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Objectives

By the end of this presentation, developers should be able to:

* Understand what SQL Optimization 1s
» Understand Stage | versus Stage 2 predicates
Sargeable versus Non-Sargeable predicates
Residual predicates
» Understand what the DB2 Explain Tool does
» Understand what the Visual Explain can tell us
» Understand what makes queries run too long
» Learn what to do when they see a table scan taking place.
» Learn 10 steps to tuning a query
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Our Experience Shows

« That the majority of performance problems among
applications are caused by poorly coded programs or
improperly coded SQL.

* That poor performing SQL is responsible for as much as
80 percent of response-time 1ssues.

» That most developers need educated in how to read and
analyze the DB2 Explain output.

e There are many SQL developers in the IT mdustry, but I
have found that less than 10% of them really know the
performance i1ssues involved with SQL programming or
how to fix them.
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Our Experience Shows

* The largest performance gains are often obtained from
tuning application code.

» That performance, no matter how good IT shops think 1t
1s, can always be better.

« That a little bit of training, shop coding standards, and
program walkthroughs can totally change the culture of IT
development departments, and minimize performance
1ssues and incident reporting in production.
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Developers should always program with
performance in mind.

Programmers should always have two goals in mind when developing
programs and applications for user groups.

* To get the correct results for requested data
» To get the results back as quickly as possible

So many times programmers today lose sight of the second goal. They
cither:

* Do not know what to do to get programs to run faster

« Blame other pieces of their environment (database, network, TCP/IP,
workstation, operating system, etc.), or

» Think that the time spent processing the data was pretty good based on
the amount of data.
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The DB2 Optimizer
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Access Path Hint

Through the Data Manipulation Language (DML) the user of a DB2 database
supplies the AWHATO; that is, the data t
satisfy the business requirements. DB2 then uses the information in the DB2
Catalog to resolve AWHEREO the data resi
responsi bl e for determining the all i mpo
efficiently.

Ideally, the user of a relational database is not concerned with how the system
accesses data. This is probably true for an end user of DB2, who writes SQL
queries quickly for onéime or occasional use. It is less true for developers who
write application pregrams and transactions, some of which will be executed
thousands of times a day. For these cases, some attention to DB2 access
methods can significantly improve performance.

DB26s access paths can be influenced 1in

DBy rewriting a query in a more efficient form.

DBy creating, altering, or dropping indexes.

DBy updating the catalog statistics that DB2 uses to estimate access costs.
DBy utilizing Optimizer Hints.
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Optimizer Predicate Categories

» Indexable or Non Indexable

« Stage 1 or Stage 2, Sargeable or Non-Sargeable

« Predicate type (Equal, In, Between, Range, Subq, etc.)
 Filter Factor

« When applied during join processing (Before, During,
After)

The DB2 optimizer looks at each predicate individually and assigns information about the predicate.
These are now

some of the optimizer information that has been externalized to us in new Explain tables and using
the IBM Data Studio Tool.
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Top 20+ Tuning Tips #1

1). Take out any / all Scalar functions coded on columns in predicates.

For example, this is the most common:

SELECT EMPNO, LASTNAME
FROM EMPLOYEE
WHERE YEAR(HIREDATE) = 2005

Should be coded as:

SELECT EMPNO, LASTNAME
FROM EMPLOYEE
WHERE HIREDATE BETWEEN 2005-01-01" and “2005-12-31°

V9 z/0S: Can now create indexes on SQL expressions.
LUW: Optimizer much more powerful in predicate rewrites
V8 LUW: Allows generated columns

Note: Applying expressions over columns often times prevents the use of index start and stop keys,
leads to inaccurate selectivity estimates,
and requires extra processing at query execution time.
V91 Index on expressions.
1) Ifthe expression contains a column reference and there exists an index on the expression, then the following
become Stage 1 predicates in V9.
T1.COL = T2col expr, T1.COL <> T2col expr, expression = value, expression <> value,
expression op value , expression splguery
2) Create index empx3 on table employee (Yeer(latg asg
Create index empx4 on table employee (upastriame locale)asg
for example (uppeldstname 6 Uallgl dUnicode
for example (uppeldstname EngUS asg English USA

Note: When an index using Upper or Lower, the locale must be specified.
APAR (PK68295) will remove the locale requirement

Create index empx4 on table employseupdeastnamg asq
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Top 25+ Tuning Tips #1

Use the Visual Explain, notice the predicate being stage 2 and the index
beginning with PRSTDATE was not chosen.

@auERy)

@QB1
2009

(3 TBSCAN
 2009.6799

“PROJ
50242

2 Themis

This table contains an index (PRSTDATE, PRENDATE) and because of the YEAR function, DB2

did not choose

to use the index, and the predicate is shown as Stage 2.
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Top 25+ Tuning Tips #1

Notice the DB2 LUW Optimizer Rewrite

| Predicate || Table Access ||  Join Operation |

Database server transformed query for access plan

SELECT Q1.EMPNO AS "EMPNO", Q1.LASTNAME AS "LASTNAME", Q1.SALARY AS "SALARY",
Q1.HIREDATE AS "HIREDATE"

FROM THEMIS82.EMP AS Q1

WHERE (01/01/2009 <= Q1.HIREDATE) AND (Q1.HIREDATE <= "12/31/2009)

2 Themis

This table contains an index (PRSTDATE, PRENDATE) and because of the YEAR function, DB2
did not choose

to use the index, and the predicate is shown as Stage 2.
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Top 25+ Tuning Tips #2

2). Take out any / all mathematics coded on columns in predicates.

For example:

SELECT EMPNO, LASTNAME SELECT EMPN, LASTNAME
FROM EMPLOYEE FROM EMPLOYEE
WHERE SALARY * 1.1 > 50000.00 WIHERE HIREDATE —7 DAYS > ?

Should be coded as:

SELECT EMPNO, LASTNAME SELECT EMPN, LASTNAME

FROM EMPLOYEE FROM EMPLOYEE

WHERE SALARY > 50000.00 /1.1 WHERE HIREDATE > DATE(?)
+ 7 DAYS

V9: Can now create indexes on SQL expressions
LUW: Optimizer much more powerful in predicate rewrites

© 2011 Themis, Inc. All rights reserved.
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Top 25+ Tuning Tips #1

No DB2 LUW Optimizer Rewrite on this one

 Predicate || Table Access || Join Operation

Database server transformed query for access plan

SELECT Q1.EMPNO AS "EMPNO", Q1.LASTNAME AS "LASTNAME", Q1.SALARY AS "SALARY",
Q1.HIREDATE AS "HIREDATE"

FROM THEMIS82.EMP AS Q1

WHERE (+50000.00 < (Q1.SALARY * +1.1))

2 Themis

This table contains an index (PRSTDATE, PRENDATE) and because of the YEAR function, DB2
did not choose

to use the index, and the predicate is shown as Stage 2.
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Top 25+ Tuning Tips #3

3). Stay away from ‘Distinct’ if at all possible.

If duplicates are to be eliminated from the result set, try:

- “Group By” which looks to take advantage of any associated indexes
to eliminate a sort for uniqueness.

- Rewriting the query using an “In” or “Exists” subquery. This will work
if the table causing the duplicates (due to a one to many relationship)

does not have data being returned as part of the result set.

Z/0S: Prior to V9, the keyword ‘Distinct’ most always involved a sort, now
DB2 may take advantage of any index (unique or non unique) to avoid

sorts.

1) There are sort enhancements for both &Di

already available

A

prior to V9 with O6Group By6é6 and a col umn

efficiently in the input
phase, elimination a step 2 passing of data to a sort merge.

2) Prior to V9, 6Distinctdéd could only wus

unique and non unique.
Now V9 6Distinctd may take advantage of
duplicates.

© 2011 Themis, Inc. All rights reserved.
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Top 25+ Tuning Tips #3

3). Distincts can often be rewritten.

SELECT DISTINCT E.EMPNO, E.LASTNAME SELECT E.EMPNO, E.LASTNAME

FROM EMP E, EMPPROJACT EPA FROM EMP E. EMPPROJACT EPA

WHERE E.EMNO = EPA.EMPNO WHERE E.EMPNO = EPA.EMPNO
GROUP BY E.EMPNO, E.LASTNAME

SELECT E.EMPNO, E.LASTNAME SELECT E.EMPNO, E.LASTNAME
FROM EMP E FROM EMP E
WHERE E.EMNPO IN WHERE EXISTS
(SELECT EPA.EMPNO (SELECT 1
FROM EMPPROJACT EPA) FROM EMPPROJACT EPA
WHERE EPA.EMPNO =
E.EMPNO )

1) There are sort enhancements for both &éDisti
already availabl e prior to V9 with 6Group
duplicates more efficiently in the input phase, elimination a step 2 passing of data to a sort

merge.

2) Prior to V9, 0Distincté could only use a u
uni que and non uni que. Now V9 oO6Distincté ma

sort in order to handle duplicates.

3) Often times, if one of the tables has no columns being selected from it, it can then be moved to a
subquery.

14
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Top 25+ Tuning Tips #4
4). Minimize the SQL requests to DB2.

This 1s huge in performance tuning of programs, especially batch programs
because they tend to process more data. Every time an SQL call 1s sent to the
database manager, there is overhead in sending the SQL statement to DB2, going
from one address space in the operating system to the DB2 address space for SQL|
execution.

In general developers need to minimize:

- The number of time cursors are Opened/Closed

- The number of random SQL requests (noted as synchronized reads in

DB2 monitors).

z V8: Multi Row Fetch, Update, and Inserting. Recursive SQL. Select from
Insert.
z V9: “Upsert” processing. Fetch First/ Order By within subqueries.

1) Minimize programming API (Application Programming Interface) to DB2. There is overhead
involved in API

calls, no matter how efficient the call may be. Every SQL call represents overhead due-to cross
memory

communication on the mainframe and cros$work traffic and crosgiemory communication
from remote clients.

2) Minimize the number of fetches by using multi row fetch (32767 rows)

3) Distributed Apps: Once in compatibility mode in V8 the blocks used for block fetching are built
using the multrow

capability without any code change. This results in automatic savings for example distributed
SQLJ applications.

15
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Top 25+ Tuning Tips #5

5). z/0OS Give prominence to Stage 1 over Stage 2 Predicates.

Always try to code predicates as Stage 1 and indexable. In general, Stage 2
predicates do not perform as well and consume extra CPU. See the IBM SQL
Reference Guide to determine what predicates are Stage 1 vs. Stage 2 and make
sure to go to the correct Version of DB2 when checking.

Recommendation: Use Visual Explain (V8), OSC (V9), Data Studio (V9).

IBM DB2 Manuals: Search on ==> Summary of Predicate Processing

http://swww-306.1bm.com/software/data/db2/zos/v9books.html




Top 25+ Tuning Tips #5

5). LUW Give prominence to SARG versus RESIDUAL Predicates.

Most predicates in LUW are Sargeable at either the index level or the data file
level. LUW has very few Residual predicates. Unlike z/Os which many more
residual and/or Stage 2 predicates.

Recommendation: Use Data Studio to check predicates.

© 2011 Themis, Inc. All rights reserved.
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Stage 1 versus Stage 2 Predicates

« Stage 1 (DB2 Data Manager) is responsible for translating the data
stored on pages mnto a result set of rows and columns. Predicates
that are written in a fairly straightforward way can usually be
evaluated by the Data Manager with relatively little expense.

» Stage 2 (Relational Data Services) handle more complex predicates,
data transformations, and computations. These Stage 2 predicates
are much more expensive for DB2 to resolve than Stage 1 due to
additional processing and additional code path. Additionally, RDS
cannot make effective use of indexes.

Stage 1 = Sargeable

Stage 2 = Non Sargeable. Predicate processing by this RDS are of DB2 is much more expensive

than the RDS Stage 1 area. Additional processing, additional code path, much more
expensive

then stage 1.

Indexable predicates evaluated first, Stage 1 predicates, next, and Stage 2 predicates last.

© 2011 Themis, Inc. All rights reserved. 18



Predicate Processing

REQUEST RESPONSE

DB2 l i

Index Access Data Access

L T
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Top 25+ Tuning Tips #5 Cont...

Use the Visual Explain in Optimization Service Center or Data Studio to see
any stage 2 predicates. Note the filter factor information also.

[} view Workloads | ] View Monitors |=* DB1032 &3

A 0) <) 1= @ S A EE S BRE

5 Node Descriptor

-

Fetch: FETCH
= (= fetch ﬁ
=-[= Stage2_Predicates % @
@ '1990-01-01' BETWEEN THEMISS82.EMP .BIRTHDATE AN :
=& P_age_Rangas % &=
@ rangel 1
< >

Show attribute explanation Views: cost_estimal +

Name Value s
Input Cardinality 8.3161

Scanned Rows 8.3161

Stage 1 Returned Rows 8.3161

Stage 2 Predicates Filter Factor

'1990-01-01' BETWEEN THE... 0.01

Stage 2 Returned Rows 1.073

Output: Cardinality 1.073

Curnil stive Taksl Cack KA b

Attribute explanation:

Save as ... ]l Print ...

@9 canrch Nada |

2 Themis

1) Click on the FETCH box to see any/all predicates not associated with the index chosen

2) Click on the IXSCAN boxes to see matching index and screening index predicate information
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Top 25+ Tuning Tips #5 Cont...

5). DB2 z/0S. Give prominence to Stage 1 over Stage 2 Predicates cont...

Predicate Type Indexable? Stage 1? Notes
COL=value Y Y 16
COL=noncol expr Y Y 9.11,12,15
COLISNULL Y Y 20,21

COL op value Y Y 13

COL op noncol expr Y Y 9.11,12,13
COLBETWEEN valuel AND value2 Y Y 13
COLBETWEENnoncolexprl ANDnoncol expr Y Y 9.11,12,13,15,23
value BETWEEN COL1 AND COL2 N N

COLBETWEEN expression] AND expression2 Y Y 6,7,11,12.13,14
COLBETWEENCOL1 ANDCOL2 N N 10

COLLIKE 'pattern’' Y Y 5

COLIN (list) Y Y 17,18

COL <= value N Y 8,11

COL <= noncol expr N Y 8.11
COLISNOTNULL Y Y 21
COLNOTBETWEENvaluel AND value2 N Y

2 Themis

9) If noncol exprnoncol exprlornoncol exprds a noncolumn expression of one of these forms,
then the predicate is not

indexable: noncol expr+ 0, noncol expii 0, noncol expr* 1, noncol expr 1, noncol expr
CONCAT empty string

11) Any of the following sets of conditions make the predicate stage 2:

- The first value obtained before the predicate is evaluated is DECINMg)(vherep>15,
and the second value

obtained before the predicate is evaluated is REAL or FLOAT.

- The first value obtained before the predicate is evaluated is CHAR, VARCHAR, GRAPHIC,
or VARGRAPHIC, and

the second value obtained before the predicate is evaluated is DATE, TIME, or
TIMESTAMP.

© 2011 Themis, Inc. All rights reserved. 21



Top 25+ Tuning Tips #5 Cont...

Use the Visual Explain for guidance to Stage 1, Stage2, and Filter Factor
information.
(A view Workloads | & View Monitors |2 * DB1032 &3

DA RAALTTSBE

5 Node Descriptor

-

Fetch: FETCH T
~ S
- 7—,«fetch ﬁ
/= (& stage2_Predicates \ﬁof @
/ @ '1990-01-01' BETWEEN THEMISB82.EMP.BIRTHDATE AN g‘\
|‘ =R F'fige_Rangas % ] -
\ @ rangel / 7
\ //’ . .
| < \\\ ))/___,/>
— _—
Show attribute Bxplanation Views; |cost_sestimal v
Name Value |
Input Cardinality 8.3161
Scanned Rows 8.3161
Stage 1 Returned Rows 8.3161
Stage 2 Predicates Filter Factor
'1990-01-01' BETWEEN THE... 0.01
Stage 2 Returned Rows 1.073
Output: Cardinality 1.073

Curnil stive Taksl Cack KA b
Attribute explanation:

Save as ... ]l Print ...

@9 caarch Narda

2 Themis

1) Click on the FETCH box to see any/all predicates not associated with the index chosen
2) Click on the IXSCAN boxes to see matching index and screening index predicate information
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Top 25+ Tuning Tips #5

Watch out for compound predicates connected by ‘Or’

When predicates are connected by “OR™ (Non Boolean Term), the resulting compound
o =

predicate, the resulting compound predicate will be evaluated at

the higher stage of the individual predicates. For example:

SELECT EMPNO, LASTNAME
FROM EMPLOYEE
WHERE LASTNAME = "ANDREWS” OR YEAR(HIREDATE) = 1990

© 2011 Themis, Inc. All rights reserved.
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Top 25+ Tuning Tips #5

Watch out for compound predicates connected by ‘Or’

@auERy

(3 TBSCAN
2125.1897

Boolean term predicates can be considered for single index accesBoblean term predicates
can at best be considered for multlex access or tablespace scans.

A Boolean term predicate is a simple or compound predicate, that when evaluated false for the row,

makes the ent

© 2011 Themis, Inc. All rights reserved.
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Top 25+ Tuning Tips #5

Same query connected by ‘And’

When predicates are connected by “OR™ (Non Boolean Term), the resulting compound
o =

predicate, the resulting compound predicate will be evaluated at

the higher stage of the individual predicates. For example:

SELECT EMPNO, LASTNAME
FROM EMPLOYEE
WHERE LASTNAME = “ANDREWS" AND YEAR(HIREDATE) = 1990

© 2011 Themis, Inc. All rights reserved.
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[ Properties | [ SQL Results | 544 Access Plan Diagram &3

) Overview of Diagram
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Matching Predicates
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Attributes
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| f t hese
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wer e

connected
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tablespace scan, except now both the predicates would be processed as Stage 1.
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