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Disclaimer

The content of this presentation reflects my
personal experience and is a product of the
systems and applications | have worked with.
Your results may vary. My results may or may
not be typical.

In other words....IT still DEPENDS!

“Themis makes no representation, warranties or guarantees whatsoever in
relationship to the information contained in this presentation. This presentation
is provided solely to share information with the audience relative to the subject
matter contained in the presentation and is not intended by the presenter or
Themis to be relied upon by the audience of this presentation.”



Predicate Processing

REQUEST RESPONSE
| |
DB2 l l

Index Access Data Access

L T

DB2 is modular in structure. Understanding the structure of DB2 can help you evaluate SQL
efficiencies and anticipate what the most likely access method DB2 will choose to satisfy SQL
requests. The following subcomponents are part of the Database Services Address Space (DBAS).

RELATIONAL DATA SYSTEM (RDS)
¢ Responsible for providing all the relational operators
¢ Predicts when requests can be passed as search arguments called "Sargable Predicates"

¢ Passes search arguments to Data Manager

DATA MANAGER (DM)

¢ Looks at RDS request and determines what page is required. Issues GETPAGE request to Buffer
Manager.

¢ Transforms page data into row and column format for RDS.

Stage 1 and Stage 2 Predicates
Rows retrieved for a query go through two stages of processing.
¢ Stage 1 predicates (sometimes called "sargable") can be applied during the first stage.

¢ Stage 2 predicates (sometimes called "nonsargable" or "residual") cannot be applied until the
second stage.
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SELECT * FROM EMP
WHERE SALARY + BONUS > 50000 ——
AND LEFT(LASTNAME,1) ='S'

AND COMM =0

Visual Explain will describe each predicate and how it is processed. The details
may be obtained by clicking the node that represents the data retrieval operation
where the filtering occurs. In this example three predicates have been coded; one is
processed at stage 1 and the other two at stage 2. An estimate of how many rows
will be returned by each stage is also supplied.

Careful attention should be given to predicates in the stage 2 category. It is often
possible to rewrite a stage 2 predicate in a way that is more straightforward for Data
Manager to interpret. In this case, the predicate that compares SALARY + BONUS
to a literal cannot be rewritten as stage 1. The predicate looking for last names
beginning with “S” can easily be rewritten as a direct comparison, thus eliminating
the LEFT function. Since functions are always processed at stage 2, this can have a
tremendous affect on the access path.



Converting a Predicate to Stage 1

Stage 1 Predicates Fitter Factor
THEMISE2 EMP . COMB=0 0.0312
Stage 1 Returned Rows 43.3595

Stage 2 Predicates Fitter Factor
THEMISEZ EMP SAL AR +THEMISE2 EMP BONUS)=50000 0.3333
Stage 2 Returned Rows 44632

Matching Predicates Fitter Factor

552 EMP LASTHAME LIKE '5%! 0.0265

SELECT * FROM EMP

WHERE SALARY + BONUS > 50000
AND LASTNAME LIKE ‘S%’

AND COMM =0

This example changes the predicate:

LEFT(LASTNAME,1) =S’
to
LASTNAME LIKE ‘S%’

This change transforms the predicate from a stage 2 predicate to a stage 1 indexable
predicate. Notice that the access path now includes the use of the XEMPO03 index
instead of a tablespace scan. A better filter factor estimate is also possible. The end
result of this change is a 45% improvement in response time for this query.



Catalog Statistics and Filter Factors

Filter Factor
The percentage of rows that qualify for any given predicate.

Table T1
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DB2 determines 5
distinct values for
column C1.
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For the predicate C1 ='Z’; DB2 would estimate that 1/5 of the rows would qualify.
The filter factor would be .20.

Food For Thought: Is this filter factor accurate?

The filter factor of a predicate is a number between 0 and 1 that estimates the
proportion of rows in a table for which the predicate is true. Those rows are said to
qualify by that predicate.

Suppose that DB2 can determine that column C1 of table T1 contains only five
distinct values: Q, W, X, Y, and Z. In the absence of other information, DB2
estimates that one-fifth of the rows have the value ‘Q’ in column C1. Then the
predicate C1='Q' has the filter factor 0.2 for table T1.

DB2 calculates filter factors for predicates during access path selection using the
statistics available in the Catalog. It is these filter factors that help determine the
least costly access path for any given SQL statement.



Calculating Filter Factors

» Default Filter Factors (no stats)

* Uniform Distribution Filter Factor (COLCARDF is
populated)

* Non-uniform Distribution Filter Factor
(SYSIBM.SYSCOLDIST is populated)

* Interpolation Formulas (if HI2ZKEY AND LOW2KEY
are populated)

How a filter factor is determined depends on the level of detail in the statistics
gathered and how much information is available in the SQL to be optimized. If no
statistics have been gathered for a given column then defaults are used to make the
determination. If basic column level statistics exist for the referenced column then
DB2 knows the approximate number of values that exist for that column in the data
(COLCARDF). The optimizer assumes an even distribution of values across the
column and calculates the filter factor accordingly. If frequency statistics have also
been gathered for the referenced column AND literals are used in the SQL statement
then the optimizer can make an even better estimate because it is aware of potential
uneven distribution of the data. For range predicates interpolation formulas may be
used to estimate what percentage of the values will qualify.



Factors for Uniform Distributions

COL = literal 1/COLCARDF

COL IS NULL 1/COLCARDF

COL IN (literal list) Number of literals/f COLCARDF
COL Opl literal Interpolation formula
COL Op2 literal Interpolation formula
COL LIKE literal Interpolation formula
COL BETWEEN literall and literal2 Interpolation formula
Note:

Oplis < or <=, and the literal is not a host variable.

Op2 is > or >=, and the literal is not a host variable.

Literal is any constant value that is known at bind time.

The table on this page illustrates uniform distribution filter factors for different
types of predicates. If column level statistics have been gathered, then the value of
COLCARDEF in SYSIBM.SYSCOLUMNS will be populated with the approximate
number of unique values for that column. If no additional statistics are available,
the optimizer assumes uniform distribution of the data across these values.

DB2 uses these filter factor values when:

*There is a positive value in column COLCARDF of catalog table
SYSIBM.SYSCOLUMNS for the column.

*There are no additional statistics for the column in SYSIBM.SYSCOLDIST.

Again, consider the following example.
SELECT.... FROM T1 WHERE C1 =‘D’;

If ‘D’ is one of only five distinct values in column C1, running RUNSTATS utility
would be set SYSIBM.SYSCOLCARDF for C1 to the number 5. Under these
circumstances, DB2 is able to use the uniform distribution filter factor for this
predicate. The uniform distribution filter factor for a predicate COL = literal is 1/
COLCARDYF, thus 1/5 (0.20). The accurate filter factor indicates that a larger
number of rows would qualify.

DB2’s ability to use actual statistics to determine filter factors will lead to more
effective and efficient access paths.



Non Uniform Distribution

* Frequently occurring default
values or uneven distribution :
of values for a column often " :
cause optimizer issues .

* Additional Statistics may be y
gathered to give the optimizer
additional information S,

» Stats for indexed columns
only in V7, all columns in V8

Data skew is one of the greatest challenges for the optimizer when determining an
accurate filter factor. Unless frequency statistics are gathered, the optimizer
assumes even distribution across the values for a column. If there are outliers that
are statistically significant the optimizer could be led to select a bad access path.

In Version 7, frequency statistics could be gathered on any index column or
combination of indexed columns. In V8, this capability has been extended to all
columns. Consider requesting these statistics for any column or column groups that
are frequently used for filtering in SQL statements, particularly data skew exists for
that column or column group. The data skew statistics are stored in the catalog
table SYSCOLDIST.



Non Uniform Distribution
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These statistics are displayed in Visual Explain in the “Coldist” folder. In the
example shown, the top 4 values for the JOB column have been collected via the
RUNSTATS utility. The decimal value shown is expressed as a percentage of the
rows that contain that value. According to these statistics, the value of
“ASSEMBLY” occurs on over 99% of the rows, so the data skew is evident.
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Non Uniform Distribution
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If one of the collected values is requested in the WHERE clause of a query, the filter
factor is lifted directly from SYSCOLDIST rather than computed or defaulted.
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SELECT *

FROM EMP
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Even if an SQL statement is submitted requesting a value not stored in
SYSCOLDIST, the extra statistics are still of some value. In this example a value of
“VP” is requested which is not one of the top 4 values collected. Even distribution
would compute a filter factor of 1/9 (.111). Since the values that were collected
account for over 99% of the data, the optimizer knows that the remaining 5 values
must all occur on a very small fraction of the rows. The resulting filter factor is

very small.
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Explain With Basic Column Stats

SELECT * FROM EMP
WHERE LASTNAME = 'Smith'
AND FIRSTNME = 'Joe'

AND DEPTNO ="A00"

Matching Predicates

Fittet Factor

[HEMIZE1 EhiP LASTMAME="Smith'

[HEMIZE1 EMP FIRSTHMES"Jog'

Egg;? "~ {BFETCH)

1 .

Stage 1 Predicates Fitter Factar -
THEMIZE1 EMP DEFTHO="A00" 00092
GEMP
2 51834
XEMPO2 Col
51,834 * .0092 = 477 rows
XEMPO3 Cols

51

834 * .001 * .0057 =<1 row

E Winner! g

In this example there are two possible indexes that could be used to retrieve the
desired result. Index XEPMO2 contains column DEPTNO while index XEMP03
contains a concatenation of LASTNAME, FIRSTNME and MIDINIT. DB2 could

choose to use multiple index access, but this is unlikely unless neither index
provides a high degree of filtering. By computing the filter factors for the 2

available indexes using the formula for uniform distribution, DB2 determines that
about 447 rows will qualify for the DEPTNO predicate and less than one row will
qualify for the combination of lastname and firstname requested. Since XEMPO3 is
perceived to narrow the result to one row, it is chosen as the index to be used for

qualifying the rows.

13



Compare with Reality

SELECT COUNT(*) 1,289 rows
FROM EMP
WHERE LASTNAME ='Smith’ (DB2 est. <1)

AND FIRSTNME = "'Joe’;

SELECT COUNT(*) 4 rows
FROM EMP
WHERE DEPTNO ="A00'; (DB2 est. 477)

Wrong IndeX Choser

If this query is not performing optimally, it may be useful to compare the filter
factors presented in Visual Explain with actual row counts on the tables involved.
In this case, the optimizer’s estimate of 1 row for index XEMPO03 was incorrect
(1289 rows actually exist). The estimate for XEMPO02 of 477 qualifying rows was
also incorrect (actual count was only 4).

In this case a poor filter factor estimate led to the wrong index being selected.
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Additional Statistics

AO0O0 has far
fewer rows than

the average dept
RUNSTATS INDEX (THEMIS82.XEMPO02)

KEYCARD FREQVAL NUMCOLS 1 COUNT 5 BOTH

RUNSTATS INDEX (THEMIS82.XEMPO03)
KEYCARD FREQVAL NUMCOLS 2 COUNT 5 MOST

Joe Smith has far more rows
than the average name
combination

Uneven distribution of data in this table is the reason for the poor filter factor
estimates. In this case department AOO has far fewer occurrences than the average
department. Joe Smith also occurred far more frequently than the average name
combination. Additional index statistics may be gathered to inform the optimizer of
the statistical outliers. In the first control card, the runstats utility is being requested
to capture both the 5 most frequently occurring values and the 5 least frequently
occurring values for DEPTNO and store these values in SYSCOLDIST. The second
control card is requesting the top 5 combinations for the first two columns of
XEMPO03 (LASTNAME and FIRSTNME).
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Frequency Stats
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Once these statistics have been gathered they may be viewed using Visual Explain
in the Coldist folder for the column statistics. The appropriate filter factor for
department A0O is .000077 rather than .0092 as calculated using uniform
distribution rules. This leads DB2 to estimate that about 4 rows will qualify for this
predicate, which is exactly what the actual count revealed.
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Result of Adding
Frequency Stats

input RICs 1834
Ve Leaf Pages 72
Matching Predicates Fitter Factar
THEMISE2 EMP DEPTRO="'800" 7 7169432155384 23E-5
Soanned Leaf Pages
Ctput RIDs 4
Tatal Fiter Factar 7 .716943E-5
atching Columns

gotter IndeX Choser

With the additional statistics in place, the optimizer chooses XEMPO02 to
accomplish the filtering instead of XEMPO3 resulting in better performance. More
rows are eliminated from consideration earlier in the process using this access path.
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Join Order

SELECT *

FROM EMP E, PROJ P
WHERE E.EMPNO = P.EMPNO
AND E.COMM =0

AND P.PRSTAFF >3

b,

[Ecomm=n 0.0312 (TBSCAN)

|Etane 1 Returned Rows 6196125 ) 16198125 l
HEMP
51834

MIXSTAN
1

BPROJ
50242

Stage 1 Predicates Fitter Factor <
P PRSTAFF=3 0.2906

BXPROJO
50242

A similar problem can occur when joining tables together even when the predicates
involved are not indexed. In this example the EMP table is being joined to the
PROJ table. Local predicates exist on both tables, so DB2 must make what appears
to be a narrow decision on which table should be accessed first.
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Comparing Estimates with Reality

SELECT COUNT(*) 51,803 rows
FROM EMP

WHERE COMM = 0; (DB2 est. 1,620)
SELECT COUNT(*) 14,598 rows
FROM PROJ # Rows on PROJ

WHERE PRSTAFF > 3; (DBZ est.

50,242 * .2906 =

Table Chos nFrSt 14,600) Fi'gﬁmor

Wrond

The optimizer calculates that 1620 rows will qualify in the EMP table using
formulas for uniform distribution. Actual counts reveal that 51,803 rows actually
exist that meet the requested condition. Zero appears to be a default value for
COMM that occurs much more often than any other value. This is a fairly common
condition. Many columns have default or null values that occur much more often
than anything else.

Prior to Version 8, there was no way to provide additional statistics with the runstats
utility that would help this situation for non-indexed columns. Values could be
manually added to SYSCOLDIST (sometimes with the help of the DSTATS
program), but not collected by DB2.
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Additional Statistics

COMM =0 has
far more rows
than the average
value

RUNSTATS TABLESPACE THEMIS82. TSOOEMP
TABLE(THEMIS82.EMP)
COLUMN(COMM)
COLGROUP(COMM) FREQVAL COUNT 1
SORTDEVT SYSDA SORTNUM 4

ntroduced in V8
for non-indexed
columns

The syntax presented here will gather column level statistics for the COMM column
and also gather the most frequently occurring value for COMM (COLCOUNT 1).
Note that runstats must sort the data to obtain this information so sort parameters
may need to be included in the syntax.



Join Order

SELECT *

FROM EMP E, PROJ P
WHERE E.EMPNO = P. EMPNO
[AND E.COMM =0

AND P.PRSTAFF 7

JE.comm=0 0.9994

MPROJ
50242

MEMP
51834

When the additional statistics are provided, the optimizer understands the true
nature of the data on the EMP table and chooses the PROJ table to be the first
accessed since it provides much better filtering.
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Range Predicates

SELECT LASTNAME, FIRSTNME
FROM EMP
WHERE SALARY BETWEEN 20000 AND 50000;

SELECT LASTNAME, FIRSTNME
FROM EMP
WHERE SALARY < 80000;

Range predicates are particularly susceptible to optimization problems since filter
factors are difficult to compute accurately. If column level statistics are gathered,
the optimizer will assume that data is evenly distributed between the values for
LOW2KEY and HI2KEY on SYSCOLUMNS. If the data is not evenly distributed
then the values for LOW2KEY and HI2KEY may need to be manually adjusted to
achieve optimal performance for range predicates.

DB2 9 introduces histogram statistics that will give the optimizer a better picture of
the distribution of values for range predicates.
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Range Predicates

[ireet Carciraty TEEr
Scanned Rovs =1534

Stage 1 Predicstes Fitter Factar
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Stage 2 Returned Rows 51634
Joutput Cardinalty 1834 LB)TBSCAN
IjStage 1 Columns 1 \ 51834
IFrefetu:h = -
IFage Range

(HEMP
51834

SELECT LASTNAME
FROM EMP
WHERE DEPTNO BETWEEN 'A00" AND 'Z99'

The range predicate in this example identifies nearly all the rows in the EMP table.
Since LOW2KEY and HI2KEY are populated, the optimizer correctly calculates a
filter factor of 1 and chooses a tablespace scan to retrieve the data.



Range Predicates

[ireet FiD= o34
linclex: Leaf Pages 72

Iatching Predicates Fitter Factor

THEMISEZ EMP DEPTMG BETWWEER 'A00' AND 'A01" 7. 716943218838423E-5
= canned Leaf Pages
Cutput RiDs 4
Total Fitter Factar 7.T16943E-5
stching Columns

(IXSCAN ) | ©)EMP
4 51834 |
SELECT LASTNAME

FROM EMP @
WHERE DEPTNO BETWEEN 'A00’ AND ‘A0’

When the second value is changed so that a much narrower range of data is

requested, the optimizer correctly lowers the filter factor and chooses an index to
retrieve the few rows that are expected to qualify.

Problems may occur when the range encounters a “hot spot” in the data. Since the

optimizer (in V8) always assumes even distribution, a narrow range on a “hot spot”
could yield unexpected results.
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SELECT COUNT(*)
FROM EMP

Range Predicates

WHERE DEPTNO BETWEEN 'P00' AND 'P99'
51,802 rows... 99% of the data

Matching Predicates

Fitter Factor

THEMIZE2 EMP DEFTNO BETYWEER 'POD" ARD 'PES!

00544

(HIXSCAN

SELECT LASTNAME
FROM EMP

— 4

WHERE DEPTNO BETWEEN ‘P00’ AND ‘P99’ @

©EMP
51834

In this example, the wrong access path is chosen due to a hot spot. Over 99% of the
data has a DEPTNO between P00 and P99, however the outliers cause the range
determined by LOW2KEY and HI2KEY to appear much wider. In Version 8, it
may be desirable to manually update LOW2KEY to ‘P00’ and HI2KEY to ‘P99’ to

correct this problem.

This problem could also be solved using histogram statistics in DB2 9.
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Host Variables

|Tvpe SELECT 1
JPU Cost (ms) 703 1
PU Cost (su 1545
ozt Category
Easan HOST YARIABLES o
|Timestamp 2007-11-15 20:53 35.56 |
16198125
SELECT *

MIXSTAN
1

BIXPROJO
50242

MPROJ
50242

FROM EMP E, PROJ P

WHERE E.EMPNO = P.PROJNO
AND E.COMM =7?

AND P.PRSTAFF > ?

EIEMP
51834

If host variables are used the optimizer cannot make effective use of frequency
statistics to determine the access path. Uniform distribution of column values must
be assumed in this situation. Whenever the access path has been determined with
an unknown piece of information, a cost category of “B” will result.



REOPT Bind Parameter

REOPT (NONE) default

REOPT (ALWAYS) or REOPT(VARS)

REOPT (ONCE)

The REOPT bind parameter may be used to mitigate the problems associated with
host variables. Packages or plans bound with REOPT(NONE) will always used the
access path determined at bind time (for static SQL) or the access path from the
dynamic statement cache (if present for dynamic SQL). This is the default behavior
and should be the choice unless there is a good reason to select another option.

If the application is bound with REOPT(ALWAYS) or REOPT(VARS), access
paths will always be re-evaluated at run time based on the values provided in host
variables. This will happen each time a statement is executed. While this causes
extra overhead at runtime, it may be prudent when host variables are causing the
optimizer to choose a poor access path.

REOPT(ONCE) may be used for dynamic SQL to request an access path to be
determined on its first occurrence based on the values in the host variables. Future
invocations of the same statement will not be re-evaluated even if the host variable
values change.

Since the REOPT parameter applies to all statements in a particular package or
plan, it may be prudent to segregate statements that need this treatment from all
other statements in an application into separate packages.
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What's in DB2 9 for Optimization

* Optimization Service Center

* Index on Expression — Can make complex expressions in
a predicate Stage 1 Indexable

* Histogram Statistics
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