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enable a query optimizer to better select an access plan that is
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BUILDING DATABASE STATISTICS ACROSS
A JOIN NETWORK USING SKEW VALUES
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of US. patent
application Ser. No. 11/089,468, ?led on Mar. 24, 2005, by
Brian Robert Muras (ROC920040345US1). In addition, this
application is related to US. patent application Ser. No.

plan. The cost of eachplan represents the amount of resources

expected to be utilized by the plan (typically expressed in the
expected amount of time to execute), and as such, selecting
the plan with the lowest cost typically results in the most
e?icient (and quickest) execution of a query.
[0007] Database statistics are often used by a query opti
mizer to estimate the cost of potential access plans. For

example, some optimizers rely on Frequent Value Lists
(FVL’s), which identify the most populous values of a column

, ?led on even date herewith by Brian Robert Muras

of a table. A FVL may also simply identify a certain number

(ROC920040345US2), which is also a continuation of the
aforementioned ’468. The entire disclosures of both applica
tions are incorporated by reference herein.

values in the column of a table. Among other bene?ts, a FVL
may be used to identify skew values, i.e., values that are

FIELD OF THE INVENTION

[0002] The invention relates to database management sys
tems, and in particular, to the building of database statistics

for query optimization.
BACKGROUND OF THE INVENTION
[0003]

Databases are used to store information for an innu

(N) of the most populous values, instead of all the populous

represented more times in a column than an average value.

Typically, skew values are among the mo st populous values of
a column since skew values are represented more times in the
column than an average value. Therefore, when a FVL is built
for the column, the skew values are typically included in the
FVL.

[0008] In many queries, there is often a join operation that
is performed between columns of tables.A join is typically an

merable number of applications, including various commer

operation used to combine data from two or more different

cial, industrial, technical, scienti?c and educational applica

tables according to some criteria. Many different types of
joins exist. An inner join typically returns only those rows
from the tables that match according to the criteria. An outer
join, however, typically returns both the rows that match and

tions. As the reliance on information increases, both the
volume of information stored in most databases, as well as the
number of users wishing to access that information, likewise
increases. Moreover, as the volume of information in a data

base, and the number of users wishing to access the database,
increases, the amount of computing resources required to
manage such a database increases as well.

[0004] Database management systems (DBMS’s), which
are the computer programs that are used to access the infor

mation stored in databases, therefore often require tremen
dous resources to handle the heavy workloads placed on such
systems. As such, signi?cant resources have been devoted to

increasing the performance of database management systems
with respect to processing searches, or queries, to databases.
[0005] Improvements to both computer hardware and soft
ware have improved the capacities of conventional database

management systems. For example, in the hardware realm,
increases in microprocessor performance, coupled with
improved memory management systems, have improved the

the rows that do not have a match.

[0009] In many systems, separate FVL’s are generated for
each column of a join. During optimization, the FVL’s of the
columns in the join may be combined to estimate a join
fanout, which is an estimate of the number of rows that will be

returned or joined after the join operation completes. There
fore, FVL’s are also bene?cial in estimating the number of
rows that will join, and thus ultimately what access plan will
operate most ef?ciently given the estimated number of rows.
Skew values are important for the join fanout calculation
because a join that has columns with skew values will likely
join with more rows than a join that has columns without skew

values. Therefore, in order to accurately estimate join fanout,
it is important to ensure that any skew values present in a

column are considered when estimating the join fanout. Oth
erwise, when skew values are missing in any of the FVL’s, this

number of queries that a particular microprocessor can per
form in a given unit of time. Furthermore, the use of multiple

may lead to an underestimated join fanout when the FVL’s are

microprocessors and/or multiple networked computers has

merged during optimization. As a result, the number of rows
that will likely join may be underestimated. Moreover, the

further increased the capacities of many database manage
ment systems. From a software standpoint, the use of rela

cost associated with the amount of time and resources

tional databases, which organize information into formally

required to carry out the join may also be underestimated and

de?ned tables consisting of rows and columns, and which are
typically accessed using a standardized language such as

Structured Query Language (SQL), has substantially
improved processing ef?ciency, as well as substantially sim
pli?ed the creation, organization, and extension of informa
tion within a database.

[0006] Furthermore, signi?cant development efforts have
been directed toward query “optimization,” whereby the
execution of particular searches, or queries, is optimized in an
automated manner to minimize the amount of resources

may mislead the optimizer to believe that the cost of an access

plan is lower than it actually will be.
[0010] It has been found, however, that the FVL’s of a join
that contains a unique column may introduce a problem when

attempting to estimate a join fanout during optimization. A
unique column is a column that contains each unique value
exactly once, whereas non-unique columns may contain val
ues that are repeated in multiple rows. In particular, when one

of the columns in the join is unique, the FVL of the unique
column in the join may not properly re?ect any skew values

required to execute each query. A query optimizer typically

for the join as a whole. Typically, a skew value in a non

generates, for each submitted query, an access plan. In gen
erating an access plan, a query optimizer typically creates

unique column stands out and will appear in the FVL of a
non-unique column as one of the N most populous values.
However, that same value may not stand out in a unique
column. As a result, a value in a unique column that is a skew

multiple potential access plans, and selects the best among
those potential access plans based upon the “cost” of each
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[0011]

Conventional optimization techniques do not pro

[0018]

FIG. 2 is a block diagram illustrating the principal

column. Thus, using conventional techniques, the probability

components and ?ow of information therebetween in the
database management system of FIG. 1.
[0019] FIG. 3 is a ?owchart illustrating the program ?ow of
one implementation of a process of building column statistics
across a join network using skew values.

that the skew value of a foreign table is randomly chosen from
the unique column to build the FVL is often low. The prob

DETAILED DESCRIPTION

vide a way to ascertain the skew values in a foreign table.

Moreover, since particular values in a unique column may not

stand out, many designs arbitrarily or randomly sample val
ues from a unique column to build the FVL for the unique

ability depends upon the value of N and the quantity of
records in the unique column. Given that the quantity of

[0020]

records can range from tens of records to millions of records,

the unpredictable nature of the conventional techniques typi

umn statistics using a least one skew value to more accurately
re?ect skew values across join networks. In the context of a

cally results in FVL’s for unique columns that do not re?ect
skew values across the join.
[0012] In some systems, a cardinality formula may be used

two columns according some criteria, that may be compared
against each other directly or indirectly via transitive closure

to increase the join fanout estimate and account for some of
the rows that will join but are not re?ected in the FVL’s.

However, the estimates typically resulting from the cardinal
ity formula may still underestimate the number of rows that
will be joining. Therefore, it is desirable for FVL’s to re?ect as
accurately as possible any skew values across the join. With
out a better re?ection of the skew values in the FVL’s, the
FVL’s may lead to an underestimated join fanout, underesti
mated costs, the selection of a suboptimal access plan under

the current runtime conditions by the query optimiZer, and

The embodiments discussed hereinafter build col

query, all join predicates, i.e., expressions that join at least
may be considered to form a set referred to herein as a join

network. A join network may also represent less than all the
join predicates in a given query consistent with the invention.
Additionally, there may be more than one join network in a

database query. For example, the following database query
Q1 may be considered as containing two join networks, i.e.,

(x.fl, y.fl, Z.fl) and (a.f2 and Z.f2):
[0021]

Q1: select * from a, x, y, Z

[0022] where x.fl ?/fl and y.fl:Z.fl and a.f2:Z.f2
[0023] A join network may also be multi-column and

performance problems.

embodiments consistent with the invention may take advan

[0013] A need therefore exists in the art for an improved
manner of building database statistics that more accurately

tage of the invention with a multi-column statistic such as a

re?ects skew values in foreign tables, thus, resulting in sta

query Q2, each column fl and each column f2 may be con

tistics that more accurately re?ect skew across joins and lead
ing to the selection of better access plans and improved per
formance.

form a multicolumn join network, i.e., (x.flx.f2, y.fly.f2,
Z.fl Z.f2):

multi-column FVL. For example, in the following database
catenated or appended to each other from tables x, y, and Z to

[0024]

SUMMARY OF THE INVENTION

[0014] The invention addresses these and other problems
associated with the prior art by providing an apparatus, pro
gram product and method that build column statistics utiliZ
ing a least one skew value. Typically, the column statistics
may be used to more accurately re?ect skew values across

join networks, and thus enable a query optimiZer to better

Q2: select * from x, y, Z

[0025] where x.fl%/.fl and x.f2%/.f2 and y.fl:Z.fl and
[0026] Columns may be concatenated from the same table
and/or from different tables. Furthermore, a join in a join
network may represent practically any type of join, eg an
actual join in a query, a join that will likely occur in a future
query, columns related as being likely to be joined in a data

select an access plan that is optimal under current runtime
conditions.

base query, etc.

[0015]

represent practically any type of column statistic, e.g., Fre
quent Values List (FVL), data distribution, histogram, an

For example, certain embodiments consistent with

the invention may detect at least one skew value in a join
network and utiliZe the detected skew value to build or rebuild
column statistics such as a Frequent Value List (FVL), a data
distribution, a histogram, an index, or an encoded vector

index, resulting in column statistics that more accurately

[0027]

A column statistic consistent with the invention may

index, and an encoded vector index, etc. One of ordinary skill
in the art will recogniZe that other column statistics may be
utiliZed as well. The column statistics may be built in
response to a query or user request, and may be built either in

re?ect skew values across a join network.

the requesting process or in a background job process. The

[0016]

results of the column statistics can be used on the same query

These and other advantages and features, which

characterize the invention, are set forth in the claims annexed
hereto and forming a further part hereof. However, for a better

understanding of the invention, and of the advantages and
objectives attained through its use, reference should be made
to the Drawings, and to the accompanying descriptive matter,
in which there is described exemplary embodiments of the
invention.
BRIEF DESCRIPTION OF THE DRAWINGS

or used on future queries. Furthermore, the order in which to
build column statistics of a join network may vary consistent
with this invention. For example, the column statistics for
non-unique columns of a j oin network may be built before the
column statistics of unique columns of a join network. More
over, column statistics may be built and/or rebuilt multiple

times based upon newly detected skew values.
[0028] A skew value consistent with the invention may
represent practically any type of data present in a table, e.g.

numerical data, alpha-numeric data, etc. Moreover, the

FIG. 1 is a block diagram of a networked computer

embodiments discussed hereinafter can detect multiple skew

system incorporating a database management system within
which is implemented query optimiZation consistent with the

values, eg the top N, the top X percentage, all values with

invention.

occur more than once consistent with the invention.

[0017]

greater than X percentage, etc. Skew value detection can
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[0029] Turning noW to the Drawings, wherein like numbers
denote like parts throughout the several vieWs, FIG. 1 illus

memory 14 to access a database 30 resident in mass storage

trates an exemplary hardWare and softWare environment for
an apparatus 10 suitable for implementing a database man

objects, modules, etc. may also execute on one or more pro

cessors in another computer coupled to computer 10 via a

agement system incorporating query optimiZation consistent

netWork, e. g., in a distributed or client- server computing envi

With the invention. For the purposes of the invention, appa
ratus 10 may represent practically any type of computer,

ronment, Whereby the processing required to implement the

computer system or other programmable electronic device,

computers over a netWork.

including a client computer, a server computer, a portable
computer, a handheld computer, an embedded controller, etc.

[0034] In general, the routines executed to implement the
embodiments of the invention, Whether implemented as part
of an operating system or a speci?c application, component,

Moreover, apparatus 10 may be implemented using one or
more netWorked computers, e.g., in a cluster or other distrib

16. Moreover, various applications, components, programs,

functions of a computer program may be allocated to multiple

uted computing system. Apparatus 10 Will hereinafter also be

program, object, module or sequence of instructions, or even
a subset thereof, Will be referred to herein as “computer

referred to as a “computer,” although it should be appreciated
that the term “apparatus” may also include other suitable
programmable electronic devices consistent With the inven
tion.

typically comprises one or more instructions that are resident

[0030]

Computer 10 typically includes a central processing

unit (CPU) 12 including one or more microprocessors
coupled to a memory 14, Which may represent the random

program code,” or simply “program code.” Program code
at various times in various memory and storage devices in a
computer, and that, When read and executed by one or more
processors in a computer, cause that computer to perform the
steps necessary to execute steps or elements embodying the

various aspects of the invention. Moreover, While the inven

access memory (RAM) devices comprising the main storage

tion has and hereinafter Will be described in the context of

of computer 10, as Well as any supplemental levels of
memory, e.g., cache memories, non-volatile or backup

fully functioning computers and computer systems, those

memories (e.g., programmable or ?ash memories), read-only

of the invention are capable of being distributed as a program

memories, etc. In addition, memory 14 may be considered to

product in a variety of forms, and that the invention applies

include memory storage physically located elseWhere in

equally regardless of the particular type of computer readable

computer 10, e. g., any cache memory in a processor in CPU
12, as Well as any storage capacity used as a virtual memory,

tion. Examples of computer readable signal bearing media

skilled in the art Will appreciate that the various embodiments

signal bearing media used to actually carry out the distribu

e.g., as stored on a mass storage device 16 or on another

include but are not limited to recordable type media such as

computer coupled to computer 10.
[0031] Computer 10 also typically receives a number of
inputs and outputs for communicating information exter

volatile and non-volatile memory devices, ?oppy and other

nally. For interface With a user or operator, computer 10
typically includes a user interface 18 incorporating one or
more user input devices (e.g., a keyboard, a mouse, a track

ball, a joystick, a touchpad, and/or a microphone, among
others) and a display (e.g., a CRT monitor, an LCD display

mission type media such as digital and analog communica
tion links.
[0035] In addition, various program code described here
inafter may be identi?ed based upon the application Within
Which it is implemented in a speci?c embodiment of the

panel, and/or a speaker, among others). OtherWise, user input

invention. HoWever, it should be appreciated that any particu

may be received via another computer or terminal, e.g., via a

lar program nomenclature that folloWs is used merely for
convenience, and thus the invention should not be limited to

client or single-user computer 20 coupled to computer 10
over a netWork 22. This latter implementation may be desir
able Where computer 10 is implemented as a server or other

removable disks, hard disk drives, magnetic tape, optical
disks (e.g., CD-ROMs, DVDs, etc.), among others, and trans

use solely in any speci?c application identi?ed and/or

implied by such nomenclature. Furthermore, given the typi

form of multi-user computer. HoWever, it should be appreci

cally endless number of manners in Which computer pro

ated that computer 10 may also be implemented as a standa

grams may be organiZed into routines, procedures, methods,

lone Workstation, desktop, or other single-user computer in

modules, objects, and the like, as Well as the various manners
in Which program functionality may be allocated among vari
ous softWare layers that are resident Within a typical computer

some embodiments.

[0032]

For non-volatile storage, computer 10 typically

includes one or more mass storage devices 16, e.g., a ?oppy or

(e.g., operating systems, libraries, API’s, applications,

other removable disk drive, a hard disk drive, a direct access

applets, etc.), it should be appreciated that the invention is not
limited to the speci?c organization and allocation of program
functionality described herein.

storage device (DASD), an optical drive (e.g., a CD drive, a
DVD drive, etc.), and/ or a tape drive, among others. Further
more, computer 10 may also include an interface 24 With one
or more netWorks 22 (e.g., a LAN, a WAN, a Wireless net

Work, and/or the Internet, among others) to permit the com
munication of information With other computers and elec
tronic devices. It should be appreciated that computer 10

typically includes suitable analog and/or digital interfaces
betWeen CPU 12 and each of components 14, 16, 18, and 24
as is Well knoWn in the art.

[0033] Computer 10 operates under the control of an oper
ating system 26, and executes or otherWise relies upon vari
ous computer softWare applications, components, programs,
objects, modules, data structures, etc. For example, a data
base management system (DBMS) 28 may be resident in

[0036] Those skilled in the art Will recogniZe that the exem
plary environment illustrated in FIG. 1 is not intended to limit
the present invention. Indeed, those skilled in the art Will
recogniZe that other alternative hardWare and/ or softWare
environments may be used Without departing from the scope
of the invention.

[0037] FIG. 2 next illustrates in greater detail the principal
components in one implementation of DBMS 28. The prin
cipal components of DBMS 28 that are generally relevant to
query execution are a Structured Query Language (SQL)

parser 40, query optimiZer 42 and database engine 44. SQL
parser 40 receives from a user (or more typically, an applica

tion executed by that user) a database query 46, Which in the
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illustrated embodiment, is provided in the form of an SQL
statement. SQL parser 40 then generates a parsed statement
48 therefrom, Which is passed to optimizer 42 for query
optimization. As a result of query optimization, an execution
or access plan 50 is generated. Once generated, the execution

plan is forwarded to database engine 44 for execution of the
database query on the information in database 30. The result
of the execution of the database query is typically stored in a
result set, as represented at block 52.

[0038]

To facilitate the optimization of queries, DBMS 28

may also include a statistics manager 54. The statistics man

ager 54 may be used to gather and analyze statistical infor
mation for the query optimizer 42. The statistical information
may be derived by the statistics manager 54 from database 30

by using and/or creating indexes and column statistics. These
column statistics may be merged during optimization to esti
mate a join fanout. The statistics manager 54 may also iden

tify join netWorks and detect skeW values. To assist in gener
ating an optimal access plan, query optimizer 42 is con?gured
to communicate With and receive communication from sta

tistics manager 54. It Will be appreciated, hoWever, that the
query optimizer and statistics manager may be allocated dif
ferent functionality in other embodiments consistent With the
invention. Moreover, the statistics manager may be contained
or integrated Within the query optimizer. The statistics man
ager may also have other components or may be omitted
completely in some embodiments. Furthermore, other com

ponents and functionality may also be incorporated into
DBMS 28, as may other suitable database management archi

tectures. Other database programming and organizational
architectures may also be used consistent With the invention.

Therefore, the invention is not limited to the particular imple
mentation discussed herein.
[0039] FIG. 3 illustrates a ?owchart of an exemplary
method for building column statistics in accordance With the

principles of the present invention. In block 60, a join netWork
is identi?ed. As stated above, the join netWork can be an
actual join in a query, a join netWork that Will likely occur in
a future query, columns related as being likely to be joined in
a database query, etc. Columns related as being likely to be
joined in a database query can be identi?ed based upon pri
mary and foreign key constraints such as those de?ned by an
administrator, based upon naming structure such as each col
umn having the same name, or based upon the access plan

cache of completed queries. Those of ordinary skill in the art
Will recognize that other modes of identifying a join netWork
may be utilized as Well.

[0040] Next, block 62 initiates a FOR loop to process a
plurality of columns identi?ed in the join netWork that are not
unique. Uniqueness of a column may be obtained from a
cached access plan, table, or any other mode recognized in the
art. Additionally, Where the uniqueness of the column cannot
be ascertained, the column may be categorized as not unique
consistent With this invention. Those of ordinary skill in the

art Will appreciate the bene?ts of commencing the implemen

[0041] Next, for each such non-unique column, control
passes to block 64 to build a column statistic from a random

sample of the non-unique column and any knoWn skeW val
ues. The column statistics can be any type of column statistics

knoWn in the art, e.g., Frequent Values List (FVL), data dis
tribution, histogram, an index, an encoded vector index, etc.
Consistent With the invention, knoWn skeW values can be any

type of data structure, table, roW, column, variable, etc. In
building a column statistic With knoWn skeW values, a table
scan or other method such as an index probe may be used to

determine if the values in knoWn skeW values are in the

non-unique column. Those of ordinary skill in the art Will
appreciate that columns may change due to updates and dele
tions, therefore, the skeW values in knoWn skeW values may
not be in the non-unique column. Therefore, a skeW value in
knoWn skeW values may be used to build the column statistic

for the non-unique column When the skeW value is present in
the non-unique column, otherWise it is not. Control then
passes to block 66, Which determines if any neW skeW values
Were detected from the column statistic built in block 64. If
neW skeW values Were not detected in block 66, then control
passes to block 74 to determine Whether there are any more

non-unique columns left to process. HoWever, if neW skeW
values Were detected in block 66, then the neW skeW values
are added to the knoWn skeW values in block 68. NeW skeW
values are skeW values not present in the list of knoWn skeW
values.

[0042]

Also, upon detecting neW skeW values, block 70

determines Whether at least one previously built column sta
tistic may be rebuilt using the knoWn skeW values. If so,
control passes to block 72 to reset the join netWork to rebuild
the column statistic. A previously built column statistic is
rebuilt using a random sample and the knoWn skeW values.
Consistent With this invention, at least one previously built
column statistic may not be rebuilt, at least one previously
built column statistic may be rebuilt more than once, and/or
the time to start rebuilding at least one previously built col
umn statistic is ?exible. Those of ordinary skill in the art Will
appreciate that there may not be a need to rebuild a previously

built column statistic if that previously built column statistic
contains all the skeW values in knoWn skeW values. Addition

ally, any previously built column statistic lacking any skeW
values can be rebuilt immediately consistent With the inven
tion, but, this may require additional rebuilds if any more neW
skeW values are detected in future iterations. Therefore, it Will
also be appreciated in the art that time and resources can be
conserved if the rebuilding of at least one previously built
column statistic occurs after processing of the last non-unique

column has ?nished, since knoWn skeW values Will likely be
the most accurate after any neW skeW values have been

detected from a column statistic of the last non-unique col

umn in the join netWork. Alternatively, instead of rebuilding
at least one previously built column statistic, the column
statistic can be built using the knoWn skeW values When the
column statistic is refreshed due to staleness. A column sta
tistic may become stale When the values in the corresponding

tation With non-unique columns. As stated previously, ran

column have changed due to deletions, additions, and updates

dom sampling of unique columns typically leads to column

to a point that the column statistic may no longer properly
represent the values in the column. Nonetheless, a combina
tion of any of these approaches is also consistent With the

statistics that do not re?ect skeW values from foreign tables.

HoWever, because this exemplary implementation starts
building column statistics on non-unique columns ?rst, it

invention. Additionally, if any neW skeW values are detected

ensures that the column statistics built subsequently for
unique columns more accurately re?ect the skeW values from

from any rebuilt column statistics, a similar methodology
may also be folloWed and may include the additional step of

the foreign tables.

rebuilding the column statistic of the last non-unique column
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at least once. Regardless of Whether any column statistics are
rebuilt, control next passes to block 74 to determine if there
are more non-unique columns. If so, control passes to block
62 to process additional columns, otherwise, control passes to
block 76.
[0043] Block 76 initiates a FOR loop to process a plurality

of columns identi?ed in the join netWork 60 that are unique.
For each such unique column, control passes to block 78 to
build a column statistic from a random sample of the unique
column and the knoWn skeW values. HoWever, knoWn skeW
values may not contain any skeW values if the join netWork
did not contain non-unique columns. Next, block 80 deter
mines if any more unique columns exist. If so, control passes
to block 76 to process additional unique columns. When there
are no more unique columns remaining, control passes to
block 82 to save the knoWn skeW values. For example, if the

join netWork changes and column statistics are required for
neW columns, building column statistics for these neW col
umns using the knoWn skeW values may avoid having to

[0046] Using conventional sampling techniques, a FVL
might be built over the non-unique column DimID of Fact
Table as shoWn in TABLE III.

TABLE III
FVL FOR FACT TABLE

1
3
4

6
l
1

[0047] Using conventional sampling techniques, a FVL

be randomly selected.
TABLE IV
FVL FOR DIMENSION TABLE

repeating the entire implementation.
[0044] The folloWing example demonstrates the advan
tages of the illustrated embodiment over conventional statis

tics collection methodologies. In this example, a j oin netWork

[0048]

Value

Count

2
3
4

l
l
1

Conventional sampling techniques easily re?ect a

skeW value of ‘ l ’ in the FVL of Fact.DimID, as ‘ l ’ is present

six times. HoWever, even though ‘1’ is a skeW value in the
foreign Fact Table, and the value ‘ l ’ Was present in the unique

TABLE I

column Dimension.DimID, ‘ l ’ Was not selected for the FVL

FACT TABLE

DimID

Count

may be built over the unique column DimID of Dimension
Table as shoWn in TABLE IV. Given the uniqueness of the
column, the values included in the FVL for the column may

recreate the column statistics for the old columns, thus,
improving performance and providing a more accurate
re?ection of skeW values across the join netWork Without

is identi?ed betWeen a non-unique column DimID of Fact
Table, shoWn in TABLE I, and a unique column DimID of
Dimension Table, shoWn in TABLE II.

Value

Other Data

of Dimension.DimID due to random sampling. Therefore,
When the tWo FVL’s are merged during optimiZation, it Will
appear as if only tWo roWs Willjoinbecause the skeW value ‘ l ’

Was not re?ected in the FVL of Dimension.DimID. The illus

trated embodiment, on the other hand, provides an approach
that more accurately re?ects skeW values across this and other
join netWorks. As a result, When the FVL’s of columns in a

join netWork are merged at optimization, the skeW values built
into the FVL’s of the join netWork lead to a much more

accurate estimate of the number of roWs that Will join. Using
the same example, the illustrated embodiment ?rst builds a
FVL for the non-unique column Fact.DimID as shoWn in
TABLE III. The illustrated embodiment then identi?es ‘ l ’ as

a skeW value and stores ‘ l ’ in knoWn skeW values. Using the

knoWn skeW values, a FVL is then built for the unique column

TABLE II

Dimension.DimID as shoW in TABLE V.

DIMENSION TABLE

TABLE V
DimID

Other Data
FVL FOR DIMENSION TABLE BUILT
BY ILLUSTRATED EMBODIMENT

[0049]

Value

Count

1
2
4

l
l
l

By building the FVL of Dimension.DimID using the

knoWn skeW values, this ensures that ‘ l ’, the skeW value in the

foreign Fact Table, is selected for the FVL of Dimension.
DimID. Therefore, When the FVL of Fact.DimID and the

[0045]

In this join netWork, nine roWs Will join.

FVL of Dimension.DimID are merged during optimization,
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the join fanout Will more accurately re?ect the number of
roWs that Will join. Where the conventional approach esti
mated that tWo roWs Would join, the illustrated embodiment

7. The method of claim 1, further comprising storing at
least one detected skeW value for building at least one column

statistic.

results in an estimate of seven roWs joining, Which is much

8. An apparatus, comprising:

closer to the nine roWs that Will actually join in this join
network.
[0050] The invention thus provides a novel approach that

at least one processor;
a memory; and

uses detected skeW values to build column statistics Which
more accurately re?ect skeW values across a join network. As
a result, the invention leads to better estimates of the number
of roWs that Will join and the selection of an optimal access

plan under the current runtime conditions.
[0051] Various modi?cations may be made to the illus

program code resident in the memory and con?gured to be
executed by the at least one processor to build database
statistics, the program code con?gured to build a ?rst
column statistic for a ?rst column in a ?rst table, includ
ing detecting a skeW value in the ?rst column statistic,
and based upon the detected skeW value in the ?rst
column statistic and after building the ?rst column sta
tistic, use the skeW value to build a second column sta
tistic for a second column in a second table that is likely
to be joined With the ?rst column in a database query,
Wherein the program code is con?gured to build the

trated embodiments Without departing from the spirit and
scope of the invention. For example the term column, table
and roW are usually used in connection With relational data
bases. HoWever, these terms are not meant to limit the present
invention to relational databases as these terms may be used in

general to describe like entities in other types of databases
such as, for example, object-oriented databases and ?at ?le
structures. Therefore, the invention lies in the claims herein

after appended.

second column statistic by generating a random sample
of values in the second column, and adding the skeW
value to the random sample of values.
9. The apparatus of claim 8, Wherein the program code is
con?gured to build the ?rst column statistic by including the
skeW value With a random sample of values in the ?rst col
umn.

What is claimed is:

1. A method of building database statistics, the method

comprising:
building a ?rst column statistic for a ?rst column in a ?rst

table, including detecting a skeW value in the ?rst col
umn statistic;

based upon the detected skeW value in the ?rst column

statistic, and after building the ?rst column statistic,
using the skeW value to build a second column statistic
for a second column in a second table that is likely to be
joined With the ?rst column in a database query, Wherein

building the second column statistic comprises generat
ing a random sample of values in the second column, and
adding the skeW value to the random sample of values;
and
storing the skeW value for building at least one column
statistic.
2. The method of claim 1, Wherein building the ?rst column
statistic comprises including the skeW value With a random
sample of values in the ?rst column.
3. The method of claim 1, Wherein the ?rst column statistic
and the second column statistic include at least one of a

frequent value list, a data distribution, a histogram, an index,
and an encoded vector index.

4. The method of claim 1, further comprising determining
that the second column is more unique than the ?rst column,

Wherein building the ?rst column statistic is performed before
building the second column statistic based upon the determi
nation that the second column is more unique than the ?rst
column.

5. The method of claim 1, further comprising detecting at
least one skeW value in the second column statistic.

6. The method of claim 5, further comprising rebuilding the
?rst column statistic using the detected skeW value in the
second column statistic.

10. The apparatus of claim 8, Wherein the ?rst column
statistic and the second column statistic include at least one of
a frequent value list, a data distribution, a histogram, an index,
and an encoded vector index.

11. The apparatus of claim 8, Wherein the program code is
con?gured to determine that the second column is more

unique than the ?rst column, and to build the ?rst column
statistic before building the second column statistic based
upon the determination that the second column is more

unique than the ?rst column.
12. The apparatus of claim 8, Wherein the program code is
con?gured to detect at least one skeW value in the second
column statistic.
13. The apparatus of claim 13, Wherein the program code is

con?gured to rebuild the ?rst column statistic using the
detected skeW value in the second column statistic.
14. The apparatus of claim 8, Wherein the program code is
con?gured to store at least one detected skeW value for build
ing at least one column statistic.

15. A program product, comprising:
program code con?gured to build database statistics by
building a ?rst column statistic for a ?rst column in a ?rst

table, including detecting a skeW value in the ?rst col
umn statistic, and based upon the detected skeW value in
the ?rst column statistic and after building the ?rst col
umn statistic, use the skeW value to build a second col
umn statistic for a second column in a second table that

is likely to be joined With the ?rst column in a database
query, Wherein the program code is con?gured to build
the second column statistic by generating a random

sample of values in the second column, and adding the
skeW value to the random sample of values; and
a recordable computer readable medium bearing the pro
gram code.

