kay hes i betnavigated rights
contents tq, iis subordipate concl.uskon,s e THES e one of
Chem fut 1 odtlodrsapR el e SBice 48} SR 3Bidupionity R shitol BRI

concl usi oguesied af it Ay chRaid ¥ath npdhing@he fodR kéPcratth.t 0 i nsert one or nore
further nodes and additional conclusion sets as required. This can
continue until such tinme as conclusion set 50 is established as an exit to
node 46. At this time, the inter-conclusion set distance between

concl usion 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 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 nay 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 |owernost |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 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 usion 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 When querying the database, the decision path for the relevant key has to
be navi gated right




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
criteria. 19 August 2004 C ains A nethod of organising storage of data in a
dat abase (2), in which conclusion sets (20, 24, 26, 28, lgo; égf) 50, 60)
for the database are arranged in a hierarchical structidr eust 4n whi ch
the conclusion sets are arranged such that itens are inserted into a

sel ected conclusion set at a first |level of significance (level 1) until
the nunber of itens reaches a threshold value for the sel ected concl usion
set, and then the contents of theCkdimcted conclusion set are migrated to
subordi nate conclusion sets, thereby enptying the sel ected concl usion set,
and wherein following migration of the contents fromthe sel ected

concl usi dns sétmethed eflneganisipg stordge v ddain a databased@), imwhich benclusiomedtsisi on set .
2. A nethod a bai I By.Clpal i i S] 24, 26,
28, 30) set, %ilogézg’z%%?’ g%edogrsa’]tévovgf%nﬂ#e |a%tg%sﬁa/£é;ﬁrgagl2§ﬂ ir#a% ggéag%% El}Jsi on sets.
3. A nethod astruskuag, gadiiniwhich th¢ enorlugien sefs drpaimeedsuchithet itegs afegnwttedn t he dat a
in the selec i teed i e i ion in
order to sel e%ﬁg\?h%?%ﬁwg?&yﬁ%ﬁisﬁ@ Igﬁg@v@gﬁtﬂéﬁlﬁf‘iﬁg&eﬁ%@mfEfg%lgiélé sets an
entry is tranghapgr @fiteres reacheyn theeshaddi valee fof tie melebtédrrondlugion s8t, andthethi ch t he
database | ncl ylesn@nd8eislabodl ARRusidfth biG:BERAGD s Holdild el o' fecti vely
an extension of the declsion graph. b. met fod as clainmed 1n any one of

t he precedi ngses athawsby ampitting fhe lseledi¢de cancdisionabet, gnd wdtersire follovgemcl usi on
sets is arran kit : . . al inclaim
5, in which tg‘ggrtgd%e@et% ésotﬂ %ﬁ%%&r@&égﬂ%ﬁf?ggﬁmﬁtg\% @991 eﬁmﬁ%e}%@ggﬁg concl usi on
set in the | sbemalgiptojthat poriclusien séhavi ng two i medi ately subordinate
conclusion sets in the 2nd to Lth |level, respectively. 7. A nethod as
claimed pn cl aidRtfod dsitlaphddch cRRE €, iR vEHicheAcKE QMELYST @0, 5Lb6 128, 1d)8etNt h | evel
where Nis an integer froml to (1L-%) has a predeterm ned nunber of entries
init, its coRfS&RiosOnsaE tHy X Fopydingteicaiglepionselsy subor di nate concl usi on
sets.' 8. A nethod as clainmed in any one of the preceding clains, in which
concl usi 8n sefsmethad/asngaimed ireclainc hioe ) insiidel, Hiutanaraibo e dtapinedet er m ned
val ue are st Ogtﬁgtedlcgnclﬁs?dn sletr}s cgrxal'})sag'edn“?igpg é{a'arch 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 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.



19 August 2004 11 9. A nethod as clained in claim1, in which the
conclusion sets (40, 50, 60) are distributed through a decision graph of

t he dat abase. 10. A nethod as clained 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

claim 16 99, 1Q gkthdd ak alaWéHdCih t;idfuﬁ lqwmhﬁh@fzor@}uﬁiaﬂ@étbl@@ISO, g@taﬁarg o
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.



