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600

Tablel
.

Name

Disease

,)
Blood

Count

Paul
Mary

Non-Hodgkin’s
Urothelial

low
low

Simon

Urothelial

low

Art

Urothelial

high

James

Cancer

low

Carly

Non-Hodgkin's

low

Fred
Wilma

Non-Hodgkin's
Lymphoma

low

Barney

Lymphoma

Chris

Adenocarcinoma

low

Jerry
Norma
Jean
John
Joe
Peter
Mathew
Mark
Richard

Acute Myeloid
Squamous Cell
Squamous Cell
Acute Myeloid
Hodgkin's
Hodgkin's
Myelogenous
Squamous Cell
Squamous Cell

low
low
low
high
high
high
high
high
high

Madad

Small Cell

low

Cindy

Leukemia

high

Peter

Bladder

low

Marsha
Jan

Hodgkin’s
Multiple Sclerosis

low
low

Greg
David
Bradley

Lymphocytic
Hodgkin's
Bladder

low
high
high

Kevin

Acute Myeloid

low

Nicole

Small Cell

low

Emily

Small Cell

low
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USING ONTOLOGICAL RELATIONSHIPS IN
A COMPUTER DATABASE

query clauses are used to query the data in advantageous

Ways. In a preferred embodiment, ontological relationships
are stored in a tree structure. This tree structure then can be

used to re?ect the ontological relationships of data stored in
the columns of a database according to other preferred
embodiments.
The foregoing and other features and advantages of the
invention Will be apparent from the folloWing more particular
description of preferred embodiments of the invention, as

BACKGROUND OF THE INVENTION

1. Technical Field

This invention generally relates to computer systems, and
more speci?cally relates to apparatus and methods for
improving access to data in a computer database by incorpo

illustrated in the accompanying draWings.

rating ontological relationships in a query language and a
computer database.
2. Background Art

BRIEF DESCRIPTION OF DRAWINGS

Database systems have been developed that alloW a com
puter to store a large amount of information in a Way that
alloWs a user to search for and retrieve speci?c information in
the database. For example, an insurance company may have a
database that includes all of its policy holders and their cur

The preferred embodiments of the present invention Will
hereinafter be described in conjunction With the appended
draWings, Where like designations denote like elements, and:
FIG. 1 is an apparatus in accordance With the preferred

embodiments;

rent account information, including payment history, pre
mium amount, policy number, policy type, exclusions to cov
erage, etc. A database system alloWs the insurance company
to retrieve the account information for a single policy holder

20

FIG. 2 is a table shoWing expressions that may be included
in a predicate expression in a database query;
FIG. 3 is a sample database query in Structured Query

among the thousands and perhaps millions of policy holders

Language (SQL);

in its database.
Data is typically stored in database tables. The tables con
tain columns and roWs of data. The data in the table is related
to or associated With other data in corresponding columns and
roWs. For the example described for insurance companies, the

FIG. 4 is a predicate expression that is representative of the
WHERE clause in the sample database query of FIG. 2;
FIG. 5 is an example of a set of ontological relationships

25

that can be stored in a database and used in a query according

to preferred embodiments;

roWs of the database may be associated With the name of

FIG. 6 is a sample database table that can be used in

policy holders, While the columns Would be for different
pieces of data such as policy number and policy type. In prior

association With the ontological relationships shoWn in FIG.
30

5 according to preferred embodiments;

art databases, relationships of the data are stored in indexes.
Retrieval of information from a database is typically done
using queries. A database query typically includes one or

6 according to the prior art;

more predicate expressions interconnected With logical

according to a preferred embodiment;

operators. A predicate expression is a general term given to an
expression using one of the four kinds of operators (or their

FIG. 7 is a query statement to operate on the table in FIG.

FIG. 8 is a query statement With an ontological clause
35

combinations): logical, relational, unary, and boolean, as
shoWn in FIG. 2. A query usually speci?es conditions that

FIG. 10 is a query statement With an ontological clause

according to another preferred embodiment;

apply to one or more columns of the database, and may

specify relatively complex logical operations on multiple col

FIG. 11 is another query statement to operate on the table
40

umns. The database is searched for records that satisfy the

according to the prior art;
FIG. 13 is a query statement With a Group At Level onto

logical clause according to another preferred embodiment;
45

turing of knoWledge about data by sub categoriZing data items
according to their essential, relevant or cognitive qualities.
Prior art databases do not capitaliZe on these ontological
relationships of data stored in the database.
The data stored in prior art indexes and used to query the
database do not store and use ontological relationship infor
mation. Information that is stored in one column may be
related to information stored in another column, but the dif

?culty in maintaining these relationships has limited their
use. This lack of storing and using ontological relationships

in FIG. 6 according to the prior art;
FIG. 12 shoWs the result set for the query shoWn in FIG. 11

query, and those records are returned as the query result.

Data stored in a typical database may include ontological
relationships. For use in this speci?cation and claims, an
ontological relationship is de?ned as the hierarchical struc

FIG. 9 is a query statement With an ontological clause

according to another preferred embodiment;

FIG. 14 shoWs the result set for the query shoWn in FIG. 13

according to a preferred embodiment;
FIG. 15 shoWs a query With a Change Query Attributes
50

clause according to a preferred embodiment; and
FIG. 16 is a How diagram illustrating a method according to

the preferred embodiments.
BEST MODE FOR CARRYING OUT THE
INVENTION

55

of the data limits the database’ s utility and e?iciency. Without
a Way to capitaliZe on ontological relationships of data, the

1.0 OvervieW

full potential of the computer industry to continue to improve
ef?ciency of database performance Will be limited.

relationships into databases and database queries such as

The present invention relates to incorporating ontological

queries in Structured Query Language (SQL). For those not
60

In accordance With the preferred embodiments, an appara
tus and method use ontological relationships in a query lan

guage and a computer database to improve database perfor
mance and utility. In preferred embodiments, a set of
ontological relationships are stored in the database and neW

familiar With databases or queries, this OvervieW section

provides background information that Will help to understand
the present invention.

DISCLOSURE OF INVENTION

Known Databases and Database Queries
65

There are many different types of databases knoWn in the
art. The most common is knoWn as a relational database
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4

(RDB), Which organizes data in tables that have roWs that
represent individual entries or records in the database, and
columns that de?ne What is stored in each entry or record.
To be useful, the data stored in databases must be able to be

serves as input to or output from any program in computer

system 100. Operating system 123 is a multitasking operating
system knoWn in the industry as i5/OS; hoWever, those skilled
in the art Will appreciate that the spirit and scope of the present
invention is not limited to any one operating system. Database
124 is any suitable database, Whether currently knoWn or
developed in the future. Database query 125 is a query in a

e?iciently retrieved. The most common Way to retrieve data
from a database is to generate a database query. A database
query is an expression that is evaluated by a database man
ager. The expression may contain one or more predicate
expressions that are used to retrieve data from a database. For
example, lets assume there is a database for a company that
includes a table of employees, With columns in the table that

format compatible With the database 124 that alloWs infor
mation stored in the database 124 that satis?es the database
query 125 to be retrieved. Database query 125 includes a neW

ontological query clause 126 for accessing an ontological
relationship 128 in accordance With the preferred embodi
ments. Query optimiZer 127 optimiZes a query 125 and pro

represent the employee’s name, address, phone number, gen
der, and salary. With data stored in this format, a query could
be formulated that Would retrieve the records for all female

duces an access plan used by a database manager in the

employees that have a salary greater than $40,000. Similarly,

database 124 to access the database.

a query could be formulated that Would retrieve the records
for all employees that have a particular area code or telephone

Computer system 100 utiliZes Well knoWn virtual address
ing mechanisms that alloW the programs of computer system

pre?x.

100 to behave as if they only have access to a large, single

storage entity instead of access to multiple, smaller storage

One popular Way to de?ne a query uses Structured Query

Language (SQL). SQL de?nes a syntax for generating and
processing queries that is independent of the actual structure
and format of the database. One sample SQL query is shoWn
in FIG. 3. The SELECT statement tells the database query
processor to SELECT all columns, the “from Tablel” clause
identi?es Which database table to search, and the WHERE
clause speci?es one or more expressions that must be satis?ed
for a record to be retrieved. Note that the query of FIG. 3 is

expressed in terms of columns C1, C2 and C3. Information
about the internal storage of the data is not required as long as
the query is Written in terms of expressions that relate to
values in columns from tables.

For the query of FIG. 3, the WHERE clause speci?es that
the ?rst column has a value equal to four (C1:4) logically
ANDed With the expression that the second column is greater
than six OR the third column is not equal to eight. The
expression in the WHERE clause of FIG. 3 is shoWn in FIG.
4. Where not speci?cally stated herein, the term “expression”
is intended to mean an arbitrary predicate expression, Which

20

Therefore, While data 122, operating system 123, database
124, database query 125, and the database query optimiZer

25

system 100, and may include the virtual memory of other
30

35

ating system 123. Operating system 123 is a sophisticated
Some of these resources are processor 110, main memory
40

ean expressions, and their combinations.

2.0 Detailed Description
45

suitable implementation of an apparatus in accordance With

the preferred embodiments of the invention. Computer sys
tem 100 is an IBM eServer iSeries computer system. HoW
ever, those skilled in the art Will appreciate that the mecha

nisms and apparatus of the present invention apply equally to
any computer system, regardless of Whether the computer
system is a complicated multi-user computing apparatus, a

50

120, mass storage interface 130, display interface 140, net
Work interface 150, and system bus 160.
Although computer system 100 is shoWn to contain only a
single processor and a single system bus, those skilled in the
art Will appreciate that the present invention may be practiced
using a computer system that has multiple processors and/or
multiple buses. In addition, the interfaces that are used in the
preferred embodiment each include separate, fully pro
grammed microprocessors that are used to off-load compute
intensive processing from processor 110. HoWever, those
skilled in the art Will appreciate that the present invention
applies equally to computer systems that simply use I/O
adapters to perform similar functions.
Display interface 140 is used to directly connect one or

single user Workstation, or an embedded control system. As

shoWn in FIG. 1, computer system 100 comprises a processor
110, a main memory 120, a mass storage interface 130, a

Processor 110 may be constructed from one or more micro

processors and/or integrated circuits. Processor 110 executes
program instructions stored in main memory 120. Main
memory 120 stores programs and data that processor 110 may
access. When computer system 100 starts up, processor 110
initially executes the program instructions that make up oper
program that manages the resources of computer system 100.

expressions, relational expressions, unary expressions, bool

Referring noW to FIG. 1, a computer system 100 is one

127 are shoWn to reside in main memory 120, those skilled in
the art Will recogniZe that these items are not necessarily all
completely contained in main memory 120 at the same time.
It should also be noted that the term “memory” is used herein
to generically refer to the entire virtual memory of computer

computer systems coupled to computer system 100.

can be an entire expression in a query, a portion of an expres

sion in a query, or the entire query and may include logical

entities such as main memory 120 and DASD device 155.

55

more displays 165 to computer system 100. These displays
165, Which may be non-intelligent (i.e., dumb) terminals or
fully programmable Workstations, are used to alloW system

display interface 140, and a netWork interface 150. These

administrators and users to communicate With computer sys

system components are interconnected through the use of a
system bus 160. Mass storage interface 130 is used to connect
mass storage devices (such as a direct access storage device

tem 100. Note, hoWever, that While display interface 140 is

155) to computer system 100. One speci?c type of direct

provided to support communication With one or more dis

plays 165, computer system 100 does not necessarily require
60

a display 165, because all needed interaction With users and
other processes may occur via netWork interface 150.
NetWork interface 150 is used to connect other computer
systems and/ or Workstations (e. g., 175 in FIG. 1) to computer
system 100 across a netWork 170. The present invention

65

applies equally no matter hoW computer system 100 may be
connected to other computer systems and/or Workstations,
regardless of Whether the netWork connection 170 is made

access storage device 155 is a readable and Writable CD RW
drive, Which may store data to and read data from a CD RW
195.

Main memory 120 in accordance With the preferred
embodiments contains data 122, an operating system 123, a
database 124, one or more database queries 125, and a data

base query optimiZer 127. Data 122 represents any data that

US 7,552,117 B2
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using present-day analog and/or digital techniques or via

600 according to the preferred embodiments, the query

some networking mechanism of the future. In addition, many

returns a result of “29”. This result is returned since the data
of Table 1 has a total of 30 records and a single record where
the disease associated with the patient name falls outside the

different network protocols can be used to implement a net

work. These protocols are specialiZed computer programs

tree forward from the position of “cancer.” In the data of Table
1, only the patient name of “Jan” has a disease that is not
forward from the disease of cancer according to the ontologi
cal relationship tree in FIG. 5. This means that each of the
other patients have an associated disease that is either cancer,

that allow computers to communicate across network 170.

TCP/IP (Transmission Control Protocol/Intemet Protocol) is
an example of a suitable network protocol.
At this point, it is important to note that while the present
invention has been and will continue to be described in the
context of a fully functional computer system, those skilled in

or a disease listed in a level of the tree below the level of
cancer. Note that the Substitute Forward clause in the query

the art will appreciate that the present invention is capable of
being distributed as a program product in a variety of forms,
and that the present invention applies equally regardless of the

does not specify how many levels to look forward. In the

described embodiment, where the level is not speci?ed, all

particular type of signal bearing media used to actually carry
out the distribution. Examples of suitable signal bearing

levels forward are returned.

media include: recordable type media such as ?oppy disks
and CD RW (e.g., 195 of FIG. 1), and transmission type
media such as digital and analog communications links.
Referring now to FIG. 5, a tree diagram shows an example
set of ontological relationships that canbe stored in a database
and used in a query in accordance with preferred embodi
ments. In this example, the ontological relationships are orga

another example of how the query will be analyZed and
executed in accordance with preferred embodiments. Query

Referring now to FIG. 9, another query 900 is shown for

900 has a SELECT statement with a Substitute Forward
clause 910. Query 900 returns as a result the count of the
20

number of patients with the disease of “Lymphoma” while
including the “Substitute Forward 1 Level” clause 910. When
query 900 shown in FIG. 9 is executed with the data of Tablel

niZed in a tree structure, however other data structures could

600 according to the preferred embodiments, the query

also be used. The top of the tree is the ?rst level of the data
structure. In this example the ?rst level is the broad category
of “disease” 510. Under this ?rst level is a second level 520
that has some different types of diseases and/or parts of the
body, i.e. brain, cancer and central nervous system. A third
level 530 under “cancer” list three types of cancer, including

returns a result of “6”. This result is returned since the data of
Table1 has 6 records where the disease associated with the

leukemia, bladder, and lymphoma. A fourth level 540 under
leukemia includes acute myeloid, lymphocytic, leukemia,

25

patient name falls forward 1 level from the position of “Lym
phoma.” Note that the “Substitute Forward 1” clause 910 in
the SQL query 900 speci?es a speci?c number of how many
30

levels to look forward.
Referring now to FIG. 10, another query 1000 is shown for

another example of how the query will be analyZed and

and myelogenous. Similarly, other relationships at the vari

executed in accordance with preferred embodiments. Query

ous levels are illustrated in FIG. 5.

1000 has a SELECT statement with a Substitute Backward
clause 1010. Query 1000 returns as a result the count of the

The system may maintain the ontological relationships as
illustrated in FIG. 5 using any appropriate data structure. For
example, the ontological relationships could be stored as

35

When query 1000 shown in FIG. 10 is executed with the data

linked lists or an indexing structure to allow the computer
system to retrieve information in the manner shown in FIG. 5

and described herein.
FIG. 6 shows a database table 600 that holds data for the

number of patients with the disease of “Acute Myeloid” while
including the “Substitute Backward 1 Level” clause 1010.

of Tablel 600 according to the preferred embodiments, the
40

example ontological relationships table shown in FIG. 5 and

query returns a result of “4”. This result is returned since the
data of Tablel that has 4 records where the disease associated

with the patient name falls backward 1 level from the position

used for illustration of the preferred embodiments described

of “Acute Myleloid.” These records are those with the names:

below. The table 600 is called ‘Tablel ’ and has the following
columns: ‘Name’, “Disease” and ‘Blood Count’. Each row of
the columns is a record for a patient and thus has associated
data for the patient name in the corresponding row. The table

Jerry, John, Matthew, and Greg. Note that the “Substitute
45

Backward 1 Level” clause 1010 in the query 1000 speci?es a
speci?c number of how many levels to look backward.
Referring now to FIG. 11, another query 1100 is shown for

shown is highly simpli?ed for illustration, and it is recogniZed

another example of how the query will be analyZed and

that other data could similarly be associated with each patient.

executed in accordance with the prior art. Query 1100 has a
SELECT statement with a Group By clause 1110. When
query 1100 shown in FIG. 11 is executed with the data of
Tablel 600 according to the prior art, the query returns a result

Further the claims are not limited to the example of health
care and diseases.

50

FIG. 7 shows an example of a query used to operate on
Table 1 according to the prior art. This query returns as a result

the count of the number of patients with the disease of “can
cer.” When the query as shown in FIG. 7 is executed for the
table 600 according to the prior art, the query returns a result
of “1”. This result is consistent with the data of Tablel that has
a single record with the disease of cancer with the patient

as shown in FIG. 12. This result shows a table with the count

of records grouped by disease.
55

Query 1300 returns as a result the count of the number of

patients grouped by disease while including the “Group By

name of “James.”

In contrast to the query described above with reference to
FIG. 7, FIG. 8 shows an example of a query used to operate on

60

Table 1 that includes an ontological clause 810 according to
preferred embodiments. Query 800 is also an illustrative
example of a database query 125 that resides in main memory
120 shown in FIG. 1. Query 800 returns as a result the count

of the number of patients with the disease of “cancer” while
including the “Substitute Forward” 810 query clause. When
query 800 shown in FIG. 8 is executed with the data of Tablel

In contrast to the query described above with reference to
FIG. 11, FIG. 13 shows another example of a query used to
operate on Table 1 according to preferred embodiments.
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disease At Level 2” clause 1310. When query 1300 shown in
FIG. 13 is executed with the data of Tablel 600 according to
the preferred embodiments, the query returns a result set as
shown in FIG. 14. This result set 1400 shows the total of
records for each disease “Cancer” and “Central Nervous Sys
tem” since these are the diseases located at level 2 in the
ontological tree 500 (shown in FIG. 5). In Tablel there is a

single record where the disease associated with the patient
name falls “Central Nervous System” while the remainder of
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the records fall in the disease of “Cancer.” Note that the Group
By At Level clause 1310 in the query 1300 speci?es which
level for the Group By At Level clause to operate on.
The embodiments described above store ontological rela
tionships in a database and allow using ontological clauses in
a query using the newly introduced clauses of Substitute

present invention provides a way to reduce database query

time to improve system performance, and reduce excessive
delays in database accesses.
One skilled in the art will appreciate that many variations
are possible within the scope of the present invention. Thus,
while the invention has been particularly shown and

described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that these and
other changes in form and details may be made therein with
out departing from the spirit and scope of the invention.
What is claimed is:
1. A computer-implemented method for optimiZing a data
base query to return ontological data from a database, the

Forward, Substitute Backward, and Group By At Level N. It
would be readily apparent to those of ordinary skill in the art
that other clauses could be produced to provide a similar
result with the described embodiments and within the
claimed invention. Further, the same result could be achieved

using a Change Query Attribute (CHGQRYA) clause prior to
a query with the same syntax as the prior art query. A

method comprising:

CHGQRYA allows a subsequent SQL query statement to run

with different attributes depending on the options selected by
the CHGQRYA clause.

5

FIG. 15 shows an example query 1500 with a CHGQRYA

clause 1510 that instructs the database to Group By disease At
Level 2. The subsequent query 1520 would then operate as
described in the above example, where a Group By clause was
included in an query. Thus, the syntax for the CHGQRYA
clause could be as shown in the above examples, except the
ontological clause may appear at the beginning of the query

satis?ed if the database query comprises a SELECT
statement and an ontological clause in the form of a
20

in accordance with the preferred embodiments. Method 1600
?rst determines if there is an ontological clause in the query
and a corresponding ontological relationship tree exists in the
database (step 1610). If there is no ontological clause in the
query or no corresponding ontological relationship tree exists

25

ture for the Change Query Attribute clause; and
30

af?rmatively satis?ed, performing the steps of:
accessing the database;
parsing the ontological data structure to extract an onto

logical relationship for the Change Query Attribute
clause;

an ontological clause in the query and a corresponding onto

using the extracted ontological relationship to modify an
35

attribute of the database query; and
executing the database query to return data from the
database, wherein the data is associated with the onto

logical relationship.

on the database based on the ontological relationship (step

1630).
The present invention as described with reference to the

or a Group By At Level clause;
analyZing the database to determine whether the database
satis?es a second condition, the second condition being
satis?ed if the database de?nes an ontological data struc
when the ?rst condition and the second condition are both

in the database (step 1610:no) the method is done. If there is

logical relationship tree exists in the database (step
1610wes) then the method proceeds to parse the ontological
relationship tree for the relationship in the ontological query
clause (step 1620). The ontological query is then performed

Change Query Attribute (CHGQRYA) clause, wherein
the Change Query Attribute clause is composed of a
Substitute Forward clause, Substitute Backward clause,

statement rather than in the query as shown.

Referring now to FIG. 16, method 1600 is illustrated for
evaluating a query that includes a Substitute Forward clause

receiving the database query;
analyZing the database query to determine whether the
query satis?es a ?rst condition, the ?rst condition being
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2. The computer-implemented method of claim 1 wherein
the ontological data structure is in the shape of a tree.

preferred embodiments provides signi?cant improvements
over the prior art. An SQL construct is provided to. The
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