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Chapter 1: Introducing DB2 Performance

Using This Handbook

Key Topics

This handbook helps DB2 performance tuners to complete the followingtasks:
m  Designdatabases for high performance.

m  Understand how DB2 processes SQL and transactions, and tune those processes for
performance.

For database performance management, the philosophy of performance tuning begins
with databasedesign and extends through the databaseandapplication development
and productionimplementation.

This guide includes the following key topics:
m  Fundamentals of DB2 performance.

m  Descriptions of features and functions that help you manage and optimize
performance.

m  Methods for identifying DB2 performance problems.
m  Guidelines for tuning staticand dynamic SQL.
m  Guidelines for the proper design of tables and indexes for performance.

m  DB2 subsystem performance information,and advicefor subsystem configuration
andtuning.

m  Commentary for proper application design for performance.

m  Real-worldtips for performance tuning and monitoring.
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Audience

Audience

The primary audiencefor this handbookis physicaland logical databaseadministrators.

Because performance management has many stakeholders, additional users may
benefit from this information, includingapplication developers, data modelers, and data
center managers. For successful performanceinitiatives, DBAs, developers, and
managers must cooperate and contribute to performance management. There are no
rightways or wrong ways existto tune performance. However, trade-offs arecommon
as people decide about databasedesign and performance.

Are you designing for ease of use, minimized programming effort, flexibility, availability,
or performance? As you make these choices, consider organizational costs and benefits
and whether they aremeasured in the amount of time and effort by the personnel
involvedin development and maintenance, responsetime for end users, or CPU metrics.

This handbook assumes that you have a good working knowledge of DB2 and SQL. This
book helps you build good performance into the application, database, and the DB2
subsystem. This book provides techniques to help you monitor DB2 for performance
andto identify and tune production performance problems.

About DB2 Performance

When one of the following events occurs, DB2 performance becomes a focal point:

m  An onlineproduction system does not respond within the time specifiedina service
level agreement (SLA).

m  An application uses more CPU (and thus costs more money) than is desired.
Most of the efforts involved intuning duringthese situations revolvearoundfire

fighting, and when the problem is solved, the tuning effort is abandoned. Performance
tuning can be categorized as follows:

m  Designingfor performance (applicationand database)
m  Testing and measuring performance design efforts

m  Understanding SQL performance and tuning SQL

m  Tuning the DB2 subsystem

m  Monitoring production applications

An understanding of DB2 performance, even at a high level, can help ensure the
performance of applications, databases, and subsystems.
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Measuring DB2 Performance

Measuring DB2 Performance

Performance design and tuning arevital becauseusers want accessible,accurate, and
secure data.

Strong performanceis a balancebetween expectations and reality. For effective
performance tuning, work with each stakeholder to identify and understand their
expectations. After identifyingand understandingthe expectations of the stakeholders,
you realizethe full benefits of performance tuning.

How you define strong DB2 databaseand application performancecenters on two
areas. First,itmeans that users do not need to waitfor the information that they
require to do their jobs.Second, itmeans that the organization does not spend too
much money runningthe application.The methods for designing, measuring, and tuning
for performance varyfrom application to application. The optimal approach depends
upon the type of application.

Your site may use one or all of the followingfactors to measure performance:

m  User complaints

m  Overall responsetime measurements

m  Service level agreements (SLAs)

m  System availability

m  |/Otime and waits

m  CPU consumptionandassociated charges

m  Locking time and waits

More Information:

EXPLAIN Facilityand Predictive Analysis (seepage 79)

DB2 Performance Problem Root Cause

When the measurements thatyou use at your sitewarn you of a performance problem,
you face the challenge of findingthe root cause. The followinglistdetails common root
causes of performance problems:

m  Poor databasedesign
m  Poor applicationdesign
m  Catalogstatisticsthatdo not reflect the data size, organization, or both

m  Poorlywritten SQL
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m  Generic SQL design

®  Inadequatelyallocated systemresources, such as buffers and logs

In other situations, you may be working with packaged software applicationsthatcause
performance problems. Inthese situations, itmay be difficultto tune the application,

butitis possibletoimprove performance through databaseand subsystemtuning.

More Information:

Understand and Tune Your Packaged Applications (see page 143)

Designing for Performance

Teams canoptimize anapplication for high availability, ease of programming, flexibility
andreusability of code, and performance. The most thorough application design must
consider all of these areas. Ifa design team commits the followingerrors, major
performance problems can occur:

m  Overlooks performance
m  Considersitlateinthe design cycle

m  Failstounderstand, test, and address performance before production

Designinganapplication for performance can help avoid many performance problems
after the application has been deployed. Proactive performance engineering can help
eliminatethe redesign, recoding, and retrofitting duringimplementation to satisfy
performance expectations or alleviate performance problems. Proactive performance
engineering alsolets you analyzeandstress test the designs before you implement
them.

Usingthe techniques andtools inthis handbook can turn performance engineering
research andtesting from a lengthy process inhibiting development to one that canbe
performed efficiently before development.

Many options existto index and table design for performance. These options center on
the type of application thatyou are implementing, specifically the type of data access
(random versus sequential, read versus update, and soon). Inaddition, the application
has to be properly designed for performance. The design process requires an
understanding of the application data access patterns,as well as the units of work
(UOWSs) andinputs. Considering these points and designing the applicationand
databaseaccordingly arethe best defense againstperformance problems.
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Identifying Performance Problems

More Information:

Designing Tables and Indexes for Performance (see page 59)
EXPLAIN Facilityand Predictive Analysis (see page 79)

Identifying Performance Problems

How do we find performance problems? Are SQL statements inan application causing
problems? Does the area of concern involvethe design of our indexes and tables? Or,
perhaps our data has become disorganized, or the catalogstatisticsdo not accurately
reflect the data inthe tables? It canalsobeanissueof dynamic SQL, and poor
performing statements, or perhaps the overhead of preparingthe dynamic SQL
statements.

When itcomes to databaseaccess, findingand fixing the worst performing SQL
statements is the top priority. However, how does one prioritize the worst culprits? Are
problems caused by the statements that are performing tablespacescans or the ones
with matching index access?

Performanceis relevant, andfindingthe leastefficient statement is a matter of
understanding how that statement is performingrelativeto the business need that it
serves. This handbook can help you prioritize site-specific performance needs.

Fixing the Performance Problems

After you identify a performance problem, determine the best approachtoaddressiit.
The problem could be updating catalogstatistics, tuningan SQL statement, or adjusting
parameters for indexing, tablespace, or subsystem.

With the proper monitoringin place, you canidentify, understand, and fix the problem.

More Information:

Understand and Tune Your Packaged Applications (seepage 143)
Designing Tables and Indexes for Performance (see page 59)
Application Design and Tuning for Performance (see page 105)
Tuning Subsystems (see page 125)

Tuning Tips (see page 153)
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Chapter 2: SQL and Access Paths

DB2 offers you a level of abstraction fromthe data because you do not have to know
the followinginformation:

m  Where the data physically exists
m  Where the data sets are
m  Whichistheaccess method for the data

m  Whatindexto use

All that you should know is the name of the tableand the columns you areinterested in.
You can quickly build applicationsthataccess data using standardized languagethatis
independent of any access method or platform. This design enables development of
applications, portability across platforms, and all of the power and flexibility that comes
with arelational or object-relational design.

The DB2 Optimizer

The DB2 optimizer performs the following functions:
m  Accepts a statement

m  Checks for syntax

m  Checks the DB2 system catalog

m  Builds access paths tothe data

The DB2 optimizer uses catalogstatisticsto attach a cost to the possibleaccess paths
andthen chooses the cheapest path. Understandingthe DB2 optimizer, the DB2 access
paths,and how your datais accessed helps you adjustthe DB2 performance.

The DB2 optimizer is responsibleforinterpreting your queries and determining how to
access your data inthe most efficient manner. However, it can use only the best of the
availableaccess paths. The DB2 optimizer does not know what access paths are possible
that are not available. The DB2 optimizer can deal only with the information that you
provide. This informationis primarily stored in the DB2 system catalog, which includes
the basicinformation aboutthe tables, columns, indexes, and statistics. The DB2
optimizer does not know about the indexes that could be built, or anythingabout the
possibleinputs to our queries (unless allliteral values areprovidedin a query), input
files, batch sequences, or transaction patterns. Therefore, an understanding of the DB2
optimizer, statistics,and access paths isimportant, but the design of applicationsand
databases for performanceis alsoimportant.
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Importance of Catalog Statistics

The DB2 optimizer interprets your queries and determines the most efficient method to
access your data. The DB2 optimizer can use access paths that areonly available when
determining the most efficient way to access your data. If other access paths existbut
arenotavailable, these access paths arenot considered.

The DB2 optimizer can use only the information you provide when determining access
paths and interpreting queries. The primarylocation for this informationis the DB2
system catalog, whichincludes the basicinformationabouttables, columns, indexes,
and statistics. However, the DB2 optimizer does not know aboutindexes that could be
built, possibleinputs to queries, input files, batch sequences, or transactions patterns
unless you specifically providethis information.

Importance of Catalog Statistics

Catalogstatisticsincludeinformation aboutthe amount of data and the organization of
that data in DB2 tables. The DB2 optimizer selects access paths to the data based on
cost, socatalogstatisticsarecritical to proper performance. Maintainingaccurate,
up-to-date statisticsis critical to performance.

The DB2 optimizer uses various statistics to determine the cost of accessingthedatain
tables. The type of query (static or dynamic), use of literal values, and run-time
optimization options dictates which statisticsareused. The costthat is associated with
various access paths affects whether indexes are chosen, or which indexes are chosen,
the access path,and tableaccess sequence for multipletable access paths.

Inadditionto catalogstatisticsand databasedesign, the DB2 optimizer uses other
information to calculateand choosean efficientaccess path. The followinginformation
is used to determine the access path:

m  Model of the central processor
m  Number of processors

m  Size of the RID pool

m  Variousinstallation parameters

m  Buffer pool sizes

Ensure that you are aware of these factors as you tune your queries.
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Importance of Catalog Statistics

Followingarethe three types of DB2 catalogstatistics:
m  Cardinality
m  Frequency Distribution

m  Histogram

Each type provides different details aboutthe data inyour tables,and DB2 uses these
statisticsto determine the best way to access thedata dependent on the objects and
the query.

Cardinality Statistics

Cardinality statistics reflectthe number of rows ina tableor the number of distinct
values fora columnina table. These statistics provide the main source for the filter
factor. Filter factor is a percentage of the number of rows that are expected to be
returned for a column or a table. DB2 uses cardinality statistics to determine which of
the following methods to use to access data:

m  Whether accessisusinganindexscanoratablespacescan

m  Whichtableto access firstwhen joiningtables

DB2 needs anaccurateestimate of the number of rows that qualify after applying
various predicates inyour queries to determine the optimal access path. When multiple
tables are accessed, the number of qualifyingrows thatare estimated for the tables can
also affectthe table access sequence. Column and table cardinalities providethe basic,
but critical information for the DB2 optimizer to make these estimates.

Example: EMP Table Access

When DB2 has to choosethe most efficient way to access the EMP table, this access
depends on the followingfactors:

m  Size of the table

m  Cardinality of the SEX column

m  Any index that might be defined on the table

DB2 uses the catalogstatistics to determine the filter factor for the SEX column. In this
case, 1/COLCARDF, COLCARDF is acolumn inthe SYSIBM.SYSCOLUMNS catalogtable.
The resulting fractional number represents the number of rows that areexpected to be

returned based on the predicate.DB2 uses this filter factor number to decide whether
to usean index (ifavailable) or tablespacescan.
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Importance of Catalog Statistics

Example: EMP Table Access Path

Ifthe cardinality of the SEX column is three (male, female, and unknown), the tablehas
three unique occurrences of a value of SEX. Inthis case, DB2 determines a filter factor of
1/3, or 33 percent of the values. Consider thatthe cardinality of the table, as reflected in
the CARDF column of the SYSIBM.SYSTABLES catalogtable,is 10,000 employees. Then,
the estimated number of rows that arereturned from the query is 3,333.DB2 uses this
information to decide which access path to choose.

Consider that you are usingthe predicatein the following query inajointo another
table. The filter factor that is calculated will beused not only to determine the access
path to the EMP table, but itcould alsoinfluencewhichtablewill beaccessedfirstinthe
join.

SELECT EMPNO
FROM  EMP
WHERE SEX = :SEX

Example: Column Groups

Statistics canalso begathered in groups of columns. This method is called column
correlation statistics. This method is importantbecausethe DB2 optimizer can useonly
the informationitis given. The followingcommand shows an example that uses this
method:

SELECT E.EMPNO, D.DEPTNO, D.DEPTNAME

FROM EMP E
INNER JOIN
DEPT D
ON E.WORKDEPT = D.DEPTNO
WHERE LASTNAME = :LAST-NAME

Example: Filter Factor

Imaginethat the amount of money that someone is paidis correlated to the amount of
education they have received. For example, anintern with one year of college is not
paidas much as an executive with an MBA. However, ifthe DB2 optimizer is not given
this information, ithas to multiply the filter factor for the SALARY predicate by the filter
factor for the EDLEVEL predicate. This calculation mayresultin an exaggerated filter
factor for the table, and itcould negatively influence the choiceof anindex or the table
access sequence of a join. For this reason,itis importantto gather column correlation
statistics on any columns that might be correlated. More conservatively, you may want
to gather column correlation statisticsonany columns that arereferenced together in
the WHERE clause. The following command shows an example that uses this method:

SELECT E.EMPNO

FROM EMP E

WHERE SALARY > :SALARY
AND EDLEVEL = :EDLEVEL
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Frequency Distribution Statistics

Frequency distribution statistics reflectthe percentage of frequently occurringvalues.
You can collectthe information about the percentage of values that occur most or least
frequently ina column inatable. These frequency distribution statistics can dramatically
impactthe performance of the followingtypes of queries:

m  Dynamicor static SQL with embedded literals
m  Static SQL with host variables bound with REOPT(ALWAYS)

m  Staticor dynamic SQL againstnullablecolumns with hostvariablesthatcannotbe
null

m  Dynamic SQL with parameter markers bound with REOPT(ONCE), REOPT(ALWAYS),
or REOPT(AUTO)

Note: DB2 cancollectdistribution statistics using the RUNSTATS utility.

In some cases, cardinality statisticsare not enough. With only cardinality statistics, the
DB2 optimizer has to assumethat the data is evenly distributed. For example, consider
the SEX column from the previous queries. The column cardinalityis 3. However, itis
common that the values inthe SEX column will be M for maleor F for female, with each
representing approximately 50 percent of the values. The value U occurs onlya small
fraction of the time. This exampleis called skewed distribution.

Skewed distributions can havea negative influence on query performance if DB2 does
not know about the distribution of the datainatable, the input values ina query
predicate, or both. In the following query:

SELECT EMPNO
FROM  EMP
WHERE SEX = :SEX

Likewise, if the following statement is issued:

SELECT EMPNO
FROM  EMP
WHERE SEX = 'U'

Most of the values areM or F, and DB2 has only cardinality statistics available, then the
same formula and filter factor applies.Insuchsituations, the distribution statistics can
pay off.
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Importance of Catalog Statistics

If frequency distribution statistics for the SEX column are gathered in the previous
examples, the followingfrequency values in the SYSIBM.SYSCOLDIST table may occur
(simplified in this example):

VALUE FREQUENCY
M 49
F 49
u 01

I1f DB2 has this information, andifthe following queryisissued:

SELECT EMPNO
FROM  EMP
WHERE SEX = 'U'

DB2 candetermine that the valueU represents about one percent of the values of the
SEX column. This additional information can have dramatic effects on the access path
andtable access sequence decisions.

Histogram Statistics

Histogramstatistics summarizedata distribution on aninterval scaleand span the entire
distribution of valuesinatable.

Histogramstatistics dividevalues into quantiles. The quantile defines aninterval of
values.The quantity of intervals is determined usinga specification of quantilesina
RUNSTATS execution. Thus, a quantilerepresents a range of values within the table.
Each quantilecontains approximately the same percentage of rows. This percentage can
be more than the distribution statisticsin thatall values arerepresented.

Histogramstatisticsimproveondistribution statistics becausethey provide
value-distribution statistics thatare collected over the entire range of valuesina table.
Collecting statistics over the entire tablegoes beyond the capabilities of distribution
statistics becausedistribution statistics arelimited to only the most or leastoccurring
valuesinatable.

To query on the middleinitial of a person's name, the initialsaremost likelyin the range
of A to Z. Ifyou used only cardinality statistics, any predicatereferencing the middle
initial column would receive a filter factor of 1/COLARDF or 1/26. If you have used
distribution statistics, any predicatethat used a literal value could take advantage of the
distribution of values to determine the best access path. That determination would
depend on the value being recorded as one of the most or leastoccurringvalues. Ifitis
not, the filter factoris determined based on the difference in frequency of the
remainingvalues. Histogram statistics eliminate this guesswork.
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Access Paths

If histogramstatistics arecalculated for the middle initial, they would appear similarto
the followingvalues:

QUANTILE LOWVALUE HIGHVALUE CARDF FREQ
1 A G 5080 20%
2 H L 4997 19%
3 M Q 5001 20%
4 R u 4900 19%
5 \ z 5100 20%

The DB2 optimizer has information aboutthe entire span of values inthe table and any
possibleskew.This informationis especially useful for the followingrange predicates:

SELECT EMPNO
FROM  EMP
WHERE MIDINIT BETWEEN 'A' and 'G'

DB2 canuse the followingaccess paths when accessingthe data inyour database:
m  TablespaceScan

m  Limited Partition Scan

m  Index Access

m  ListPrefetch

m  Nested Loop Join
m  HybridJoin

m  Merge ScanJoin

Star Join

The access paths areexposed usingthe EXPLAIN facility. You caninvoke the EXPLAIN
facility using one of these techniques:

m  EXPLAIN SQL statement

m  EXPLAIN(YES) BIND or REBIND parameter

m  Visual EXPLAIN

m  Optimization Service Center
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Table space Scans

You canusethe DB2 tablespacescanto searchanentire tablespaceto satisfya query.
The type of table spacedetermines whatis scanned.Simple tablespaces will bescanned
intheir entirety. Segmented and universal tablespaces willbescanned for only the
table specified in the query.

Note: An Rinthe PLAN_TABLE ACCESSTYPE column indicates a tablespace.

A tablespacescanis selected as anaccess method when:

m A matchingindex scanis notpossiblebecauseno indexis availableor no predicates
match the index column.

m  DB2 calculates thata high percentage of rows is retrieved, so anyindex access
would not be beneficial.

m  The indexes that have matching predicates have a lowcluster ratioand are not
efficient for large amounts of data that the query is requesting.

Limited Partition Scan and Partition Elimination

DB2 uses partitioning key values to eliminate partitions froma tablespacescan.DB2
uses the column values thatdefine the partitioningkey to eliminate partitions fromthe
query access path.You must code queries explicitly to eliminate partitions. This partition
elimination canapplytotablespacescans andindexaccess.

For example, if the EMP table is partitioned by the EMPNO column, the following query
would eliminateany partitions notqualified by the predicate:

SELECT EMPNO, LASTNAME
FROM  EMP
WHERE EMPNO BEWTEEN '200000' AND ‘299999

Ifan index was availableonthe EMPNO column, DB2 canchoose anindex-basedaccess
method. DB2 could alsochoosea tablespacescan, but use the partitioning key values to
access only the partitionin which the predicate matches.
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Index Access

Ifthe partitioningkey values aresuppliedina predicate, DB2 canalsochoosea
secondaryindex for the access path and canstill eliminate partitions using thosevalues.
For example, inthe following query DB2 canchoose a partitioned secondaryindexon
the WORKDEPT column and can eliminate partitions based on the range providedin the
query for the EMPNO:

SELECT EMPNO, LASTNAME

FROM  EMP

WHERE EMPNO BEWTEEN '200000' AND ‘299999
AND WORKDEPT = 'CO1'

DB2 uses indexes on your tables to perform these actions:

m  Access the data based on the predicates inthe query

m  Avoid asortinsupportof the use of the DISTINCT clause
m  ORDER BY and GROUP BY clauses

m  INTERSECT and EXCEPT processing

DB2 matches the predicates inyour queries to the leading key columns of the indexes
that are defined againstyour tables. The MATCHCOLS column of the PLAN_TABLE
indicates this match. Ifthe number of columns matched is greater than zero, the index
access is considered as a matchingindexscan. Ifthe number of matched columns is
equal to zero, the index access is considered as a non-matchingindexscan.Ina
non-matching index scan, all of the key values and their record identifiers (RIDs) are
read.

Note: A non-matchingindex scanis used if DB2 can use the index to avoid a sortwhen
the query contains any of the followingclauses:

m  ORDER BY
m  DISTINCT
m GROUP BY
m  NTERSECT
m  EXCEPT
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The matching predicates onthe leading key columns areequal (=) or IN predicates. This
match would correspond to an ACCESSTYPE valueof either | or N, respectively. The
predicate that matches the lastindex columncanbe anequal, IN, NOT NULL, ora range
predicate (<, <=, >, >=, LIKE, or between).

For example, the following query assumes that the EMPPROJACT DB2 sampletable has
anindex on the PROJNO, ACTNO, EMSTDATE, and EMPNO columns:

SELECT EMENDATE, EMPTIME

FROM  EMPPROJACT

WHERE PROJNO = 'AD3100'

AND ACTNO IN (10, 60)

AND EMSTDATE > '2002-01-01'
AND EMPNO = 000010

Inthe previous example, DB2 chooses a matching index scan matching on the PROJNO,
ACTNO, and EMSTDATE columns.DB2 does not choosea match on the EMPNO column
because the previous predicateis a range predicate. However, the EMPNO columncan
be appliedas anindex screening column.Because the EMPNO columnisastage 1l
predicate, DB2 canapplyitto the index entries after the index is read. Although the
EMPNO column does not limitthe range of entries that areretrieved from the index, it
caneliminatethe entries as the indexis read. This elimination reduces the number of
data rows that have to be retrieved from the table.

Ifall of the columns specifiedina statement can be found inanindex, DB2 may choose
index onlyaccess.The valueY inthe INDEXONLY column of the PLAN_TABLE indicates
the index onlyaccess.

DB2 canaccess indexes using multi-index access. An ACCESSTYPE of M inthe
PLAN_TABLE indicates the multi-indexaccess. Amulti-index access involves reading
multipleindexes or the same index multipletimes, gathering qualifying RID values
together ina unionor intersection of values and then sortingthem in data page number
sequence. In this way, a table canstill beaccessed efficiently for more complicated
queries.

With multi-index access, each operationis represented inthe PLAN_TABLE inan
individualrow. These steps includethe matching index access (ACCESSTYPE = MX or DX)
for regularindexes or DOCID XML indexes, and then unions or intersections of the RIDs
(ACCESSTYPE = MU, MI, DU, or DI).

For example, the following SQL statement could use multi-index access ifanindex exists
on the LASTNAME and FIRSTNME columns of the EMP table:

SELECT EMPNO

FROM  EMP

WHERE (LASTNAME = 'HAAS' AND FIRSTNME = 'CHRISTINE')
OR (LASTNAME = 'CHRISTINE' AND FIRSTNME = 'HAAS')

26 CA Performance Handbookfor DB?2 forz/0S



Access Paths

With the previous query, DB2 could possibly accesstheindex twice, union the resulting
RID values together (due to the OR conditioninthe WHERE clause),and then access the
data.

Virtual Buffer Pools

You can have up to 80 virtual buffer pools. This feature allows up to any one of the
following buffer pool sizes:

m  Fifty 4-KB page buffer pools BPO - BP49

m  Ten 32-KB page buffer pools BP32K - BP32K9

m  Ten 8-KB page buffer pools

m  Ten 16-KB page buffer pools

The physical memory availableonyour system limits the size of the buffer pools,with a
maximum sizefor all buffer pools of 1 TB. Itdoes not use additional resources tosearch
alargepool versus a small pool.Ifyou exceed the available memory inthe system, the

system begins swapping pages from physical memory to disk.This swappingcan
severely affect performance.

What EXPLAIN Tells You

The PLAN_TABLE is the key table for determining the access path for a query. The
PLAN_TABLE provides the followingcriticalinformation:

METHOD
Indicates the jointmethod, or whether anadditionalsortstepis required.
ACCESSTYPE

Indicates whether the access tois through a table spacescan or through index
access.Ifitis byindex access, the specific type of index access is indicated.

MATCHCOLS

Indicates the number of columns that are matched againstthe indexifan index
accessis used.

INDEXONLY

Indicates thatthe access required can be served by accessingtheindex only, and
avoidinganytableaccess when a valueof Yisinthis column.
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List Prefetch

SORTN#iHHt, SORTCiHHi#

Indicates any sorts thatmay happen insupport of a UNION, grouping,joint
operation, andsoon.

PREFETCH

Indicates whether the prefetch canplayarolein the access.

By manually running EXPLAIN and examiningthe PLAN-TABLE, you canretrieve the
followinginformation:

m  Access path
®  Indexes thatare used
m  Joinoperations

m  Any sortingthat occurs as partofyour query

If you have additional EXPLAIN tables (for example, those created by Visual Explain or
the Optimization Service Center), those tables are populated automatically. This is done
by usingthose tools or by manually running EXPLAIN. If you do not have the remote
access thatis required from a PC to use the tools, you canalso query those tables
manually.

The tables providedetailed information aboutsuch entities as predicates stages, filter
factors, eliminated partitions, parallel operations, detailed costinformation,andsoon.

Note: For more information abouttables, see the DB2 Performance Monitoring and
Tuning Guide (DB2 9).

List prefetch is used for access to a moderate number of rows when access to the table
is by non-clusteringor clusteringindex when the data is disorganized. List prefetch is
less useful for queries that process large quantities of data or small amounts of data.

The preferred method of table access is by usinga clustered index. When anindexis
defined as clustered, DB2 tries to keep the datainthe tableinthe same sequence as the
key values inthe clusteringindex. When the tableis accessed usingtheclusteringindex
andthe datainthe tableis organized, the access tothe datainthe tabletypicallyis
sequential and predictable.Ifaccessingthe datainatable usinga non-clusteringindex
or the clusteringindex with a low cluster ratio, the access to the data can be random
andunpredictable. In addition, the same data pages could be read multipletimes.
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Nested Loop Join

When DB2 detects thata non-clusteringindexor a clusteringindex that has a low
clusterratiois usedto access a table, DB2 may choose the list prefetch index access
method instead.

Note: Listprefetch isindicated inthe PLAN_TABLE with avalueofL inthe PREFETCH
column.

List prefetch accesses theindex usinga matchingindex scan of one or more indexes and
collects the RIDs into the RID pool. RID pool is a common area of memory. The RIDs are
sorted inascendingorder by the page number, and the pages inthe tablespaceare
retrieved ina sequential or a skip sequential way.

I1f DB2 determines that the RIDs to be processed will take more than 50 percent of the
RID pool when the query is executed, listprefetch is not chosen as the access path. If
DB2 determines that more than 25 percent of the rows of the table must be accessed,
list prefetch canterminate duringthe execution. These situations areknown as RDS
failures. During RDS failures, the access path changes to a table spacescan.

The nested loopjoinis the access method that DB2 has selected when joiningtwo tables
together and you do not specifyjoin columns. A nested loopjoinrepeatedly accesses
the outer table as rows areaccessedinthe inner table. The nested loop joinis most
efficient when a few rows qualify for the inner table. The nested loopjoinis a good
access path fortransactions thatareprocessinglittleor nodata.

Note: Nested loopjoinisindicated usingavalueofl inthe METHOD column of the
PLAN_TABLE.

Ina nested loopjoin, DB2 scans theouter or firsttableaccessedinthe join operation
usingatable spacescanorindexaccess. Foreach qualifyingrowinthat table, DB2
searches for matching rows inthe inner or second table accessed. DB2 concatenates any
rows that itfinds in both tables.

An index that supports the join on the outer tableis important. For the best
performance, thatindex should be a clusteringindexin the same order as the inner
table. Inthis way, a join operation can be a sequential and efficient process.

DB2 canalsodynamically build a sparseindex on the outer tablewhen no index is
availableonthat table. If DB2 determines one of the followingfacts,itmay sortthe
inner table:

m  The joincolumns arenotinthe samesequence as the outer table.
m  Thejoincolumnsarenotinan index.

m  The joincolumnsareina clusteringindex where the table data is disorganized.
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Hybrid Join

Merge Scan Join

When DB2 detects that the inner tableaccess is a non-clusteringindex or a clustering
index in which the cluster ratiois low, the hybrid joinaccess methodis used.

Note: The hybridjoinis indicated with a value of 4inthe METHOD column of the
PLAN_TABLE.

Ina hybridjoin, DB2 scans the outer tableusinga table spacescanoranindex. DB2 then
joins the qualifying rows of the outer table with the RIDs from the matchingindex
entries. DB2 creates a RID listfor all thequalifying RIDs of the inner table. DB2 sorts the
outer tableand RIDs creatinga sorted RID listand anintermediate table. DB2 then
accesses the inner table usingthe list prefetch and joins theinner tableto the
intermediate table.

Hybridjoin can outperform a nested loop join when the inner table accessisa
non-clusteringindex or clusteringindex for a disorganized table. The hybridjoinis
better ifthe equivalent nested loop join would be accessingthe innertablein a random
fashionand accessingthesame pages multipletimes. Hybrid join takes advantage of the
list prefetch processingonthe innertable to read all the data pages onlyonceina
sequential or skip sequential manner. The hybridjoinis also better when the query
processes more than a tinyamount of data or less than a very largeamount of data.

Because the listprefetch is used, the hybridjoincanexperienceRID listfailures.RIDlist
failures resultin one of the followingactions:

m  Atablespacescanof the innertable on initialaccess to the inner table.
m  Arestartof the listprefetch processing on subsequent accesses.

If you areexperiencing RID listfailuresina hybridjoin,tryto encourage DB2 to usea
nested loopjoin.

Merge scanjoinis usedas thetable access method when DB2 detects one of the
followingfacts:

m  Many rows of the inner and outer table qualify for the join.

m  The tables have no indexes on the matchingcolumns of the join.

Note: A merge scanjoinis indicated with a valueof 2inthe METHOD column of the
PLAN_TABLE.
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Star Join

Ina merge scanjoin,DB2 scans bothtables inthe order of the join columns.If no
efficient indexes are providingthe join order for the join columns, DB2 sorts the outer
table, the innertable, or both tables.The innertableis placedinto a work file. If the
outer tablehas to besorted, itis placedintoa work file. DB2 then reads both tables and
join the rows together usinga match/merge process.

DB2 employs a starjoin when itdetects that the query isjoiningtables thatarea part of
a star schema design of a data warehouse.

Note: The starjoinis indicated with the valueof S in the JOIN_TYPE column of the
PLAN_TABLE.

Read Mechanisms

DB2 canapplyread mechanisms to enhance performance when accessingyour data.
These performance enhancers can have a dramatic effect on the performance of your
queries and applications.

These read mechanisms areas follows:

m  Sequential Prefetch

m  DynamicPrefetch and Sequential Detection

m  Index Lookaside

Sequential Prefetch

When your query reads data ina sequential manner, DB2 elects to use the sequential
prefetch to readthe data ahead of the query requesting it. DB2 launches asynchronous
read engines to read data from the index and table page sets into the DB2 buffers. This
prefetch loads the data pages into the buffers in expectation of the query accessing
them.

The size of the buffer pool that is used determines the maximum number of pages that
areread by a sequential prefetch operation. When the buffer pool is smaller than 1000
pages, the prefetch quantity is limited due to the risk of filling up the buffer pool. If the
buffer pool has more than 1000 pages, 32 pages can be read with a single physicall/O.

Note: A valueof Sinthe PREFETCH column of the PLAN_TABLE indicates the sequential
prefetch.
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Dynamic Prefetch and Sequential Detection

Index Lookaside

DB2 can perform the sequential prefetch dynamically atexecution time. This method is
called dynamic prefetch. This method uses a technique called sequential detection to
detect the forward reading of table pages andindex leaf pages. DB2 tracks the pattern
of pages thatis accessed to detect sequential or near sequential access. The most
recent eight pages are tracked, and data access is determined to be sequential if more
than four of the lasteight pages are page-sequential.

Note: A pageis considered page-sequential ifitis within one half of the prefetch
quantity for the buffer pool.

Five of eight sequentially available pages activate dynamic prefetch. If DB2 determines
that the query or applicationisnolonger readingsequentially,itcan deactivatethe
dynamic prefetch. If a query is likely to get dynamic prefetch at execution time, DB2
indicates inanaccess path.

Note: A valueof D inthe PREFETCH column of the PLAN_TABLE indicates the dynamic
prefetch.

The area of memory thatis used to trackthe lasteight pages thatare accessedis
destroyed and rebuiltfor RELEASE(COMMIT). So, dynamic prefetch is dependent on the
bind parameter RELEASE(DEALLOCATE). Because RELEASE(DEALLOCATE) is not effective
for remote connections, sequential detection and dynamic prefetch are less likely for
remote applications.

Index lookaside is a performance enhancer thatis activeonly after aninitialaccesstoan
index. For repeated probes of anindex, DB2 checks the most current index leaf page to
see ifthe key is found on that page. If DB2 finds the key, DB2 does not read from the
root page of the index down to the leaf page, but ituses the values fromthe leaf page.
This method can affect performance because getpage operations and|/Os canbe
avoided.

Index lookaside depends on the query readingindex dataina predictable pattern. This
happens for transactions thatareaccessingthe index usinga common cluster with other
tables.Index lookasideis dependent on the RELEASE(DEALLOCATE) bind parameter.
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Sorting

Sorting is used to support certain clauses in your SQLstatement or in support of certain
access paths.

DB2 cansortinsupportof the followingfunctions:

m  ORDER BY clause

m  GROUP BY clause

m  To remove duplicates (DISTINCT, UNION, EXCEPT, or INTERSECT)

®  Injoinorsubquery processing

Sorting inanapplicationis alwaysfaster thansortingin DB2 for the small resultsets.

However, by placingthe sortinthe program, you remove some of the flexibility, power,
and portability of the SQL statement, alongwith the ease of coding.

Avoidinga Sort for an ORDER BY

DB2 canavoida sort foran ORDER BY by usingthe leadingcolumns of anindex to match
the ORDER BY columns. Ifthe columns arethe leading columns of the index thatare
used to access a singletableor the leading columns of the index to access the first table
inajoinoperation.DB2 uses order by pruning to avoid a sort.

As anexample, inthis query, we have anindex on WORKDEPT, LASTNAME, and
FIRSTNME. DB2 avoids this sortifituses the index on those three columns to access the

table.
SELECT *
FROM  EMP

WHERE WORKDEPT = 'DO1'
ORDER BY WORKDEPT, LASTNAME, FIRSTNME

DB2 canalsoavoidasortinone of the followingsituations:

m When anynumber of the leading columns of an index matches the ORDER BY
clause.

m  When the query contains an equals predicateon the leading columns ORDER BY
pruning.
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In this example, the following queries avoid a sortifthe indexis used:

SELECT *
FROM  EMP
ORDER BY WORKDEPT

SELECT *

FROM  EMP

WHERE WORKDEPT = 'DO1'
ORDER BY WORKDEPT, LASTNAME

Avoidinga Sort for a GROUP BY

A GROUP BY can useany of the following methods to avoidasort:
m  Uniqueindex
m  Duplicateindex

m  Full or partial index key

Ifthe index on WORKDEPT, LASTNAME, and FIRSTNME is used, you can avoid each of
the followingstatements:

SELECT WORKDEPT, LASTNAME, FIRSTNME, COUNT(*)
FROM  EMP
GROUP BY WORKDEPT, LASTNAME, FIRSTNAME

SELECT WORKDEPT, COUNT(*)
FROM  EMP
GROUP BY WORKDEPT

SELECT WORKDEPT, FIRSTNME, COUNT(*)
FROM  EMP

WHERE LASTNAME = 'SMITH'

GROUP BY WORKDEPT, FIRSTNAME
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Avoidinga Sort for a DISTINCT

A DISTINCT canavoidasortby usinga unique indexonlyif thatindexis used to access
the table. You canuse a GROUP BY on all of the columns in the SELECT listto take
advantage of the additional capabilities of GROUP BY to avoidasort.

As an example, the followingtwo statements are identical:

SELECT DISTINCT WORKDEPT, LASTNAME, FIRSTNME
FROM  EMP

SELECT WORKDEPT, LASTNAME, FIRSTNME
FROM  EMP
GROUP BY WORKDEPT, LASTNAME, FIRSTNME

Avoidinga Sort for a UNION EXCEPT or INTERSECT

Parallelism

DB2 canavoida sort foran EXCEPT or INTERSECT. DB2 cannot avoida sortfor a unionin
one of the followingsituations:

m  |fthere is a matchingindex with the UNIONed, intersected, and excepted columns.
m |fthe inputs to the operationare already sorted by a previous operation.

DB2 cannot avoida sortfor a union, butifduplicates arepossiblechangeeach to a
UNION ALL, EXCEPT ALL, or INTERSECT ALL.

DB2 uses parallel operationstoaccess tables and indexes. This configurationimpacts
performance for queries that process large quantities of data across multipletableand
index partitions. Theresponse time for these data-or processor-intensive queries can be
reduced.

The two types of query parallelismareas follows:

m  Query I/0 parallelism

m  Query CP parallelism

1/0 parallelism manages concurrent /O requests for a singlequery. 1/O parallelismcan

fetch data usingthese multipleconcurrent|/O requests into the buffers and significantly
reduce the responsetime for large!/O bound queries.

Query CP parallelismbreaks a large query into smaller queries and runs the smaller
queries inparallel on multiple processors. This type of parallelism can also significantly
reduce the elapsedtime for largequeries.
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You canenablequery parallelism by usingthe DEGREE ANY parameter of a BIND
command or by setting the value of the CURRENT DEGREE special register to the value
of ANY. Because there is overhead to the startof the parallel tasks, ensurethat you use

query parallelismfor larger queries. For small queries, query parallelismcanbea
performance detriment.
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To write efficient SQL statements andtune SQL statements, you need a basic
understanding of how DB2 optimizes SQL statements and how it accesses your data.

When writingand tuning SQL statements, filteras much as possibleas earlyas possible.
The most expensive thingyou cando is totravel from your application to DB2. Filter as
closeto the indexes and data as possiblewhileprocessingin DB2.

Understand how to reduce repeat processing. The most efficient SQL statement is the
statement that never executes. Do only what is necessary to complete the job.

DB2 Predicates

Predicates in SQL statements areclassified. These classifications dictate how DB2
processes the predicates and how much data is filtered duringthe process. These
classifications areas follows:

Stage 1and Stage 1 Indexable

The DB2 stage 1 engine understands your indexes and tables and canuse an index
for efficientaccess to your data. Onlya stage 1 predicate canlimitthe range of data
accessedona disk.

Stage 2

The stage 2 engine processes functions and expressions. But, itis unableto access
datainindexes andtables directly. Data from stage 1 is passed tostage 2 for further
processing.So, stage 1 predicates are more efficient than stage 2 predicates. Stage
2 predicates cannotuse anindex, and thus cannot limitthe range of data retrieved
from a disk.

Stage 3

A stage 3 predicateis processedinthe application layer.Filteringis performed after
the datais retrieved from DB2 and processedinthe application.Stage 3 predicates
are the leastefficient.

The IBM DB2 Performance Monitoring and Tuning Guide contains lists of the various
predicate forms, and whether they are stage 1 indexable,stage 1, or stage 2.
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Stade 1 Indexable

Stage 1 indexable predicates offer the best performance for filtering. However, just
because a predicateis listed as stage 1 indexable does not mean that the predicateis
used for anindex or processedinstage 1. Many other factors mustalsobein place.
Followingarethe firstand second points that determine if a predicateis stage1:

m  The syntax of the predicate.
m  The type and length of constants used in the predicate.
Ifthe predicate, which is classified as a stage 1 predicate, is evaluated after a join

operation, itis astage 2 predicate. All indexable predicates arestage 1, but not all stage
1 predicates areindexable.

You canusestage 1 indexable predicates as predicates to match the columns of an
index.

Example of a Stage 1 Predicate:

col op value
col
Indicates a column of a table.
op
Indicates anoperatorsuchas =, >, <, >=, <=, andso on.
Value

Indicates an expression thatdoes not containa column from the table (a
non-column expression).

Predicates that contain BETWEEN, IN (for a listofvalues), and LIKE (without a leading
search character) canalsobestage 1indexable.When anindex is used, the stage 1
indexable predicate provides the best filtering. Because the stage 1 indexablepredicate
canactuallylimitthe range of data accessed from the index. Try to usestage 1 matching
predicates whenever possible. Assumingthatanindex exists onthe EMPNO column of
the EMP table, the predicate in the following queryis a stage 1 indexable predicate:

SELECT LASTNAVME, FIRSTNME
FROM  EMP
WHERE EMPNO = '000010'

38 CA Performance Handbookfor DB2 forz/0S



DBZ2 Predicates

Other Stage 1

Stadge 2

Just because a predicateis stage 1 does not mean thatitcanusean index. Some stage 1
predicates arenot availableforindex access.These predicates (again, the best reference
is the chartinthe IBM manuals)aregenerally of the form col NOT op value, where col is
a column of atable, op is an operator, and value represents a non-column expression,
host variable, or value. Predicates containing NOTBETWEEN, NOT IN (for a listof
values), NOT LIKE (without a leadingsearch character), or LIKE (with a leadingsearch
character)canalsobestage 1 indexable. Although non-indexablestage 1 predicates
cannot limitthe range of data that is read from an index, they areavailableas index
screening predicates. The followingis an example of a non-indexablestage 1 predicate:

SELECT LASTNAME, FIRSTNME
FROM  EMP
WHERE EMPNO <> '000010'

DB2 manuals providea complete description of when a predicatecan be stage 2 versus
stage 1. Generally, stage 2 occurs after data accesses and performs such actions as
sortingand evaluation of functions and expressions. Stage 2 predicates cannottake
advantage of indexes to limitthe data access and aremore expensive than stage 1
predicates becausethey are evaluated laterinthe processing.

Stage 2 predicates generally contain column expressions, correlated subqueries, CASE
expressions,andsoon. A predicatecanalsoappearto be stage 1, but itcan be
processed as stage 2. For example, any predicatethat is processed after a join operation
is stage2. Although DB2 promotes mismatched data types to stage 1 through casting (as
of version DB2 V8), some predicates with mismatched data types arestage 2. One
exampleis arange predicatecomparinga character columnto a character valuethat
exceeds the length of the column. The followingareexamples of stage 2 predicates
(EMPNO is a character column of fixed length 6):

SELECT LASTNAME, FIRSTNME
FROM  EMP
WHERE EMPNO > '00000010"

SELECT LASTNAME, FIRSTNME
FROM  EMP
WHERE SUBSTR(LASTNAME,1,1) = 'B'
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Stade 3

A stage 3 predicate is afictitious predicatethatis made up to describefilteringthat
occurs inthe application programafter retrieving data from DB2. Avoid stage 3
predicates.

Performance is best served when all filteringis doneinthe data server and notin the
application code.Imaginea COBOL program has read the EMP table. After readingthe
EMP table, the followingstatement is executed:

IF (BONUS + COMM) < (SALARY*.10) THEN
CONTINUE
ELSE
PERFORM PROCESS -ROW
END-IF.

The previous SQL is an example of a stage 3 predicate. Data thatis retrieved from the
tableis notused unless the conditionis false. A stage 2 predicate always outperforms a
stage 3 predicate. The followingis an exampleof a stage 2 predicate that performs the
same function as the previous stage 3 predicate:

SELECT EMPNO
FROM  EMP
WHERE BONUS + COMM >= SALARY * 0.1

Combining Predicates

When simplepredicates areconnected by an OR condition, the resulting compound
predicate is evaluated atthe higher stage of the two simplepredicates. The following
example contains two simplepredicates that are combined by an OR. The firstpredicate
isstagel indexable,and the secondis non-indexablestage 1. The resultis thatthe
entire compound predicateis stage 1 and notindexable:

SELECT EMPNO
FROM EMP
WHERE ~ WORKDEPT = 'CO1' OR SEX <> 'M'

Inthe next example, the firstsimplepredicateis stage 1 indexable, but the second
(connected againbyan OR) is stage2. Thus, the entire compound predicate is stage 2:

SELECT EMPNO
FROM EMP
WHERE ~ WORKDEPT = 'CO1' OR SUBSTR(LASTNAME,1,1) = 'L’
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Boolean Term Predicates

A Boolean term predicate is a simpleor compound predicate, that when evaluated false
for the row, makes the entire WHERE clauseevaluateto false. Thisis importantbecause
only Boolean term predicates areconsidered for singleindex access. At best,
non-Boolean term predicates can at best be considered for multi-index access. The
following examplecontains Boolean term predicates:

WHERE LASTNAME = 'HAAS' AND MIDINIT = 'T'

Ifthe predicateon the LASTNAME column evaluates as false, the entire WHERE clauseis
false.The same s true for the predicateon the MIDINIT column. DB2 can take
advantage of this becauseit canuse anindex (if available) on the LASTNAME column or
the MIDINIT column. This is opposed to the following WHERE clause:

WHERE LASTNAME = 'HAAS' OR MIDINIT = 'T'

Inthis case, if the predicateon LASTNAME or MIDINIT evaluates as false, the rest of the
WHERE clause must be evaluated. These predicates are non-Boolean term.

You can modify predicates inthe WHERE clauseto take advantage of this to improve
index access. The following query contains non-Boolean term predicates:

WHERE LASTNAME > 'HAAS'
OR (LASTNAME = 'HAAS' AND MIDINIT > 'T')

A redundant predicatecan be added that makes the WHERE clausefunctionally
equivalent. This Boolean term predicate can make better use of anindex on the
LASTNAME column:

WHERE LASTNAME >= 'HAAS'
AND (LASTNAME > 'HAAS'
OR (LASTNAME = 'HAAS' AND MIDINIT > 'T'))

Predicate Transitive Closure

DB2 canadd redundant predicates ifitdetermines that the predicatecanbe applied by
transitiveclosure.Remember the ruleof transitiveclosure:Ifa=b and b=c, then a=c.
DB2 cantake advantageof this closuretointroduce redundant predicates. For example,
inajoinbetween two tables such as the following:

SELECT *
FROM  T1 INNER JOIN T2
ON T1.A =T2.B

WHERE T1.A=1
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DB2 generates a redundant predicateon T2.B = 1. This predicategives DB2 more
choices for filteringand tableaccess sequence. You can add your own redundant
predicates; however, DB2 does not consider them when it applies predicatetransitive
closure,andsothey are redundant.

Predicates of the form col op value, where the operationis anequals orrange predicate,
are availablefor predicatetransitive closure. BETWEEN predicates arealso availablefor
this type of closure. However, predicates that containa LIKE, anIN, or subqueries are
not availablefor transitiveclosure,and soitmay benefit you to code those predicates
redundantlyifyou believe they can providea benefit.

Coding Efficient SQL

The followingviews are popularinthe databasesector:

m  The most efficientSQL statement is the SQL statement thatis never executed.
m  The most efficientSQL statement is the one thatis never written.

Some truth exists in both views. You need to perform two tasks when you placeSQL
statements into your applications.

® Minimizethe number of times you go to the data server.

m  Go to the data server inthe most efficient way.

Avoid Unnecessary Processing

Ask yourselfifan SQL statement is necessary.The biggest performance issueis the
amount of SQLissued. The mainreason for this is typically a generic development or an
object-oriented design. These types of designs run contrary to performance, but speed
development and create flexibility and adaptability to business requirements. The price
that you pay for this is performance.

Consider the following:

m s the SQL statement needed?

m Do you need to run the statement again?

m  Does the statement have a DISTINCT, and are duplicates possible?

m  Does the statement have an ORDER BY, andis the order important?

m  Are you repeatedly accessingcodetables,and canthe codes be cached within the
program?
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Coding SQL for Performance

These basic guidelines for coding SQL statements provide the best performance:

Retrieve the fewest number of rows.

Onlyrows of data that are needed for the process should bereturned to the
application. Do not locate data filtering statements ina program. DB2 should
handleall rowfiltering. When a process mustbe performed on the data, decide
where to do the process — inthe program orin DB2 — then leaveitin DB2. DB2 is
evolvinginto the "ultimate" server, and a growing number of applications are
distributed across the network and use DB2 as the database. Asituation mayoccur
when all data mustbe brought to the application, filtered, transformed, and
processed. This situationis dueto an inadequacy somewhere elseinthe design,
normallya shortcominginthe physical design, missingindexes, or some other
implementation problem.

Retrieve only columns that areneeded by the program.

Retrieving extra column results in the column being moved from the page inthe
buffer pool to a user work area, passed to stage 2, and returned cross-memory to
the work area of the program. This is an unnecessary expenditure of CPU. Code
your SQL statements to return only the columns required. This code design may
mean coding multiple SQL statements againstthe same tablefor different sets of
columns. This effort is required for improved performance and reduction of CPU.

Reduce the number of SQL statements.

Each SQL statement is a programmatic call tothe DB2 subsystemthat incurs fixed
overhead for each call. Careful evaluation of program processes can reveal
situations in which unnecessary SQLstatements areissued. This is especially true
for programmatic joins. Separateapplication programs thatretrieve data from
related tables canresultin extra SQL statements issued. Code SQL joins instead of
programmatic joins. When comparingthe programmatic join of two tablesina
COBOL programand the equivalentSQL join, the SQL join consumed 30 percent less
CPU.

Use stage 1 predicates.

Familiarizeyourselfwith stage 1 indexable, stage 1, and stage 2 predicates. Try to
use stage 1 predicates for filtering whenever possible. Determine ifyou canconvert
your stage 2 predicates to stage 1, or stage 1 non-indexableto indexable.

Never usegeneric SQL statements.

Generic SQL equals generic performance. Generic SQL generally has logic thatonly
retrieves specific data or data relationshipsand leaves the entire business rule
processinginthe application. Common modules, SQL thatis usedto retrieve
current or historical data,and modules that read all data into a copy area onlyto
have the caller usea few fields areall examples of generic SQL usage. Generic SQL
and generic 1/0 layers do not belong in high-performing systems.
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m  Avoid unnecessarysorts.

Avoiding unnecessarysortingis a requirement inany application butmore soinany
high-performance environment, especially when a databaseis involved. Generally,
ifordering is always necessary,indexes should supporttheordering. Sorting can be
caused by GROUP BY, ORDER BY, DISTINCT, UNION, INTERSECT, EXCEPT, and join
processing.Iforderingis required for ajoin process, the ordering generallyis a clear
indicationthatanindexis missing.Iforderingis necessary afterajoin process,
hopefully the resultsetis small. The worst-casescenariois whenasortis
performed as the resultof the SQL ina cursor,and the application processes onlya
subset of the data. In this case, the sortoverhead must be removed. Ifthe SQL has
to sort100rows and only 10 areprocessed by the applicationitmay be better to
sortinthe application,or youcancreate an indexto help avoidthe sort.

m  Onlysortnecessarycolumns.

When DB2 sorts data, the columns that are used to determine the sortorder
actuallyappear twiceinthe sortrows. Make sure that you specify the sort onlyon
necessary columns. For example, any column specifiedinanequals predicatein the
query does not need to beinthe ORDER BY clause.

m  Usethe ON clauseforalljoin predicates.

By usingexplicit join syntax instead of implicit join syntax, you make a statement
easierto read, easier to convert between inner and outer joins,and harder to
forget to code a join predicate.

m  Avoid UNIONs (not necessarily UNION ALL).

To avoid duplication, replacethe UNION with a UNION ALL. Otherwise, seeifitis
possibleto produce the same resultwith an outer join.Ifall the subqueries of the
UNION are againstthe same table, try usinga CASE expressionand onlyone pass
through the data.

m  Usejoinsinstead of subqueries.

Joins can outperform subqueries for existence checking if there are good matching
indexes for both tables that areinvolved,andifthe join does not introduce any
duplicaterows inthe result. DB2 cantake advantage of predicate transitiveclosure
andalsopickthe best table access sequence. These two outcomes arenot possible
with subqueries.
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m  Code the most selective predicates first.
DB2 processes the predicates ina query inthe following order:
— Indexablepredicates areappliedinthe order of the columns of the index.
— Other stage 1 predicates are applied.
— Stage 2 predicates areapplied.
In each of the stages, DB2 processes the predicates inthe followingorder:

— Allequals predicates (including single INlistand BETWEEN with only one
value).

— Allrange predicates and predicates of the form IS NOT NULL.
— All other predicatetypes.

In each grouping, DB2 processes the predicates inthe order they arecoded inthe
SQL statement. Write all SQLqueries to evaluatethe most restrictive predicates
firstto filter unnecessary rows earlier. This action reduces processingcostata later
stage. This suggestion includes subqueries (in the grouping of correlated and
non-correlated).

m  Usethe proper method for existence checking.

For existence checkingusinga subquery, an EXISTS predicate generally outperforms
an|IN predicate. For general existence checking, code a singleton SELECT statement
that contains a FETCH FIRST 1 ROW ONLY clause.

m  Avoid unnecessary materialization.

When you runa transaction thatprocesses littleor no data, use correlated
references to avoid materializinglargeintermediate resultsets. Correlated
references encourage nested loop joinandindexaccess fortransactions.

Promoting Predicates

Code SQL predicates as efficiently as possible. When you arewriting predicates, stage 1
indexable predicates whenever possible. If possible, promote stage 1 non-indexable
predicates or stage 2 predicates to a more efficient stage.

If you have a stage 1 non-indexable predicate, promote itto stage 1 indexable. For
example:

WHERE END DATE COL <> '9999-12-31'

If you usethe end of the DB2 world as anindicator of data that is still active, changethe
predicate to something that is indexable. For example:

WHERE END DATE COL < '9999-12-31"
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Promote stage 2 predicates to stage 1 or even stage 1 indexable. For example:

WHERE BIRTHDATE + 30 YEARS < CURRENT DATE

The previous predicateapplies datearithmetic to a column. This is a column expression,
which makes the predicate a stage 2 predicate. By moving the arithmetic to the right
side of the inequality, you make the predicate stage 1 indexable. For example:

WHERE BIRTHDATE < CURRENT DATE — 30 YEARS

These examples can be applied as general rules for promoting predicates. Using DB2 9,
itis possibleto create anindex on anexpression.An index on an expression canbe
considered for improved performance of column expressions whenitis not possibleto
eliminatethe column expressioninthe query.

Functions, Expressions, and Performance

DB2 has many scalarfunctions and other expressions thatlet you manipulatedata. This
functionality contributes to the fact that the SQL languageis indeed a programming
languageas much as a data access language. However, the processingof functions and
expressions in DB2,if not for the filtering of data, but instead for pure data
manipulation, aregenerally more expensive than the equivalentapplication program
process. Even the simplefunctions such as concatenation areexecuted for every row
processed:

SELECT FIRSTNME CONCAT LASTNAME
FROM  EMP

If you need the ultimate in ease of coding, time to delivery, portability, and flexibility,
code expressions and functions usingthis practicein your SQL statements. If you need
the ultimate in performance, perform the manipulation of data inyour application
program.

CASE expressions can be expensive, but CASE expressions use"early out" logic when
processing. Examinethe following example of a CASE expression:

CASE WHEN C1 = 'A'

OR C1 = 'K'
ORCl="'T
OR C1="'2Z"

THEN 1 ELSE NULL END
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If most of the time the valueof the C1 column is a blank, the following functionally
equivalent CASE expression consumes less CPU:

CASE WHEN C1 < ' '

AND (C1 = 'A'
OR C1 = 'K'
ORCl="'T
OR Cl="2")

THEN 1 ELSE NULL END

DB2 takes the early out from the CASE expression for the first NOT TRUE of an AND, or
the first TRUE of an OR. In addition to testing for the previous blankvalue, all the other
values should betested with the most frequently occurringvalues first.

Advanced SQL and Performance

Advanced SQL queries can be a performance advantage or performance disadvantage.
Advanced SQL possibilities areendless,anditis impossibleto document all the various
situations and the performance impacts. Complex SQL is always a performance
improvement over an application program process when the complex SQL is filtering or
aggregating data.
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Correlation

In general, correlation encourages nested loop joinandindex access. This functionality
is good for transaction queries thatprocess small out quantities of data but not for
report queries that process large quantities of data. The following query works well
when processinglarge quantities of data:

SELECT TAB1.EMPNO, TAB1.SALARY,
TAB2.AVGSAL , TAB2 . HDCOUNT
FROM
(SELECT EMPNO, SALARY, WORKDEPT
FROM EMP
WHERE ~ JOB='SALESREP') AS TABl
LEFT OUTER JOIN
(SELECT AVG(SALARY) AS AVGSAL, COUNT(*) AS HDCOUNT,
WORKDEPT
FROM EMP
GROUP  BY WORKDEPT) AS TAB2
ON TAB1.WORKDEPT = TAB2.WORKDEPT

The aforementioned query is the most efficientway to retrieve the data ifthere is one
sales representative per department, or if most of the employees are sales
representatives. The employee tableis read and materializedin the nested table
expression called TAB2. Itis likely thatthe merge scanjoin method will beused to join
the materialized TAB2 to the firsttableexpressioncalled TAB1.

The aforementioned query is not the most efficient if the employee tableis extremely
largewith few sales representatives, or with sales representatives in one or a few
departments. The entire employee table stillmustbe read in TAB2, but most of the
results of the nested tableexpressionarereturned inthe query. Inthis case, the
following query is more efficient:

SELECT TAB1.EMPNO, TAB1.SALARY,
TAB2.AVGSAL , TAB2 . HDCOUNT
FROM EMP TAB1
, TABLE (SELECT  AVG(SALARY) AS AVGSAL,
COUNT(*) AS HDCOUNT
FROM EMP
WHERE WORKDEPT = TAB1.WORKDEPT) AS TAB2
WHERE  TAB1.JOB = 'SALESREP'

This statement is functionally equivalentto the previous statement, but it operates ina
different way. In this query, the employee tablereferenced as TAB1 is readfirst. The
nested table expressionis executed repeatedly ina nested loop join for each row that
qualifies. Anindex on the WORKDEPT column is necessary.
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Merde Versus Materialization for Views and Nested Table Expressions

When you have a reference to a nested tableexpression or view in your SQL statement,
DB2 may merge that nested tableexpression or view with the referencing statement. If
DB2 cannot merge the statement, then DB2 materializes the view or nested table
expressionintoa work file.DB2 then applies the referencing statement to that
intermediate result. IBM states that merge is more efficient than materialization.In
general, that statement is correct. However, materializationis moreefficientif your
complex queries have the following combined conditions:

m  Nested tableexpressions or view references, especially multiplelevels of nesting.

m  Columns generated inthe nested expressions or views through application of
functions, user-defined functions, or other expressions.

m  References to the generated columns inthe outer referencing statement.

In general, DB2 materializes when some sort of aggregate processingis requiredinside
the view or nested table expression. This means that the view or nested table
expression contains aggregate functions, grouping (GROUP BY), or DISTINCT. If
materializationisnotrequired, the merge process occurs.The followingqueryis an
example:

SELECT MAX(CNT)
FROM  (SELECT ACCT RTE, COUNT(*) AS CNT
FROM  YLA.ACCT TABLE) AS TAB1

DB2 materializes TAB1 in the aforementioned example. Examine the following query:

SELECT SUM(CASE WHEN COL1=1 THEN 1 END) AS ACCT CWRR
,SUM(CASE WHEN COL1>1 THEN 1 END) AS ACCT LATE
FROM
(SELECT CASE ACCT RTE WHEN 'AA' THEN 1 WHEN 'BB'
THEN 2 WHEN 'CC' THEN '2' WHEN 'DD' THEN 2
WHEN 'EE' THEN 3 END AS COL1
FROM YLA.ACCT_TABLE) AS TAB1

In this query, DISTINCT, GROUP BY, and aggregate functions do not exist. DB2 merges
inner table expression with the outer referencing statement. There are two references
to COL1 inthe outer referencing statement. The CASE expressioninthe nested table
expressionis calculated twiceduring query execution. The merged statement resembles
the followingexample:

SELECT SUM(CASE WHEN
CASE ACCT_RTE WHEN 'AA' THEN 1 WHEN 'BB'
THEN 2 WHEN 'CC' THEN '2' WHEN 'DD' THEN 2
WHEN 'EE' THEN 3 END =1 THEN 1 END) AS ACCT_CURR
,SUM(CASE WHEN
CASE ACCT_RTE WHEN 'AA' THEN 1 WHEN 'BB'
THEN 2 WHEN 'CC' THEN '2' WHEN 'DD' THEN 2
WHEN 'EE' THEN 3 END >1 THEN 1 END) AS ACCT LATE
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FROM YLA.ACCT TABLE

For this particular query, the merge is probably more efficient than materialization.
However, ifyou have multiplelevels of nesting and many references to generated
columns, merge can be less efficientthan materialization. Inthese specific cases,
introduce a non-deterministic functioninto the view or nested tableexpression to force
materialization. Usethe RAND() function.
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UNION in a View or Nested Table Expression

You canplacea UNION or UNION ALL into a view or nested table expression. This
practiceallows for complex SQL processing, but also lets you create logically partitioned
tables.This means that you canstore data in multipletables and reference them
together as one tableina view. This practiceis useful for quickly rolling through yearly
tables or for creating optional tablescenarios with little maintenance overhead.

Although each SQL statement ina union inview or tableexpressionresultsinan
individual query block, and SQL statements written againstthe view aredistributed to
each query block, DB2 uses a technique to prune (eliminate query blocks for efficiency.
DB2 can, depending upon the query, prune query blocks atstatement compiletime or
during statement execution. Consider the followingaccounthistory view:

CREATE VIEW V ACCOUNT HISTORY

(ACCOUNT_ID, AMOUNT) AS

SELECT ACCOUNT_ID, AMOUNT

FROM  HIST1

WHERE ACCOUNT ID BETWEEN 1 AND 100000000

UNION ALL

SELECT ACCOUNT ID, AMOUNT

FROM  HIST1

WHERE ACCOUNT_ID BETWEEN 100000001 AND 200000000

Then consider the following query:

SELECT *
FROM  V_ACCOUNT HISTORY
WHERE ACCOUNT ID = 12000000

The predicate of this query contains the literal value 12000000, and this predicateis
distributed to the query blocks generated. However, DB2 compares the distributed
predicate againstthe predicates coded inthe UNION insideyour view, looking for
redundancies. Inanysituations where the distributed predicate renders a particular
query block unnecessary, DB2 prunes that query block from the access path. Examine
the followingexample:

WHERE ACCOUNT ID BETWEEN 1 AND 100000000
AND ACCOUNT_ID = 12000000

WHERE ACCOUNT_ID BETWEEN 100000001 AND 200000000
AND ACCOUNT_ID = 12000000
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DB2 prunes the query blocks generated at statement compiletime, based upon the
literal valuesuppliedinthe predicate. In the previous example, two query blocks are
generated, but one of them is pruned when the statement is compiled. DB2 compares
the literal predicatesuppliedinthe query againstthe view that contains the predicates.
Any unnecessary query blocks are pruned. Because one of the resultingcombined
predicates is impossible, DB2 eliminates that query block.Only one underlyingtableis
accessed.

Query block pruning can happen at statement compile (bind)time or at run timeif a
host variable or parameter marker is supplied for a redundant predicate. Replace the
literal with a host variablein the previous example. The new query resembles the
following example:

SELECT *
FROM  V_ACCOUNT HISTORY
WHERE ACCOUNT ID = :H1

If you embed this statement ina program, anditis boundinto a plan or package, two
query blocks aregenerated. This outcome occurs because DB2 does not know the value
of the hostvariableinadvanceand distributes the predicateamong both generated
query blocks. However, at run time, DB2 examines the supplied hostvariablevalue,and
dynamically prunes the query blocks appropriately. If the value 12000000 is supplied for
the host variablevalue, one of the two query blocks is prunedatrun time, and only one
underlyingtableis accessed. This complicated process does not always succeed. Test
the process by stoppingone of the tables and runninga query with a host variablethat
prunes the query block on that table. If the statement is successful, therun-time query
block pruning works properly.

You can prune query blocks onliterals and hostvariables. However, you cannot prune
query blocks onjoined columns.In certain situations with many query blocks (UNIONs),
many rows of data,and many index levels for the inner view or table expressionofa
join, use programmaticjoins insituationsin which the query can benefit from run-time
query block pruningusingthe joining column. This is an extremely specific
recommendation. There arelimits to UNION inview (or table) expressions. Test to see if
you get bind time or run-time query block pruning.In some cases this outcome does not
occur,and APARs areavailablethataddress the problems, but they are not
comprehensive; therefore testing is important.

You caninfluence proper use of run-time query block pruning by encouraging
distribution of joins and predicates into the UNION inview. Accomplish this task by
reducing the number of tables inthe UNION, or by repeating host variables in predicates
instead of, or inaddition to using correlation. Examinethe following query:

SELECT
{history data columns}
FROM V_ACCOUNT HISTORY HIST
WHERE HIST.ACCT ID = :acctID
AND HIST.HIST EFF DTE = '2005-08-01'
AND  HIST.UPD TSP =
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(SELECT MAX(UPD_TSP)

FROM  V_ACCOUNT HISTORY HIST2

WHERE HIST2.ACCT ID = :acctID

AND HIST2.HIST EFF DTE = '2005-08-01")

WITH UR;

The predicate on ACCT_ID inthe subquerycould be correlated to the outer query, but it
is not. The same applies to the predicate on the HIST_EFF_DTE predicateinthe
subquery. The reason for repeating the host variableand valuereferences is totake
advantage of the runtime pruning. Correlated predicates are not pruned in this case.

Recommendations for Distributed Dynamic

DB2 for z/0S is the ultimate data server, and there is a proliferation of dynamic
distributed SQL hitting the system, through JDBC, ODBC, or DB2 CLI. Ensuringthis SQLis
always performingthe best can sometimes be a challenge. We offer the following
general recommendations to improve distributed dynamic SQL performance:

Turn on the dynamic statement cache.

Use a fixed application level authorization ID. This practicelets accounting data be
grouped by the ID, and applications can beidentified by their ID. It also makes
better use of the dynamic statement cacheinthat statements arereused by
authorization ID.

Parameter markers arealmostalways better than literal values. You need an exact
statement match to reuse the dynamic statement cache. Literal values are hel pful
only when a skewed distribution of data exists,and that skewed distributionis
properly reflected through frequency distribution or histogramstatisticsin the
system catalog.

Use the EXPLAIN STMTCACHE ALL command to expose all statements in the
dynamic statement cache. The output from this command goes into a table that
contains runtime performance information.Inaddition, you canexplainindividual
statements inthe dynamicstatement cache after they have been identified.

Use connection pooling.

Consolidatecallsinto stored procedures. This practice works only if multiple
statements and programlogic, representing a transaction,areconsolidatedina
singlestored procedure.

Use the DB2 CLI/ODBC/JDBC static profiling feature. This CLI feature turns dynamic
statements into static statements. Static profilinglets you capturedynamic SQL
statements on the clientand then bind the statements on the server into a package.
After the statements are bound, the initialization filecan be modified, instructing
the interface software to use the static statement whenever the equivalent
dynamic statement is issued fromthe program.
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If you aremoving a local batch process to a remote server, you will losesome of the
efficiencies thatgo along with the RELEASE(DEALLOCATE) bind parameter, inparticular
sequential detection andindexlookaside.

Influencing the Optimizer

The DB2 optimizer is good at picking the correct access path, when itis given the proper
information. Insituations where itdoes not pickthe optimal access path, ittypically
does not have enough information. This is sometimes the case when you use para meter
markers or host variables in a statement.

Proper Statistics

DB2 uses a cost-based optimizer, and that optimizer needs accuratestatistical
information aboutyour data. Collecting the proper statistics isnecessary for good
performance. With each new version of DB2, the optimizer better utilizes catalog
statistics. This pointmeans that with each new version, DB2 is more dependent on
catalogstatistics. Youshould havestatistics on every column referenced in every
WHERE clause. Ifyou are using parameter markers and host variables, you need at least
cardinality statistics. If you have skewed data or you are usingliteral values in your SQL
statements, you need frequency distribution or histogramstatistics. If you suspect
columns arecorrelated, gather column correlation statistics.

To determine if columns are correlated, run these two queries:

SELECT COUNT (DISTINCT CITY) AS CITYCNT *
COUNT (DISTINCT STATE) AS STATECNT
FROM CUSTOMER

SELECT COUNT (*) FROM
(SELECT DISTINCT CITY, STATE
FROM CUSTOMER) AS FINLCNT

Ifthe number from the second query is lower than the number from the first query, the
columns arecorrelated.

You canalsorun GROUP BY queries againsttables for columns used in predicates to
count the occurrences of values inthese columns. These counts indicate whether you
need frequency distribution statistics or histogramstatistics,and run-time
reoptimization for skewed data distributions.
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Run-time Reoptimization

If your query contains a predicatewith an embedded literal value, DB2 knows about the
input to the query. DB2 cantake advantage of frequency distribution or histogram
statistics,ifavailable. The resultis a much improved filter factor and better access path
decisions by the optimizer. However, DB2 may not know about your inputvalue:

SELECT *
FROM EMP
WHERE MIDINIT > :H1

Inthis case, if the values for MIDINT are highly skewed, DB2 could make aninaccurate
estimate of the filter factor for some input values.

DB2 can employ the run-time reoptimization to help your queries. For static SQL, the
option of REOPT(ALWAYS) is available. This bind optioninstructs DB2 to recalculate
access paths atruntime usingthe host variable parameters. This practicecanimprove
execution time for large queries. However, if many queries are in the package, they are
all reoptimized. This practice can affect the statement execution time for these queries.
When you use REOPT(ALWAYS), consider separatingthe query that can benefit inits
own package.

Dynamic SQL statements have three options:
REOPT(ALWAYS)

Reoptimizes a dynamic statement with parameter markers based upon the values
that are provided on every execution.

REOPT(ONCE)

Reoptimizes a dynamic statement the firsttimeitis executed based on the values
that are provided for parameter markers.The access pathis reused until the
statement is removed from the dynamic statement cache and needs to be prepared
again. Use this reoptimization option with care becausethe firstexecution should
have good representative values.

REOPT(AUTO)

Tracks how the values for the parameter markers change on every execution and
reoptimizes the query that is based upon those values ifitdetermines that the
values havechanged significantly.

A system parameter called REOPTEXT (DB2 9) enables REOPT(AUTO)-like behavior,
subsystemwide, for any dynamic SQL queries (without NONE, ALWAYS, or ONCE already
specified) that contain parameter markers when changes aredetected inthe values that
couldinfluencethe access path.
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OPTIMIZE FOR Clause

The optimizer does not know how much data you are going to fetch from the query.
DB2 uses the system catalogstatistics to estimate the number of rows that are returned
ifthe entire query is processed by the application. However, if you arenot going to read
all the rows of the resultset, use the OPTIMIZE FOR n ROWS clause, where n is the
number of rows you intend to fetch.

The OPTIMIZE FOR clauselets you tell DB2 how many rows you intend to process. DB2
canthen make access path decisions to determine the most efficient way to access the
data for that quantity. The use of this clausediscourages such actionsas thelist
prefetch, sequential prefetch, and multi-index access.ltencourages index usageto
avoida sort, and a join method of the nested loop join.Avalue of 1is the strongest
influence on these factors.

Insertthe number of rows you intend to fetch inthe OPTIMIZE FOR clause.Incorrectly
representing the number of rows you intend to fetch canresultina poorly performing
query.

Encouraging Index Access and Table Join

You canusecertaintechniques to encourage DB2 to choosea certainindexor a table
access sequence ina query that accesses multipletables.

When DB2 joins tablesinaninnerjoin,ittries to selectthe tablethat qualifies the
fewest rows firstinthe join sequence. If DB2 chooses the incorrecttablefirst(maybe
due to statistics or hostvariables), changethe tableaccess sequence by usingone or
more of these techniques:

m  Enable predicates onthe tablethat you want to be first. By increasing potential
match cols onthis table, DB2 canselect anindex for more efficientaccess andcan
change the table access sequence.

m  Disablepredicates onthe tablethat you do not want accessed first. Predicate
disablersaredocumented inthe IBM DB2 Performance Monitoring and Tuning
Guide. We do not recommend usingpredicatedisablers.

m  Force materialization of the table that you want accessed firstby placingthe table
inanested table expression with a DISTINCT or GROUP BY. This technique changes
the jointype andthe join sequence. This technique is especially useful when a
nested loopjoinis randomlyaccessingthe inner table.

m  Convert joins tosubqueries. When you code subqueries, you tell DB2 the table
access sequence. Non-correlated subqueries areaccessed first, the outer query is
executed, and then any correlated subqueries are executed. This techniqueis
effective onlyif the tablemoved from a jointoa subquerydoes not have to return
data.
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Convert ajoined table to a correlated nested table expression. This technique
forces another table to be accessed first. Data for the correlated reference is
required before the tablein the correlated nested tableexpression being accessed.

Convert aninner jointo a left join.By codinga left join, you dictatethe table join
sequence to DB2, and that the righttable filters no data.

Add a CAST function to the join predicatefor the table you want accessed first. By
placingthis function on that column, you encourage DB2 to access thattable firstto
avoid a stage 2 predicateagainstthe second table.

Code an ORDER BY clauseonthe columns of the index of the tablethat you want to
be accessedfirstinthe join sequence. This technique may influence DB2 to usethat
index to avoid the sort,and access thattable first.

Change the order of the tables inthe FROM clause. Try converting the implicitjoin
syntaxto explicitjoin syntax andthe reverse.

Code a predicate on the table you want accessed firstas a non-transitiveclosure
predicate. An example of this is a non-correlated subquery againstthe SYSDUMMY1
table that returns a singlevalueratherthan an equals predicateona host variable
or literal value. The subqueryis not eligiblefor transitiveclosure,and DB2 does not
generate the predicateredundantly againstthe other table, and has less
encouragement to choosethat tablefirst.

I1f DB2 chooses one index over another and you disagree, try one of these techniques to
influenceindex selection:

Code an ORDER BY clauseonthe leading columns of the index you want DB2 to
choose. This technique may encourage DB2 to choose thatindex to avoid a sort.

Add columns to the index to make the access index-only.
Modify the query or the indexto increasethe index match cols.

Disablepredicates that match other indexes. We do not recommend predicate
disablers.

Use the OPTIMIZE FOR clause.

Note: For details about predicatedisablers, seethe IBM documentation.
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Chapter 4: Designing Tables and Indexes
for Performance

The best way to perform logical database modelingis to use strong guidelines thatare
developed by an expert inrelational data modeling.

You couldalso useone of the many relational database modelingtools thatis supplied
by vendors, butitis importantto remember that usinga tool to migrate your logical
model into a physical model does not mean that the physical model is the most optimal
for performance. Itis acceptableto modify the physical design to improve performance
provided the logical model is notcompromised.

DB2 objects must be designed for availability, ease of maintenance, and overall
performance, as well as for business requirements.

Table Space Performance Recommendations

This sectionincludes general recommendations for table space performance.

Use Segmented or Universal Table Spaces

DB2 is eliminating simpletablespaces support. Although you can create them in DB2 V7
and DB2 V8, they cannot be created in DB2 9 (although you canstill use previously
created simpletablespaces). Whatever version you areusing, we recommend that you
use a segmented tablespaceinsteadof a simpletablespace.

Segmented Table Spaces

You gain several advantages by using segmented table spaces.Becausethe pages ina
segment contain only rows from one table, no lockinginterference with other tables
exists.Insimpletablespaces, rows are intermixed on pages, andif one table pageis
locked, itcaninadvertently lock a row of another tablejustbecauseitis on the same
page. Thisis notanissueifyouhave onlyone table per table space; however, you can
obtain following benefits from havinga segmented table spacefor one table:

m Ifatablescanis performed, the segments belongingto the table being scannedare
the only ones accessed; empty pages arenot scanned.

m Ifa mass delete or a DROP table occurs, segment pages areavailableforimmediate
reuse, anditis not necessaryto run a REORG utility.

m  Mass deletes are much faster for segmented tablespaces,andthey produce less
logging, provided the table has not been defined with DATA CAPTURE CHANGES.
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m  The COPY utility does not have to copy empty pages that are left by a mass delete.

m  When insertingrecords,some read operations can be avoided by usingthe more
comprehensive space map of the segmented table space.

Universal Table Spaces

DB2 9 introduces a new type of tablespacethatis called a universal table space. A
universal tablespaceis segmented and partitioned. Two types of universal tablespaces
areavailable:

m  The partition-by-growth tablespace

m  The range-partitioned table space

A universal tablespace offers the following benefits:

m  Better spacemanagement relativeto varying-length rows. A segmented spacemap
page provides more information aboutfree spacethan a regular partitioned space
map page.

®  Improved mass delete performance. A mass delete ina segmented table space
organization tends to be faster than intablespaces that areorganized differently.
Inaddition, you canimmediately reuse all or mostof the segments of a table.

Partition-by-Data-Growth Table Space

Before DB2 9, partitioned tables required key ranges to determine the target partition
for row placement. Partitioned tables provide more granularlockingand parallel
operations by spreading the data over more data sets. InDB2 9, you can partition
accordingto data growth. This practiceenables segmented tables to be partitioned as
they grow, without the need for key ranges.As a result, segmented tables benefit from
increasedtablespacelimits and SQLand utility parallelismthatwere formerly available
onlyto partitionedtables. Also, with a partition-by-data-growth tablespace, you do not
need to reorganizea tablespaceto change the limitkeys.

You canimplement partition-by-growth table spaceorganizationin oneof the following
ways:

m  Usethe new MAXPARTITIONS clauseonthe CREATE TABLESPACE statement to
specify the maximum number of partitions thatthe partition-by-growth table space
canaccommodate. The valuethat you specifyinthe MAXPARTITIONS clauseis used
to protect againstrunawayapplications thatperformaninsertinan infiniteloop.

m Usethe MAXPARTITIONS clauseonthe ALTER TABLESPACE statement to alter the
maximum number of partitions to which an existing partition-by-growth tablespace
cangrow. This ALTER TABLESPACE operation acts as animmediate ALTER.
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Range-Partitioned Table Space

A range-partitioned table space is a type of universal tablespacethatis basedon
partitioningranges and thatcontains a singletable. The new range-partitioned table
spacedoes not replacethe existing partitioned tablespace,and operations thatare
supported on a regular partitioned or segmented table spacearesupported on a
range-partitioned tablespace.

To create a range-partitioned table space, specify the SEGSIZE and NUMPARTS keywords
on the CREATE TABLESPACE statement.

With a range-partitioned tablespace, you can also control the partition size, choose
from a wide array ofindexing options, and take advantage of partition-level operations
and parallelism capabilities. Because the range-partitioned tablespaceis alsoa
segmented tablespace,you can runtable scans atthe segment level. As a result, you
canimmediately reuse all or most of the segments of a table after the table has been
dropped or a mass delete has been performed.

Range-partitioned universal table spaces follow the same partitioningrules as
partitionedtablespaces in general. Thatis,you canadd, rebalance,and rotate
partitions. The maximum number of partitions possiblefor both range-partitioned and
partition-by-growth universal tablespaces (as for partitioned table spaces) is controlled
by the DSSIZE and page size.

Clustering and Partitioning

The clusteringindexis not always theprimary key. Itis generally a sequential range
retrieval key, and should be chosen by the most frequent range access to the table data.
Range andsequential retrieval arethe primaryrequirements, but partitioningis an
important requirement and can be the most critical requirement, especially as tables
get extremely large. If you do not specify an explicitclusteringindex, DB2 clusters by the
index thatis the oldest by definition (often referred to as the firstindex created). If the
oldestindex is dropped and recreated, thatindex will nowbe a new index and clustering
will nowbe by the next oldest index.

The basicruletoclusteringis thatifyour application willhavea certainsequential
access patternor a regular batch process, you should cluster the data accordingto that
input sequence.

Clusteringand partitioning can beindependent, and a logof options is availablefor
organizingyour data as follows:

m  Inasingledimension(clusteringand partitioning arebased on the same key)

m  Dual dimensions (clusteringinside each partition by a different key)

m  Multipledimensions (combining different tables with different partitioning unioned
insidea view).
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Free Space

You should choosea partitioning strategy that is based on a concept of
application-controlled parallelism, separating old and new data, grouping data by time,
or grouping data by some meaningful business entity (for example, sales region or office
location). Within those partitions, you can cluster the data by your most common
sequential access sequence.

Note: For more information aboutdismissingclustering forinserts, see Append
Processingfor High Volume Inserts (see page 74).

For largetables, partitioningis theonly way to store largeamounts of data, but
partitioningalso has advantages for smaller tables. Consider the following:

m  DB2 lets you define up to 4096 partitions of up to 64 GB each; however, total table
sizeis limited depending on the DSSIZE specified. Non-partitioned table spaces are
limited to 64 GB of data.

®  You cantake advantage of the ability to execute utilities on separate partitionsin
parallel. This practicealsolets youaccess data in certain partitions while utilities are
executing on others.

® Ina data-sharingenvironment, you canspread partitions amongseveral members
to splitworkloads.

®  You canalsospreadyour data over multiplevolumes and need not usethe same
storage group for each data set belongingto the tablespace. This practicealsolets
you placefrequently accessed partitions on faster devices.

The FREEPAGE and PCTFREE clauses can helpimprovethe performance of updates and
inserts by allowingfree spaceto existon table spaces. Performance improvements
includeimproved access to the data through the better clusteringofdata, faster inserts,
fewer row overflows,and a reduction inthe number of REORGs required.

Some tradeoffs includeanincreaseinthe number of pages, fewer rows per 1/0,less
efficient use of buffer pools,and more pages to scan. Therefore, itisimportantto
achievea good balancefor each individual tablespaceandindex spacewhen deciding
on free space.The balancedepends on the processingrequirements of each tablespace
or index space. When inserts and updates are performed, DB2 uses the availablefree
space,and by doingso, itcankeep records inclusteringsequence as much as possible.
When the free spaceis used up, the records must be located elsewhere; when this
happens, performance can begin to suffer.
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Allocations

Read-only tables do not require any free space,and tables with a pure insert-at-end
strategy (append processing) generally do not require free space. Exceptions to this
guidelinewould be tables with VARCHAR columns and tables usingcompression thatare
subjectto updates. When DB2 attempts to maintainclusteringduringinsertingand
updating, itsearches nearby for free spaceor free pages for the row. |f DB2 does not
find this space, it searches the table spacefor a free placeto put the row before
extending a segment or a dataset. Indications of this activityareas follows:

m  Agradualincreaseininsert CPU times inyour application;you can see this when
you examine the accountingrecords.

®  Increasinggetpage counts

m  Relocated row counts

When this activity happens, perform a REORG and reevaluate your free space
allocations.

The PRIQTY and SECQTY clauses of the CREATE TABLESPACE and ALTER TABLESPACE SQL
statements specify the spacethatis to be allocated for the table spaceifthe table space
is managed by DB2. These settings influencethe allocation by the operating system of
the underlying VSAM datasets in whichtablespaceand indexspacedata is stored.

PRIQTY

Specifies the minimum primary spaceallocation fora DB2-managed data set of the
table spaceor partition. The primary spaceallocationis in kilobytes, and the
maximum that can be specifiedis 64 GB. DB2 requests a data set allocation
correspondingto the primaryspaceallocation, and the operating system attempts
to allocatethe initial extent for the data set in one contiguous piece.

SECQTY

Specifies the minimum secondary spaceallocation for a DB2-managed data set of
the table spaceor partition. DB2 requests secondary extents ina size accordingto
the secondary allocation. However, the actual primaryand secondary data setsizes
depend on various settings and installation parameters.

You canspecifythe primaryand secondaryspaceallocations for tablespaces and
indexes or canlet DB2 choosethem. Having DB2 choosethe values, especially for the
secondary spacequantity, increases the possibility of reachingthe maximum data set
size before running out of extents. Inaddition, the MGEXTSZ subsystem parameter
influences the SECQTY allocations,and when set to YES (NO is the default), itchanges
the spacecalculation formulasto help use all of the potential spaceallowedinthe table
spacebefore runningout of extents.
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Column Ordering

You canalter the primaryandsecondaryspaceallocationsfor atablespace.The
secondary spaceallocation takes effect immediately. However, because the primary
allocation happens when the data setis created, that allocation does nottake effect
until a data set is added, depending on the type of table space, or until the data setis
recreated through utility execution such as a REORG or LOAD REPLACE.

When defininga table, you can order your columns in specific ways to achievethe
followingresults:

m  Reduce CPU consumption when readingand writing columns with variable-length
data

m  Reduce the amount of logging performed when updatingrows

The version of DB2 you are runninginfluences the way you or DB2 organizes your
columns.

Table Space Compression

Usingthe COMPRESS clauseofthe CREATE TABLESPACE and ALTER TABLESPACE SQL
statements allows for the compression of datainatable spaceorina partitionofa
partitioned tablespace. In many cases, usingthe COMPRESS clausecansignificantly
reduce the amount of DASD spacethatis requiredto store data. But the compression
ratiothatis achieved depends on the characteristics of the data.

Compression lets you place more rows on a page resultingin the following performance
benefits, depending on the SQL workload and the amount of compression:

m  Higher buffer pool hitratios

m  Fewer 1/Os

m  Fewer getpage operations

m  Reduced CPU time forimage copies

The processingcostwhen usingcompressionis relatively low, butconsider the
following:

m  The processor costto decode a row usingthe COMPRESS clauseis lessthanthe cost
to encode the same row.

m  The data access paththat DB2 uses affects the processor costfor data compression.
In general, the relativeoverhead of compressionis higher for table spacescans and
less costly forindex access.
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Some data does not compress well, soyou should query the PAGESAVE columnin
SYSIBM.SYSTABLEPART to be sure thatyou are getting a savings (atleast50 percent is
average). Data that does not compress well includes binary data, encrypted data, and
repeating strings. Additionally, do not compress small tables or rows if you are
concerned about concurrencyissues becausethis configuration places morerows on a

page.

Note: When you compress, the row is treated as varyinglength and the length may
change when updates occur, resultingin potential row relocation causing high numbers
in NEARINDREF and FARINDREF. This outcome indicates thatyou are now doing more
1/0 to get to your data becauseit has been relocated, and you will haveto REORG to get
it backto its original position.

Referential Constraints

Referential integrity lets you define required relationships between and within tables.
The databasemanager maintains theserelationships, which areexpressed as referential
constraints. These relationshipsrequirethatall values of a given attribute or table
columnalsoexistinsome other tablecolumn.

In general, DB2-enforced referential integrity is much more efficient than codingthe
equivalentlogicinyourapplication program.Inaddition, havingthe relationships
enforced ina central locationinthe databaseis much more powerful than making it
dependent upon application logic. You will need indexes to supportthe relationships
that are enforced by DB2.

Referential integrity checking has a costthat is associated with it. Referential integrity is
meant for checking parent/child relationships, not code checking. Better options for
code checking includecheck constraints, or even better, to put codes in memory and
check them there.

Table check constraints enforcedata integrity at the table level. After a table-check
constrainthas been defined for a table, every UPDATE and INSERT statement involves
checkingthe restriction or constraint. Ifthe constraintis violated, the data recordis not
inserted or updated, and anSQL erroris returned.

A table-check constraintcan be defined when you create a tableor by using the ALTER
TABLE statement. The table-check constraints can helpimplement specific rules for the
data values containedin the table by specifyingthe values allowed in one or more
columns inevery row of a table. This practice can save time for the application
developer becausethe validation of each data valuecan be performed by the database
and not by each of the applicationsaccessingthe database. However, check constraints
should, in general, not be used for data edits in support of data entry. For this scenario,
itis bestto cachecode values locally withintheapplication and perform the edits local
to the application. This practiceavoids numerous trips to the databaseto enforce the
constraints.
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Indexing

Depending upon your application and thetype of access, indexing can enhanceor
impair performance. If your applicationisa heavyreader or even aread-only
application, numerous indexes can enhance performance. If yourapplication is
constantlyinserting, updating, and deleting from your table, numerous indexes might
prove detrimental.

If you areaddinga secondaryindex to a table for inserts and deletes, and even updates,
you are addinganother random read to these statements. Consider whether your
application can affordthatin supportof queries that may use the index.

Efficient Database Design

When designing your database, for tables that will contain a significantamountof data
and considerable DML activity,aimto have only one index per table. This practice
provides for an efficient databasedesign. Each index would need to support the
following:

m  |nsertstrategy

m  Primarykey

m  Foreign key (ifachildtable)
m  SQL access path

m  Clustering

Note the following design objectives:

m  Avoid surrogatekeys. Use meaningful business keys instead.

m Let the childtableinheritthe parent key as partof the child's primary key.
m  Clusterall tables ina common sequence.

m  Determine the common access paths, respect them, andtry not to change them
duringdesign.

m  Never entertain ajust in case type of design mentality.

Index Design Recommendations

After you have determined the indexes that you require, designthem properly for
performance.
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Index Compression

Index Free Space

InDB2 9, anindex can be defined with the COMPRESS YES option; COMPRESS NO is the
default. Index compression can be used when you have to reduce the amount of disk
spacethatan index consumes. We recommend index compression for applications that
do sequential insertoperations with few, or no, delete operations.Random inserts and
deletes canadversely affect compression. We alsorecommend index compression for
applications where the indexes are created primarily for scan operations.

A buffer pool that is used to create the index must be 8 KB, 16 KB, or 32 KB. The physical
page size for the index on the disk will be4 KB. The buffer pool sizeis larger than the
page size becauseindex compression saves spaceonly on the disk.The data inthe index
pageis expanded when read into the pool.So, index compression can possibly saveyou
read time for sequential,and randomoperations (but far less likely).

Index compression can havea significantimpactonthe REORGs andindex rebuilds,
resultinginsignificantsavingsin this area; however, if you use the copy utility to back
up anindex, that image copyis uncompressed.

Setting the PCTFREE and FREEPAGE for your indexes depends upon how much insert
anddelete activityis goingto occur againstthoseindexes. Forindexes that have littleor
no inserts and deletes, you could use a small PCTFREE with no free pages.

Note: Updates that change key columns are actuallyinserts and deletes.

For indexes with heavy changes, consider larger amounts of free space. Adding free
spacemay increasethe number of index levels,and then increasethe amount of 1/0 for
random reads.|fyou do not have enough free space, you might experience anincreased
frequency of index page splits. When DB2 splits a page, it looks for a free page in which
to placeone of the splitpages.Ifit does not find a page nearby, it searches the index for
a free page. For largeindexes, this search could lead to CPU and locking problems. We
recommend that you set a predictive PCTFREE that anticipates growth over a period
suchthat you do not splitpages.You should then monitor the frequency of page splits
to determine when to REORG the index or establish a regular REORG policy for that
index.
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Secondary Indexes

Two types of secondaryindexes exist; non-partitioning secondaryindexes and
data-partitioned secondaryindexes as follow:

Non-Partitioning Secondary Indexes (NPSIs)

Are used on partitioned tables. They are not the same as the clustered partitioning
key, whichis used to order and partition the data, but rather they are for access to
the data. NPSlIs can be uniqueor non unique. You can have only one clustered
partitioningindex, but you can have several NPSIs on a table, if necessary. NPSIs can
be broken into multiple pieces (data sets) by usingthe PIECESIZE clauseon the
CREATE INDEX statement. Pieces canvaryinsizefrom 254 KB to 64 GB—the
optimum sizedepends on the amount of data you have and how many pieces you
want to manage. If you have several pieces, you canachieve more parallelismon
processes,such as heavy INSERT batchjobs, by alleviating the bottlenecks that are
caused by contention on a singledata set. InDB2 V8 and later, the NPSI can be the
clusteringindex.

Note: NPSIs are good for fastread access becausethere is a singleindex b-tree
structure. NPSIs can become extremely largeand can cause maintenance and
availabilityissues.

Data-Partitioned Secondary Indexes (DPSIs)

Provides many advantages over the traditional NPSIs for secondaryindexes ona
partitioned tablespaceinterms of availability and performance.

The partitioning scheme of the DPSl is the same as the table spacepartitions,and
the index keys in'x'index partition matches those in 'x' partition of the tablespace.
Some of the benefits that this provides includethe following:

m Clusteringby a secondaryindex
m  Abilityto easilyrotate partitions
m Efficient utility processingonsecondaryindexes (no BUILD-2 phase)

m Allowfor reducing overhead in data sharing (affinity routing)

Drawbacks of DPSIs

While DPSIs providegains in furthering partition independence, some queries may not
perform as well.fthe query has predicates that reference columnsina singlepartition
and are therefore restricted to a single partition of the DPSI, the query benefits from
this new organization.To accomplish this task, design the queries to allowfor partition
pruningthrough the predicates. This practice means that the leading column of the
partitioning key has to be suppliedinthe query for DB2 to prune partitions fromthe
query access path. However, ifthe predicatereferences only columns inthe DPSI, it may
not perform well becauseit may need to probe several partitions of the index. Other
limitations of DPSIs includethatthey cannot be unique (some exceptions in DB2 9), and
they may not be the best candidates for ORDER BYs.
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Rebuild or Recover?

InDB2 V8 and later, you can define an indexas COPY YES. This definition means,as with
atable space,you canuse the COPY and RECOVER utilities to back up and recover these
indexes. This practicemay be especially useful for largeindexes; however, large NPSIs
cannot be copied in pieces. You will need large data sets to hold the backup. This
requirement could mean large quantities of tapes or reachingthe 59 volume limitfora
dataset on DASD.

REBUILD requires large quantities of temporary DASD to supportsorts,as well as more
CPU than a RECOVER. Carefully consider whether your strategy for an index should be
backup and recover or should be rebuild.

Special Tables Used for Performance

Some table designs can dramatically help boostapplication performance.

Materialized Query Tables

Decision supportqueries are often difficultand expensive. They typically operateover a
largeamount of data and may have to scanor process terabytes of data and possibly
perform multiplejoins and complex aggregations. With these types of queries,
traditional optimization and performanceis not always optimal.

In DB2 V8 and later, one solution is theuse of Materialized Query Tables (MQTs). This
practicelets you precompute whole or parts of each query and then use computed
results to answer future queries. MQTs providethe means to savethe results of
previous queries and then reuse the common query results in subsequent queries. This
practice helps avoid redundantscanning, aggregating,and joins. MQTs arealso useful
for data warehouse type applications.

MQTs do not completely eliminate optimization problems, but rather move
optimizationissues to other areas.Some challenges includefindingthebest MQT foran
expected workload, maintainingthe MQTs when underlyingtables areupdated, ability
to recognize usefulness of MQT for a query, and the ability to determine when DB2 will
actually usethe MQT for a query. Most of these types of problems are addressed by
OLAP tools, but MQTs are the firststep.

The main advantage of the MQT is that DB2 canrecognize a summary query againstthe
sourcetables for the MQT, and canrewrite the query to use the MQT instead.Itis,
however, your responsibility to move data into the MQT by usinga REFRESH TABLE
command, or by manually movingthe data yourself.
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Volatile Tables

Clone Tables

InDB2 V8 and later, volatiletables providea wayto prefer indexaccess over table space
scans or non-matchingindex scans for tables that have statistics thatmake them appear
to be small.They are good for tables that shrinkand grow, al lowing matchingindex
scans ontables that have grown larger without new RUNSTATS.

They alsoimprovecluster tablesupport. Cluster tables are tables that have groups or
clusters of data that logically belongtogether. Within each group, rows should be
accessedinthe same sequence to avoid lock contention during concurrentaccess. The
sequence of access is determined by the primary key, andif DB2 changes the access
path lock, contention can occur. To best supportcluster tables (volatiletables), DB2 us es
index-only access when possible. This practice minimizes application contention on
cluster tables by preservingthe access sequence by primary key. You should ensurethat
indexes are availableforsingletableaccess andjoins.

You can specify the keyword VOLATILE on the CREATE TABLE orthe ALTER TABLE
statements. Ifspecified,you areforcingan access path ofindex accessingandnolist
prefetch.

InDB2 9, you cancreate a clonetable on anexistingbasetable atthe current server by
usingthe ALTER TABLE statement. Although ALTER TABLE syntaxis usedto create a
clonetable, the authorization thatis granted as part of the clonecreation process is the
same as you would get duringregular CREATE TABLE processing.The schema (creator)
for the clonetableis the same as the basetable. You cancreate a clonetable onlyifthe
basetableisinauniversal tablespace.

To create a clone table, issuean ALTER TABLE statement with the ADD CLONE option.
For example:

ALTER TABLE base-table-name ADD CLONE clone-table-name

The creation or drop of a clonetable does not affect the applicationsthatareaccessing
basetable data.No baseobject quiesce is necessary and this process does notinvalidate
plans, packages, or the dynamic statement cache.

You canexchange the baseand clonedata by usingthe EXCHANGE statement. To
exchange table andindex data between the base tableand clonetable, issuean
EXCHANGE statement with the DATA BETWEEN TABLE table-namel AND table-name2
syntax.

Note: This is a method of performing anonlineloadreplace.
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After a data exchange, the baseand clonetable names remain the same as they were
before the data exchange. No data movement actually occurs. Theinstance numbers in
the underlying VSAM data sets for the objects (tables andindexes) change, which
changes the data that appearsinthe base and clone tables and their indexes.

Example

A basetable that exists with the data set name *I0001.*. The tableis cloned and the
clone's data setis initially named *.10002.*. After an exchange, the baseobjects are
named *.10002.* and the clones arenamed *I0001.*. Each time that an exchange
happens, the instance numbers that represent the baseandthe cloneobjects change,
whichimmediately changes the data containedinthe baseand clonetables and
indexes. When the cloneis dropped and an uneven number of EXCHANGE statements
have been executed, the basetable will havean *10002.* data set name. This could be
confusing.

Table Designs for Special Situations

When you arestoring largeamounts of data or maximizingtransaction performance,
you cando many creative actions.

UNION in View for Larde Table Design

The amount of data being stored in DB2 is increasing dramatically. Availability of
databasesisalsoanincreasinglyimportantissue.As you build these gianttables inyour
system, you must help ensure that they are builtina way that they areavailable
24-hours a day, 7-days per week. Large tables must be easy to access, hold significant
quantities of data, and easy to manage.

Traditionally, larger databasetables havebeen placedinto partitioned tablespaces.
Partitioning hel ps with database management because itis easier to manage several
small objects versus onevery large object. Some limits to partitioning exist. For
example, each partitionis limited toa maximum size of 64 GB, a partitioningindexis
required (DB2 V7 only), andif efficient alternate access paths to the data aredesired,
then non-partitioning secondary indexes (NPSls)arerequired. These NPSIs are not
partitioned,and existas singlelargedatabaseindexes. Thus, NPSlIs can present
themselves as anobstacleto availability (thatis, a utility operation againsta single
partition may potentially make the entire NPSI unavailable),and as animpairmentto
databasemanagement becauseitis more difficultto manage large databaseobjects.
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You canusea UNION inaview as analternativeto table partitioningin supportof very
largedatabasetables.nthis type of design, several databasetables canbecreated to
hold different subsets of the data that would have otherwise been heldin asingletable.
Key values, similarto what may be used in partitioning, can be used to determine which
data goes into which of the various tables. For example, the followingview definition:

CREATE VIEW V ACCOUNT HISTORY
(ACCOUNT ID, PAYMENT DATE, PAYMENT AMOUNT,
PAYMENT TYPE, INVOICE NUMBER)

AS

SELECT ACCOUNT ID, PAYMENT DATE, PAYMENT AMOUNT,
PAYMENT TYPE, INVOICE NUMBER

FROM  ACCOUNT HISTORY1

WHERE ACCOUNT ID BETWEEN 1 AND 100000000

UNION ALL

SELECT ACCOUNT_ID, PAYMENT_DATE, PAYMENT AMOUNT,
PAYMENT_TYPE, INVOICE NUMBER

FROM  ACCOUNT_HISTORY2

WHERE ACCOUNT_ID BETWEEN 100000001 AND 200000000

UNION ALL

SELECT ACCOUNT_ID, PAYMENT DATE, PAYMENT AMOUNT,
PAYMENT TYPE, INVOICE NUMBER

FROM  ACCOUNT _HISTORY3

WHERE ACCOUNT_ID BETWEEN 200000001 AND 300000000

UNION ALL

SELECT ACCOUNT ID, PAYMENT DATE, PAYMENT AMOUNT,
PAYMENT TYPE, INVOICE NUMBER

FROM  ACCOUNT HISTORY4

WHERE ACCOUNT_ID BETWEEN 300000001 AND 999999999;

Advantagdes of UNION in a View

By separatingthe data into different tables and creatingthe view over the tables, you
cancreate alogicalaccounthistorytablewith these distinctadvantages over a single
physicaltable:

m  You canaddor remove tables with small outages, usually justthe time ittakes to
drop andrecreate the view.

m  You can partition each of the underlyingtables, creatingstill smaller physical
databaseobjects.

m  NPSIs on each of the underlyingtables can be much smaller and easier to manage
than they would be under asingletabledesign.

m  Utility operations can execute againstanindividual underlyingtable, orjusta
partition of that underlyingtable. This practicegreatly decreases utility times
againstthese individual pieces,and improves concurrency, as well as providing full
partitionindependence.
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The view can be referenced inanySELECT statement inthe same way as a physical
table would be.

Each underlyingtablecould be as largeas 16 TB, logically setting the sizelimit of the
table thatis represented by the view at 64 TB.

Each underlyingtable could be clustered differently, or could be a segmented or
partitioned tablespace.

DB2 distributes predicates againstthe view to every query block within the view and
then compares the predicates. Any impossible predicates willresultinthe query block
being pruned (not executed).

Limitations of UNION in a View

Consider the followinglimitations to UNION in a view:

The view is read-only, which means you would have to usespecial programlogic
and possibly even dynamic SQL to perform inserts, updates, and deletes againstthe
basetables.|f you are usingDB2 9, however, you could use INSTEAD OF triggers to
providethis functionality.

Predicatetransitiveclosure happens after the joindistribution. So,ifyou are joining
from a tableto a UNION ina view and predicatetransitiveclosureis possiblefrom
the table to the view, you have to code the redundant predicate.

DB2 canapply query block pruningfor literal values and hostvariables, butnot
joined columns. For that reason, if you expect query block pruningon a joined
column, code a programmatic join (this is the only case). Also, in some cases, the
pruning does not always work for host variables, so you have to test.

When using UNION in a view, keep the number of tables ina query to areasonable
number. This recommendation is especially truefor joiningbecause DB2 distributes
the jointo each query block. This practice multiplies the number of tables in the
query, which canincreasebindtime and execution time. Also, you could exceed the
225table limitin which case DB2 will materializethe view.

In general, we recommend that you limitthe number of tables UNIONed in the view
to 15 or under.
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Append Processing for High Volume Inserts

Insituations in which you have very high insertrates, you may want to useappend
processing. When the append processingis turned on, DB2 uses an alternateinsert
algorithmthat simplifies add data to the end of a partition or a tablespace. Append
processingcanbeturned on for DB2 V7 or DB2 V8 by setting the table spaceoptions
PCTFREE O FREEPAGE 0 MEMBER cluster. Make sure that APARS PQ86037 and PQ87381
areapplied.

Note: In DB2 9, turn on append processingby usingthe APPEND YES option of the
CREATE TABLE statement. When the append processingis turned on, DB2 does not
respect the cluster duringinserts and simply puts all newdata at the end of the table
space.

If you have a singleindex for read access, append processing may mean more random
reads. This activity may require more frequent REORGs to keep the data organized for
read access.Also,ifyou are partitioning, and the partitioningkeyis not the read index,
then you still haverandomreads duringthe insertto the non-partitioned index. Ensure
that you have adequate free spaceto avoidindex page splits.

You canalsouseappend processingto store historical or seldomread auditinformation.
Inthese cases, perform your partitioningbased uponan ascendingvalue (for example, a
date) and have all new data go to the end of the lastpartition. Inthis situation, alltable
spacemaintenance, such as copies and REORGs, areagainstthe lastpartition. All other
datais static and does not require maintenance. You may need to create a secondary
index, or eachread query will haveto be for a range of values within the ascending key
domain.

Building an Index on the Fly

Insituations in which you arestoringdata through a key thatis designed for a high
speed insertstrategy with minimal table maintenance, avoid secondary indexes.
Scanningbillionsof rows is notan efficient use of resources.

A solution may be to build a lookup tablethat acts as a sparseindex. This lookup table
will contain nothing more than your ascendingkey values. One example would be dates
(one date per month for every month possibleinyour database).|fthe historicaldatais
organized and partitioned by the date, and you have only one date per month (to sub
categorize the data), you can use the new sparseindexto access the data you need.
Usinguser-supplied dates as startingand ending points, the look-up tablecan be used
to fill thegap with the dates in between. This practiceprovides the initial path to the
history data.Read access is performed by constructing a key during SELECT processing.

Inthe following examples, we access anaccounthistorytable (ACCT_HIST) that has a
key on HIST_EFF_DTE, ACCT_ID, andthe date lookuptable thatis called
ACCT_HIST_DATES, which contains onecolumn andone row for each legitimate date
valuecorrespondingto the HIST_EFF_DTE column of the ACCT_HIST table.
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Current Data Access

Current data access is simple.You can retrieve the account history data directly from
the accounthistorytable.

SELECT {colums}

FROM ACCT HIST

WHERE ACCT ID = :ACCT-ID

AND HIST EFF DTE = :HIST EFF-DTE;

Range of Data Access

Accessingarange of datais alittle more complicated than simply retrieving the most
recent accounthistorydata. Use the sparseindex history date tableto build the key on
demand. Apply the range of dates to the date range table, and then join the date range
table to the historytable.

SELECT {columns}
FROM ACCT HIST HIST
INNER JOIN
ACCT HIST DATES DTE
ON HIST.HIST EFF DTE = DTE.EFF DTE
WHERE HIST.ACCT ID = :ACCT-ID
AND HIST.HIST EFF DTE BETWEEN :BEGIN-DTE AND :END-DTE;

Full Data Access

To access all of the data for an account, you need a version of the previous query
without the date range predicate.

SELECT {colums}
FROM ACCT HIST HIST
INNER JOIN
ACCT _HIST DATES DTE
ON HIST.HIST EFF DTE = DTE.EFF DTE
WHERE HIST.ACCT ID = :ACCT-ID;

Denormalization "Light"

In many situations, especially thosein which there is a conversionfroma legacy flat
file-based systemto arelational database, thereis a performance concern (or more
importantly a performance problem inthat an SLA is not being met) for reading the
multiple DB2 tables. These are situations in which the applicationisexpectingto read all
of the data that was once represented by a singlerecord, butitis nowinmany DB2
tables.

Inthese situations, a typical responseisto begin denormalizingthe tables.
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Denormalizingtables counteracts all theadvantages of moving your data into DB2; that
is, efficiency, portability, flexibility, and faster time to delivery for your new applications.

In some situations, however, the performance issues resultingfromreading multiple
tables that are compared to the equivalentsinglerecordread areunacceptable.In these
instances, you canconsiderimplementing denormalization "light" instead. This type of
denormalization canbeappliedto parentand child tables, when the childtabledatais
inanoptional relationship to the parent. Instead of denormalizingthe optional child
table data into the parenttable, add a column to the parenttable. This configuration
indicates whether the child tablehas any data for that parent key.

Note: Ifyou apply this method, ensure that you factor in maintenance of that indicator
column. However, DB2 canuse a duringjoin predicateto avoid probingthe child table
when there is no data for the parent key.

For example, assumethat you have anaccount tableand anaccounthistorytable. The
accountmay or may not have accounthistory,andsothe following query would join the
two tables together to listthe basicaccountinformation (balance)alongwith the
historyinformationif present:

SELECT A.CURR BAL, B.DTE, B.AMOUNT
FROM  ACCOUNT A
LEFT OUTER JOIN

ACCT HIST B
ON A.ACCT ID = B.ACCT ID
ORDER BY B.DTE DESC

In this example, the query will always probethe accounthistorytablein support of the
join,whether or not the accounthistorytablehas data.You can employ
denormalization "light" by addingan indicator column to the accounttable. You can
then use a duringjoin predicate. DB2 will performthe join operation only when the join
conditionis true. In this case, the access to the accounthistorytableis avoided when
the indicator column has avaluenotequaltoY:

SELECT A.CURR BAL, B.DTE, B.AMOUNT
FROM  ACCOUNT A
LEFT OUTER JOIN
ACCT HIST B
ON A.ACCT ID = B.ACCT ID
AND A.HIST IND = "Y'
ORDER BY B.DTE DESC

DB2 is goingto test thatindicator columnfirstbefore performing the join operation,and
supply nulls for the account history table when data is not present as indicated.
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This type of design provides significantbenefits when you aredoing a legacy migration
from a singlerecord system to around 40 relational tables with lots of optional
relationships. This form of denormalizing canimprove performance in support of legacy
system access, whilemaintaining therelation design for efficient future applications.

Chapter 4: Designing Tables and Indexes for Performance 77






Chapter 5: EXPLAIN Facility and Predictive
Analysis

EXPLAIN Facility

The DB2 EXPLAIN facilityis used to expose query access pathinformation. This result
enables application developers and DBAs to see what access path DB2 is goingto take
for a query and decide ifthe query tuningis needed. DB2 can gather basicaccesspath
informationinaspecial tablecalled the PLAN_TABLE (DB2 V7, DB2 V8, DB2 9), as well as
detailed information about predicatestages, filter factor, predicate matching, and
dynamic statements that are cached (DB2 V8, DB2 9).

You caninvoke EXPLAIN by doing one of the following:
m  Executing the EXPLAIN SQL statement for a singlestatement
m  Specifyingthe BIND option EXPLAIN(YES) for a planor package bind

m  Executing the EXPLAIN through the Optimization Service Center or through Visual
EXPLAIN

EXPLAIN can populatemany tables when itis executed. The target set of EXPLAIN tables
depends on the authorization ID associated with the process. The creator (schema) of
the EXPLAIN tables is determined by the CURRENT SQLID of the person runningthe
EXPLAIN statement, or the owner of the planor package atbind time. The EXPLAIN
tables are optional,and DB2 only populates the tables thatitfinds under the SQLID or
owner of the process invoking the EXPLAIN.
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The followingtables can be defined manually,and the DDL can be found inthe DB2
samplelibrary member DSNTESC:

PLAN_TABLE

Contains basicaccess path information for each query block of your statement. This
informationincludes, detailsaboutindex usageand the number of matchingindex
columns, which join method is used, which access method is used, and whether a
sortwill be performed. The PLAN_TABLE forms the basisforaccess path
determination.

DSN_STATEMNT_TABLE

Contains estimated costinformation for the costof a statement. Ifthe statement
tableis present when you run EXPLAIN on a query, the tableis populated with the
costinformation that corresponds to the access pathinformation for the query
stored inthe PLAN_TABLE. For a given statement, this table contains the estimated
processor costin millisecondsand serviceunits anditplaces thecost values into the
following categories:

Category A - DB2 has enough information to make a cost estimation without using
any defaults.

Category B - DB2 has to use default values to make some cost calculations.

The statement table canbe used to compare estimated costs when you are
attempting to modify statements for performance. This is a costestimate, and is
not truly reflective of how your statement will be usedin anapplication (giveninput
values, transaction patterns,andsoon). You should always testyour statements for
performance inaddition to usingthe statement tableand EXPLAIN.

DSN_FUNCTION_TABLE

Contains information about user-defined functions that area partof the SQL
statement. Information from this tablecan be compared to the cost information (if
populated) inthe DB2 System Catalogtable, SYSIBM.SYSROUTINES, for the
user-defined functions.

DSN_STATEMENT_CACHE_TABLE

Is not populated by a normal invocation of EXPLAIN, butinstead by the EXPLAIN
STMTCACHE ALL statement. Issuingthis statement results in DB2 readingthe
contents of the dynamic statement cache,and putting runtime execution
informationintothe table. This includes information aboutthe frequency of
execution of these statements, the statement text, the number of rows that are
processed by the statement, lockand latchrequests, |/O operations, number of
index scans, number of sorts,and soon. This is valuableinformation aboutthe
dynamic queries executing ina subsystem. This tableis available only for DB2 V8
and DB2 9.

Note: Many EXPLAIN tables exist. Additional EXPLAIN tables are typically populated by
the optimization tools that use them. You can make some tables without usingthe
various optimization tools. Forinformation aboutthese tables, see the DB2 Performance
Monitoring and Tuning Guide (DB2 9).
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What EXPLAIN Tells You

The PLAN_TABLE is the key table for determining the access path for a query. The
PLAN_TABLE provides the followingcritical information:

METHOD
Indicates the jointmethod, or whether anadditionalsortstepis required.
ACCESSTYPE

Indicates whether the access tois through a table spacescan or through index
access. Ifitis byindex access, the specific type of index access is indicated.

MATCHCOLS

Indicates the number of columns that are matched againstthe indexifan index
accessis used.

INDEXONLY

Indicates thatthe access required can be served by accessingtheindexonly, and
avoidinganytableaccess when a valueof Yisinthis column.

SORTN##H, SORTCHiHIH

Indicates any sorts thatmay happen insupport of a UNION, grouping,joint
operation, andso on.

PREFETCH
Indicates whether the prefetch canplayarolein the access.
By manually running EXPLAIN and examiningthe PLAN-TABLE, you canretrieve the
followinginformation:
m  Access path
m  Indexes thatare used
m  Joinoperations
m  Any sortingthat occurs as partofyour query
Ifyou have additional EXPLAIN tables (for example, those created by Visual Explain or
the Optimization Service Center), those tables are populated automatically. This is done
by usingthose tools or by manually running EXPLAIN. If you do not have the remote

access thatis required from a PC to use the tools, you canalso query those tables
manually.

The tables providedetailed information aboutsuch entities as predicates stages, filter
factors, eliminated partitions, parallel operations, detailed costinformation,and so on.

Note: For more information abouttables, see the DB2 Performance Monitoring and
Tuning Guide (DB2 9).
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What EXPLAIN Does Not Tell You

EXPLAIN does not tell you everything about your queries. You have to be aware of this
limitation to effectively performance tune and predictively analyze. EXPLAIN does not
tell you about the following:

INSERT indexes

EXPLAIN does not tell you the index that DB2 will usefor an INSERT statement. Itis
important that you understand your clusteringindexes, and whether DB2 will be
using APPEND processingfor your inserts. This understandingis importantfor
INSERT performance, and the proper organization of your data. For more
information, see Designing Tables and Indexes for Performance (see page 59).

Access path information for enforced referential constraints

If you have INSERTS, UPDATES, and DELETES inthe program to which you have
applied EXPLAIN, the databaseenforced Rl relationshipsand associated access
paths are not exposed inthe EXPLAIN tables.Ensure, therefore, that proper indexes
insupportof the Rl constraints areestablishedandinuse.

Predicateevaluation sequence

The EXPLAIN tables do not show you the order in which predicates of the query are
evaluated. For more information on predicate evaluation sequence, see Predicates
and SQL Tuning.

Statistics used

The optimizer used catalogstatisticsto help determine the access pathatthe time
EXPLAIN was applied to the statement. Unless you have historical statistics that
correspond to the time that EXPLAIN was executed, you do not know that how the
statisticsappeared when the EXPLAIN was executed. Additionally, you do not know
ifthey are different now and therefore you providea different access path.

Input values

If you areusinghost variables in your programs, EXPLAIN does not know about the
potential input values to those variables. Therefore, itis importantfor you to
understand these values, what the most common values are,and if data is skewed
relativeto the inputvalues.

SQL statement

The SQL statement is not capturedin the EXPLAIN tables, although some of the
predicates are. If you dynamically applied EXPLAIN to a statement, or you appliedit
through one of the tools, you know what the statement looks like. However, ifyou
applied EXPLAIN to a packageor plan,you have to see the program sourcecode.
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m  Order of inputto your transactions

The SQL statement may appear to be correct when you view the access path, but
you cannot tell the order of the input data inrelation to the statement, what ranges
are supplied, or how many transactions areissued. EXPLAIN output does not let you
see whether itis possibleto order the input or the data in the tables more
efficiently.

m  Program sourcecode

To understand the impactof the access path that a statement used, you have to see
how that statement is usedinthe application program. We recommend that you
regularly reviewthe programsourcecode of the program in which the statement is
embedded in. By reviewing the program source code, you cananswer the following
questions:

m  How many times will the statement be executed?
m Isthe statement inaloop?
m  Canyou avoid executing the statement?

m Isthe programissuing 100 statements on individual key values ina range
predicate when one statement would suffice?

m Isthe programmingperforming programmaticjoins?

Although the EXPLAIN output may show an efficientaccess path, the statement
might be unnecessary.You canalsousea monitor or performance trace, whichlets
you see exactly which statements are executed.

Predictive Analysis Tools

You canuseseveral predictiveanalysistools to help you planyourimplementation,
including the Optimization Service Center (OCS), Visual EXPLAIN, and DB2 Estimator.

Optimization Service Center and Visual EXPLAIN

As the complexity of managingand tuning various workloads continues to escalate,
many databaseadministrators (DBAs) arestruggling to maintain quality of service (QoS)
whilealso managingcosts.|BM Optimization Service Center for DB2 for z/OS (OSC) is a
Windows workstation tool that is designed to ease the workload of DBAs through a set
of automation tools that help optimize query performance and workloads. You can use
OSC to identify and analyze problem SQL statements and to receive expert adviceabout
statisticsthataregathered to improve the performance of problematic and poorly
performing SQL statements on a DB2 subsystem. It provides the following:

m  The abilitytosnapthe statement cache

m  Collectstatisticsinformation
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DB2 Estimator

m  Analyze indexes

m  Group statements into workloads

m  Monitor workloads

m  An easy-to-understand display of a selected access path
m  Suggestions for changinga SQL statement

m  An ability toinvoke EXPLAIN for dynamic SQL statements

m  An abilityto provide DB2 catalogstatistics for referenced objects of an access path,
or for a group of statements

m A subsystemparameter browser with the keyword find capabilities

m  The abilitytographically create optimization hints (a feature not found in Visual
EXPLAIN V8)

You canuseOSC to analyzepreviously generated EXPLAIN data, or to gather EXPLAIN
data and clarify dynamicSQLstatements.

OSCis availablefor DB2 V8 and DB2 9.

DB2 Estimator is another useful predictiveanalysistool.This productruns ona PC and
provides a graphical user interfacefor entering information about DB2 tables, indexes,
and queries. Table and index definitions and statistics can beentered directly or
imported to view DDL files.SQL statements can be imported from text files.

The table definitions and statistics can beused to accurately predictdatabasesizes.SQL
statements can be organizedinto transactions,andthen information about DASD
models, CPU size,access paths,andtransaction frequencies can beset. After all of this
informationis putinto DB2 Estimator, capacity reports can be produced. These reports
contain estimates of the DASD required, as well as the amount of CPU required for an
application.These reports are helpful duringthe initial stage of capacity planning,
before any real programs or test data is available. DB2 Estimatoris not availablewith
DB2 9.

Predicting Database Performance

An approachforlargesystems designis to spend littletime considering performance
duringthe development and set aside projecttime for performance testing and tuning.
This strategy frees the developers from havingto consider performance in every aspect
of their programming, and gives them the incentiveto code more logicintheir queries.
This strategy makes for faster development time, and more logicinthe queries means
more opportunities for tuning.
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If you chooseto make performance decisions duringthe design phase, each decision
should be backed by solid evidence, and not assumptions. You can create test tables,
generate some test data, and write some small programs to simulatea performance
situation and test your assumptions abouthowthe databasebehaves. The feedback
from these tests provides data to help you design your system for optimum
performance. Reports canthen be generated and reviewed by stakeholders.

Tools that you canuse for testing statements, designideas,or program processes
include, but are not limited to, the following:

m  REXX DB2 programs

m  COBOL test programs
m  RecursiveSQL to generate data
m  RecursiveSQL to generate statements

m  Dataintables to generate more data

m  Datain tables to generate statements

Methods to Generate Data

To simulate programaccess, you need data intables.You cansimply type some data
into INSERT statements, insert them into a table, and then use data from that tableto
generate more data.For example, you might have to test the various program processes
againsta PERSON_TABLE tableand a PERSON_ORDER table. No actual data has been
created yet, but you have to test the access patterns of incomingfiles. You can key some
INSERT statements for the parent table, and then use the parent table to propagate
data to the childtable. For example, ifthe parent table, PERSON_TABLE, contains this
data:

PERSON_ID NAME
1 JOHN SMITH
2 BOB RADY

The following statement can be used to populate the child table, PERSON_ORDER, with
some test data:

INSERT INTO PERSON_ORDER

(PERSON_ID, ORDER _NUM, PRDT_CODE, QTY, PRICE)
SELECT PERSON ID, 1, 'B160', 10, 14.95

FROM YLA.PERSON_TABLE

UNION ALL

SELECT PERSON ID, 2, 'B120', 3, 1.95

FROM YLA.PERSON_TABLE
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The resulting PERSON_ORDER data would look likethis:

PERSON_ID ORDER_NWM PRDT_CDE Q1Y PRICE

1 1 B100 10 14.95
1 2 B120 3 1.9
2 1 B100 10 14.95
2 2 B120 3 1.9

You canrepeatedly use the statements to add more data, or additional statements can
be executed againstthe PERSON_TABLE to generate more PERSON_TABLE data.

RecursiveSQL (DB2 V8 and DB2 9) is a useful way to generate test data.The followingis
asimplerecursive SQL statement:

WITH TEMP(N) AS
(SELECT 1
FROM SYSIBM.SYSDUMMY1

UNION ALL
SELECT N+1
FROM TEMP
WHERE N < 10)

SELECT N

FROM TEMP

This statement generates the numbers 1 through 10, one row each. You canuse the
power of recursiveSQL to generate mass quantities of data that can be inserted into
DB2 tables, ready for testing.
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Example

The following piece of an SQL statement was used to insert 300,000 rows of datainto a
largetest lookup table. The table was quickly populated with data,and a test was
conducted to determine the performance. It was determined that the performance of
this largelookup table would not be adequate, but that could not have been confirmed
without testing:

WITH LASTPOS (KEYVAL) AS
(VALUES (0)
UNION ALL
SELECT KEYVAL + 1
FROM  LASTPOS
WHERE KEYVAL < 9)
,STALETBL (STALE_IND) AS
(VALUES 'S', 'F')
SELECT STALE IND, KEYVAL
,CASE STALE_IND WHEN 'S' THEN
CASE KEYVAL WHEN O THEN 1
WHEN 1 THEN 2 WHEN 2 THEN 3
WHEN 3 THEN 4 WHEN 4 THEN 4
WHEN 5 THEN 6 WHEN 6 THEN 7
WHEN 7 THEN 8 WHEN 8 THEN 9
WHEN 9 THEN 10 END
WHEN 'F' THEN
CASE KEYVAL WHEN O THEN 11
WHEN 1 THEN 12 WHEN 2 THEN 13
WHEN 3 THEN 14 WHEN 4 THEN 15
WHEN 5 THEN 16 WHEN 6 THEN 17
WHEN 7 THEN 18 WHEN 8 THEN 19
WHEN 9 THEN 20 END
END AS PART NUM
FROM LASTPOS INNER JOIN
STALETBL ON 1=1;

Methods to Generate Statements

Just as data can be generated, socanstatements. You can write SQL statements that
generate statements. For example, you might need to generate singleselectstatements
againstthe EMP tableto test a possibleapplication process or scenario.Youcanwrite a
statement such as the followingto generate those statements:

SELECT 'SELECT LASTNAME, FIRSTNME ' CONCAT
'FROM EMP WHERE EMPNO = ''' CONCAT
EMPNO CONCAT ''';'

FROM  SUSAN.EMP

WHERE WORKDEPT IN ('CO1', 'E11')

AND RAND() < .33
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The previously noted query generates SELECT statements for approximately 33 percent
of the employees indepartments CO1 and EO1. The output appears similar to the
following:

SELECT LASTNAME, FIRSTNME FROM BMP WHERE EMPNO = '000030';
SELECT LASTNAME, FIRSTNME FROM BMP WHERE EMPNO = '000130';
SELECT LASTNAME, FIRSTNME FROM BMP WHERE EMPNO = '200310';

You canalsouserecursiveSQLstatements to generate statements. The following
statement was used duringthe testing of high performance INSERTs to an account
historytable.The following statement generated 50,000 randominsertstatements:

WITH GENDATA (ACCT ID, HIST EFF DTE, ORDERVAL) AS
(VALUES (CAST(2 AS DEC(11,0)), CAST('2003-02-01' AS DATE), CAST(1 AS FLOAT))
UNION ALL
SELECT ACCT ID + 5, HIST EFF DTE, RAND()
FROM  GENDATA
WHERE ACCT_ID < 249997)
SELECT 'INSERT INTO YLA.ACCT HIST (ACCT ID, HIST EFF DTE)' CONCAT
" VALUES(' CONCAT CHAR(ACCT_ID) CONCAT ',' CONCAT '''!
CONCAT CHAR(HIST _EFF_DTE,ISO) CONCAT '''' CONCAT ');'
FROM GENDATA ORDER BY ORDERVAL;

Determine Your Access Patterns

If you have access toinputdata ortransactions, build smallsampletest programs to
determine the effect of these inputs onthe databasedesign. This actioninvolves simple
REXX or COBOL programs that containlittleor no business logic, justsimplequeries that
simulatethe anticipated databaseaccess. Runningthese programs cangive you an idea
about the impactof random versus sequential processing, or the impact of sequential
processingversus skip sequential processing.ltcanalsogiveyouan idea of how buffer
settings can affect performance and whether or not performance enhancers, such as
sequential detection orindex lookaside, will be effective.

Simulating Access with Tests

Consider writinga simple COBOL programto access a tableto understand the following:
m  Whatisthe proper clustering?

m  How effective compression will befor performance?

m  Whether or not oneindex performs better thananother?

m Ifaddinganindexadverselyaffects INSERTs and DELETEs?
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Example:

A databaseteam debated whether they would gainthe greatest flexibility for their
databaseby havinganentire applicationinterfaceuselargejoins between parent and
childtables, or whether all accessshould bethrough individualtableaccess
(programmaticjoins). Coding for both types of access meant extra programming effort,
but they hadto understandthe costof the programmaticjoins for the application.

They wrote two simple COBOL programs againsta test database—onewith a two-table
programmatic join and the other with the equivalentSQL join.As a result, the team
determined that the SQL join consumed 30 percent less CPU than the programmatic
join.
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Chapter 6: Monitoring

DB2 Traces

Statistics Trace

Itis critical to design for performance when buildingapplications, databases,and SQL
statements. You have designed the correct SQL, avoided programmaticjoins, clustered
commonly accessed tables inthe samesequence, and have avoided inefficientrepeat
processing. Your application may be in production and running without problems, but
there is still moreyou cando to increaseits performance.

Which statement is the most expensive? Is itthe tablespacescanthatruns once per
day, or the matchingindex scanrunning millions of times per day? Are all your SQL
statements sub-second responders that do not need tuning? Which statement is the
number one consumer of CPU resources? All of these questions can be answered by
monitoring your DB2 subsystems and the applicationsthataccess them.

DB2 provides facilities for monitoring the behavior of the subsystem, as well as the
applicationsthatareconnected to it. This feature is achieved primarily though the DB2
trace facility. DB2 has several different types of traces.

DB2 provides a trace facility to help trackand record events withina DB2 subsystem.
There are six types of traces:

m  Statistics

m  Accounting
m Audit

m  Performance

®  Monitor

m  Global

These traces should playanintegral partinyour performance monitoringprocess.

The data collected inthe statisticstracelets you conduct DB2 capacity planningand
tune the entire set of DB2 programs. The statisticstracereports information abouthow
much the DB2 system services and databaseservices areused. Itis a system-wide trace
andshouldnot be used for charge-backaccounting. Statisticstraceclasses 1,3,4, 5, and
6 arethe defaultclasses for the statisticstraceif statistics arespecified as 'yes'in the
installation panel DSNTIPN. If the statisticstraceis started usingthe START TRACE
command, class1isthedefault class.
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Accounting Trace

The statisticstracecan collectinformation aboutthe number of threads thatare
connected, the number of SQL statements that are executed, and the amount of storage
thatis consumed within the databasemanager. The statisticstracealso collects
information aboutaddress space, deadlocks, timeouts, logging, and buffer pool
utilization. This informationis collected atregularintervals for an entire DB2 subsystem.
The interval is typically 10 minutes or 15 minutes per record.

The accountingtrace provides data that lets you assign DB2 costs to individual
authorization IDs and to tune individual programs. The DB2 accountingtrace provides
informationthatis related to application programs,such as:

m  Startand stoptimes

m  Number of commits and aborts

m  The number of times certain SQL statements are issued

m  Number of buffer pool requests

m  Counts of certainlocking events

m  Processorresources thatare consumed

m  Thread wait times for various events

m  RID pool processing

m  Distributed processing

m  Resource limitfacility statistics

Accounting times are usually the prime indicator of performance problems, and most
often should be the starting point for analysis. DB2 times are classified as follows:

Class 1:Specifies the time that the application spent since connecting to DB2,
including the time that is spent outside DB2.

Class 2: Specifies the elapsed time spent in DB2. It is divided into CPU time and waiting
time.

Class 3:Specifies elapsed time is divided into various waits, such as the duration of
suspensions due to waits for locks and latches or waits for 1/0.

DB2 trace begins collectingthis data atsuccessful thread allocationsto DB2 and writes a
completed record when the thread terminates or when the authorizationID changes.
Havingthe accountingtrace activeis critical for proper performance monitoring,
analysis,and tuning. When an application connects to DB2, itis executing across address
spaces,andthe DB2 address spaces areshared by perhaps thousands of users across
many address spaces. The accountingtrace provides information aboutthe time that is
spent within DB2, as well as the overall application time. Class 2 time is a component of
class 1time, andclass 3 time a component of class 2 time.
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Accounting data for class 1 (the default) is accumulated by several DB2 components
during normal execution. This datais collected atthe end of the accounting period and
does not involveas much overhead as the individual event tracing. Conversely, when
you startclass 2,3,7, or 8, many additional trace points areactivated. Every occurrence
of these events is tracedinternally by DB2 trace, however these traces arenot written
to any external destination. The accountingfacility rather uses these traces to compute
the additional total statistics thatappearin the accountingrecord when class 2 orclass
3isactivated. Accountingclass 1 mustbe activeto externalizethe information.

We recommend that you set accountingclasses 1,2,3,7,8. This can add between 4
percent and 5 percent of your overall system CPU consumption. However, ifyou are
already writingaccountingclasses 1,2, 3, adding 7 and 8 typically should notadd much
overhead. Also,ifyou are usingan online performance monitor, itcould already have
these classesstarted. Ifthatis the case,adding SMF as a destination for these classes
should not add any CPU overhead.

Performance Trace

The performance traceprovides information aboutvarious DB2 events, includingthose
related to distributed data processing. You can use this information to identify a
suspected problem or to tune DB2 programs and resources forindividual users or for
DB2 as a whole. To start a performance trace, you must use the —START TRACE(PERFM)
command. Performance traces cannot be automatically started. Performance traces are
expensive to run, and consume much CPU. They also collecta largevolume of
information. Performance traces are usually run using an online monitor tool, or the
output from the performance trace can be sent to SMF and then analyzed usinga
monitor reporting tool, or sent to IBM for analysis.

Because performance traces can consume numerous resources and generate numerous
data, you have many options when startingthe traceto balancethe informationthatis
desired with the resources consumed. These options includelimitingthe trace data that
is collected by plan, package, trace class,and even IFCID.

Performance traces are typically used by online monitor tools to track a specific problem
for a given plan or package. Reports can then be produced by the monitor software, and
candetail SQL performance, locking, and many other detailed activities. Performance
trace data canalsobe written to SMF records, and batch reporting tools canread those
records to produce detailed information about the execution of SQL statements in the
application.
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Accounting and Statistics Reports

After DB2 trace information has been collected, you cancreate reports by readingthe
SMF records. These reports aretypically produced by running reporting software thatis
provided by a performance reporting product. These reports are a critical partof
performance analysisand tuning.You should familiarize yourself with the statisticsand
accountingreports, as they are the best way to gauge the health of a DB2 subsystem
andthe applicationsusingit. These reports are also the best way to monitor
performance trends and proactively detect potential problems before they become
critical.

Statistics Report

Because statisticsrecords arecollected typicallyat 10-minute or 15-minute intervals,
many records can be collected on a daily basis. Your reporting software should be able
to produce summary reports, which can gather and summarize the data for a period, or
detail reports that canreport on every statistics interval. Startwith a daily summary
report, and look for specific problems within the DB2 subsystem. After you detect a
problem, you can produce a detailed report to determine the specific period thatthe
problem occurred, and also coordinatethe investigation with detailed accounting
reports for the same time period to attribute the problem to a specific application or
process.

We recommend that you use statisticsreports ona regular basis, and use monitoring
software documentation, along with the DB2 Administration Guide (DB2 V8) or DB2
Performance Monitoring and Tuning Guide (DB2 9).

Note the followingina statistics report:

RID Pool Failures

The statisticsreportshouldincludea reason to detail the usage of the RID pool for
activities such as list prefetch, multipleindex access,and hybridjoins.The report will
alsoindicateRIDfailures.There can be RDS failures, DMfailures,and failures dueto
insufficientsize.

Ifyou aregetting failures dueto insufficientstorageyou canincreasethe RID pool size.
However, ifyou are getting RDS or DM failures in the RID pool, the access paththatis
selected may be reverting to a table spacescan.Inthese situations, determine which
applicationsaregetting these RID failures. Therefore, you have to produce a detailed
statisticsreportthat canidentify the time of the failures,andalso producedetailed
accountingreports that showwhich threads are getting the failures. Youto determine
the packages withinthe plan.DB2 EXPLAIN can be usedto determine which statements
are usinglistprefetch, hybridjoin, or multi-index access. You may have to test the
queries to determine ifthey are the one's seeingthe failures,andifthey are, try to
influencethe optimizer to change the access path.
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Bufferpool Issues

Logging Problems

EDM Pool Hit Ratio

One of the most valuablepieceof informationina statisticsreportis the section
coveringbuffer utilization and performance. For each buffer poolin use, the report
includes the size of the pool, sequential and random getpages, prefetch operations,
pages that are written, and number of sequential |/Os, buffer thresholds that are
reached, random |/Os,and write I/Os,and much more.

Watch for the number of synchronous reads for sequential access, which may be an
indication thatthe number of pages is too small and pages for a sequential prefetch are
stolen before they areused. Additionally watch whether anycritical thresholdsare
reached, ifthere are write engines not available,and whether deferred write thresholds
aretriggering.Itis alsoimportantto monitor the number of getpages per synchronous
1/0, as well as the buffer hitratio.

The statisticsreport provides importantinformation about logging. This information
includes the number of system checkpoints, number of reads from the log buffer, active
log data sets, or archived log datasets, number of unavailable output buffers, and total
log writes. This information could giveyou anindication whether you have to increase
log buffer sizes or you have to investigatefrequent application rollbacks or other
activities thatcould causeexcessivelogreads.

The statisticsreportdetails how often databaseobjects such as DBDs, cursortables,and
packagetables are requested as well as how often those requests have to be satisfied
usinga diskreadto one of the directorytables.You can use this information to
determine if you shouldincreasethe EDM pool size. You also receivestatisticsaboutthe
use of dynamic statement cacheand the number of times statement access paths were
reused inthe dynamic statement cache. This information could letyou see the size of
your cacheand its effectiveness, butit could also highlight potential reusability of the
statements in the cache.

Deadlocks and Timeouts

The statistics report provides subsystem-wide perspective on the number of deadlocks
and timeouts your applications haveexperienced. You can use this informationas an
overall method of detecting deadlocks and timeouts across allapplications. If the
statisticssummary reportshows a positivecount, you can use the detailed report to
determine what time the problems are occurring.You canalsouseaccountingreports
to determine which applicationsareexperiencingthe problem.
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Accounting Report

An accountingreport reads the SMF accountingrecords to produce the thread or
application level information fromthe accountingtrace. These reports typicallycan
summarize information atthe level of a plan, package, correlationID, authorization D,
andso on. Inaddition, you canalso produceone report per thread. This accounting
detail report can provide detailed performance information for the execution of a
specific application process. If you have accountingclasses 1,2,3, 7, and 8 turned on,
the information will bereported at the planandthe package level.

You canusethe accountingreport to find specific problems within certain applications,
programs, or threads.

Class 1 and Class 2 Timings

Buffer Usage

Indicates the entire application time, includingthetime thatis spent within DB2. Class 2
is a component of class 1,and represents the amount of time the application spentin
DB2. The firstquestion to ask when an applicationisexperiencinga performance
problemis, "Where is the time being spent?" The firstindication thatthe performance
issueis with DB2 will bea highclass 2 timerelativeto the class1time. Withinclass2,
you could be havinga CPU issue (CPU time represents most of the class2time), or a
waitissue (CPU represents little of the overall class 2 time, but class 3 waitrepresents
most of the time), or maybe your entire system is CPU bound (Class 2 overall elapsedis
not reflected inclass 2 CPUand class 3 waittime combined).

Displaysinformation about buffer usage atthe thread level. This information can be
used to determine how a specificapplication or process is using the buffer pools. Ifyou
have situations in which certain buffers have high random getpage counts, lookat which
applicationsarecausingthe high number of random getpages. You can use this thread
level information to determine which applicationsareaccessing buffers randomly versus
sequentially. Perhaps then you can see which objects the applicationuses,and canuse
this information to separate sequentially accessed objects fromrandomly accessed
objects into different buffer pools. The buffer pool informationinthe accountingreport
alsoindicates how well the applicationis using the buffers. The report can be used
during buffer pool tuningto determine the impactof buffer changes on anapplication.

Package Execution Times

Displaysinformation aboutthe DB2 processingona package level, if accountingclasses
7 and 8 are turned on. This informationis importantfor performance tuning because it
lets you determine which programs ina poorly performing application should be
reviewed first.
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Deadlocks, Timeouts, and Lock Waits

Indicates the number of deadlocks and timeouts that occurred on a thread level. Italso
reports the time that the thread spent waiting on locks. This information lets you know
whether you have to do additionalinvestigationintoapplicationsthatarehavinglocking
issues.

Excessive Synchronous 1/0s

RID Failures

Indicates if there are many excessiverandom synchronous 1/Os beingiss ued, and how
much time the application spends waitingon 1/0, ifyou have a slowrunningjob or
onlineprocess.The report alsoindicates exactly whatis slowaboutthat job or process.
The informationinthe report canalsobe used to approximately determine the
efficiency of your DASD by simply dividing the number of synchronous I/O's into the
total synchronous I/0 waittime.

Displaysthread level RID pool failureinformation. This information providesimportant
details to help you determine if you have access path problems ina specific application.

High Getpage Counts and High CPU Time

Indicates if your performance problem is related to aninefficientrepeat process.Ifthe
report shows a high getpage count, or that most of the elapsedtime is actuallyclass2
CPU time, you may have aninefficientrepeat process in one of the programs for the
plan.Often itis hardto determine ifan applicationisdoingrepeatprocessing when
there are not many 1/Os beingissued,soyou can use the package level information to
determine which program uses the most CPU andyou can try to identify any
inefficiencies inthatprogram.

Online Performance Monitors

DB2 canwrite accounting, statistics, monitor,and performance trace data to line
buffers. This ability allows for online performancereporting software to read those
buffers, and report on DB2 subsystem and application performanceinreal time. These
onlinemonitors can be used to review subsystemactivity and statistics, thread level
performance information, deadlocks and timeouts, 1/0 activity, and dynamically execute
andreport on performance traces.
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Overall Application Performance Monitoring

You will notfind one method for improvingthe overall performance of largesystems.
We cantune the DB2 subsystem parameters, logging and storage, but often we are only
makinga bad situation worse. In these circumstances, the "80/20" rule applies, and you
will eventually haveto address application performance.

You can quicklyidentify the easy to recognize performanceissuesina reportto your
boss,and change the application or databaseto support a more efficient path to the
data. Management supportis required and an effective manner of communicating
performance tuning opportunities and results is crucial.

Settingthe Appropriate Accounting Traces

DB2 accountingtraces playavaluableroleinreportingon application performance
tuning opportunities. DB2 accountingtraces 1, 2, 3, 7, and 8 must be set to monitor
performance at the package level. After you do that, you can further examine the most
expensive programs (identified by package) to look for tuning changes. This reporting
process canserve as a quicksolutiontoidentifyingan application performanceproblem,
butyou canincorporateitintoa long-term solution thatidentifies problems and tracks
changes.

Some have expressed concern about the performance impact of this level of DB2
accounting.The IBM DB2 Administration Guide (DB2 V8) or the DB2 Performance
Monitoring and Tuning Guide (DB2 9) states that the performance impact of setting
these traces is minimal and the benefits can be substantial. Tests that are performed at
a customer sitedemonstrated an overall systemimpact of 4.3 percent for all DB2
activity when accountingclasses 1,2, 3,7, and 8 are started. Inaddition,adding
accountingclasses 7and 8 when 1, 2, and 3 arealready started has the nominal impact,
as does the addition of most other performance monitor equivalent traces (thatis, your
online monitor software).

Summarizing Accounting Data

To communicate application performanceinformation to management, the accounting
data must be organized and summarized up to the applicationlevel.You need a
reporting tool that formats DB2 accountingtraces from System Management Facilities
(SMF) files to produce the type of report you are interested in. Most reporting tools can
produce DB2 accountingreports at a packagesummary level. Some caneven produce
customized reports that canfilter only the information you want out of the wealth of
informationintracerecords.
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You can process whatever types of reports you produce sothat a concentrated amount
of information about DB2 application performancecan be extracted. This informationis
reduced to the amount of elapsed time and CPU time the application consumes daily
and the number of SQL statements each package issues daily. This highly specific
informationis your firstindication as to which packages providethe best DB2 tuning
opportunity. The followingexample is froma package-level report with the areas of
interest highlighted (Package Name, Total DB2 Elapsed, Total SQL Count, Total DB2
TCB):

- AVERAGE ---- -- TOTAL ----

PACKAGE EXECUTIONS HHH:MM:SS.TTT HHH:MM:SS.TTT
------------------ DB2 T@B...... 0.008 25:18.567
COLL ID CPG2SU01 I70.......... 0.205 010:28:50.335
PROGRAM FHPRDA2 LOCK/LATCH. .. 0.000 43.652
OTHER RD I/0. 0.000 1:29.015

HHH:MM:SS.TTT  OTHER WR I/0. 0.000 0.000

AVG DB2 ELAPSED 0.214 DB2 SERVICES. 0.000 0.001
TOTAL DB2 ELAPSED 010:55:40.211 LOG QUIESCE.. 0.000 0.000
DRAIN LOCK... 0.000 0.000

AVG SQL COUNT 86.9 CLAIM RELEASE 0.000 0.000
TOTAL SQL COWNT 15948446 ARCH LOG READ 0.000 0.000
AVG STORPROC EXECUTED 0.0 PG LATCH CONT 0.000 0.000
TOT STORPROC EXECUTED 0 WT DS MSGS 0.000 0.000
AVG UDFS SCHEDULED 0.0 WT GLBL CONT 0.000 0.000
TOT UDFS SCHEDULED 0 GLB CHLD L-LK 0.000 0.000
GLB OTHR L-LK 0.000 0.000

GLB PSET P-LK 0.000 0.000

GLB PAGE P-LK 0.000 0.000

GLB OTHR P-LK 0.000 0.000

OTHER DB2.... 0.000 58.196
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If you do not have access to a reporting tool that can filter pieces of information, you
canwritea simpleprograminany languageto read the standard accounting reports and
pull out the information you need. REXX is an excellent programming languagethatis
well-suited to this type of "report scraping";you can write a REXX program to do such
work ina few hours. If you want to avoid dependency on reporting software, you could
write a slightly moresophisticated programto read the SMF data directly to produce
similar summary information. After the standard reports are processed and
summarized, the information for a specificinterval (say oneday)canappearin asimple
spreadsheet. You cansortthe spreadsheet by descending CPU. With high consumers at
the top of the report, the obvious issues arethen easy to spot. The following
spreadsheet can be derived by extractingthe fields of interest from a packa ge-level
summary report:

Package
ACCTO01
ACCT002
ACCTBO1
RPTS001
ACCT003
RPTS002
HRPKOO1
HRPKBO 1
HRBKBO1
CUSTBO1
CUSTBO2
CusTe01
CUSTBO3
RPTS003
CUST002
CuSTe03
CUSTBO4
CUSTBO5S

Executions

246745
613316
8833
93
169236
2686
281
21846
505
1
1
246670
280

47923
68628

563

Total Elapsed Total CPU Total SQL ElapsedExecution CPUExecution ElapsedSQL CPUSQL

75694,2992 5187.4262 1881908 0.3067 0.021 0.0402 0.0027
26277.2022 4381.7928 1310374 0.0428 0.0071 0.02 0.0033
4654.4292 2723.1485 531455 0.5269 0.3082 0.0087 0.0051
6998.7605 2491.9989 5762 74.2554 26.7956 1.2146 0.4324
33439.2804 2198.0959 1124463 0.1975 0.0129 0.0297 0.0019
2648.3583 2130.2409 2686 0.9859 0.793 0.9859 0.793
4603.1262 2017.7179 59048 16.3812 7.1804 0.0779 0.0341
3633.5143 200636083 316746 0.1663 0.0918 0.0114 0.0053
2079.5351 1653.5773 5776 4.1178 3.2744 0.36 0.2862
4653.9935 1416.6254 759111  4653.9935 1416 .6254 0.0006 0.00001
3862.1498 1399.9468 7971317  3862.1498 1399.9468 0.0004 0.0001
12636.0232 1249.7678 635911 0.0512 0.005 0.0198 0.0019
24171.1267 1191.0164 765906 86.3254 4.2536 0.0315 0.0015
5163.3568 884.0148 1456541 5163.3568 884.0148 0.0035 0.0006
10796.5509 875.252 489288 0.2252 0.0182 0.022 0.0017
3428.4162 739.4523 558436 0.0499 0.0107 0.0061 0.0013
1183.2068 716.26%4 3916502 591.6034 358.1347 0.0003 0.0001
713.9306 713.9306 1001 2.1886 1.268 1.2309 0.7132

Identify basicissues when choosingthe firstprograms to address. For example, package
ACCT001 consumes the most CPU each day, andissues nearly 2 million SQLstatements.
Although the CPU consumed per statement on average is low, the quantity of
statements that areissuedindicates an opportunityto save significantresources. Ifjust
a small amountof CPU can be saved, it will quickly add up. The same recommendation
applies to package ACCTO02 and packages RPTS001 and RPTS002. These are some of the
highest consumers of CPU, and they also havea relatively high average CPU per SQL
statement. This informationindicates thatthere may be some inefficientSQL
statements involved. Because the programs consume significant CPU per day, tuning
these inefficientstatements couldyield significantsavings.

ACCT001, ACCT002, RPTS001, and RPTS002 represent the best opportunities for saving
CPU, so examine those first. Without this type of summarized reporting, itis difficultto
do anysort of truly productive tuning.
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Reporting to Management

To do this type of tuning, you need approval from management and application
developers. These approvals can sometimes be the most difficultpartbecause,
unfortunately, most application tuninginvolves costly changes to programs. To
demonstrate the potential Return OnInvestment (ROI)for programming time, report
the cost of application performance problems in terms of dollars.

The summarized reports can report on information onthe applicationlevel. Anin-house
namingstandard canbe used to combine all the performance information from various
packages intoapplication-level summaries. This practicelets you classify applications
and address the ones that use the most resources.

For example, if the in-houseaccountingapplication has a programnamingstandard
where all programnames begin with "ACCT," the corresponding DB2 package
accountinginformation can be grouped by this header. Thus, the DB2 accountingreport
data for programs ACCT001, ACCT002, and ACCT003 can be grouped together, and their
accountinginformation summarized to represent the "ACCT" application.

Most capacity planners haveformulas for converting CPU time into dollars. If you get
this formula from the capacity planner,and you categorize the packageinformation by
application,youcaneasilyturnyour daily packagesummary reportinto anannual CPU
costper application. Thefollowing shows a simplechartthatis developed usingan
in-housenamingstandardanda CPU-to-dollars formula.

Annual CPU Cost

$1,200,000.00

$1.,000,000.00

$300,000.00

$600,000.00

$400,000.00

$200 000.00

§0.00 T T T
ACCT CUST HR RPT
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Make surethat you produce a "cost reduction" report, indollars, after a phaseof the
tuning has completed. This report makes it clear to management what the tuning efforts
have accomplished and gives them anincentive for further tuning efforts. Consider
providinga visual representation of your data. A bar chartwith before and after results
canbe highly effective in conveying performance tuning impact.

Finding the Statements of Interest

After you find the highest consuming packages and obtain management approval to
tune them, you need additionalanalysis of the programs that present the best
opportunity. Ask questions such as:

m  Which DB2 statements are executing and how often?
m  How much CPU time is required?

m Isthere logicinthe program thatis resultinginan excessive number of unnecessary
databasecalls?

m  Are there SQL statements with relatively pooraccess paths?

Involve managers and developers inyour investigation. Itis much easier to tune with a
team approach where different team members can be responsiblefor different analysis.
The followinglistdetails a few ways to gather statement-level information:

m  Get programsourcelistings and plantableinformation.

m  Watchan onlinemonitor.

m  Runa shortperformance trace againstthe application of interest.

Performance traces are expensive, sometimes addingas much as 20 percent to the

overall CPUcosts. However, a short-term performance trace may be an effective tool for
gathering information on frequent SQL statements and their true costs.

If plantable informationis notavailablefor the targeted package, you canrebind that
packagewith EXPLAIN(YES). Ifitis hardto get the outage to rebind EXPLAIN(YES) ora
plantableis availablefor a different owner ID, you could also copy the package with
EXPLAIN(YES) (for example, execute a BIND into a special/dummy collection-ID) rather
than rebindingit.

The following example shows PLAN_TABLE data for two of the most expensive programs
inour example.

Q QB PL PNAME MT TNAME T_NO AT MC ACC_NM IX NJ CuloG PF
000640-01-01 ACCTOO1 O PERSON ACCT 1 I 1 AAIXPACO N NNNNN S
000640-01-02 ACCTOO1 3 0 N NNNYN
001029-01-01 RPTSG01 © PERSON 1 I 1 AAIXPRCO N NNNNN S
001029-01-02 RPTS001 4 ACCOUNT 2 I 1 CCIXACCO N NNNNN L
001029-01-03 RPTS001 1 ACCT_ORDER 3 I 2 CCIXA0CO N NNNNN
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In this example, the most expensive program issues a simpleSQLstatement with
matching index access tothe PERSON_ACCT table, whichresults ina sort(Method=3).
The programmer, when consulted, advised thatthe query rarelyreturns more than a
singlerow of data. In this case,a bubble sortinthe application programreplaced the
DB2 sort. The bubble sortalgorithm was almostnever used becausethe query rarely
returned more than one row, and the CPU associated with DB2 sortinitialization was
avoided. Becausethis query was executing many thousands of times per day, the CPU
savings were substantial.

Our high-consumingreporting programis performing a hybrid join (Method=4). While
hybrid joins areacceptable, our system statistics were showing us that there were
Relational Data Server (RDS) subcomponent failures inthesubsystem. We considered
whether this query was causingan RDS failure,and we reverted to a tablespacescan.
This notion was proven true. We tuned the statement to use the nested loop over
hybrid join, the RDS failures and subsequenttablespacescan were avoided, and CPU
andelapsed time improved dramatically.

Whilethese statements may not have caused concern when lookingat EXPLAIN results,
when combined with the accounting data, they raised analertfor further investigation.

The Tools You Need

The application performancesummary report identifies applications ofinterest and
provides the initial tool for reportingto management. You canalso usethe other tools
andreports that are listed here to identify and tune SQL statements in your most
expensive packages:

Packagereport

Lists all packages thataresorted by the most expensive first(usually by CPU)in
your system. This information s the starting pointfor your application tuning
exercise. Use this report to identify your most expensive applicationsor programs.
You canalsousethis reportto propose tuningto management andto drill down to
more detailed levels in the other reports.

Trace or monitor the report

Lists output from the online monitor for the packages identified as high consumers
inyour packagereport. This type of monitoring will help to drill down to the
high-consuming SQL statements within these packages.

Plantablereport

Lists extractions of plan tableinformation for the high-consuming programs thatare
identified in your packagereport. This report helps you identify quickly bad access
paths that can be tuned. Consider the frequency of execution as indicated inthe
packagereport. Even a simpleactionsuchas asmallsortcanbe expensive if
executed often.
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Index report

Lists all indexes ontables inthe databaseofinterest. This report shouldincludethe
index name, tablename, columns names, columns sequence, cluster ratio,
clustering, firstkey cardinality, and full key cardinality. Use this report when tuning
SQL statements identifiedinthe plantableor trace/monitor report. There may be
indexes that you canadd, change, drop. Unused indexes create an overhead for
Insert, Delete, and Update processingas well as utilities.

DDL or ERD

Lists relationships between tables, column data types, and data locations. An Entity
Relationship Diagram (ERD) is the best tool for this information.|fone is not
available, printthe Data Definition Language (DDL) SQL statements that are used to
create the tables andindexes. Ifthe DDL is not available, usea tool such as
DB2LOOK to generate the DDL.

Do not overlook the importance of examiningthe applicationlogic. This
recommendation has to do primarily with the quantity of SQL statements beingissued.
The best performing SQL statement is the one that is never issued,anditis surprising
how often application programs go to the databasewhen they do not have to. The
program may be executing the world's best-performing SQL statements, but ifthe data
isnotused, it means that they are poor-performing statements.

104 CA Performance Handbookfor DB2 forz/0S



Chapter 7: Application Design and Tuning
for Performance

Typically, you realize most performance improvements using proper application design
or by tuning the application; however, nowhere elsedoes the phrase it depends matter
more than when dealing with applications. The performance design and tuning
techniques that you applyvary depending upon the nature, needs, and characteristics of
your application.

Avoiding Redundant Statements

Caching Data

The best performing statement is the statement that you never execute. Before you
create and issuea statement, askyourselfthe following questions:

m s this statement necessary?

m  Havel alreadyreadthat data before?

One of the majorissues with applications todayis the quantity of SQL statements issued
per transaction. The most expensive task you can perform is to leave your allied address
space (DB2 distributed address spacefor remote queries)to go to the DB2 address
spaces foran SQL request. Avoid this practice whenever possible.

If you areaccessingcodetables for validating data, editing data, translating values, or
populating drop-down boxes, locally cachethe code tables for better performance. This
practiceis relevantfor any code tables that rarely change.

For example, a batch COBOL job reads your code tables into in-coretables. For larger
code tables, employ a binaryor quicksearchalgorithmto quicklylook up values. For
CICS applications, setup the code in VSAM files,and use them as CICS data tables. This
practiceis much faster than using DB2 to look up the valuefor every CICS transaction.
The VSAM files can be refreshed on regularintervals usinga batch process oronan
as-needed basis.Ifyouareusingaremote application or Windows-based clients, read
the code tables once when the application starts and cachethevalues locally to
populate various on-screen fields or tovalidatethe data inputon a screen.

Chapter 7: Application Design and Tuning for Performance 105



Avoiding Redundant Statements

For object- or service-oriented applications, checkif an object has already been readin
before readingitagain.This practice helps you avoid constantly rereading the data
every time a method is invoked to retrieve the data.If you are concerned thatan object
is not fresh and that you may be updatingold data, employ a concept called optimistic
locking. With optimistic locking, you do not have to constantly reread the object (the
table or query to support the object). Instead, you read it once, and when you go to
update the object, you can check the update timestamp to see if someone elsehas
updated the object before you.

More Information:

Optimistic Locking (see page 121)

System-Generated Keys

You canreduce the quantity of SQL issued, as well as a major source of locking
contention inyour application, by using DB2 system-generated key values.

Traditionally, people have used a next-key table to generate keys. This method is where
atable contains one row of one column with a numeric data type. This method typically
involves readingthe column, incrementing and updatingthe column, and then usingthe
new valueas a key to another table. These next-key tables often resultina significant
bottleneck.

Several ways existto generate key values inside DB2, two of which are identity columns
(DB2 V8, DB2 9) and sequence objects (DB2 V8, DB2 9). Identity columns areattached to
tables,and sequence objects areindependent of tables.

The high performance solution for key generation in DB2 is the sequence object.
Confirm that when you use sequence objects or identity columns you use the CACHE
and ORDER settings accordingto your high performance needs. These settings affect the
number of values that are cached in advanceof a request and whether the order the
values arereturned is important. For example, the settings for a high level of
performanceina data sharinggroup would be CACHE 50 NO ORDER.

When usingsequence objects and identity columns, you canreduce the number of SQL
statements your applicationissues by usinga SELECT from a resulttable (DB2 V8 and
DB2 9). In this case, the resulttable will bethe resultof an INSERT.
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System-Generated Key Example

The following example shows the sequence object to generate a unique key and then
returns that unique key to the application:

SELECT ACCT_ID

FROM FINAL TABLE
(INSERT INTO UID1.ACCOUNT (ACCT ID,NAME, TYPE, BALANCE)
VALUES
(NEXT VALUE FOR ACCT_SEQ, 'Master Card','Credit',50000))

Avoiding Programmatic Joins

Ifyou areusinga modern generic application design withanaccess modulefor each
DB2 table or if you areusingan object-oriented or service-oriented design, you are
usinga form of programmaticjoins.Inalmostevery situationin whichanSQLjoincan
be coded instead of a programmaticjoin, the SQL join outperforms the programmatic
join.

Consider the followingtrade-offs when you use SQL join versus a programmaticjoin:

m  Flexibleprogramand tableaccess design versus improved performance for SQL
joins
m  Extra programming time for multiple SQL statements to perform singletableaccess

when required or joins when required versus the diminished performance of
programmaticjoins

m  Extra programming thatis required to add control breaks in the fetch loop versus
the diminished performance of programmatic joins

DB2 provides the INSTEAD OF trigger (DB2 9) feature that allows mapping between the
object world and multipletables ina database.You cancreate a view to jointwo tables
that are commonly accessed together. The object-based application then uses the view
as atable. Because the viewis on ajoin,itis a read-only view. However, you candefine
an INSTEAD OF trigger on that view to allow INSERTs, UPDATEs, and DELETEs againstthe
view. You can code the INSTEAD OF trigger to perform the necessary changes to the
tables of the join usingthe transition variables fromthe view.

Inour tests of a simpletwo-table SQL join versus the equivalent programmatic join
(FETCH loop withina FETCH loopina COBOL program), the two-table SQL join exhibited
30 percent less CPUthan the programmaticjoin.
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Multi-Row Operations

To reduce the quantity of SQL statements the applicationissues, DB2 provides the
following multi-row operations:

m  Multi-row FETCH (DB2 V8, DB2 9)
m  Multi-row INSERT (DB2 V8, DB2 9)
m  MERGE statement (DB2 9)

Inaddition, you can perform a mass INSERT, UPDATE, or DELETE operation.

Multi-Row FETCH

Multi-row fetching lets you return up to 32,767 rows inasingle APl call with a potential
CPU performance improvement near 50 percent. Multi-row fetching works for static or
dynamic SQL, scrollableor non-scrollablecursors,and UPDATEs and DELETEs. The
sampleprograms DSNTEP4, whichis DSNTEP2 with multi-row FETCH, and DSNTIAUL also
can exploit multi-row FETCH.

The followinglisthighlights two key reasons to implement multi-row FETCH capability:

m  Reduces the number of statements that are issued between your programaddress
spaceand DB2

m  Reduces the number of statements that areissued between DB2 and the DDF
address space

The first way to take advantage of multi-row FETCH is to program for itin your
application code. The second way to take advantage of multi-row FETCH isinyour
distributed applicationsthatareusingblock fetching. After you arein compatibility
mode in DB2 V8, the blocks that are used for block fetching are builtusing the multi-row
capability withoutany code change on your part, which results insignificantsavings for
your distributed SQU applications. In onesituation, when usingthis feature fora remote
SQU application migration from DB2 V7 to DB2 V8, the CPU did not increase.

The results of implementing this feature can affect performance. Inour tests of a
sequential batch program, the use of 50-row FETCH (the pointof diminishingreturn for
our test) of 39 million rows of a table reduced CPU consumption by 60 percent over
single-row FETCH. Inarandom test where we expected on average 20 rows per random
key, our 20-row FETCH used 25 percent less CPUthan the single-row FETCH.

Note: Multi-row FETCH is a CPU saver, but itis notnecessarilyanelapsed timesaver.
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When using multi-row FETCH, the GET DIAGNOSTICS statement is notinitially necessary.
We recommend that you limitits usedue to the high CPU overhead. Instead, use the
SQLCODE field of the SQLCA to determine the status of your FETCH:

m  Successful (SQLCODE 000)
m  Failed (negative SQLCODE)
m  Hitthe end of file (SQLCODE 100)

If you receive an SQLCODE 100, check the SQLERRD3 field of the SQLCA to determine
the number of rows to process.

How to Code for Multi-Row FETCH

Multi-Row Insert

Use the following process to code for multi-row FETCH:
1. Add the phrase WITH ROWSET POSITIONING to a cursor declaration.
2. Add the phrases NEXT ROWSET and FOR n ROWS to the FETCH statement.

3. Changethe hostvariables to hostvariablearrays.For COBOL, add an OCCURS
clause.

4. Placealoop withinyour FETCH loop to process the rows.

As with multi-row FETCH reading multiplerows per FETCH statement, a multi-row
INSERT caninsertmultiplerows into a table ina single INSERT statement. The INSERT
statement must containthe FOR n ROWS clause, and the host variables referenced in
the VALUES clausemust be host variablearrays.|BMstates that multi-row INSERTs can
resultinas much as a 25 percent CPU savings over singlerow INSERTs. In addition,
multi-row INSERTs can dramatically impactthe performance of remote applications
because the number of statements that areissued acrossa network can be reduced.

You can code the multi-row INSERT two ways:
ATOMIC

Specifies thatif one INSERT fails, theentire statement fails
NOT ATOMIC

Specifies that any failure of any of the INSERTs impacts only that one INSERT of the
set.

As with the multi-row FETCH, the GET DIAGNOSTICS statement is notinitially necessary.
We recommend that you limitits usedue to the high CPU overhead. Inthe caseof a
failed NOT ATOMIC multi-row INSERT, you receive an SQLCODE of -253 ifone or more of
the INSERTs failed.Only then should you use GET DIAGNOSTICS to determine which one
failed. If you receive an SQLCODE of zero, all INSERTs succeeded, and you do not need

to perform further analysis.
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MERGE Statement

Applications often interface with other applications.Inthese situations,an application
may receive a large quantity of data that applies to multiplerows of a table. Typically,
the application performs a blind update. That is, the application attempts to update the
rows of datainthe table, andif any update failsbecausea row was not found, the
applicationinserts the data.In other situations, the application mayreadall of the
existing data, compare the data to the new incomingdata, and then programmatically
insertor update the table with the new data.

DB2 9 supports this type of processing usingthe MERGE statement. The MERGE
statement updates a target (table, view, or the underlyingtables of a full select) using
the specified inputdata. Rows inthe target that match the inputdata are updated as
specified,and rows that do not exist inthe target areinserted. MERGE canuse atable
or anarrayofvariables asinput.

Because the MERGE operates againstmultiplerows,you cancode itas ATOMIC or NOT
ATOMIC. The NOT ATOMIC option allows rows thathave been successfully updated or
inserted to remain if others have failed. Use the GET DIAGNOSTICS statement with NOT
ATOMIC to determine the updates or inserts thatfailed. As with the multi-row INSERT
operation, limitthe use of GET DIAGNOSTICS due to the high CPU overhead.

Employee Sample Table

The following example shows a merge of rows on the employee sampletable:

MERGE INTO EMP AS EXISING TBL
USING (VALUES (:EMPNO, :SALARY, :COMM, :BONUS)
FOR :ROW-CNT ROWS) AS INPUT_TBL(EMPNO, SALARY, COMM, BONUS)
ON INPUT TBL.EMPNO = EXISTING TBL.EMPNO
WHEN MATCHED THEN
UPDATE SET SALARY
,COMM
,BONUS
WHEN NOT MATCHED THEN
INSERT (EMPNO, SALARY, COMM, BONUS)
VALUES (INPUT TBL.BVPNO, INPUT TBL.SALARY, INPUT TBL.COMM,
INPUT TBL.BONUS)

INPUT_TBL.SALARY
INPUT_TBL.COMM
INPUT_TBL.BONUS
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Placing Data-Intensive Business Logic in the Database

DB2 for z/0S offers many advanced features that let you take advantage of the power of
the mainframe server. The followinglistdetails somekey advanced features:

m  Advanced and Complex SQL Statements
m  User-Defined Functions (UDFs)
m  Stored Procedures

m  Triggers and Constraints

These advanced features let you quickly writeapplications by pushing some of the logic
of the applicationinto the databaseserver. Most of the time advanced functionality can
be incorporated into the databaseusingthese features at a much lower development
costthan codingthe feature into the applicationitself. Afeature such as database
enforced referential integrity (Rl)is a good example of something that is relatively
simpleto implement inthe database, butit would take longer time to codeina
program.

These advanced databasefeatures alsoallowapplication logic to be placed as partof
the databaseengine itself, making this logic more easily reusable enterprise wide.
Reusingexistinglogic means faster time to market for new applicationsthatneed that
logic,and havingthe logicthatis centrallylocated makes iteasier to manage than client
code. Also,inmany cases, having data-intensivelogic on the databaseserver resultsin
improved performance becausethatlogic can process the data at the server, and can
return a resultonlyto the client.

User-Defined Functions

Functions area useful way of extending the programming power of the database
engine. Functions let you push additional logic into your SQL statements. User-defined
scalarfunctions workonindividual values of a parameter listand return asinglevalue
result. A table function canreturn anactual tableto an SQL statement for further
processing, justlikeany other table. User-defined functions (UDFs) provide a major
breakthrough in database programming technology. UDFs let developers and DBAs
extend the capabilities of the database, which allows for more processingto be pushed
into the databaseengine, which then allows thesetypes of processes to become more
centralized and controllable. Virtually any type of processingcanbeplacedina UDF,
includinglegacy application programs.

When your processingis inside SQLstatements, you can put the SQL statements
anywhere, which means that anywhere you run your SQL statements, you canrunyour
programs. Much like complex SQL statements, UDFs placemore logic into the highly
portableSQL statements.

Chapter 7: Application Design and Tuning for Performance 111



Avoiding Redundant Statements

Special Considerations for UDFs

Stored Procedures

UDFs can be a performance advantageor disadvantage.|fthe UDFs process large
amounts of data,and return a resultto the SQL statement, a performance advantage
may be realized over the equivalentclientapplication code. However, ifa UDF is used to
process onlydata,it can be a performance disadvantage, especiallyif the UDF is invoked
many times or is embedded inatable expression, as data type casting (for SQL scalar
UDFs compared to the equivalentexpression coded directlyin the SQL statement) and
task switch overhead (external UDFs run ina stored procedure address space) are
expensive (DB2 V8 relieves some of this overhead for table functions).

Converting a legacy programinto a UDF inapproximately a day, invokingthat program
from an SQL statement, and then placingthatSQL statement where it can be accessed
usinga clientprocess may be a financially prudent option. If the UDF results inthe
application programissuing fewer SQL statements or getting access toa legacy process,
the UDF is the right decision.

A stored procedure is a procedure thatis stored on the databaseserver. Stored
procedures arebecoming more prevalenton the mainframeand canbe partofa
valuableimplementation strategy. Stored procedures can be a performance benefit for
distributed applications or a performance problem. In every good implementation, you
must manage trade-offs. Most trade-offs involve sacrificing performance for attributes
such as flexibility, reusability, security, and time to delivery. Itis possible to minimize the
impactof distributed application performance with the proper use of stored
procedures.

Because stored procedures can encapsulatebusiness logicina central location on the
mainframe, they offer a great advantage as a sourceof secured, reusablecode. By using
a stored procedure, you must have authority only to execute the stored procedures and
do not need authority to the DB2 tables that are accessed from the stored procedures.

A properlyimplemented stored procedure can help improve availability. Stored
procedures can be stopped, queuing all requestors. A change can be implemented while
access is prevented, and the procedures canrestartafter the change occurs.Ifbusiness
logicand SQL access is encapsulated within stored procedures, you are less dependent
on clientor application server codefor business processes. Thatis, you manage aspects
suchas displaylogicand edits, and the stored procedure contains the business logic.
This practicesimplifies the change process and makes the code more reusable.In
addition, like user-defined functions (UDFs), stored procedures canaccess legacy data
stores and quickly web-enable your legacy processes.
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Special Considerations for Stored Procedures

You realizethe major advantage of stored procedures when you implement them ina
client/server applicationthatmust issueseveral remote SQL statements. The network
overhead involved in sending multiple SQL commands andreceivingresultsets is
significant; therefore, proper use of stored procedures to accept a request, process the
request with encapsulated SQL statements and business logic,and returna result
lessens traffic across the network and reduces the application overhead. Ifa stored
procedureis coded in this manner, you realizea significant performanceimprovement.
Conversely, ifthe stored procedures containonlya few SQL statements, you canrealize
the advantages of security, availability, and reusability, but performance will beworse
than the equivalentsinglestatement executions from the clientdue to the task switch
overhead.

DB2 9 Enhancements

DB2 9 offers a significant performanceimprovement for stored procedures with the
introduction of native SQL procedures. These unfenced SQL procedures execute as
run-time structures rather than being converted into external C program procedures, as
with DB2 V7 and DB2 V8. Running these native SQL procedures eliminates the task
switch overhead of executing inthe stored procedure address space. This practice
represents a significant performanceimprovement for SQL procedures that contain little
program logic and few SQL statements.

Triggers and Constraints

You canusetriggers and constraints to move applicationlogicinto the database. The
greatest advantageto triggers and constraints isthatthey aregenerally data intensive
operations,andthese types of operations arebetter performers when placed closeto
the data. These features consistof the followingentities:

m  Triggers
m  DatabaseEnforced Referential Integrity (RI)

m  Table Check Constraints

A trigger is a databaseobjectthat contains someapplication logic in theform of SQL
statements that areinvoked when data ina DB2 table is changed. These triggers are
installed into the database, and then depend upon the tableon whichthey aredefined.
SQL DELETE, UPDATE, and INSERT statements canactivatetriggers andreplicatedata,
enforce certain business rules,and fabricatedata. Database enforced Rl can help ensure
that relationships fromtables are maintained automatically. Child tabledata cannotbe
created unless a parent row exists,and rules can be implemented to tell DB2 to restrict
or cascadedeletes to a parent when child data exists. Tablecheck constraints help
ensure values of specifictablecolumns,and areinvoked during LOAD, INSERT, and
UPDATE operations.
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Triggers and Constraints Advantages

Triggers and constraints easethe programming burden because the logic,in the form of
SQL, is much easier to code than the equivalentapplication programminglogic, which
helps make the application programs smaller and easier to manage. Inaddition, because
the triggers and constraints areconnected to DB2 tables, centrallylocated rules are
universally enforced, which helps to ensure data integrity across manyapplication
processes.You canalsousetriggers to automatically invoke user-defined functions
(UDFs) and stored procedures, which canintroduceautomatic and centrally controlled
intense applicationlogic.

Triggers and constraints offer many benefits. They can provide better data integrity,
faster application delivery time, and centrally located reusable code. Because the logic
intriggers and constraints is data-intensive, their use typically outperforms the
equivalentapplicationlogic.This isbecausenodata has to be returned to the
application when these automated processes fire. One trade-off for performance exists.
When triggers, Rl, or check constraints areusedin placeof application edits,
performance may suffer. This trade-off is especially trueif several edits on a data entry
screen are verified at the server. The performance could be as bad as one trip to the
server and back per edit. This action would seriouslyincrease messagetraffic between
the clientandthe server. For this reason, data edits are best performed at the client
when possible.

When you areworking with triggers, you must respect the triggersinrelation to
performance schema migrations or changes to the triggering tables.In some situations,
the triggers have to be recreated in the same sequence that they were originally
created. In certainsituations, trigger execution sequence may be important, and if
multipletriggers of the sametype areagainstatable, they will beexecuted inthe order
that they were defined.

Ordanizing Your Input

You canhelp ensure the fastestlevel of performance for large-scale batch operations by
confirmingthat the input data to the process is organized in a meaningful manner. That
is,the datais sorted accordingto the cluster of the primarytable. Better yet, all of the
tables that are accessed by the large batch process should havethe same cluster as the
input. This could mean pre-sorting data into the proper order before processing.|fyou
code a generic transaction processor thathandles onlineand batch processing, you
could be creating problems. If onlineis truly random, you can organize the tables and
batch inputfiles for the highest level of batch processing,anditshould havelittleor no
impacton the onlinetransactions.

A locally executing batch process, whichis processingtheinput datainthe same
sequence as the cluster or your tables, which are bound with RELEASE(DEALLOCATE)
uses several performance enhancers, especially dynamic prefetch and indexlookaside,
to improve the performance of these batch processes.

114 CA Performance Handbookfor DB2 forz/0S



Search Strategies

Search Stratedies

Search queries and driving cursors, which arelarge queries that providethe input data
to a batch process, can be expensive. How you use queries presents a trade-off between
the amount of program code you are willing to write and the performance of your
application.

If you code a generic search query, you get generic performance. In the following
example, the SELECT statement basically supports a directread,arangeread, anda
restart readinone statement. To enable this type of generic access, you have to code a
generic predicate. In most cases, this means that for every SQL statement issued more
data will be read than is needed becauseDB2 has a limited ability to match these types
of predicates.

Inthe followingstatement, the predicate supports a directread, sequential read, and
restart read for atleastone part of a three-part compound key:

WHERE COL1 = WS-COL1-MIN
AND  (( (OL2 >= WS-COL2-MIN
AND COL2 <= WS-COL2-MAX
AND COL3 >= WS-COL3-MIN
AND COL3 <= WS-COL3-MAX)
OR
( COL2 > WS-COL2-MIN
AND COL2 <= WS-COL2-MAX ))
OR ( COL1 > WS-COL1-MIN
AND COL1 <= WS-COL1-MAX )

These predicates areflexible; however, they are not the best performing. The predicate
inthis example most likely results ina non-matchingindex scan even though anindex
on COL1, COL2, COL3 is available, which means that the entire index will haveto be
searched each time that the query is executed. This is not a bad access path for a batch
cursorthatisreadinganentiretableina particularorder. For any other query, however,
itis problematic. This is especially truefor online queries that areactually providing
three columns of data (all minand max values areequal). For larger tables, the CPU and
elapsed time thatis consumed can be significant.

Separate Predicates
We recommend that you use separate predicates for various numbers of key columns
provided. This practicelets DB2 have matchingindex access for each combination of key

parts provided.

Firstkey access:

WHERE COL1 = WS-COL1
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Two keys provided:

WHERE COL1 = WS-COL1
AND  COL2 = WS-COL2

Three keys provided:

WHERE COL1 = WS-COL1
AND  COL2 = WS-COL2

This practiceincreases the number of SQL statements that are coded within the
program, but italsoincreases statement performance.

Boolean Term Predicate

By addinga redundant Boolean term predicate,you canenable DB2 to match on one
column of the index. Therefore, for this WHERE clause, you canadd a redundant
predicate:

Before:

WHERE COL1 = WS-COL1-MIN
AND  (( (OL2 >= WS-COL2-MIN
AND COL2 <= WS-COL2-MAX
AND COL3 >= WS-COL3-MIN
AND COL3 <= WS-COL3-MAX)
OR
( COL2 > WS-COL2-MIN
AND COL2 <= WS-COL2-MAX ))
OR ( COL1 > WS-COL1-MIN
AND COL1 <= WS-COL1-MAX )

After:

WHERE (COL1 = WS-COL1-MIN
AND (( COL2 >= W5-COL2-MIN
AND COL2 <= WS-COL2-MAX
AND COL3 >= WS-COL3-MIN
AND COL3 <= W5-COL3-MAX)
OR
( COL2 > WS-COL2-MIN
AND  COL2 <= WS-COL2-MAX ))
OR ( COL1 > W5-COL1-MIN
AND COL1 <= WS-COL1-MAX ))
AND ( COL1 => WS-COL1-MIN
AND COL1 <= WS-COL1-MAX )
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The redundant predicate does not affect the resultof the query, butitlets DB2 match
on the COL1 column.

Name Searching

Name searching canbe a challenge. You may be faced with multiple queries to solve
multipleconditions or one large generic query to solveanyrequest. In many cases, we
recommend that you study the common input fields for a search,and then code specific
queries that match those columns onlyand are supported by an index. The generic
query cansupport the less frequently searched on fields.

Name Change

To search fortwo variations ofa name to try and find someone inyour database, code a

name reversal.This query accomplishes your goal, butit uses multi-indexaccess atits
best.

SELECT PERSON ID

FROM  PERSON TBL

WHERE (LASTNAME = 'RADY' AND
FIRST NAME = 'BOB') OR
(LASTNAME = 'BOB' AND
FIRST NAME = 'RADY');

Probing the Table Twice

The following example gets better index access, butit will probethe table twice.

SELECT PERSON_ID

FROM  PERSON TBL

WHERE LASTNAME = 'RADY"'
AND FIRST NAME = 'BOB'
UNION ALL

SELECT PERSON_ID

FROM  PERSON TBL

WHERE LASTNAME = 'BOB'
AND FIRST NAME = 'RADY'
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Common Table Expression

The following example shows a common table expression (DB2 V8, DB2 9) to build a
search list,and then divides that tableinto the person table. This query offers good
index matchingand reduced probes.

WITH PRSN SEARCH(LASTNAME, FIRST NAME) AS
(SELECT 'RADY', 'BOB' FROM SYSIBM.SYSDUMMY1
UNION ALL

SELECT 'BOB', 'RADY' FROM SYSIBM.SYSDUMMY1)
SELECT PERSON ID

FROM  PERSON TBL A, PRSN SEARCH B

WHERE A.LASTNAME = B.LASTNAME

AND A.FIRST_NAME = B.FIRST_ NAME

During Join Predicate

The following query uses a duringjoin predicateto probe on the firstconditionandto
apply the second condition onlyifthe firstdoes not find anything. Thatis, it will execute
the second search onlyifthe firstfinds nothingand completely avoid the second probe
into the table. This query may not produce the sameresults as other queries:

SELECT COALESCE(A.PERSON ID, B.PERSON ID)
FROM SYSIBM.SYSDUMMY1
LEFT OUTER JOIN
PERSON TBL A
ON IBMREQD = "Y'
AND (A.LASTNAME = 'RADY' OR A.LASTNAME IS NULL)
AND (A.FIRST NAME = 'BOB' OR A.FIRST NAME IS NULL)
LEFT OUTER JOIN
(SELECT PERSON ID
FROM  PERSON TBL
WHERE LASTNAME = 'BOB' AND FIRSTNME = 'RADY') AS B
ON A.EMPNO IS NULL

Existence Checking

The best option for existence checking within a query depends on your situation, but
these types of existence checks are always better resolvedinan SQL statement than
with separate queries inyour program.

This section details recommendations in the followingareas:

m  Non-correlated subqueries (see page 119)

m  Correlated subqueries (see page 119)

m  Joins (see page 120)
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Non-Correlated Subqueries

Non-correlated subqueries aregenerally a good optioninthe followingscenarios:

m  When anindexfor the inner selectis not available, butan outer table column
(indexable) does exist

m  When anindex does not existon either inner or outer columns

m  When asmall amountof datais provided by the subquery
Note: DB2 cantransforma non-correlated subquery to a join.

The following example shows a non-correlated subquery:

SELECT SNAME

FROM S

WHERE S# IN
(SELECT S# FROM SP
WHERE  P# = 'P2')

Correlated Subqueries

Correlated subqueries aregenerally a good option in the followingscenarios:

m  When asupportingindexis availableon the inner select and cost benefit is realized
inreducingrepeated executions to the innertable and distinctsortfor join.

m  When the inner query could return a largeamount of dataif coded as a
non-correlated subquery, provided a supportingindex exists for the inner query.

The correlated subquery can outperform the equivalent non-correlated subquery ifan
index on the outer tableis not used (DB2 chose a different index that is based upon
other predicates)andone exists in supportof the inner table.

The following example shows a correlated subquery:

SELECT SNAME

FROM S

WHERE EXISTS
(SELECT * FROM SP
WHERE SP.P# = 'P2'
AND  SP.S# = S.S#)
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Joins

Joins aregenerally a good optionin the followingscenarios:
m  Ifsupportingindexes areavailableand mostrows hook up inthe join

m  Ifthe joinresults in no extra rows returned then the DISTINCT canalso beavoided

Joins canlet DB2 pickthe best table access sequence, and apply predicatetransitive
closure.

ORDER BY and FETCH

As of DB2 9, itis possibleto code and ORDER BY and FETCH firstina subquery, which
canprovideeven more options for existence checkingin subqueries.

SELECT DISTINCT SNAME
FROM S, SP

WHERE S.S# = SP.S#
AND SP.P# = 'P2'

For singleton existence checks, you can code FETCH FIRST and ORDER BY clausesina
singleton SELECT. This practicecould providethe best existence checking performance
inastand-alonequery:

SELECT 1 INTO :hv-check
FROM  TABLE

WHERE COL1 = :hvl
FETCH FIRST 1 ROW ONLY

Lock Avoidance Strategies

DB2 includes lock avoidanceto reduce the overhead of always locking everything. DB2
checks to confirmthat a lockis mostlikely necessary for data integrity before acquiring
alock. Lock avoidanceis critical for performance. Application commits control its
effectiveness. Lock avoidanceis also used with isolation levels of cursor stability (CS)
andrepeatable read (RR) for referential integrity constraintchecks. For a planor
packagethat is bound with RR, a page lockis required for the dependent pageifa
dependent row is found. This lock will be held to guarantee repeatability of the error on
checks for updating primary keys when deleting is restricted.

You may need to bind your programs with CURRENTDATA(NO) and ISOLATION(CS) in
DB2 V7 to allowforlockavoidance.In DB2 V8 and DB2 9, CURRENTDATA(YES) canalso
avoidlocks. Although DB2 considers ambiguous cursorsas read-only,itis always bestto
code your read-only cursors with the FOR FETCH ONLY or FOR READ ONLY clause.
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Lock avoidancealso needs frequent commits sothat other processes do not have to
acquirelocks on updated pages. This practicealso allows for pagereorganization to
occur to clear the possibly uncommitted (PUNC) bitflags ina page. Frequent commits
allowthe commit log sequence number (CLSN) on a page to be updated more often
because itdepends on the begin unitof recovery inthe log, whichis the oldestbegin
unit of recovery being required.

The best way to avoidtakinglocks inyourread-onlycursorsistoread uncommitted. Use
the WITH UR clauseinyour statements to avoid taking or waitingon locks; however,
using WITH UR can resultin the reading of uncommitted, or dirty, data that may
eventually be rolled back. Ifyou areusing WITH UR inan application thatwill updatethe
data, anoptimistic lockingstrategyis your best performing option.

Optimistic Locking

With the high demands for full databaseavailability, as well as high transaction rates
and levels of concurrency, reducing databaselocks is always vitallyimportant. To
address this need, many applications employ a technique called optimistic locking to
achievethese higher levels of availability and concurrency. This technique traditionally
involves reading data with an uncommitted read or with cursor stability. Updated
timestamps are maintainedinall of the data tables. This updated timestamp is read
alongwith all the other data ina row.

When adirectupdate is subsequently performed on the row that was selected, the
timestamp is used to verify that no other application or user has changed the data
between the point of the read and the update. This practiceplaces additional
responsibility on the application to usethe timestamp on all updates, but the resultis a
higher level of DB2 performance and concurrency.
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How Optimistic Locking Works

This section shows a hypothetical example to implement optimistic locking:
1. The applicationreads thedata from a table to updateitlater.

SELECT UPDATE TS, DATAl
FROM TABLE1

WHERE KEY1 = :WS-KEY1
WITH UR

2. The datais changed andthe update occurs.

UPDATE TABLE1

SET DATA1l = :WS-DATA1, UPDATE TS = :WS-NBW-UPDATE-TS
WHERE KEY1 = :WS-KEY1

AND UPDATE_TS = :WS-UPDATE-TS

Ifthe data has changed, the update receives an SQLCODE of 100, and restartlogic
has to occur for the update, whichrequires that all applicationsrespectthe
optimistic locking strategy and they update the timestamp when updatingthe same
table.

How to Use the ROWCHANGE Option

As of DB2 9, IBM provides built-in supportfor optimistic locking usingthe ROW CHANGE
TIMESTAMP. When you create or alter a table, you cancreate a special columnas arow
change timestamp. DB2 automatically updates these timestamp columns whenever a
row of a tableis updated. This built-in supportfor optimistic lockingrelieves various
applications of some of the responsibility of updating the timestamp.

ROWCHANGE Option Examples

The following code shows optimistic locking with the ROW CHANGE TIMESTAMP option:

SELECT ROW CHANGE TIMESTAMP FOR TABLE1l, DATAl
FROM TABLE1

WHERE KEY1 = :WS-KEY1

WITH UR

The following code shows that the data has changed and update occurred:

UPDATE TABLE1

SET DATAL = :WS-DATAl

WHERE KEY1 = :WS-KEY1

AND ROW CHANGE TIMSTAMP FOR TABLE1l = :WS-UPDATE-TS
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Heuristic Control Tables and Commit Stratedies

Implement heuristic control tables to allow flexibility in controlling concurrency and
restartability. Processing has become more complex, tables have become larger,and
requirements arenow five nines availability (99.999 percent). To manage environments
andtheir objects, we need dynamic control of everything. The number of different
control tables and the indicator columns in them varies depending on the objects and
the processingrequirements.

Heuristic control and restarttables have rows unique to each application process to
assistin controlling the commit scope usingthe number of database updates or time
between commits as their primaryfocus.The table may alsoincludeanindicator to tell
anapplication when to stop at the next commit point. These tables are accessed every
time anapplication starts a unit-of-recovery (unit-of-work), which would be atprocess
initiation or ata commit point.

The normal process is foranapplicationtoread the control table at the beginning of the
process to get the dynamic parameters and commit time to be used. The tableis then
used to store information about the frequency of commits as well as any other dynamic
informationthatis pertinent to the application process, such as theunavailability of
some particular resourcefor a period. After the programis running,itupdates andreads
from the control tableat commit time. Information aboutthe status of all processingat
the time of the commit is storedinthe table sothat arestartcanoccur at that pointif
necessary.

To be ableto dynamically accountfor the differences in processes through time, the
values inthese tables can be changed through SQL ina programor by a production
control specialist. For example, you would probably want to change the commit scope
of a jobthatis runningduringthe onlinedayversus when itis runningduringthe
evening. You canalsosetindicatorstotell anapplicationto gracefully shutdown, run
different queries with different access paths dueto a resource being taken down, or
hibernate for a period.
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Buffer Pools

You canexamine several areas inthe DB2 subsystem for performance improvements.
These areas arecomponents of DB2 thataidinapplication processing. The components
for tuning the subsystemare as follows:

m  Buffer pools

m  RID pool

m  SORT pool

m  DynamicSQL caching
m  logging

m  Locking and contention

m  Thread management

Buffer pools are areas of virtual storagethat temporarily store pages of tablespaces or
indexes. Buffer pools are maintained by subsystem and, insome cases, also by
application.

When a program accesses a row of a table, DB2 places the page containingthatrow ina
buffer. When a program changes a row of a table, DB2 writes the data in the buffer back
to diskata DB2 system checkpointor a write threshold. The write thresholds area

vertical threshold atthe page set level or a horizontal threshold atthe buffer pool level.

The proper tuning of the buffer pool operations increases application performance. The
data manager issues GETPAGE requests to the buffer manager. The buffer manager uses
the data from the buffer pool instead of havingto retrieve the page from the disk.CPU
is often traded for 1/O to manage buffer pools efficiently.

DB2 buffer pool management lets the subsystemalter and display buffer pool
information dynamically withoutrequiringa bounce of the DB2 subsystem. This ability
improves availability by lettingyou dynamically create new buffer pools when necessary
and dynamically modify or delete buffer pools.You have to perform an ALTER of buffer
pools several times a day because of varying workload characteristics.
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Initial buffer pool definitions areset atinstallation and migration, butthey are hardto
configureduringinstallation and migration becausetheapplication processagainstthe
objects is not detailed at that time. Use ALTER to add and delete new buffer pools,
resize the buffer pools, or change any of the thresholds. The buffer pool definitions are
stored in BSDS Boot Strap Dataset and you can move objects between buffer pools using
an ALTER INDEX/TABLESPACE anda subsequent START/STOP command of the object.

Padge Types in Virtual Pools

Three types of pages invirtual pools areavailable:
Available pages

Pages on an available queue LRU, FIFO, MRU that are availablefor stealing.
In-Use pages

In-use counts do not indicatethe size of the buffer pool, but this count can help
determine residency for initial sizing.

Updated pages
Pages that arenot in-use, not availablefor stealing,and areconsidered dirty pages

inthe buffer pool that are waiting to be externalized.

Four page sizes and several buffer pools supporteach size:

BPO - BP49 4K pages
BP8KO - BP8K9 8K pages
BP16KO - BP16K9 16K pages
BP32KO — BP32K9 32K pages

A DSNZPARM called DSVClI lets the control interval match to the actual pagesize.

Asynchronous page writes per |/O changes with each page sizeaccordingly:

4K Pages 32 Writes per I/0
8K Pages 16 Writes per I/0
16K Pages 8 Writes per I1/0
32K Pages 4 Writes per I1/0

With these new page sizes, you canachievebetter hitratios and haveless I/O because
you can fit more rows on a page. For example, if you have a 2200 byte row for a data
warehouse, a 4 KB page would be ableto hold only one row. Ifyou used an 8 KB page,
three rows couldfiton a page.
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Virtual Buffer Pools

Buffer Pool Queue

You can have up to 80 virtual buffer pools. This feature allows up to any one of the
following buffer pool sizes:

m  Fifty 4-KB page buffer pools BPO - BP49

m  Ten 32-KB page buffer pools BP32K - BP32K9
m  Ten 8-KB page buffer pools

m  Ten 16-KB page buffer pools

The physical memory available on your system limits the size of the buffer pools, with a
maximum sizefor all buffer pools of 1 TB. Itdoes not use additionalresources tosearch
alargepool versus a small pool.Ifyou exceed the available memory inthe system, the
system begins swappingpages from physical memory to disk. This swappingcan
severely affect performance.

Manadement

Pages used inthe buffer pools areprocessedintwo categories: Random, pages read one
atatime, or Sequential, pages read by prefetch. These pages are queued separatelyas
the Random Least Recently Used queue (LRU) or Sequential Least Recently Used queue
(SLRU). The percentage of each queue ina buffer pool is controlled by the VPSEQT
parameter.

This threshold is hard to adjustand often requires two settings -- one setting for batch
processingand a different setting for online processing. The way that you process data
between the batch andon the lineprocesses often differs. Batchis more sequentially

processed and onlineis processed more randomly.

DB2 breaks up these queues into multiple LRU chains.As a result, there is less overhead
for queue management because the latchthatis taken at the head of the queue will be
latched less becausethe queues aresmaller. Multiplesubpools arecreated for a large
virtual buffer pool and the thresholdis controlled by DB2, not to exceed 4000 VBP
buffers ineach subpool.The LRU queue is managed within each of the subpools to
reduce the buffer pool latch contention when the degree of concurrencyis high.
Stealingthese buffers occurs ina round-robinthrough the subpools.

First-infirst-out (FIFO) can also beused instead of the defaultof LRU. FIFO always moves
the oldest pages out of the queue. Using FIFO decreases the cost of doinga GETPAGE
operation and reduces internal latch contention for high concurrency. However, you
should use FIFO only where there is littleor no I/0 and where tablespaceor index is
resident in the buffer pool.

You will haveseparatebuffer pools with LRU and FIFO objects. You canset separate
buffer pools usingthe ALTER BUFFERPOOL command and specifying the PGSTEAL option
for FIFO. LRU is the PGSTEAL option default.
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I/0 Requests and Externalization

Synchronous reads are physical pages thatareread inone page per 1/0.Synchronous
writes are pages written one page per I/0. Minimizesynchronous read and writes to
onlywhat is necessary. If you do not, you will begin to see buffer pool stress. DB2 will
begin to usesynchronous writes ifthe IWTH thresholdis reached oriftwo system
checkpoints pass withouta page being written that has been updated and not yet
committed.

Asynchronous reads areseveral pages that areread per |/O for prefetch operations such
as the sequential prefetch, dynamic prefetch, or list prefetch. Asynchronous writes are
several pages per I/O for such operations as deferred writes.

Pages are externalized to disk when one of the followingoccurs:
m  DWAQT threshold reached

= VDWAQT threshold reached

m  Dataset is physically closed or switched from R/W to R/O

m  DB2 takes a checkpoint (LOGLOAD or CHKFREQ is reached)
m  QUIESCE (WRITE YES) utilityis executed

m |fa pageisatthe top of LRU chainandanother update is required of the same page
by another process

You can control page externalization by usingyour DWQT and VDWQT thresholds for
best performance and canavoidsurges inl/O. You do not want page externalization to
be controlled by DB2 system checkpoints becausetoo many pages would be written to
diskatone time causing!|/O queuing delays,increased responsetime, and /O spikes.
Duringa checkpoint, all updated pages in the buffer pools areexternalized to diskand
the checkpointis recordedinthe logexcept for the work files.

Checkpoints and Pade Externalization

DB2 checkpoints are controlled using DSNZPARM and CHKFREQ. The CHKFREQ
parameter is the number of minutes between checkpoints for a valueof 1 to 60 or the
number of logrecords written between DB2 checkpoints for a value of 200 to
16,000,000.The default valueis 500,000. You may need different settings for this
parameter depending on your workload. For example, you may want it higher during
batch processing.

CHKFREQ is a hard parameter to set becauseitrequires a bounce of the DB2 subsystem
to take effect. Use the SET LOG CHKTIME command to dynamically setthe CHKFREQ
parameter.
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Use the SET LOG command option to SUSPEND and RESUME logging for a DB2
subsystem. SUSPEND causes a system checkpointto be taken ina non-data sharing
environment. By obtainingthe log-write latch, any further logrecords are prevented
from being created and any unwritten logbuffers will bewritten to disk. The BSDS will
be updated with the high-written RBA. All further databaseupdates are prevented until
update activityis resumed by issuinga SET LOG command to RESUME logging or until a
STOP DB2 command isissued.These are single-subsystemonly commands, so they will
have to be entered for each member when runningina data sharingenvironment.

Duringonline processing, DB2 should checkpointabout every 5 through 10 minutes or
some other value thatis based oninvestigativeanalysis of the impacton restarttime
after a failure. Two concerns for how often you take checkpoints are as follows:

m  The costanddisruption of the checkpoints

m  The restart time for the subsystem after a crash

The costs and disruption of DB2 checkpoints are often overstated. Although a DB2
checkpointis a small task, itdoes not prevent processing from proceeding. Havinga
CHKFREQ setting that is too high along with large buffer pools and high thresholds such
as the defaults can causeenough 1/0 to make the checkpoint disruptive. Intryingto
control checkpoints, some users increased the CHKFREQ valueand made the
checkpoints less frequent but made them much more disruptive. The situationis
corrected by reducing the amount that is written and increasing the checkpoint
frequency whichyields much better performance andavailability. For some
installations, a checkpointevery minute did not affect performance or availability.

The write efficiency at DB2 checkpoints is the key factor that you have to observe to see
if CHKFREQ can be reduced. If the write thresholds (DWQT/VDQWT) are doingtheir job,
less workis performed at each checkpoint. Usingthe write thresholds to causel/O to be
performed ina level non-disruptiveway is hel pful for the non-volatilestoragein storage
controllers.

If you have your write thresholds DWQT and VDQWT set properly as well as your
checkpoints, you couldstill seean unwanted write problem. This problem could occur if
you do not have your log data sets properlysized. If the activelog data sets are too
small, activelogswitches will occur often. When an active logswitch occurs, a
checkpointis taken automatically. Therefore, the logs could be driving excessive
checkpoint processingresultingin constantwrites. This activity would prevent you from
achievinga highratio of pages that arewritten per 1/0 becausethe deferred write
queue would not be allowed to fill asitshould.
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Buffer Pool Sizing

The VPSIZE parameter determines buffer pool sizes. This parameter determines the
number of pages to be used for the virtual pool.DB2 can handlelargebuffer pools as
longas enough memory is available. Ifinsufficientstorage exists to backthe buffer pool
storage thatis requested, pagingcan occur.Pagingcan occur when the buffer pool size
exceeds the available memory on the z/OS image. DB2 limits thetotal amount of
storage thatis allocated for buffer pools to approximately twice the amount of storage.
There is a maximum of 1-TB total for all buffer pools, provided the storageis available.

To size buffer pools,itis helpful to know the residency rate of the pages for the objectin
the buffer pool.

Sequential Versus Random Processing

Write Thresholds

VPSEQT is the percentage of the virtual buffer pool that can be used for sequentially
accessed pages. This percentage prevents sequential data from usingall the buffer pool
andto keep some spaceavailablefor randomprocessing. You canset this valuefrom 0
to 100 percent with the default being 80 percent, which indicates that80 percent of the
buffer pool is tobe set asidefor sequential processingand 20 percent for random
processing.Set this parameter accordingto how your objects in that buffer pool are
processed.

One tuning option thatis usedis alteringthe VPSEQT to O percent to set up the pool for
random use only. When VPSEQT is set at 0 percent, the SLRU will nolonger be validand
the buffer pool is now random. Because only the LRU used, all pages on the SLRU have
to be freed. This setting also disables prefetch operations in this buffer pool, which is
beneficial for certain strategies.

The deferred write thresholdis the percentage thresholdthat determines when DB2
starts turningon write engines to begin deferred writes. The valuecan be from 0to 90
percent. When the thresholdis reached, write engines begin writing pages out to disk.

Running out of write engines can occur ifthe write thresholds arenot set to keep a
constantflow of updated pages being written to disk.DB2 turns on these write engines
one vertical pagesetqueue atatime until a 10 percent reverse thresholdis met. Check
the WRITE ENGINES NOT AVAILABLE indicator on Statisticsreportto find out when DB2
ranout of write engines.
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When setting the DWQT threshold, a high valueis useful to help improve the hitratio
for updated pages, but itincreases /0 time when deferred write engines begin. Usinga
low valueto reduce I/0O length for deferred write engines increases the number of
deferred writes. Set this threshold based on the referencing of the data by the
applications.

Ifyou chooseto set the DWQT thresholdto 0 so that all objects defined to the buffer
pool are scheduled to be written immediately to disk, DB2 uses its own internal
calculations for exactly how many changed pages can existin the buffer pool before itis
written to disk.

32 pages are written per 1/0, but it takes 40 updated pages to trigger the threshold so
that the highlyre-referenced updated pages remainin the buffer pool.

When implementing LOBs (Large Objects), a separate buffer pool should be used and
this buffer pool should not be shared. The DWQT threshold should be set to 0 sothat
LOBs with LOG NO force-at-commit processingoccurs and theupdates continually flow
to diskinstead of surges of writes. For LOBs defined with LOG YES, DB2 could use
deferred writes and could avoid massivesurges atthe checkpoint.

The DWQT threshold works at a buffer pool level for controlling writes of pages to the
buffer pools, but for a more efficient write process, control writes at the pageset
partition level by usingthe VDWQT, whichis the percentage threshold that determines
when DB2 starts turningon write engines and begins the deferred writes for a data set.
This practice helps to keep a particular pageset partition from monopolizing the entire
buffer pool with its updated pages. The valueis 0to 90 percent with a default of 10
percent. The VDWQT should always beless thanthe DWQT.

When setting the buffer pool writes, if fewer than ten pages arewritten per 1/0, set the
deferred write thresholdto 0. You may alsowantto setitto O to tricklewrite the data
out to disk.Itis bestto keep this valuelow to prevent heavily updated pagesets from
dominatingthe section of the deferred write area. A percentage of pages or actual
number of pages, from 0 through 9999, can be s pecified for VDWQT. You must set the
percentage to 0 to use the number that is specified for VDWQT. Set to 0,0 and system
uses MIN(32,1%) for good tricklel/O.

Set VDWAQT usinga number rather than a percentage becauseif someone increases the
buffer pool, more pages for a particular pagesetcan occupy the buffer pool,and this
resultmay not always beoptimal.

When lookingatany performance report showingthe amount of activity for VDWQT
and DWQT, you want to see VDWQT being triggered most of the time and DWQT less.
There can be no general ratios becausethat would depend on the activity and the
number of objects inthe buffer pools.You want to be controlling /O by VDWQT with
DWQT watchingfor and controlling activity acrosstheentire pool and writi ng out
rapidly queuing up pages. This practicealso assists in limiting theamount of 1/0 that
checkpoints would have to perform.
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Buffer Pool Parallelism

Virtual Pool Parallel Sequential Threshold (VPPSEQT) is the percentage of VPSEQT
setting that can be used for parallel operations. Thevalueis 0 through 100 percent with
a default of 50 percent. If thisis setto 0, parallelismis disabled for objects in that
particularbuffer pool. This setting can be useful in buffer pools thatcannot support
parallel operations.

Virtual Pool Sysplex Parallel Sequential Threshold (VPXPSEQT) is a percentage of the
VPPSEQT to use for inbound queries. VPXPSEQT also defaults to 50 percent and ifitis
setto 0, Sysplex Query Parallelismis disabled when originating from the member the
pool is allocated to. In affinity data sharing environments, this is set to 0 percent to
prevent inbound resource consumption of work files and buffer pools.

Page Fixing

You canusethe page fixing keyword, PGFIX, with the ALTER BUFFERPOOL command to
fix a buffer pool instorage for an extended period. The PGFIX keyword has the following
options:

PGFIX(YES)

Specifies that the buffer pool is fixed inreal storage for the longterm. Page buffers
are fixed when they arefirstused and remain fixed.

PGFIX(NO)

Specifies that the buffer pool is notfixed inreal storage for the long term. Page
buffers arefixed and unfixed inreal storage, allowing for pagingto disk. PGFIX(NO)
is the default option.

We recommend that you use PGFIX(YES) for buffer pools with a high1/0 rate (a high
number of pages that are read or written). For buffer pools with zero 1/0,such as some
read-only data or some indexes with a nearly 100 percent hitratio, we do not
recommend PGFIX(YES) becauseit does not provide a performance advantage.
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Internal Thresholds

The followingthresholds area percent of unavailable pages to total pages, where
unavailable means either updated or inuse by a process.

SPTH

The Sequential Prefetch Threshold (SPTH) is checked before a prefetch operation is
scheduled and during buffer allocation for a previously scheduled prefetch. If the
SPTH thresholdis exceeded, prefetch will notbe scheduled or will becanceled.

PREFETCH DISABLED — NO BUFFER will be incremented every time a virtual buffer
pool reaches 90 percent of activeunavailablepages, disabling sequential prefetch.
This valueshould always be0. If this valueis not 0, you are probably experiencing
degradationin performance due to all prefetch being disabled. To eliminatethis
degradation,increasethe size of the buffer pool or have more frequent commits in
the application programs to free pages in the buffer pool because this puts the
pages on the write queues.

DMTH

The Data Manager Threshold (DMTH) occurs when 95 percent of all buffer pages
areinuse. The Buffer Manager requests all threads toreleaseany possible pages
immediately. This action occurs by setting GETPAGE/RELPAGE processingbyrow
instead of page. After a GETPAGE andsinglerow is processed,a RELPAGE isissued.
This sequence causes CPUto become high for objects in that buffer pool and1/0
sensitivetransaction can suffer. This resultcan occur if the buffer pool is too small.
You can observe when this occurs by seeing a non-zero valueinthe DM THRESHOLD
REACHED indicator ona statistics report. This is checked every time that a pageis
read or updated. If this thresholdis notreached, DB2 accesses the page inthe
virtual pool oncefor each page. If this threshold has been reached, DB2 accesses
the page in the virtual pool oncefor every ROW on the page thatis retrieved or
updated.
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IWTH

The Immediate Write Threshold (IWTH) is reached when 97.5 percent of the buffers
areinuse. Reachingthis threshold causes synchronous writes to begin, which
presents a performance problem. For example, if there are 100 rows in page and
there are 100 updates, 100 synchronous writes occur, one by one, for each row.
Synchronous writes are not concurrentwith SQL, but serial,so the application will
be waitingwhilethe write occurs including 100 log writes that must occur first. This
activity causes largeincreases in /O time. Itis not recorded explicitlyin a statistic
report, but DB2 will appear to be hung and you will see synchronous writes begin to
occur when this thresholdis reached. Some monitors will send exception messages
to the consolewhen synchronous writes occur and refers to them as IWTH reached;
however, not all synchronous writes are caused by this threshold being reached.
This is simply beingreported incorrectly.

Note: Some performance reports, the IWTH counter canalsobeincremented when
dirty pages are on the write queue have been re-referenced, which has causeda
synchronous I/0 before the page could be used by the new process. This threshold
counter can alsobeincremented if more than two checkpoints occur before an
updated page is written because this action causes a synchronous /0 to write out
the page.

Virtual Pool Design Strategies

Use separate buffer pools that are based on their type of usage by the applications.
Each one of these buffer pools has its own unique settings and the type of processing
may even differ between batchand on line.

Detailed Example of Buffer Pool Object Breakouts

BPO Catalog and directory - DB2 only use

BP1 Work files (Sort)

BP2 Code and reference tables - heavily accessed

BP3 Small tables, heavily updated - trans tables, work tables
BP4 Basic tables

BP5 Basic indexes

BP6 Special for large clustered, range scanned table

BP7 Special for Master Table full index (Random searched table)
BP8 Special for an entire database for a special application
BP9 Derived tables and "saved" tables for ad-hoc

BP10 Staging tables (edit tables for short lived data)

BP11 Staging indexes (edit tables for short lived data)

BP12 Vendor tool/utility object
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Buffer Pool Tuning

RID Pool

Buffer pools canbe tuned effectively usingthe DISPLAY BUFFER POOL command. When
atool is not availablefor tuning, the followingitems can be used to help tune buffer
pools.

m  Usecommand andview statistics.

m  Make changes (for example, thresholds, size, object placement).

m  Usecommand againduring processingand view statistics.

m  Measure statistics.

The output from the followingitems contains valuableinformation aboutthe tuning
information:

m  Sequential, List, Dynamic Requests

m  Pages Read

m  Prefetch I/O and Disablement

The incremental detail display shifts thetime frame every time a new displayis
performed.

The RID pool is used for storingand sorting RIDs for operations such as:
m  Listprefetch

m  Multipleindexaccess

m  Hybridjoins

m  Enforcingunique keys whileupdating multiplerows

The RID pool is checked by the DB2 optimizer for the prefetch and RID use. The full use
of RID POOL is possiblefor anysingleuser at the runtime. Run time canresultina
tablespacescan being performed if not enough spaceis availablein the RID. For
example, ifyou want to retrieve 10,000 rows from a 100,000,000 row tableand there is
no RID pool available,a scan of 100,000,000 rows would occur at any time and without
external notification. The DB2 optimizer assumes physical I/O will beless with a large
pool.
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RID Pool Size

The MAXRBLK installation parameter controls the size of the RID pool.The defaultsize
of the RID pool is 8 MB with a maximum size of 10000 MB. Setting the RID pool to 0
disables thetypes of operations that use the RID pool,and DB2 would not choose access
paths that the RID pool supports.

The RID poolis created at startup time, but no spaceis allocated until RID storage is
needed. Spaceis then allocatedin 32-KB blocks as needed until the maximum sizeyou
specified duringinstallationisreached.

Use the followingguidelines when setting the RID pool size:

m  Set the RID pool as largeas required to benefit processing.

m  Setting the RID pool sizetoo small canlead to performance degradation.

Use this formula for a more specific RID size setting:

m  Number of concurrentRID processingactivities times average number of RIDs times
2 times 5 bytes per RID.

RID Pool Statistics to Monitor

The three statisticsto monitor for RID pool problems are as follows:

RIDs Over the RDS Limit

Indicates the number of times list prefetch is turned off because the RID listthatis
builtfora singlesetof index entries is greater than 25 percent of the number of
rows in the table. Ifthis is the case, DB2 determines that, instead of usingthe list
prefetch to satisfya query, it would be more efficient to perform a table spacescan,
which may or may not be good depending on the sizeof the table accessed.
Increasingthesize of the RID pool does not help inthis case.Thisis anapplication
issueforaccess paths and has to be evaluated for queries usinglist prefetch.

There is one very criticalissueregardingthis type of failure. The 25 percent
thresholdis storedin the package/plan atbind time; therefore, it may no longer
match the real 25 percent value,and infactcould be farless.Itis importantto
know what packages/plans areusinglist prefetch and on what tables. If the
underlyingtables aregrowing, rebinding the packages/plans thataredependent on
them should be rebound after a RUNSTATS utility has updated the statistics. Key
correlation statistics and better information about skewed distribution of data can
also help to gather better statistics for access path selectionand may help avoid
this problem.
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RIDs Over the DM Limit

RIDs over the DM limitoccur when over 28 million RIDs arerequired to satisfy a
query. DB2 has a 28 million RID limit. The consequences of hitting this limitcan be
fallbacktoatablespacescan.To control this issue, you have several options:

Fix the index by doing something creative.
Add anindex better thatis suited for filtering.
Force list prefetch off and use another index.
Rewrite the query.

Use a tablespacescan.

Insufficient Pool Size

Indicates thatthe RID pool is too small.

The SORT Pool

Sorts areperformed in phases:

m  |nitialization

m  DB2 builds ordered sets of runs from the given input

m Merge

m  DB2 merges the runs together

At startup, DB2 allocates a sortpool inthe privatearea of the DBM1 address space. DB2
uses a special sortingtechniquethatis called a tournament sort. Duringthe sorting
processes,itis not uncommon for this algorithmto produce logical workfiles, called
runs, which are intermediate sets of ordered data. If the sortpool is largeenough, the
sortcompletes inthatarea. Ifthe sort cannotcomplete inthe sortpool, the runs are
moved into the work filedatabase.These runs are later merged to complete the sort.

Note: When the work filedatabaseis used for holding the pages that make up the sort
runs,you could experience performance degradationifthe pages get externalized to the
physical work files.
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Sort Pool Size

Larger sort pools produce fewer sortruns.If the sortpoolislargeenough, the buffer
pools and sortwork files may not be used. You wantto setalargesize for the sort pool
and work filedatabasebecauseyou do not want sorts to have pages being written to
disk.

Note: If buffer pools and work filedatabasearenot used, the better performance will
be dueto less 1/0.

The sort pool sizedefaults to 2 MB unless a different sizeis specified. The sort pool can
rangeinsizefrom 240 KB to 128 MB. The size of the sortpool is set duringinstallation
using DSNZPARM.

Small Sort Pool Size

The main goal for the EDM pool is to limitthe 1/0 againstthe directory and catalog. If
the sort pool is too small,yousee increased |/O activity in the following DB2 table
spaces thatsupport the DB2 directory:

= DSNDB01.DBDO1
= DSNDB01.SPTO1

= DSNDB01.SCT02

Ifthe sortpool is too small,youalsoseeincreased responsetimes due to the loading of
the SKCTs, SKPTs, and DBDs, and re-preparing the dynamic SQL statements because
they could not remain cached. By correctly sizing the EDM pools, you canavoid
unnecessary l/Os fromaccumulatingfor a transaction. Additional I/Oisincurredifa
SKCT, SKPT, or DBD has to be reloaded into the EDM pool. This action can happenif the
sortpool pages are stolen because the EDM pool is too small. Pages inthe sort pool are
maintained on an LRU queue, and the leastrecently used pages get stolenif necessary.
You canusea DB2 performance monitor statistics reportto track the statisticsabout
EDM pool use.

Note: Ifa new applicationis migratingtothe environment, itmay be helpful to look in
SYSIBM.SYSPACKAGES to give you anidea of the number of packages that may have to
existinthe EDM pool, which can help determine the size of the sort pool.
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Environmental Descriptor Manader Pool Efficiency

You can measure the followingratios to help us determine if your EDM pool is efficient.

The EDM pool hitratios areas follows:
m  CT requests versus CTs not inthe EDM pool
m  PTrequests versus PTs notinthe EDM pool

m  DBD requests versus DBDs not inthe EDM pool

You want a value of 5 for each of them and 80 percent hitratio.

Dynamic SQL Caching

Lodding

When you use dynamic SQL caching, note your EDM statement cache pool size. Cached
statements are not backed by diskandifits pages are stolen and the statement is
reused, itwill haveto be prepared again.Static plans and packages can beflushed from
EDM by LRU, but they arebacked by diskand can be retrieved when used again.

There are statisticsto help monitor cacheuse and trace fields show effecti veness of the
cacheand canbe seen on the Statistics Long Report. Inaddition, the dynamic statement
cachecanbe snapped with the EXPLAIN STMTCACHE ALL statement. The results of this
statement are placedinthe DSN_STATEMENT_CACHE_TABLE.

Inaddition to the global dynamic statement cachinginasubsystem,anapplicationcan
alsocachestatements at the thread level with the KEEPDYNAMIC(YES) bind parameter
incombination with not re-preparing the statements. Inthese situations, the
statements are cached at the thread level inthread storage and at the global level.lf no
shortage of virtual storageexists, the local application thread level cacheis the most
efficient storagefor the prepared statements.

Note: You canusethe MAXKEEPD subsystem parameter to limitthe amount of thread
storage thatis consumed by applications cachingdynamic SQLatthe thread level.

Every system has some component that eventually becomes the final bottleneck. Do not
overlook logging when tryingto get transactions through the systems ina high
performance environment. Logging canbe tuned and refined, but the synchronous /0
associated with loggingand commits will always bethere.
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Log Reads

Log Writes

When DB2 has to read from the log, itis important that the reads perform well because
reads are typically performed duringrecovery, restarts,and rollbacks. Aninput buffer
must be dedicated for every process requestinga logread. DB2 firstlooks for the record
inthe log output buffer. If DB2 finds the record, itcanapplyitdirectly from the output
buffer. Ifthe record is not in the output buffer, DB2 looks foritinthe activelog data set
andthen inthe archivelogdata set. When the record is found, itis moved to the input
buffer so itcanbe read by the requesting process.

You can monitor the successes of reads from the output buffers and activelogs in the
statisticsreport. These reads are the better performers. If the record hasto beread in
from the archivelog, the processingtimeis extended. For this reason,itisimportantto
have large output buffers and activelogs.

Applications movelogrecords to the logoutput buffer using two methods:
No wait

Moves the log record to the output buffer and returns control to the application. If
there are no output buffers available, the application will waitand the statistics
report UNAVAILABLE ACTIVE LOG BUFF will havea non-zero value. These results
mean that DB2 had to wait to externalize logrecords because no output log buffers
were available. Successful moves without a wait arerecorded inthe statisticsreport
under NO WAIT requests.

Force

Occurs atcommit time and the application waits during this process, whichis
considered a synchronous write.

Log records arethen written from the output buffers to the active logdata sets on the
disk either synchronously or asynchronously. The WRITE OUTPUT LOG BUFFERS inthe
statisticsreportcontains information aboutthe write operation.

To improve the performance of the log writes, you canincreasethe number of output
buffers available for writingactivelogdata sets that are performed by changingan
installation parameter OUTBUFF.
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Locking and Contention

DB2 uses lockingto ensure consistentdata based on user requirements and to avoid
losing data updates. You must balancethe need for concurrency with the need for
performance. You want to minimize the followingitems:

Suspension

An application processis suspended when itrequests a lockthat is already held by
another application process and cannotbeshared. The suspended process
temporarily stops running.

Time out

An application process times out when it is terminated because the process has
been suspended for longer thana preset interval. DB2 terminates the process and
returns a-911 or -913 SQL code.

Deadlock

A deadlock occurs when two or more application processes hold locks onresources
that the others need and without which they cannot proceed.

Use the following methods to monitor DB2 locking problems:

m  Usethe -DISPLAY DATABASE command to find out what locks areheld or waitingat
any moment.

m  Use EXPLAIN to monitor the locks thatare required by a particularSQLstatement or
all theSQLina particularplanor package.

m  Activate a DB2 statisticsclass 3 tracewith IFCID 172.This report outlines all the
resources and agents involvedina deadlockandthe significantlocking parameters,
suchas lockstate and duration, whichis related to their requests.

m  Activate a DB2 statisticsclass 3 tracewith IFCID 196. This report shows detailed
information on timed-out requests, includingthe holders of the unavailable
resources.

The way DB2 issues locks iscomplex. Lock issuance depends on the type of processing
being done, the LOCKSIZE parameter that is specified when the tablewas created, the
isolation level of the plan or package being executed, and the method of data access.
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Thread Management

The thread management parameters that areset duringinstallation controls how many
threads can be connected to DB2 andit also determines the main storage size needed.
Improperly allocating these parameters duringinstallation directly affects main storage
usage. Ifthe allocationistoo high, storage is wasted. Ifthe allocationis too low,
performance degradation occurs becauseusers are waitingfor availablethreads.

You canusea DB2 performance tracerecord with IFCID 0073 to retrieve information
about how often thread create requests wait for availablethreads.Startinga
performance trace caninvolvethe substantial overhead, so be sure to qualify the trace
with specific IFCIDS, and other qualifiers, to limitthe data collected.

The MAX USERS field duringinstallation specifies the maximum number of allied threads
that canbe allocated concurrently. These threads include TSO users, batch jobs, IMS,
CICS, and tasks usingthe call attachmentfacility. The maximum number of threads that
canbe accessingdata concurrentlyisthesum of this valueand the MAX REMOTE

ACTIVE specification. When the number of users trying to access DB2 exceeds your
maximum, planallocation requests are queued.

The DB2 Catalog and Directory

The DB2 catalogand directory should be on separate volumes, and the volumes must be
dedicated to the cataloganddirectory.|fyou have indexes on the DB2 catalog, place
them on a separate volume and the DB2 catalogand directoryinto their own buffer
pool.

You canreorganizethe cataloganddirectory. You should periodically run RUNSTATs on
the catalogandanalyzethe appropriatestatistics thatlet you know when you have to
reorganize.
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Packaded Applications

Today, many organizations do not retain the manpower resources to buildand maintain
custom applications.In manysituations, these organizationsrely on pre packaged
software solutions to help run their applicationsand automate business activities such
as accounting, billing, customer management, inventory management, and human
resources. These packaged applicationsarereferred to as enterprise resourceplanning
(ERP) applications.

Database Utilization and Packaged Applications

ERP applicationsaregeneric by design.They arealsotypically databaseagnostic,
meaning that they arenot written to a specific databasevendor or platform.They are
written with a generic set of standardized SQL statements that can work on various
database management systems and platforms. Assume that your ERP applicationis
taking advantage of few, ifany, of the DB2 SQL performance features, or specific
databaseperformance features, tables, orindex designs.

These packaged applicationsaretypically written usingan object-oriented (OO) design
andare created insuch a way that the organization implementing the software can
customize the application.Packagingand creatingthe applicationslikethis increases
flexibility because many of the tables inthe ERP applications' databasecanbeused in
different ways and for various purposes.

With great flexibility comes the potential for reduced database performance. OO design
may lead to anincreasein SQL statements issued, and the flexibility of the
implementation could affect table access sequence, randomdata access, and
mismatching of predicates to indexes.

When you purchaseanapplication, youtypically havenoaccess to the sourcecode or
the SQL statements issued.Sometimes, a vendor may change an SQL statement that is
based on information you provided about a performance problem, but thatis unusual.

Your focus should be on getting the databaseorganizedina manner that best
accommodates the SQL statements before tuning the subsystemto providethe highest
level of throughput. Even though you cannot change the SQL statements, you should
firstlook at those statements for potential performance problems that can be improved
by changingthe databaseor subsystem.
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Find and Fix SQL Performance Problems

The firstthingto do when working with a packaged applicationisto determine where
the performance problems are. Most likely, you will be unableto change the SQL
statements because doingsorequires the vendor to make a changeto improve a query
for you, and not negatively impact performance for other customers. Even though you
cannot change the SQL statements, you can change subsystem parameters, memory,
and can change the tables andindexes for performance. Before you begin your tuning
effort, decide ifyou aretuning to improve the responsetime for end users or to save
CPU dollars.

The best way to find the programs and SQL statements that have the potential for
elapsed and CPU time savings isto use the technique for packaged applicationsthatuse
static embedded SQL statements inthe Overall Application Performance Monitoring
section. If your packaged application uses dynamic SQL, this technique is less effective,
andyou should useone or more of the techniques inthe Recommendations for
Distributed Dynamic SQL section.

When the application uses staticor dynamic SQL, itis best to capture all the SQL
statements beingissued,and catalogthem ina document or a DB2 table. To do so,
query SYSIBM.SYSSTMT tableby planfor statements ina plan, or the
SYSIBM.SYSPACKSTMT table by packagefor statements ina package.You canquery
these tables usingthe plan or packagenames correspondingto the application.

Ifthe application uses dynamic SQL, you can capture the SQL statements by using
EXPLAIN STMTCACHE ALL (DB2 V8 or DB2 9), or by runninga trace (DB2 V7, DB2 V8, DB2
9). When you run a trace, expect to parsethrough a significantamountof data. By
capturingthese dynamic statements, you see only the statements executing during the
time you monitored. For example, using EXPLAIN STMTCACHE ALL statement captures
only the statements that residein the dynamic statement cachewhen the statement
executes.

After determining the packages and statements that consume the most resources or
have the highest elapsed time, you can begin your tuning effort by tuning the subsystem
and database. Subsystem tuning has noimpacton the application and databasedesign.
However, ifyou change the database, consider thatfuture product upgrades or releases
canundo the changes.
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Subsystem Tuning for Packaded Applications

The easiest way to tune packaged applicationsis totune the subsystem by changing
some subsystem parameters or increasing memory. The impactof the changes can be
immediate and when the subsystem is poorly configured the impactcan be dramatic.
Refer to the Tuning Subsystems section for additional information abouttuningthe
following components:

Dynamic Statement Cache

When the application uses dynamic SQL, make surethat the dynamic statement
cacheis enabled with enough memory to avoid binding on PREPARE. You can
monitor the statement cachehitratio by lookingata statistics report. Statement
prepare time can be a significantcontributor to overall responsetime, and you
want to minimizeresponse time. Ifthe statement prepare timeis a significant
factorin query performance, consider adjusting some DB2 installation parameters
that control the bind time. These parameters, MAX_OPT_STOR, MAX_OPT_CPU,
MAX_OPT_ELAP, and MXQBCE (DB2 V8, DB2 9) are known as hidden installation
parameters and help control statement prepare costs.

Note: Adjust these parameters only under the advice of IBM.
RID Pool

Look at your statistics reportto see how much the RID pool is used, andif RID

failures occur dueto lack of storage. When RID failures occur dueto lack of storage,
increasethe size of the RID pool.

DB2 Catalog

The DB2 System Catalogshould beinits own buffer pool. Ifthe application uses
dynamic SQL, this pool should be largeenough to avoid I/O for statement binds.
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Work File Databaseand Sort Pool

When your packaged application does numerous sorting, make surethat yoursort
pool is properlysized to deal with lots of smaller sorts. You should also haveseveral
work filetable spaces thatare created to avoid resourcecontention between
concurrent processes.

Memory and DSMAX

Packaged applications typically have many objects. You can monitor to see which
objects are most commonly accessed, and make those objects CLOSE NO. Make
sure that your DSMAX installation parameteris largeenough to avoid any closing of
data sets. If you have enough storage make all the objects CLOSE NO. You canalso
make sureyour output log buffer is largeenough to avoid shortages if the
application changes data often. Consider using the KEEPDYNAMIC bind option for
the packages, but keep in mind that this canincreasethread storage, and you have
to balancethe number of threads with the amount of virtual storagethatis
consumed by the DBM1 address space. Make sure that your buffer pools arepage
fixed.

Note: For additionalinformation, seethe IBM redbook, DB2 UDB for z/0OS V8: Through
the Looking Glass and What SAP Found There.

Table and Index Design Options for High Performance

Review the Designing Tables and Indexes for Performance section for the general table
andindex design for performance.

You canfocus on certain areas for your packaged applications,such as finding the
portions of the applicationthathavethe biggest impact on performance. The
techniques outlined in the Predicates and SQL Tuning and Monitoringsection can help.
Findingthe packages and statements that present themselves as performance problems
canthen lead you to the most commonly accessed tables. Examining how these tables
are accessed by the programs such as the DISPLAY BUFFERPOOL command, the
accountingreport, the statistics report, performance trace, and EXPLAIN, can help
identify potential changes for performance.

Duringyour examination, askthese questions:

m  Are many random pages accessed?

m  Are matching columns ofan index scan not matching on all availablecolumns?
m  Are more columnsina WHERE clausethaninthe index?

m s there repetitive tableaccess?

m  Are the transaction queries usinglist prefetch?
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Ifyou findissues likethese, make some of the following changes to the indexes and
clustering:

m  Indexes

—  Customize the generic indexes to fit your needs. The easiestthingto dois to
addindexes to support poor performing queries. Adding indexes impacts
inserts, deletes, possibly updates,and some utilities, whichis why havinga
catalogofall the statements is important.

— Change the order of index columns to match your most common queries to
increasethe value of match cols.

— Add columns to indexes to increasethe value of match cols.

— Changeindexes that containvariablelength columns to use the NOT PADDED
(DB2 V8, DB2 9) option to improve performance of those indexes.

m  Clustering

Because the packaged application can anticipate your most common access paths,
you could have a problem with clustering. Understanding how the application
accesses the tables is important.

You canlookatjoins thatoccur commonly and can consider changingthe clustering
of those tables so that they match. Although chainingclusteringcanhavea
dramaticimpacton the performance of these joins, make surethat no other
processes arenegatively impacted.

Iftables are partitioned for a certainreason, consider clustering within each
partition (DB2 V8, DB2 9) to keep the separation of data by partition, while
improvingthe access within each partition. Look for page sets that have a high
percentage of randomly accessed pages inthe buffer pool as a potential
opportunity to change clustering.

Any change that you make to the databasecanbe undone on the next release of the
software. Therefore, document every change completely.

Monitoring and Maintaining Your Objects

The continual health of your objects is important. Keep a listof commonly accessed
objects, especially thosethat are changed often, and begin a policy of frequently
monitoring these objects.

Frequently monitoringcommonly accessed objects includes regularly runningthe
RUNSTATS utility on these frequently changingindexes and tablespaces. Performance
candegrade quickly as theseobjects become disorganized. Set up a regular strategy of
RUNSTATS, REORGs, and REBINDs (for static SQL) to maintain performance.
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Understandingthe quantity of inserts to a table spacecanalsoguideyou to adjusting
the free space. Proper PCTFREE for table spacecan help avoid expensive exhaustive
searches forinserts. Proper PCTFREE is importantforindexes where inserts are
common. Because these applications should notsplitpages, setthe PCTFREE high,
especiallyiflittleor nosequential index scanningexists.

Real-Time Statistics

You canuseDB2's ability to collect statisticsin real timeto help monitor the activity
againstyour packaged application objects. Real-timestatisticslets DB2 collectstatistics
on table spaces andindex spaces and periodically write this information to two
user-defined tables. Beginning with DB2 9, these tables are anintegral partof the
system catalog. User-written queries and programs, or a DB2-supplied stored
procedure, or Control Center, can use the statistics to make decisions for object
maintenance.

DB2 constantly collects statistics for database objects and keeps the statisticsin virtual
storage. The statisticsarecalculated and updated asynchronously during
externalization. To externalize the statistics, theenvironment must be properlyset up. A
new set of DB2 objects must be created to let DB2 write the statistics.
SDSNSAMP(DSNTESS) contains theinformation necessaryto set up these objects.

You must create two tables, with appropriateindexes, to hold the statistics:

m  SYSIBM.TABLESPACESTATS

m  SYSIBM.INDEXSPACESTATS

These tables are kept ina databasenamed DSNRTSDB, which must be started to
externalize the statistics beingheldinvirtual storage. DB2 populates the tables with one

row per tablespaceor index space, or one row per partition. For tables that are shared
inadata-sharingenvironment, each member writes its own statisticsto the RTS tables.

Some of the importantstatistics thatarecollected for tablespaces include:
m  Total number of rows

m  Number of active pages

m  Time of last COPY, REORG, or RUNSTATS execution

Some statistics thatmay help determine when a REORG is needed include:
m  Spaceallocated

m  Extents

m  Number of inserts, updates, or deletes (singleton or mass)sincethe lastREORG or
LOAD REPLACE

m  Number of unclusteredinserts
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m  Number of disorganized LOBs
m  Number of overflow records that are created sincethe lastREORG

The number of inserts, updates, and single or mass deletes sincethe last RUNSTATS
execution can help determine when to execute RUNSTATS.

Statistics thatare collected to help with COPY determination includedistinctupdated
pages and changes sincethe last COPY execution and the RBA/LRSN of firstupdate since
the last COPY.

DB2 gathers the followingstatisticsonindexes:

m  Total number of uniqueor duplicateentries

m  Number orlevels

m  Number of active pages

m  Space allocated and extents

The time when the lastREBUILD, REORG, or LOAD REPLACE occurred can help
determine when a REORG is needed.

DB2 gathers statisticssincethe lastREORG or REBUILD to determine how our data
physically looks after certain processes occur, for example, batch inserts, so you can
take appropriateactions if necessary. These statisticsinclude:

m  The number of updates
m  The number of deletes, real or pseudo, singleor mass

m  The number of inserts, random inserts and inserts after the highest key

Followingarethe processes that have an effect on the real-time statistics:
= SQL

m Utilities

m  Deleting objects

m  Creating objects
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After the tables areexternalized, you canwrite queries againstthe tables.
Example: Query to identify page changes since the last image copy

This example shows how to identify when a tablespacehas to be copied becausemore
than 30 percent of the pages changed sincethe lastimage copy was taken.

SELECT NAME
FROM SYSIBM.SYSTABLESPACESTATS
WHERE DBNAME = 'DB1' and
( (COPYUPDATEDPAGES*100) /NACTIVE)>30

Example: Determine when RUNSTATS is needed

This example compares the last RUNSTATS timestamp to the timestamp of the last
REORG on the same object. Ifthe date of the lastREORG is more recent than the last
RUNSTATS, itmay be time to execute RUNSTATS.

SELECT NAME
FROM SYSIBM.SYSTABLESPACESTATS
WHERE DBNAME = 'DB1' and
(JULIAN DAY (REORGLASTTIME)>JULIAN DAY (STATSLASTTIME))

Example: Determine if you have to run REORG after a series of inserts

This example may be useful to monitor the number of records that were inserted since
the lastREORG or LOAD REPLACE that arenot well-clustered with respect to the
clusteringindex. Well-clustered means that the record was inserted into a page that was
within 16 pages of the ideal candidate page (determined by the clusteringindex). You
canuse the SYSTABLESPACESTATS tablevalue REORGUNCLUSTINS to determine ifyou
have to run REORG after a series of inserts.

SELECT NAME
FROM SYSIBM.SYSTABLESPACESTATS
WHERE DBNAME = 'DB1' and
( (REORGUNCLUSTINS*100) /TOTALROWS)>10
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DB2 includes a stored procedure, DSNACCOR, to help with this process, and possibly
even work toward automating the whole determination/utility execution process.
DSNACCOR is a sampleprocedure that queries the RTS tables to determine which
objects:

m  Need to be reorganized, image copied, and updated with current statistics
m  Have taken too many extents

m  Maybe inarestricted status

DSNACCOR creates and uses its own declared temporary tables and must runina WLM
address space. The output of the stored procedure provides recommendations by using
a predetermined set of criteria informulas thatusethe RTS and user inputfor their
calculations. DSNACCOR can make recommendations for COPY, REORG, RUNSTATS,
EXTENTS, RESTRICT, or for one or more of your choices and for specific objecttypes,
suchas tablespaces andindexes.
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Code DISTINCT Only When Needed

Using DISTINCT can causeexcessivesorting, which can cause queries to become
expensive. Using DISTINCT in a tableexpression forces materialization. Only a unique
index can help to avoid sortingfor a DISTINCT.

Programmers often use DISTINCT unnecessarily, sometimes because of a failureto
understand the data, the process, or the data and the process.Some code generators
create a DISTINCT after every SELECT clause, regardless of where the SELECT isina
statement. Some programmers use a DISTINCT as a safeguard.

When considering using DISTINCT, if duplicates arenot possible, remove the DISTINCT
andavoidthe potential sort.

When duplicates arean undesired possibility, use DISTINCT wisely by applyingthese
practices:

m  Usea uniqueindexto avoidasort.

m  Consider using DISTINCT as early as possiblein complex queries to eliminatethe
duplicates as early as possible.

m  Avoid using DISTINCT more than once in a query.

m A GROUP BY all columns canusenon-uniqueindexes to avoid a sort. Coding a
GROUP BY all columns can be more efficientthan using DISTINCT, but should be
carefully documented inyour programor statement.

Prevent Java in WebSphere From Defaulting the Isolation Level

ISOLATION(RS) is the defaultfor WebSphere applications. RS (Read Stability)is RR
(Repeatable Read) with inserts allowed. RS tells DB2 that, when you read a page, you
intend to readit or updateitagainlater and you wantto prevent others from updating
that page until youcommit. RR causes DB2 to take sharelocks on pages and hold those
locks.

UsingRR is rarely necessaryand cancauseincreased contention.
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Using Read Stability can lead to the followingother known problems:
m  |nabilitytoget lockavoidance

m  Potential sharelockescalationsif DB2 escalates froman S lockon the pageto anS$S
lockon the table space

m  Searched updates candeadlock under isolation RS

When usinganisolation level of RS, the search operation for a searched update reads
the page with an S lock. When itfinds data to update, it changes the S lockto an X lock.
Changingto an X lockcould be exaggerated by a self-referencing correlated subqueryin
the update. For example, when updatingthe most recent history or auditrow, DB2
reads the data with an S lock, puts the results ina work filewith the RIDs, and returns to
do the update in RID sequence.

Deadlocks aremore likelyto occur as the transaction volumeincreases. Because
WebSphere defaults to RS, these problems are more likely with applicationsrunning
under WebSphere when you let WebSphere determine the isolation level.

Some possiblesolutionsto control this situation include the following:

m  Set a JDBC databaseconnection property to change the application server connect
to usean isolation level of CS. This option is the best and often the most difficultto
get implemented.

m  Rebind the isolation RS packagebeing used with an isolation level of CS. Thisis a
less than optimal solution for the followingreasons:

— Some applicationsmayrequireRS.

— When the DB2 clientsoftware is upgraded, it may resultina new RS package or
as a rebind of the package, requiringa special rebind with every upgrade on
every client.

m  Havethe application changethe statement to add WITH CS.

m  To avoid deadlocks for someupdate statements, usea DSNZPARM RRULOCK=YES
option. This DSNZPARM acquires U, instead of S locks, for the update and delete
with ISO(RS) or ISO(RR).

Our researchindicates no concrete reason why WebSphere defaults to RS. Defaultingto
RS is wasteful and should be changed for DB2 applications.
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Locking a Table in Exclusive Mode Will Not Always Prevent
Applications from Reading It

DB2 V7 and V8 testing indicated that issuing the LOCK TABLE <table name> IN
EXCLUSIVE MODE fails to prevent other applicationsfromreadingthe tablewith UR or
Cs.

InV7, this was the casewhen the tablespacewas defined with LOCKPART(YES). InV8,
LOCKPART(YES) is the default for the tablespace.

After issuinganupdate, the tablewas not readable.

This is workingas designed. This tipis to confirmthat applications areawarethatafter
issuingthis statement, the tableis stillunreadable.

Put Data in Your Empty Control Table

Control tables are most often used to control availability or special processing
application behavior. Many times, these control tables areempty andcontain data only
to force the applicationto behaveinan unusual way. Testing with these tables indicates
that there is noindex lookaside on an empty index, which canadd a significantnumber
of getpage operations for a busyapplication. When your application performs
unnecessary getpage operations, determine ifthe application cantoleratefake datain
the table to force index lookasideand save CPU cycles.

Use Recursive SQL to Assign Multiple Sequence Numbers in

Batch

Insome situations,a process thatis used by onlineand batch applications mayadd data
to a database. Usingsequence objects to assign systemgenerated key values works well
for onlineapplications, butcan get expensive for batch applications. Instead of creating
anobject with a largeincrement value, keep anincrement of 1 for online, andreserve a
batch of sequence numbers inbatch usingrecursiveSQL.
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To userecursiveSQL, write a recursivecommon table expression that generates a
number of rows equivalentto the number of sequence values you wantina batch. As
you select from the common table expression, you can get the sequence values.You can
significantly reducethe cost of getting these sequence values for a batch process by
usingthe appropriatesettings for block fetching in distributed remote, or by using
multi-row fetch in the local batch.

Example: SQL statement for 1000 sequence values

WITH GET THOUSAND (C) AS
(SELECT 1
FROM SYSIBM.SYSDUMMY1
UNION ALL
SELECT C+1
FROM  GET_THOUSAND
WHERE C < 1000)
SELECT NEXT VALUE FOR SEQ1
FROM  GET_THOUSAND;

Code Correlated Nested Table Expression versus Left Joins to
Views

DB2 may materializea view when you areleft joiningtothat view. Materializinga view
can affect performance, especiallyintransaction environments when the transactions
process little or no data.

Consider the followingviewand query:

CREATE VIEW HIST VIEW (ACCT_ID, HIST DTE, ACCT_BAL) AS
(SELECT ACCT_ID, HIST DTE, MAX(ACCT BAL)

FROM  ACCT HIST

GROUP BY ACCT_ID, HIST DTE);

SELECT A.ACCT ID, A.CUST NME, B.HIST DTE, B.ACCT BAL
FROM  ACCOUNT A
LEFT OUTER JOIN
HIST VIEW B
ON A.ACCT _ID = B.ACCT ID
WHERE A.ACCT ID = 1110087;

156 CA Performance Handbookfor DB2 forz/0S



Use GET DIAGNOSTICS Only When Necessary for Multi-Row Operations

The following query strongly encourages DB2 to use the index on the ACCT_ID column
of the ACCT_HIST table:

SELECT A.ACCT_ID, A.CUST _NME, B.HIST DTE, B.ACCT BAL
FROM  ACCOUNT A
LEFT OUTER JOIN
TABLE (SELECT ACCT_ID, HIST DTE, MAX(ACCT BAL)
FROM  ACCT HIST X
WHERE X.ACCT ID = A.ACCT ID
GROUP BY ACCT ID, HIST DTE) AS B
ON A.ACCT _ID = B.ACCT ID
WHERE A.ACCT ID = 1110087;

This recommendation canapplyin manysituations, notjustaggregate queriesin views.

Use GET DIAGNOSTICS Only When Necessary for Multi-Row

Operations

Multi-row operations can be a huge CPU saver,and an elapsed time saver for sequential
applications. However, at about three times the cost of the other statements, the GET
DIAGNOSTICS statement is one of the most expensive statements an applicationcan
use. Itis notadvisabletoissuea GET DIAGNOSTICS statement after every multi-row
statement.

Try usingthe SQLCA before the GET DIAGNOSTICS statement. Ifyou get a non-negative
SQLCODE from a multi-row operation, you can usethe GET DIAGNOSTICS statement to
identify the details of the failure.To eliminatethe need to use a GET DIAGNOSTICS for
multi-row fetch, use the SQLERRD3 field to determine how many rows were retrieved
when you get an SQLCODE 100.

Database Design Tips for High Concurrency

This section lists sometips to design high concurrencyina database.

Note: You must consider most of these recommendations during design before
physicallyimplementing the tables and table spaces, becauseit would be difficultto
make these changes after the data isinuse.

m  Usesegmented or universal tablespaces, notsimpletablespaces,to keep rows of
different tables on different pages, so page locks lockrows only for a single table.

m  Use LOCKSIZE parameters appropriately to minimizethe amount of data that is
locked, except when the application requires exclusiveaccess.
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Consider using MAXROWS=1 to spaceout rows for small tables with heavy
concurrent access. Although row-level lock could also help, the overhead is greater,
especiallyina data sharingenvironment.

Use partitioning where possible:
— Reduces contention andincreases parallel activity for the batch processes.

— Reduces overhead indata sharing by allowingtheuse of affinity routingto
different partitions.

— Allows locks onindividual partitions.

Use Data Partitioned Secondary Indexes (DPSI) to promote partitionindependence
andreduce contention for utilities.

Consider using LOCKMAX 0 to turn off lock escalation. Increase NUMLKTS to force
the applicationsto commit frequently.

Use volatiletables to reduce contention. Applications thatalways accessthedata in
the same order use anindex to access the data.

Have enough databases to reduce DBD locking when DDL, DCL, and utility execution
is high for objects inthe same database.

Use sequence objects for better number generation without the overhead of using
asinglecontrol table.

Database Design Tips for Data Sharing

In DB2 data sharing, the key to achieving high performance and throughput is to
minimizethe amount of actual sharingacross members and to design databases and
applicationsto take advantage of DB2 and data sharing.In data sharing, properly
designed databases arethe best performing databases.

The followingtips will help you create properly designed databases to use for data
sharing:

Proper Partitioning Strategies

— Processingby key range

Reducing or avoiding physical contention

Reducing or avoidinglogical contention
— Parallel processes are more effective

Appropriate clusteringand partitioning allows for the better cloning of applications
across members and has the following benefits:

— Accessis predetermined andsequential

— Key ranges can be divided among members
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- Improves workload distribution

— Reduces contention and /O

— Canrunutilities in parallel across members

Tips for Avoiding Locks

Lock avoidancecan be a key component to high performance becauseitrequires about
400 CPU instructions and 540 bytes of memory to take a lock.To avoida lock, the buffer
manager takes alatchat a reduced cost.

The process of lockavoidanceis as follows:

m  Compare the page logRBA - thatis the lasttime that a change was made on the
page - to the CLSN (Commit Log Sequence Number) on the log, thatis the lasttime
all changes to the page set were committed

m  Check the PUNC (Possibly Uncommitted) biton the page

m  When the process determines the page has no outstandingchanges, the process
takes a latch, instead of a lock

The followingare prerequisites to achievinglock avoidance:

m  Before V8, use CURRENTDATA(NO) on the bind.As of V8/9, CURRENTDATA(YES)
allows the detection process to begin

= Be bound ISOLATION(CS)

m  Usea read-onlycursor

m  Committing often is the most important point, becauseall processes mustcommit
changes for the CLSN to get set. If the CLSN never gets set, this process can never
work and locks mustalways betaken. Use the URCHKTH DSNZPARM to find
applicationsthatarenot committing.
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