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(57) Abstract: A method and a server (300)for handling database queries directed to a semantic database (302) with stored infor-
mation according to a preset ontology structure and annotated as element identifiers comprising triplets with a subject, a predicate
and an object. In the server (300), a data analyser (300a) collects statistics from the database and defines semantic rules from the
information in the database. When a database query is received with a first set of sub-queries, a query optimiser (300¢) rewrites
the query as a second set of sub-queries in the triplet format based on any of the ontology structure,the collected statistics and the
defined rules. A Reduction Rate RR is also calculated for the sub-queries relating to the number of distinct subjects and objects
appearing in the database with the predicates of the sub-queries. The sub-queries of the second set are finally provided as a modi-
fied query in an order according to decreasing Reduction Rates for execution in that order when searching the database.
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METHOD AND SERVER FOR HANDIING DATABASE Q UERIES

Technical field

[0001] 'The invention relates to a method and a server for handling database

queries with efficient search and retrieval of data in a semantic database.

Backeround

[0002] When large amounts of data are to be stored in a database for different
resources, itis useful to organize the data in a way that can facilitate search and
retrieval of relevant data when receiving data queries or requests referring to
particular resources, either generic or specific. The stored data may relate to any
type of information that can be arranged logically in different classes or categories.
The term “resource” is used throughout this description, although other terms could
also be used such as items, assets, entities, etc. Some practical examples of
resources occurring in ordinary databases are inventory items, products for sale,

pieces of equipment, humans, media items, telecommunication subscribers, etc.

[0003] A plurality of attributes are typically relevant for each resource, and data
referring to such attributes is stored in the database available for retrieval in
response o data queries related to particular resources or classes. In practice, the
data in a conventional database is often organised in a hierarchical structure where
different attributes typically form columns in one or more interrelated tables in the
database. In this description, the term “attribute” represents any aspector
characteristic relevant for describing a resource. Today, relational databases are
typically used for holding data organized in the above classbased hierarchical
manner, such as SQL(Structured Query Ianguage) databases.

[0004] Inrecentyears, it has become increasingly interesting and useful to store
information in a database in a way that allows for automatic machine-processing in

a logical sense, such as interpreting and analysing the information in order to draw
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conclusions and infer new knowledge therefrom. This possibility may be useful, e.g.,
for creating and offering contextaware services which can be adapted to the

consumer’s current situation based on information in the database.

[0005] 'To enable uniform handling of information from multiple “heterogeneous”
information sources, i.e. different databases, semantic annotation can be employed
for different elements in the database information which can easily be identified and
analysed logically by a “machine”, i.e. using software executed by a processor or
computer. A concept called “RDF’ (Resource Description Framework) is typically
used as a language for representing various pieces of information in databases

regarding resources by means of semantic annotation.

[0006] Some problems associated with the typically huge databases of today are
that great amounts of stored data must be searched in order to retrieve relevant
information in response to database queries referring to particular resources, which
is both time consuming and process intensive, often referred to as the searching
“cost’. In conventional relational databases, various solutions have been proposed
for reducing the amount of data to search, referred to as the “search space”, in
response o database queries, although no efficient or relatively useful technique has

been proposed to reduce the searching cost specifically for semantic databases.

[0007] US 7363289 B2 discloses how a user query, made to a relational
database with hierarchically arranged tables, can be evaluated by means of a
query optimiser. In this solution, the query optimiser generates a query execution
plan for the user query based on statistical information maintained for intermediate
query components, in order to search different relevant tables in a sequence order
that minimises the search cost. In this document, the query execution plan is closely
related to the hierarchical nature of the relational database which cannotbe
applied to a semantic database having the above-described “flat” ontology
framework.
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Summary

[0008] Iis anobjectof the invention to address atleastsome of the problems
and issues outlined above. For example, itis an objectto provide a solution for
handling database queries directed to a semantic database, that can be used to
reduce the searching costby avoiding undue processing delays and load for
searching the database in an efficient manner. kis possible to achieve these objects
and others by using a method and a server as defined in the attached independent

claims.

[0009] According to one aspect, a method is provided in a server for handling a
database query directed to a semantic database with stored information according
to a preset ontology structure and annotated as element identifiers comprising
triplets with a subject, a predicate and an object. This method comprises collecting
statistics derived from the information in the database, and defining semantic rules
relating to conclusions implied by the information in the database. When a
database query forming a first set of sub-queries is received, the server rewrites the
received database query as a second set of sub-queries in the triplet formatbased
on atleast one of: the ontology structure, the collected statistics and the defined
rules.

[00010] 'The server then calculates a Reduction Rate RR for the sub-queries of the
second setbased on the collected statistics, the Reduction Rate relating to the
number of distinct subjects and objects appearing in triplets in the database with
predicates corresponding to the sub-queries, and provides the sub-queries of the
second set as a modified query in an order at least partly according to decreasing
Reduction Rates of the sub-queries, for execution in that order when searching the
database. Thereby, the incoming search query can be handled in an efficient
manner to reduce the search cost by modifying and hopefully improving the search

query in the manner described above.
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[00011] The above method may be configured and implemented according to
different embodiments. For example, the received database query may have a
format according to SPARQL and the sub-queries of the first and second sets may
be defined in terms of “SEIECT—- WHERE’ clauses. This is an advantage since an
existing query language can be used in this solution.

[00012] In one embodiment, collecting the statistics comprises determining the
number NSP of distinct subjects S appearing in triplets with a predicate P, and
further determining the number NOP of distinct objects O appearing in triplets with

the predicate P. The determining of NSP and NOP is performed for individual

unique predicates P1, P2,... PM appearing in the database, by executing

predefined queries with the unique predicates in the database and variable subjects
and objects. This collected statistics can then be used for modifying any incoming
search query to hopefully improve the search efficiency.

[00013] In another embodiment, the Reduction Rate RRis calculated for a sub-

query of the second set with a predicate Pm as:

MUBWV ) MUB(V))
RRP,,, = P, P, @B)
NS NO

[00014] where MUB(V) is a Minimum Upper Bound for the subject variable Vg in

the sub-query, MUB(V,) is a Minimum Upper Bound for the object variable V,, in
the sub-query, Nst is the number of distinct subjects S appearing in triplets with
the predicate Pm, and NOPm is the number of distinct objects O appearing in

triplets with the predicate Pm.
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[00015] In another embodiment, the Minimum Upper Bound for the subject variable
is determined as the minimum value of the statistics collected for the subject variable
and the Minimum Upper Bound for the object variable is determined as the

minimum value of the statistics collected for the object variable, and the Minimum
Upper Bound is determined for basically all variables appearing in the sub-queries
of the second set. In this way, the sub-queries of the second set can be executed in

an efficient order.

[00016] In another embodiment, the order of sub-queries of the second set dictates
that the sub-query having the greatest RR value of all is executed first, the sub-query

having the next greatest RR value is executed next, and so forth.

[00017] According to another aspect, a server is provided that is configured to
handle a database query directed to a semantic database with stored information
according to a preset ontology structure and annotated as element identifiers
comprising triplets with a subject, a predicate and an object The server comprises a
data analyser adapted to collect statistics derived from the information in the
database, and to define semantic rules relating to conclusions implied by the
information in the database. The server also comprises a communication module
adapted to receive a database query forming a first set of sub-queries, and a query
optimiser.

[00018] The query optimiser is adapted to rewrite the received database query as
a second set of sub-queries in the triplet format based on atleastone of: the
ontology structure the collected statistics and the defined rules, and to calculate a
Reduction Rate RR for the sub-queries in the second set based on the statistics
collected in the data analyser, the Reduction Rate relating to the number of distinct
subjects and objects appearing in triplets in the database with predicates
corresponding to the sub-queries. The query optimiser is further adapted to provide
the sub-queries of the second set as a modified query in an order at least partly
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according to decreasing Reduction Rates of the sub-queries, for execution in that
order when searching the database. Thereby, the server can be used to handle the
incoming search query in an efficient manner to reduce the search cost by

modifying and hopefully improving the search query.

[00019] The above server may be configured and implemented according to
different embodiments. In one embodiment, the server further comprises a search
module adapted to perform a search by executing the sub-queries of the second set
in the database, wherein the communication module is further adapted to return a

response with results from the search.

[00020] In another embodiment, the data analyser is further adapted to collect the
statistics by determining the number NSP of distinct subjects S appearing in triplets
with a predicate P, and by determining the number NOP of distinct objects O
appearing in triplets with the predicate P, The data analyser may be further
adapted to perform the determining of NSP and NOP for individual unique

predicates P1, P2,... PM appearing in the database, by executing predefined

queries with the unique predicates in the database and variable subjects and

objects.

[00021] In another embodiment, the query optimiser is further adapted to calculate
the Reduction Rate RR for a sub-query of the second set with a predicate Pm as:

MUB®V,) MUB(V,)
RR, =—— h
NSm NOm

[00022] where MUB(Vy) is a Minimum Upper Bound for the subject variable Vg in

the sub-query, MUB(V,) is a Minimum Upper Bound for the object variable V,, in

the sub-query, Nst is the number of distinct subjects S appearing in triplets with



WO 2011/162645 PCT/SE2010/050702

the predicate Pm, and NOPm is the number of distinct objects O appearing in

triplets with the predicate Pm.

[00023] In another embodiment, the query optimiser is further adapted to
determine the Minimum Upper Bound for the subject variable as the minimum value
of the statistics collected for the subject variable, to determine the Minimum Upper
Bound for the object variable as the minimum value of the statistics collected for the
object variable, and to determine the Minimum Upper Bound for basically all

variables appearing in the sub-queries of the second set.

[00024] In another embodiment, the query optimiser is further adapted to provide
the modified query in said order of sub-queries of the second set such that the sub-
query having the greatest RR value of all is executed first, the sub-query having the

next greatest RR value is executed next, and so forth.

Brief description of drawings

[00025] The invention will now be described in more detail by means of exemplary
embodiments and with reference to the accompanying drawings, in which:

[00026] Hg. 1 is a schematic diagram illustrating an exemplary ontology
framework in a semantic database, according to the prior art.

[00027] Hg. 2 is a flow chartillustrating a procedure in a server, according to an
exemplary embodiment.

[00028] Hg. 3 is a block diagram illustrating a server in more detail when in
operation, according to further exemplary embodiments.

[00029] Hg. 4 is anillustration of collecting statistics for a particular unique
predicate.
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[00030] Hg. 5 is an exemplary table with collected statistics for different unique

predicates.

[00031] Hg. 6 is a flow chartillustrating in more detail a process in the server for

collecting statistics, according to another exemplary embodiment,

[00032] Hg. 7 is an exemplary table with collected statistics and calculated RR

values for variables and predicates appearing in different sub-queries.

[00033] Hg. 8 is an exemplary table with calculated MUB values for the variables
appearing in the table of Hg. 7.

[00034] Hg. 9 is a flow chartillustrating in more detail a process in the server for

improving a query, according to an exemplary embodiment.

Detailed description

[00035] A piece of information being stored in an RDFbased semantic database is
expressed as a statement in the form of a triplet comprising a “subject’, a
“predicate” and an “object’. Basically, the subjectidentifies the entity that the
statement concems, the predicate identifies a property or characteristic of the
subject that the statement specifies, and the objectidentifies some “value” or range
of that property. In other words, the predicate in a stored triplet provides a relation
between the subject and the object of that triplet. One simple exemplary information
triplet expressing a statement is: “Person X (subject) is a member (predicate) of
Enterprise Z (object)”, where both Person X and Enterprise Z are resources that are
interrelated by the triplet above.

[00036] In semantic RDF databases, each element of the statement triplets may be
annotated as an element identifier such as a URI (Unified Resource Identifier) in
HTIP (HyperText Transfer Protocol) format or altermatively as a literal name or the
like. A typical statement stored in a database may thus be represented by a triplet of
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element identifiers such as (URF’X’, URP’Y”, URI’Z”). By representing different
statements in a database with such triplets of element identifiers, the content of the
database can be annotated in a machineteadable formatto enable automatic
analysis and processing of the information therein by means of sofiware
applications. The semantic RDF database model is thus distinctly different from the

conventional relational database model

[00037] The semantic annotation of the content in a database can further be
represented in the form of ontologies of statements regarding resources, which will
be explained by means of a simple example below. Generally, “ontology” is a
topic dealing with how entities or resources can be described in terms of properties.
In the context of semantic databases, an ontology is a framework of triplets
including predefined resource classes of subjects and objects which are linked by
the predicates, and this ontology can be seen as a template which can be filled with
information on specific individual resources, also referred to as instances. An
illustrative RDF graph can be made with nodes representing the classes, which can
be either subjects or objects in the statements, and the nodes are interconnected by
properties representing some linking description or characteristic, i.e. the
predicates. This type of information is thus annotated in the semantic database as

ontologies by the above triplets of element identifiers.

[00038] Hg. 1 illustrates a simplified exemplary RDF ontology graph forming a
framework with four nodes A-D where resource class A relates to resource class B
by the linking property or predicate P1, and class Bin tum relates to class C by the
linking property or predicate P2 and further to class D by the linking property or
predicate P3. The ontology graph shown in Hg. 1 is thus basically a framework
with three triplets (A,P1,B), (B P2,C) and (B,P3,D) in which element identifiers such
as URIs can be stored for individual instances, as described above. Thus, each
resource A-D and predicate P1-P3 is annotated by a respective element identifier or

UR], as described above, in a “machine+eadable” manner. Alternatively, a URL
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(Unified Resource Iocator) or a URN (Unified Resource Name) can be used in an
HTTP format for the above annotation.

[00039] A query language called “SPARQI”, a recursive acronym that stands for
“SPARQ LProtocol and RDF Query Ianguage”, has also been developed for
database queries in RDFbased semantic databases, which is currently an official
W3C (Word Wide Web Consortium) recommendation. SPARQ Lallows users to
write globally intelligible queries in the above triplet format that can be processed in
multiple heterogeneous databases. SPARQ Lcan generally be used to define queries
on a high semantic level. A SPARQ Lquery typically comprises a set of triplets
forming conditions for the query which can be formulated by means of the socalled
“where clause”, which is wellkknown in this field. These conditional triplets can be
regarded as a set of sub-queries which are executed one by one in the database

search.

[00040] Briefly described, a solution is provided in a server configured to handle
database queries directed to a semantic database in which information is stored in
the above-described triplet format and according to a known ontology structure. In
this description, the term “semantic database” is used to represent, without
limitation, any number of internal, external and/ or distributed semantic databases
that can be accessed according to the procedures and embodiments described
herein. Further, the term “query server” when used below should be understood as
any server or functional entity thatis configured to handle incoming database
queries and operate according to any of the embodiments described below.

[00041] An incoming database query can be defined as a first set of sub-queries in
triplet form with variables, forming an original search path of nodes/ subclasses and
may be in the above-described SPARQ Lformat. In conventional search procedures,
an incoming SPARQ Lquery with a set of sub-queries thus forms a search path and

the sub-queries are executed one by one basically in the order given in the query,
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often resulting in excessive search costs since this combination and order of sub-
queries is typically not very efficient in terms of search space required for the

search.

[00042] In this solution, however, the data set stored in the semantic database is
analysed in a “configuring” phase in order to define, or find, semantic rules relating
to conclusions that are implied in a logic sense by the information in the database.
In other words, such semantic rules can be inferred from the information stored in
the database. For example, if no films by a particular producer, e.g. Disney, can be
found in a “horror” genre, a semantic rule can be defined basically saying “No
films by Disney exist in the horror genre” and the object variable “Genre” is thus
devoid of instances when Disney is the subject. In another example, the data set
may imply that all documentary movies are produced by BBC. A new semantic rule
can then be defined saying that “All movies with genre documentary have provider
BBC”. When an incoming query contains a sub-query specifying the movie genre is
“documentary”, we only need to search for movies that are produced by “BBC”.

[00043] Further, statistics on the stored data is also collected in the configuring
phase, including counting how many individual, i.e. distinct, subjects and objects
appear in different triplets in the database. The outcome of this configuring phase of
finding semantic rules and collecting statistics is then utilised to handle an incoming
search query in an efficient manner to reduce the search cost by modifying and
improving the search query as follows. It should be noted that the activities of the
configuring phase may continue in the background as data is added and removed
in the database, to keep the above statistics and semantic rules up+to-date.

[00044] Then, in a “runtime” phase of this solution, an incoming query forming a
first set of sub-queries can be analysed and rewritten as a second set of sub-queries
in the triplet form, preferably according to SPARQL based on the above collection
of statistics and defined semantic rules, and also using the known ontology structure,
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in order to improve and optimise the search path with respect to processing time
and cost The second set of sub-queries thus forms a modified and hopefully
improved query in terms of reducing the search space as early in the search as

possible.

[00045] For example, the ontology structure in the database may provide plural
alternative paths from one node/ subclass to another node/ subclass, and the search
path implied by the first set of sub-queries in the incoming query may be substituted
by an equivalent search path involving fewer nodes or different nodes with fewer
instances than in the original search path of the incoming query. In that case, the
incoming query can be rewritten as a second set of sub-queries forming a shorter
search path and/ or a search path with fewer instances in its nodes to search. In
another example, the previously defined semantic rules may suggest that a node in
the original search path of the incoming query is devoid of instances and this node

can therefore be omitted, or skipped, in the new search path.

[00046] Then, a Reduction Rate “RR’ is calculated for each of the sub-queries in the
second set of sub-queries, based on the statistics collected and analysed in the
preceding configuration phase. The statistics may be collected and analysed on a
more or less continuous basis, thatis to keep the statistics up+4o-date with data being

added, modified and removed in the semantic database.

[00047] A procedure for handling database queries will now be described with
reference to Hg. 2, the database queries being directed to a semantic database
with a data set of stored information annotated as element identifiers comprising
triplets with a subject, a predicate and an object. The information has thus been
stored according to a known preset ontology structure in a conventional manner.
The procedure in Hg. 2 is executed by a query server that may include or be
otherwise associated with a semantic database, although the invention is not limited

in this respect. The query server may thus be operative to execute the modified
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search on the database or to provide the search to a separate search engine or the
like which could be situated in a remote location, e.g. in a different country. An
example of the configuring phase will be described in more detail later with
reference to Hg. 6 and an example of the runtime phase will be described in more
detail later with reference to Hg. 9, while the basic procedure in Fg. 2 covers both
the configuring phase and the runtime phase.

[00048] In a first action 200, the server generally collects statistics derived from
the information being currently stored in the database in the above triplet form by
analysing the stored triplets. In particular, it is determined how many distinct
subjects S and how many distinct objects O appear as variables in triplets with a
certain predicate P, which is made for all unique predicates appearing in the
database. In practice, this information can be obtained by executing a query with
unknown subject and object for each known predicate Pm, i.e. a query with subject
and object variables in the form of a triplet “?S — Pm — 70”. A more detailed
example of how action 200 can be performed will be provided below when
describing Hg. 6.

[00049] Assuming there are M unique predicates appearing in triplets in the
database, the predicates can be denoted P1, P2,... PM . For example, in a data set
with information on movies, one predicate may be “hasGenre” indicating the genre
of a movie, and another may be “hasProvider” indicating the provider or producer
of a movie. For each unique predicate P, the entire database is searched to find the
total number of distinct subjects and objects currently appearing together with that

predicate Pin the database. Thus, the number NSP of distinct subjects S appearing

with predicate Pand the number NOP of distinct objects O appearing in triplets

with the predicate P are determined during the collection of statistics. This
information may be stored in a statistics table or the like for later use in the query

Improvement process.
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[00050] In a further action 202, the server defines semantic rules relating to
conclusions implied by the information in the database, i.e. rules that can be
derived logically from the stored triplets in the database for later use in the query
improvement process. As exemplified above, these rules may refer to certain triplets
in the preset ontology structure with nodes in the ontology structure being devoid of
instances for this data set. Any sub-queries involving these triplets can therefore be
omitted when forming a new modified search path for an incoming query, i.e. the

above-described second set of sub-queries.

[00051] Actions 200 and 202 basically conclude the configuring phase of this
solution, although these actions may be further performed on a more or less
continuous basis throughout the inventive process while the information in the data
setis changed from time to time, to keep the statistics and semantic rules upto-date.
At some point, the server receives a database query in the runtime phase, as
indicated by a next action 204. The received database query has typically been
made by a user, or generally a “querying party” which could also be some
computercontrolled application, and the received query has been defined such that
a first set of sub-queries can be identified therefrom. The received database query
may have a format according to SPARQL although the invention is not limited to this
query format. Further, the sub-queries of the first set are typically defined in terms of
“SEIECT - WHERE’ clauses, which is well known in this field.

[00052] The query server then rewrites the first set of sub-queries of the received
database query, in a further action 206, by finding a second set of sub-queries in
the triplet formatbased on atleast one of' the known ontology structure in the
database, the collected statistics and the above defined semantic rules. Hrstly, the
ontology structure may imply that the search path defined by the first set of sub-
queries can be shortened, still starting and ending on the same nodes. As
mentioned above, there may be plural altemative paths from a particular start
node/ subclass to a particular end node/ subclass. Secondly, the above defined
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semantic rules may imply that certain sub-queries in the first set have nodes being
devoid of instances, which would thus produce a null result and can therefore be
omitted in the search path as explained above. Thirdly, the collected statistics is
used to determine a modified order of executing the sub-queries according to the
following action. The sub-queries of the second set may likewise be defined in terms
of “SEHECT - WHERE’ clauses.

[00053] Having found the sub-queries to form second set which is basically
equivalent to the received first set of sub-queries but provides a more efficient search
path, the query server will now determine in which order or sequence the sub-
queries in the second set should be executed to provide a modified search which
has hopefully been improved in terms of reducing the search space as early in the
search as possible. It is thus recognised in this solution that for each sub-query itis
most efficient to obtain a minimal amount of search results, thus reducing the search
space for the next sub-query. ktis therefore determined in the following actions
which sub-queries can reduce the resulting search space the mostin order to place
the most efficient search space reducing sub-queries at the beginning of the

execution order.

[00054] In a triple query pattemn, either the subject or the object or both can be
provided as varables. In a further shown action 208, the query server calculates
the Reduction Rate RR for the sub-queries of the second set based on the collected
statistics. Preferably, an RR value is calculated for each sub-query in the second set
and these RR values are then used to determine the more efficient and modified
order of executing the sub-queries in the search. The RR parameter thus relates to the
number of distinct subjects and objects appearing in triplets in the database with the

predicate provided in the sub-query, according to the collected statistics.

[00055] In this action, the Reduction Rate RRcan be calculated for a specific sub-
query of the second set with a predicate Pm as:
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MUB®V,) MUB(V,)
RRP,,, = P, P, @B)
NS NO

[00056] In the above expression (1), MUB(Vy) is a parameter called “Minimum

Upper Bound” for a subject variable Vg in the sub-query, MUB(V,) is a Minimum
Upper Bound for an object variable V, in the sub-query, Nst is the number of

distinct subjects S appearing in triplets with the predicate Pm, and NOPm is the

number of distinct objects O appearing in triplets with the predicate Pm. In this way,

an RRvalue can thus be calculated for each sub-query in the second set.

[00057] ln more detail, in order to calculate the RR value according to expression
(1) above, the MUB(V) value of the subject variable Vg is first determined as the

minimum value of the statistics collected for variable Vg and the MUB(V,) value of
the object variable V, is likewise determined as the minimum value of the statistics

collected for the object variable V, .

[00058] The MUB value is determined in this way for all variables appearing in the
sub-queries of the second set, regardless of whether they appear as subjects or
objects or both. In order to facilitate the following processing, the sub-queries of the
second set may be divided into groups having a common variable, which is

however somewhat outside the scope of this solution.

[00059] In a last shown action 210, the query server finally provides the sub-
queries of the second set as a modified query basically in an order according to
decreasing RR values of the sub-queries, for execution basically in that order when
searching the database. In other words, the sub-query having the greatest RR value
of all will be executed first, the sub-query having the next greatest RR value will be

executed next, and so forth. Of course, some sub-queries in the second set may
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have the same RR value and the relative order of those sub-queries may be selected
freely. Further, the benefits of this solution can be achieved when the sub-queries of
the second set are provided in an order at least partly according to the decreasing
Reduction Rates of the sub-queries. Thereby, the sub-queries in the second set can be
executed in a more efficient manner such that the search space can be reduced as
much as possible eary in the succession of sub-queries which thus provides for a
most efficient search in terms of processing time and search cost, particularly since

the total amount of data to search will be minimised.

[00060] In Hg. 3, a server 300 is illustrated when in operation according to this
solution to handle and process a received search query directed to a semantic
database 302, by turning the received query into a modified query basically in the
manner described above. The semantic database 302 thus contains stored
information according to a known preset ontology structure and annotated as
element identifiers comprising triplets with a subject, a predicate and an object. As
in the example described above, the server 300 may be operative to itself execute
the modified search on the database 302, or to provide the modified search to a

separate search engine, not shown, that will execute the search.

[00061] The server 300 comprises a data analyser 300a adapted to collect
statistics derived from the information in the database, and to define semantic rules
relating to conclusions implied by the information in the database, basically as
described above for actions 200 and 202 of the configuring phase of this solution.
The server 300 also comprises a commumication module 300b adapted to receive,

in the runtime phase, a database query forming a first set of sub-queries.

[00062] The server 300 further comprises a query optimiser 300¢ adapted to
rewrite the received database query as a second set of sub-queries in the triplet
formatbased on atleast one of: the structure of the ontologies, the collected
statistics and the defined rules. The query optimiser 300c¢ is further adapted to
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calculate the above-described Reduction Rate RR for the sub-queries in the second
set based on the statistics collected in the data analyser, basically as described
above for action 208. The Reduction Rate thus relates to the number of distinct
subjects and objects appearing in triplets in the database with predicates
corresponding to the sub-queries. The query optimiser 300c¢ is also adapted to
provide the sub-queries of the second set as a modified query in an order according
to decreasing Reduction Rates of the sub-queries, for execution in that order when
searching the database, basically as described above for action 210.

[00063] Depending on the implementation, The server 300 may further comprise a
search module 300d adapted to perform a search by executing the modified query
with the sub-queries of the second set, on the database, the query thus being
provided from the query optimiser 300c¢. In that case, the communication module
300b may be further adapted to return a response with results from the search. This
scenario is schematically indicated in the figure by dashed arrows. Otherwise, the
communication module 300b may send the modified query, as provided from the
query optimiser 300c¢, to an external search engine or the like, not shown, for
execution on the database 302.

[00064] I should be noted that Hg. 3 merely illustrates various functional modules
or units in the server 300 in a logical sense, although the skilled person is free to
implement these functions in practice using suitable software and hardware means.
Thus, the invention is generally not limited to the shown structures of the server 300,
while its functional modules 300a-d may be configured to operate according to the

procedure described for Hg 2 above, where appropriate.

[00065] With reference to Hg. 3 and the block diagram of Hg. 3a, the functional
modules 300a-e described above can be implemented in the server 300 as
program modules of a computer program CP 12 comprising code means which

when run by a processor 14 in the server 300 causes the server 300 to perform the
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above-described functions and actions. The processor 14 may be a single CPU
(Central processing unit), or could comprise two or more processing units in the
server 300. For example, the processor 14 may include general purpose
microprocessors, instruction set processors and/ or related chips sets and/ or special
purpose microprocessors such as ASICs (Application Specific Integrated Circuit).

The processor may also comprise board memory for caching purposes.

[00066] The computer program 12 may be carried by a computer program
product CPP 16 in the server 300 connected to the processor 14. The computer
program product 16 comprises a computer readable medium on which the
computer program 12 is stored. For example, the computer program product 16
may be a flash memory, a RAM (Random-access memory), a ROM (Read-Only
Memory) or an EEPROM (Eectrically Frasable Programmable ROM), and the
program modules could in alternative embodiments be distributed on different

computer program products in the form of memories within the server 300.

[00067] As mentioned above, collecting statistics from the database in the
configuring phase may be performed in practice by executing a predefined query
with unknown subject and object for each known predicate Pm. This predefined
“statistics collecting query” can be configured as a triplet “?S — Pm — ?0” with both
subject and object as variables, that will provide a search result when executed on
the database from which it can be determined how many distinct subjects and

objects appear in the database in any triplets having the predicate Pm. As

schematically illustrated in Hg. 4, in this process, the total number Nst of distinct
subjects S appearing in triplets with a specific predicate Pm is determined and the

total number NOPm of distinct objects O appearing in triplets with the predicate Pm

is determined as well.
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[00068] As mentioned above, if there are M known predicates appearing in the
database, this search is executed basically for all predicates P1, P2... PM. This

information may be stored in a statistics table or the like for later use in the query
improvement process. An exemplary statistics table for entering the above values

Nst and NOPm for each known predicate Pmis depicted in Hg. 5.

[00069] A more detailed exemplary procedure of collecting statistics from a
semantic database in a statistics table such as the one shown in Hg. 5, will now be
described with reference to the flow chartin Hg. 6. In a first shown action 600,
specific “statistics collecting queries” with unique predicates are defined for
collecting statistics in the database. For example, if M unique predicates have been
identified as appearing in the database, these queries may be defined as triplets
with both subject and object being variables, basically in the form of “?S — Pm —
?0” where m= 1, 2, 3... M in the different queries.

[00070] A nextaction 602 illustrates that a first predefined query valid for a first
known predicate P1, is executed on the database. Then, the number NSP1 of
distinct subjects stored with predicate P1 of the query is determined from the search
results in an action 604. likewise, the number NOP1 of distinct objects stored with
predicate P1 of the query is also determined in a further action 606. In a following

action 608, the statistics table is updated by entering the determined values NSP1

and NOP1 for predicate P1, basically the first row of the table in Hg. 5.

[00071] A further action 610 illustrates that the next predefined query valid for the
next known predicate P2 is taken for executing the next query on the database, thus
repeating actions 602 — 608 for obtaining statistics for the new query and the next

row in the table in Fig. 5 can be populated with the determined values. This process
according to actions 602 — 608 is thus repeated until all the predefined statistics
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collecting queries have been executed for all known predicates P1, P2... PM.
However, this solution does not exclude the possibility of omitting a statistics
collecting query for any of the predicates P1, P2... PM, e.g. if that omitted predicate

is of minor interest,

[00072] Above, it has been described in detail how the reduction rate RR can be
calculated in the runtime phase for sub-queries of the second set of an incoming

database query, using the expression (1). This expression contains the above-
determined parameters NSP1 and NOP1 which are available from the table in Hg.

5 for each unique predicate Pm appearing in the sub-queries of the second set.

[00073] Expression (1) further contains the parameter MUB(V) being determined

as the minimum value of the statistics collected for variable Vg, and the parameter

MUB(V,) being determined as the minimum value of the statistics collected for the

objectvariable V, . In Hg. 7, an exemplary table of calculated RR values for a set

of sub-queries is depicted, and an exemplary table of MUB values determined for
different variables from the collected statistics is depicted in Fg. 8.

[00074] In this example, a second set of eight sub-queries in total has been defined
when rewriting a received database query. The table of Hg. 7 comprises a first
column with triplet identities T1 — I8, a second column with triplets of the actual sub-

queries in the second set, a third column with Nst values retrieved from the
statistics table of Hg. 5 for each predicate Pmin the sub-queries, a fourth column
with NOPm values likewise retrieved from the statistics table of Fig. 5 for each

predicate Pm, and a fifth column with the calculated RR values for each sub-query in
the table.
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[00075] For example, for the sub-query of T3 “?A —P3 —?C”, the number NSP3 of

distinct subjects stored with predicate P3 is 2731 and the number NOP3 of distinct

objects stored with that predicate P3 is 3675, and so forth. Using this information in
the table of Hg. 7, the MUB values can be determined for different variables
appearing in the eight sub-queries. As mentioned above, the MUB value for a
variable is determined as the minimum value of the statistics collected for that

variable.

[00076] Hrst considering the variable “A” in Hg. 7, it appears in four sub-queries
T1, T2, T3 and T6 as either subject (T1-I3) or as object (1T6) . Of these four sub-

queries, the minimum value of either Nst or NOPm for variable “A” is in this

example 1556 out of the values 1556, 2987, 2731 and 3051 for sub-queries T1,
T2, T3 and T6, respectively, which is entered as the MUB value for varable “A” in
the table of Hg. 8 as shown. In this way, corresponding MUB values can be
determined for the remaining variables G, C, U,... appearing in the sub-queries
specified in Hg. 7.

[00077] Then, these MUB values can be used in expression (1) to calculate the RR
values for each sub-query in the table, which may be used to determine the optimal
and most efficient order of executing the sub-queries in terms of search cost. As a

result, there are in this example actually four sub-queries in the second set having
the same RRvalue of 1,1.e. T1, T4, T5 and 8.

[00078] As described above, the sub-query having the greatest RR value of all
should be executed first, the sub-query having the next greatest RR value should be
executed next, and so forth. Consequently, the optimal order of execution in this
example is T1, T4, T5, 18, T7, T3, T2 and finally T6. Therefore, according to this
solution, the sub-queries of the second set can be provided basically in this order

according to decreasing RR values of the sub-queries, as a modified query for
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execution in that order when searching the database. As said above, when sub-
queries in the second set have the same RR value the relative order of those sub-
queries may be selected freely. In this case, the relative order of sub-queries T1, T4,
T5 and I8 having the same RRvalue of 1 can be selected freely without reducing
the efficiency of the total query.

[00079] A more detailed exemplary procedure of performing improvement of a
received database query, will now be described with reference to the flow chartin
Hg. 9 basically corresponding to actions 204 —210 in Hg. 2. Accordingly, the
procedure of Hg. 9 is performed by a server such as the one depicted in Hg. 3. kis
also assumed that a configuring phase has been executed basically according to
the flow chart of Hig. 6. In a first shown action 900, the database query is received
from a querying party and the query is analysed in a next action 902 to identify a
first set of sub-queries and their variables forming the received query.

[00080] A further action 904 illustrates that the identified first set of sub-queries
and their variables are rewritten as a second set of sub-queries and their variables,
based on the known ontology structure in the database, the collected statistics and
the above defined semantic rules. In a next action 906, the above-described RR
parameter is calculated for the sub-queries in the second setbased on the collected
statistics. Actions 904 and 906 basically corresponds to actions 206 and 208

above, respectively, and are thus not necessary to describe here again.

[00081] Then, the server determines an execution order of the sub-queries in the
second set according to decreasing RR values of the sub-queries to form a modified
query, in a further action 908. A example of how actions 906 and 908 can be put
into practice was described in connection with Fig’s 7 and 8. Hnally, the modified
query is provided for execution on the database. The actual search may be
executed by the server, e.g. when having a search module according to Hg. 3, or
by an external search engine or the like.



WO 2011/162645 PCT/SE2010/050702
24

[00082] While the invention has been described with reference to specific
exemplary embodiments, the description is generally only intended to illustrate the
inventive concept and should notbe taken as limiting the scope of the invention. The

invention is defined by the appended claims.
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CIAIMS

1. A method in a server (300) for handling a database query directed to a
semantic database with stored information according to a presetontology structure
and annotated as element identifiers comprising triplets with a subject, a predicate
and an object, the method comprising:

- collecting (200) statistics derived from said information in the database,

- defining (202) semantic rules relating to conclusions implied by the information in
the database,

-receiving (204) a database query forming a first set of sub-queries,

-rewriting (206) the received database query as a second set of sub-queries in the
triplet format based on atleast one of: said ontology structure, the collected statistics
and the defined rules,

- calculating (208) a Reduction Rate RR for the sub-queries of the second set based
on the collected statistics, said Reduction Rate relating to the number of distinct
subjects and objects appearing in triplets in the database with predicates
corresponding to the sub-queries, and

- providing (210) the sub-queries of the second set as a modified query in an order
atleast partly according to decreasing Reduction Rates of said sub-queries, for
execution in that order when searching the database.

2. A method according to claim 1, wherein the received database query has
a format according to SPARQL

3. A method according to claim 1 or 2, wherein the sub-queries of the first
and second sets are defined in terms of “SEIECT—- WHERE’ clauses.
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4, A method according to any of claims 1-3, wherein collecting said statistics

comprises determining the number NSP of distinct subjects S appearing in triplets

with a predicate P, and further determining the number NOP of distinct objects O

appearing in triplets with the predicate P,

5. A method according to claim 4, wherein said determining of NSP and

NOP is performed for individual unique predicates P1, P2,... PM appearing in

the database, by executing predefined queries with said unique predicates in the
database and varable subjects (?S) and objects (?0).

6. A method according to claim 5, wherein the Reduction Rate RRis

calculated for a sub-query of the second set with a predicate Pm as:

MUB(V,) MUB(V,)
RR, =—— .
Nsm NOm

where MUB(V) is a Minimum Upper Bound for the subject variable Vg in the sub-

query, MUB(V,) is a Minimum Upper Bound for the object variable V,, in the sub-

query, Nst is the number of distinct subjects S appearing in triplets with the

predicate Pm, and NOPm is the number of distinct objects O appearing in triplets

with the predicate Pm.

7. A method according to claim 6, wherein said Minimum Upper Bound for
the subject variable is determined as the minimum value of the statistics collected for
the subject variable and said Minimum Upper Bound for the object variable is
determined as the minimum value of the statistics collected for the object variable,
and the Minimum Upper Bound is determined for basically all variables appearing

in the sub-queries of the second set.
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8. A method according to any of claims 1-7, wherein said order of sub-
queries of the second set dictates that the sub-query having the greatest RR value of
all is executed first, the sub-query having the next greatest RR value is executed next,
and so forth.

9. A server (300) configured to handle a database query directed to a
semantic database (302) with stored information according to a presetontology
structure and annotated as element identifiers comprising triplets with a subject, a

predicate and an object, wherein the server (300) comprises:

-a data analyser (300a) adapted to collect statistics derived from said information
in the database, and to define semantic rules relating to conclusions implied by the
information in the database,

-a communication module (300b) adapted to receive a database query forming a
first set of sub-queries, and

-a query optimiser (300¢) adapted to:

rewrite the received database query as a second set of sub-queries in the
triplet format based on atleastone of: said ontology structure the collected
statistics and the defined rules,

calculate a Reduction Rate RR for the sub-queries in the second setbased on
the statistics collected in the data analyser, said Reduction Rate relating to the
number of distinct subjects and objects appearing in triplets in the database

with predicates corresponding to the sub-queries, and

provide the sub-queries of the second set as a modified query in an order at
least partly according to decreasing Reduction Rates of said sub-queries, for
execution in that order when searching the database.
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10. A server according to claim 9, further comprising a search module (300d)
adapted to perform a search by executing the sub-queries of the second setin the
database, wherein the communication module is further adapted to returm a

response with results from said search.

11. A server according to claim 9, wherein the data analyser (300a) is further

adapted to collect said statistics by determining the number NSP of distinct subjects

S appearing in triplets with a predicate P, and by determining the number NOP of

distinct objects O appearing in triplets with the predicate P,

12. A server according to claim 11, wherein the data analyser (300a) is
further adapted to perform said determining of NSP and NOP for individual unique

predicates P1, P2,... PM appearing in the database, by executing predefined

queries with said unique predicates in the database and variable subjects (?S) and

objects (?0).

13. A server according to claim 12, wherein the query optimiser (300¢) is

further adapted to calculate the Reduction Rate RRfor a sub-query of the second set

with a predicate Pm as:

MUB®V,) MUB(V,)
RR, =—— P
N N

where MUB(V) is a Minimum Upper Bound for the subject variable Vg in the sub-

query, MUB(V,) is a Minimum Upper Bound for the object variable V,, in the sub-
query, Nst is the number of distinct subjects S appearing in triplets with the
predicate Pm, and NOPm is the number of distinct objects O appearing in triplets

with the predicate Pm.
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14. A server according to claim 13, wherein the query optimiser (300¢) is
further adapted to determine said Minimum Upper Bound for the subject variable as
the minimum value of the statistics collected for the subject variable, to determine
said Minimum Upper Bound for the object variable as the minimum value of the
statistics collected for the object variable, and to determine the Minimum Upper
Bound for basically all variables appearing in the sub-queries of the second set.

15. A server according to any of claims 9-14, wherein said order of sub-
queries of the second set dictates that the sub-query having the greatest RR value of
all is executed first, the sub-query having the next greatest RR value is executed next,
and so forth.
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