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As can be seen, the typical method for ordering the data is

OPTIMIZING A COMPUTER DATABASE
QUERY THAT FETCHES N ROWS

quite Wasteful of system resources. This causes an undue
burden on the computer system and increases access delay to
database queries. Without a Way to reduce database query

CROSS-REFERENCE TO RELATED
APPLICATION

time to improve system performance, the computer industry
Will continue to suffer from excessive delays in database

This patent application is a continuation of a patent appli

accesses that require a subset of results in an ordered query.

cation With the same title, U.S. Ser. No. 11/128,053, ?led on

May 12, 2005, Which is incorporated herein by reference.

DISCLOSURE OF INVENTION

BACKGROUND OF THE INVENTION

In accordance With the preferred embodiments, an appara
tus and method to optimiZe a query in a computer database by

1. Technical Field

This invention generally relates to computer systems, and

eliminating records prior to sorting or grouping and then

more speci?cally relates to apparatus and methods for
improving data access performance in a computer database
Which eliminate records prior to sorting or grouping in a

returning a ?rst n roWs. In preferred embodiments, the query
optimiZer determines the query can be optimiZed and gener
ates for the query an optimiZed access plan that eliminates
records de?ned by a Where clause and one or more ordering

query that fetches a ?rst n roWs.

2. Background Art

criteria prior to ordering the records (sorting or grouping) and

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

20

rent account information, including payment history, pre
mium amount, policy number, policy type, exclusions to cov

25

then returning a ?rst n roWs.

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

illustrated in the accompanying draWings.
BRIEF DESCRIPTION OF DRAWINGS

erage, etc. A database system alloWs the insurance company
to retrieve the account information for a single policy holder

among the thousands and perhaps millions of policy holders
in its database.
Retrieval of information from a database is typically done

30

using queries. A database query typically includes one or
more predicate expressions interconnected With logical
operators. A predicate expression is a general term given to an
expression using one of the four kinds of operators (or their

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;

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

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

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

Language (SQL);

35

specify relatively complex logical operations on multiple col
umns. The database is searched for records that satisfy the

40

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

Many internet Web applications are being Written that
access databases and then present lists of data to a user in the
form of a Web page. The lists are usually ordered in a manner

requested by the user and/or the Web application. The data
presented to the user in a single Web page is often a partial list
of a larger set of data. It may take several or many Web pages
to present the entire list of data. In this environment it is
desirable to maintain data consistency across screen invoca
tions, so that sequential data from a list can be presented to the

45

FIG. 5 is a sample Select query statement With a Fetch First
n RoWs Only clause and an Order By clause used to illustrate
a ?rst embodiment;
FIG. 6 is a sample database table accessed by the query of

FIG. 5;
FIG. 7 is a sample index over columns f1 and f3 of the Table

shoWn in FIG. 6;
50

user on subsequent Web pages or screens.

One technique used to maintain data consistency across
screen invocations is data ordering. To order the data, the
database query is Written to bring back the roWs in a speci?c
order, and then to limit the number of roWs to be returned from

FIG. 4 is a predicate expression that is representative of the
Where clause in the sample database query of FIG. 2;

FIG. 8 is a sample index over columns f2 and f3 of the Table

shoWn in FIG. 6;
FIG. 9 is another sample Select query statement With a
Return n RoWs Only clause used to illustrate another embodi

ment;
55

the query With a Fetch First N RoWs clause. Similarly, in an

FIG. 10 is another sample Select query statement With a
Return n RoWs Only clause used to illustrate another embodi

interactive query, only enough records needed to ?ll the

ment;

screen need to be fetched. The query may produce a large
number of results that have to be ordered and then a small
subset of the results selected to be returned by the query.
Moreover, in many cases the state of the database server is not

FIG. 11 is another sample Select query statement With a
Return n RoWs Only clause and a Group By clause used to
60

time the Web application screen invokes the database, the
invocation is an independent operation. Thus When each page
of a list is retrieved, the server must repeat the query including
the retrieval and ordering operations for many roWs that are
not needed on the current page.

illustrate another embodiment;
FIG. 12 is a How diagram illustrating a method according to

maintained across screens or Web pages. This means that each

preferred embodiments;
FIG. 13 is another How diagram illustrating a method
65

according to preferred embodiments; and
FIG. 14 is another How diagram illustrating a method

according to preferred embodiments.
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2.0 Detailed Description

BEST MODE FOR CARRYING OUT THE
INVENTION

In accordance With the preferred embodiments, an appara
tus and method is described to optimize a query access plan in

1.0 Overview

a computer database system. In preferred embodiments, the
query optimizer determines the query can be optimized and

The present invention relates to optimizing database que
ries. For those not familiar With databases or queries, this

generates for the query an optimized access plan that elimi

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

nates records de?ned by a Where clause prior to a sort to order
records and then return a ?rst n roWs.

There are many different types of databases knoWn in the

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

art. The most common is knoWn as a relational database

suitable implementation of an apparatus in accordance With

(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
e?iciently retrieved. The most common Way to retrieve data

the preferred embodiments of the invention. Computer sys

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

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

20

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

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

25

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

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

30

Language (SQL). SQL de?nes a syntax for generating and
processing queries that is independent of the actual structure
and format of the database. A primary type of SQL query is
the Select statement shoWn in FIG. 3. The Select statement
speci?es data to be retrieved from a database table. The Select
statement tells the database query processor to Select all
columns, the “from Tablel” statement identi?es Which data
base 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

35

40

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 col
umns 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

45

50

intended to mean an arbitrary predicate expression, Which can
be an entire expression in a query, a portion of an expression
in a query, or the entire query and may include logical expres

sions, relational expressions, unary expressions, boolean
expressions, and their combinations.

55

In the prior art, a tool knoWn as a query optimizer evaluates
expressions in a query. When an expression becomes com

plex, the query optimizer often approaches the expression
from multiple perspectives. The query optimizer generates
one or more access plans to access the database, and then 60

determines Which access plan has the loWest cost or best

performance. In many cases, the query optimizer Will gener
ate a neW or reformulated query to improve performance.

HoWever, the prior art query optimizer is unable to optimize a
Select statement With a Fetch First n RoWs Only Clause to

optimize system performance as described beloW With refer
ence to the preferred embodiments.

65

