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(54) Abstract Title
Organising data in a database

{57) A database is provided in which conclusion sets (20, 22, 24, 26, 28 and 30) are divided into a hierarchical
series of levels (level 1, level 2, level 3). Data is added to a conclusion set at the first level {level 1) until such
time as that conclusion set is full. Data is then migrated from the conclusion set (20) to its subordinate
conclusion sets (24, 26) therefore reducing the amount of disc access required to add data to the database
since multiple entries are migrated in relatively few disc access operations.
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ORGANISING DATA IN A DATABASE

The present invention relates to a method of organising data within a database, and to a

database implementing such a method.

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
“B_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 (I/O) operations with these
mass storage devices. Even with a minimal index overhead a database typically has to
perform 2 1/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.
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A prior art database will have a single “layer” of conclusion sets accessible from the
decision graph. Every new item of data inserted into the conclusion set will require at least
2 I/O operations to include that data (if the data can belong to only one conclusion set, and
possibly more I/O operations if the inserted data can belong to more than one conclusion

set).

By organising the conclusion sets in a hierarchical structure, the number of conclusion sets
immediately accessible from the decision graph can be much reduced. Indeed, it becomes
possible to keep the most hierarchically significant, (that is top level) conclusion sets in fast

memory, such as semiconductor memory.

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 cets 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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database structures where the number of inserts is large, but the number of queries is

relatively low.

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 number 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.

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:

Figure 1 schematically illustrates a database having conclusion sets arranged in a

conventional manner; and

Figure 2 schematically illustrates a database having conclusion sets arranged in accordance

with the present invention.

The database shown in Figure 1 has an index 2 which comprises a decision graph 4 and a
plurality of conclusion 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 then points to

relevant entries within a data store 16.

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 index. The internal organisation of the 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.
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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 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 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.

Suppose now that it is desired to insert an entry into the database. The decision graph is
navigated in accordance with the insertion key for the entry, as would be the case in prior
art databases, to discover which conclusion set the entry belongs to. In the database
illustrated in Figure 1, this would lead to one conclusion set being uniquely identified.
However, in the present invention this results in one conclusion set 20 of a number of level
one conclusion sets (of which only two 20 and 22 are shown for clarity) being identified.
Advantageously the level one conclusion sets 20 and 22 are also held in fast memory, that
is either a fast mass media storage device or better still semiconductor memory, such that
the time overhead in inserting data into conclusion set 20 is small compared to the time
required to insert data into one of the conclusion sets 6, 8, 10, 12 and 14 of a conventional
database. Indeed, if the level one conclusion sets 20 and 22 are held in semiconductor

memory then there is no I/O cost incurred in writing to them.

During time, as more and more data is inserted into the database, the conclusion set 20
begins to fill. Once the number of entries in the conclusion set 20 reaches a predetermined
number, corresponding to the conclusion set being full, the entries in the conclusion set 20
are migrated down to the immediately subordinate conclusion sets 24 and 26 which belong

to level 2 of the hierarchical structure.
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The decision on which of the lower level conclusion sets 22 and 24 receives an entry 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
subordinate conclusion sets. However, if four or more levels of conclusion sets were
included within this hierarchical structure, then the conclusion sets 28 and 30 could indeed
migrate their data to their own subordinate conclusion sets as and when they became full.
It can be expected that, assuming a random distribution of keys, that during migration half
of the entries in the conclusion set 20 will go to conclusion set 24 and the other balf will go
to conclusion set 26. This process is repeated at each level of migration such that all of the

entries are substantially equally distributed throughout the lower level conclusion sets.

The I/O cost of a migration can be illustrated in the operation of migrating data from
conclusion set 26 to conclusion sets 28 and 30. In this process, the data must be read from
the conclusion set 26, which requires one read from disc. The lower level conclusion sets
58 and 30 must also have their data read from disc, this requires two read operations. The
data from the conclusion set 26 is then sorted to correctly point to the destination set 28 or
30, the entries are then updated and then the data for the two lower level conclusion sets 28
and 30 are written back to the disc, requiring two write operations. Then the conclusion set
26 is emptied, which requires one write operation. Thus this gives a total cost of six
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
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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 Figurc 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 migration operations required to move an entry to the bottom most level is 6S.
However, as each migration operation moves an entire (full) conclusion set which contains

E entries, then the [/O cost per entry is given by:
1/O cost =%

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 I/O cost per insert is 6 x T = 0.48.

It should be noted that for a fixed index size, whilst reducing S increases the insert
throughput, it also increases the number of conclusion sets that must be held in memory for

the benefit to be realised.

When querying the index for a specific key, each conclusion set in a single path running to
the very least significant conclusion set must be queried. Thus, if the hierarchical structure
consists of L levels, then L conclusion sets must be queried in order to find all results that
match the key, since the key may reside at any level within the hierarchy. Thus this
indexing scheme increases throughput, or the ease at which entries may be added to the
index, at the expense of degrading query performance. However, this trade-off is
acceptable in any application which has to accept large amounts of data but queries it
infrequently. An example of such an application is a fraud detection system that has to

load every transaction, but only queries those transactions relating to suspicious activity.

It is thus possible to provide an improved database performance by modifying the structure

of the conclusion sets into a hierarchical structure.



CLAIMS

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.

A method as claimed in claim 1, in which each conclusion set, has zero, one or two

immediately subordinate conclusion sets.

A method as claimed in claim 1 or 2, in which, during migration 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.

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.

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.

A method as claimed in claim 5, in which the layered structure comprises L levels,
with each conclusion set in the Ist to (L-1)th level having two immediately

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

A method as claimed in claim 6, in which once a given conclusion set in the Nth
Jevel, 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.

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.
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8
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.

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

of claim 1.
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