
Performance problems come in many flavors, with many different causes and many different solutions. I've run into a number ofthese that I 
have not seen written about or presented elsewhere and I want to share these with you - not just the specific problem/solution, but also the 
process of identifying and solving the problem.

Joe Geller has been a Db2 consultant since Version 1.2. He's been a Data Architect, DBA, Data Modeler and Software Engineer, often 

simultaneously. He feels that the best way to learning one aspect of a system is to work on all aspects. Joe specializes in performance tuning. He 

once rewrote a Peoplesoftview and improved the query by a factor of 70,000. Joe is the author of two books on database systems - DB2 

Performance and Development Guide and IMS Administration, Programming and Data Base Design.Currently Joe is working as a database 
performance specialist for JPMorgan Chase.  Joe is an IBM Information Champion and a leader on the IDUG Content Committee.
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Arrays are a very commonly used programming language construct, but have limited support within relational databases.  Although an XML 
document or JSON can have array elements, tables within Db2 cannot have an array as an ordinary column.  Db2 however does support array 
data types, which can be created (CREATE TYPE statement).  These can be used in global variables and  local variables declared in compound 
SQL (such as in a native SQL Stored Procedure) and as a parameter to a SQL or Java routine.
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Unnestreturns a table ςwhat is the cardinality (#rows)? At bind time, Db2 has no way of knowing how many entries there will be in the array.  
There is no syntax for telling Db2 how many to expect.  Therefore Db2 assumes (for cost estimating) the array has the maximumsize it is 
created as (up to 1000).  In the above example it will assume there are 100 elements

²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘŀǘΚ  ²ŜƭƭΣ ǘƘŜ Ŏƻǎǘ ƻŦ ƎŜǘǘƛƴƎ млл ŎǳǎǘƻƳŜǊǎ ǿƛƭƭ ōŜ млл ǘƛƳŜǎ ŀǎ ƳǳŎƘ ŀǎ ƎŜǘǘƛƴƎ м ŎǳǎǘƻƳŜǊΦ  LŦ ȅƻǳ ǳǎǳally only pass in 1 
or 2 cust_ids, this is way too high.  If there are other predicates and indexes on those predicates, another access path may be cheaper than 
using the cust_idindex if there are 100 entries, but much more expensive than if there is 1 entry.

²Ƙŀǘ Ŏŀƴ ǿŜ ŘƻΚ  {ŜƭŜŎǘƛǾƛǘȅ ǘƻ ǘƘŜ ǊŜǎŎǳŜΦ  ¢ƘŜ {ŜƭŜŎǘƛǾƛǘȅ ŎƭŀǳǎŜ ƻƴ ŀ ǇǊŜŘƛŎŀǘŜ ƭŜǘǎ ȅƻǳ ƻǾŜǊǊƛŘŜ 5ōнΩǎ ŦƛƭǘŜǊ ŦŀŎǘƻǊ ŦƻǊ that predicate.  What I 
do for this situation is to add an unnecessary predicate:

CUST_ID IN (SELECT CUSTID) FROM UNNEST(CUST_IDS) AS LIST(CUSTID) WHERE CUSTID IS NOT NULL SELECTIVITY .01 )

The predicate does nothing (any entries in the array will not be NULL), but that the filter factor is .01.  Since Db2 is assuming that the result 
table has 100 rows, a filter factor of .01 means that only 1 row will be selected from the unnestedtable.
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There are times that Db2 just cannot get a good estimate for a predicate, no matter how thorough your runstatswas (including distribution 
stats, column groups, etc.).  

Using host variables or parameter markers rather than literals is a good practice for dynamic statement reuse and for flexibility in coding for 
static SQL.  One statement can be used for different values in the predicates.  But with host variables, Db2cannot usedistribution statistics to 
get a more accurate estimate.  It must use an average value (based on the cardinality of the column).

A range predicate with a host variable is an even worse situation.  Are you asking for a small range or a very large range?  Thefilter factor that 
Db2 uses depends on the cardinality of the column.  A high cardinality column (e.g. Shipped Timestamp) results in a low filter factor.  But, often 
for a timestamp column you want a large range ςa day, a week, a month (e.g. find all orders shipped in the last month).

For these situations, you could use REOPT which will have Db2 calculate a new access path each time the statement is executed, but that adds 
overhead.  If you know the predicate will be satisfied by a particular percentage of the rows, then Selectivity is a very simple and effective 
solution.

8



9



What do I mean by lying?  If Db2 calculates a FF of .03 and you know it is closer to .2, you could use Selectivity .2.  But, Db2 may still pick a 
different access path because other FF estimates are also inexact.  With experimentation you may find that using Selectivity .9 will lead to a 
better access path.  It should be possible to achieve the same result by using Selectivity on more of the predicates, but it canbe complex.  The 
simpler solution of adjusting 1 predicate has appeal.  Of course you should put in a comment describing what you are doing (if you are going to 
lie, you should at least be truthful about it).

Because of the complex interplay between multiple predicates and filter factors, it is sometimes hard to get the exact accesspath you want 
όǿƘƛŎƘ ŘƻŜǎƴΩǘ ƳŜŀƴ ǿƘŀǘ ȅƻǳ ǿŀƴǘ ƛǎ ǊŜŀƭƭȅ ōŜǎǘύΦ  Optguidelinesallow you to tell Db2 what access path to use.  But of course, you are then 
ǘŀƪƛƴƎ 5ōнΩǎ ƛƴǘŜƭƭƛƎŜƴŎŜ ƻǳǘ ƻŦ ǘƘŜ ŜǉǳŀǘƛƻƴΦ  LŦ ȅƻǳ ŀǊŜ ƴƻǘ ǎƳŀǊǘŜǊ ǘƘŀƴ 5ōнΣ ȅƻǳ Ŏŀƴ ŀǎƪ ŦƻǊ ŀ ǿƻǊǎŜ ǇŜǊŦƻǊƳƛƴƎ ŀŎŎŜǎǎ Ǉŀth.
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TheƎǳƛŘŜƭƛƴŜ ƛǎ ƛƴ ·a[ ŦƻǊƳŀǘ ŀƴŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ŎƻƳƳŜƴǘ    κϝΧΦΦ ϝκ

It must be the last part of the statement.
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If the optguidelineis after the ;  then it is not part of the statement and is ignored.
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If the optguidelineis not the very last part of the statement, it is treated as a comment and is ignored.
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When multiple rows of the innertable hash to the same bucket, a chain is built of all of these keys.  When a row of the outer tables hashes to 
that bucket, Db2 must search that chain for the matching key.
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IBM (and other experts) sometimes give tuning advice as though one solution or best practice, will fit all customers.  But each db is unique ς
some are designed well (tables, indexes and keys) and some are not.  Access patterns also vary greatly even within one db.
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Phil Nelson and Martin HubelƘŀǾŜ ƘŀŘ ŜȄŎŜƭƭŜƴǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ǳǎƛƴƎ ŀ ǎƳŀƭƭ ōƭƻŎƪ ōŀǎŜŘ ŀǊŜŀ όǎƻƳŜǘƛƳŜǎ ŀǎ ǎƳŀƭƭ ŀǎ мллл ǇŀƎŜǎύΦ  L.a ŘƻŜǎƴΩǘ 
seem to get this and has talked about removing this feature.  However, in his most recent article for the IDUG Content Blog, IBMΩǎ {ǘŜǾŜ wŜŜǎ 
did conceedthat it could sometimes be useful (5.н [¦² Ψt9wChwa!b/9 CLw{¢ !L5Ω ²L¢I ahbw9thw¢Φ5.{¦aa!w¸

http://www.idug.org/p/bl/ar/blogaid=625).
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For example, for purging purposesyou might have chosen last_update_dateor created_dateas the partitioning key.  But if the queries typically 
use ship_dateas a predicate, you do not get any partition elimination.  It would be better for query performance to be partitioned by 
ship_date.

Of course, some of the queries may not have a predicate on ship_dateeither.  If that is the case, you should see if such a predicate could be 
added.  For example, if you are inquiring on orders ordered in the last week or month, then ship_datemust also be greater than that (or NULL).  
So a predicate on ship_datecould easily be added.
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Why do some people have such low cardinality indexes?  Typically itwould be ǘƻ ŦƛƴŘ ǘƘŜ άƻǇŜƴέ ƻǊ άǇŜƴŘƛƴƎέ Ǌƻǿǎ ŦƻǊ ōŀǘŎƘ ǇǊƻŎŜǎǎƛƴƎΦ  Lƴ 
this case, it is necessaryto have distribution stats on the column and to use literals for the predicate.  Otherwise Db2 has to assume a uniform 
distribution.
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Index on Expressionwas introduced in V10.5.  Without IOE (also called functional indexes), in order to get index access you had to add an 
additional column (derived on the expression) to the table and create an index on that column.
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In general, using a function or expression on a column in a predicate makes that expression non-indexable.  This was always true up until a few 
releases ago.  If you have an index on that column, you could manually write the predicate to avoid the use of the function or to move the 
expression to the other side of the operator.  Now, during the query rewrite phase, Db2 can rewrite some of these predicates into a form that is
indexable.
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This is a major limitation of any dbmsςto accurately estimatethe FF for predicates comparing a date / timestamp to the current date / 
timestamp.
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If you have a clustering index, Db2 will attemptto insert new rows near the existing rows in key order.  If there is no freespaceon that page, the 
new row will have to go on a different page.  A reorgwill move the data rows around to store them in strict index order.  Setting PCTFREE > 0 
for the table will leave freespaceon each page during the reorg(so that new index inserts can find room on that page).

Over time, any freespaceleft during a reorg(the % specified by PCTFREE) will get used by newly inserted rows and updates to existing rows that 
increase the size of the row.

The reorgwill not only put the rows in clustering order (if there is a clustering index), but it will also move rows from a page that no longer has 
PCTFREE percent of the page free (because it has to bring each page back to that percent of freespace).

If there are pages with more than PCTFREE freespace(because of row deletes), Db2 will move rows to these pages to reduce the amount of 
freespaceback down to PCTFREE.

Overflows are created when a row is updated, the new length of the row is larger, and there is not enough room on the page for the 
enlargenedǊƻǿΦ  ¢ƘŜ Ǌƻǿ ƛǎ ƳƻǾŜŘ ǘƻ ŀƴƻǘƘŜǊ ǇŀƎŜΣ ōǳǘ ŀƴ ŀƴŎƘƻǊ ƛǎ ƭŜŦǘ ƻƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ǇŀƎŜ όǇƻƛƴǘƛƴƎ ǘƻ ǘƘŜ ǊƻǿΩǎ ƴŜǿ ƭƻŎŀǘƛƻƴύΦ  ¢Ƙƛs way, 
the indexes do not have to be updated to point to the new location.  A reorgwill eliminate overflows by updating the indexes and removing the 
anchor. 
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Someshops do not have clustering indexes (or may have them on some tables but not all).  Even if you have a clustering index, thetable may 
not get out of clustering order too often for several reasons and overflows are a bigger concern.  The rate of inserts might be low, but  updates 
occur frequently.  Or, online access to them reads only 1 or 2 rows so it is not critical that the rows be in clustering order. 

Overflows on the other hand are a concern, especially for batch processing (table scans).  Each read of a row that has an overflow requires 
access to 2 pages ςthe original (which has the anchor) and the one with the actual row.  For a single row that will mean 2 logical reads instead 
of 1 and possibly an extra physical read (if the page is not in the bufferpool).  1 extra read does not take a lot of time.  A table scan on the other 
hand reads all of the pages with sequential prefetch, which reads multiple pages asynchronously.  When it finds an overflow, it has to do a 
synchronous read of the new page (if not in the bufferpool).  The relative effect is thus much greater.

33



34



35



36



If you want to get every single statement and not miss the ones that are flushed,you can use a package cache event monitor to capture all 
statements.
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Every unique dynamic statementget a row.  If there are variation such as different status codes or type columns, you will get a few rows in the 
cache.  But if literals are used for ID columns, then every single execution will be a unique statement and will get a separate row in the package 
cache.
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Hit ratio isnot a column in the package cache, but it is easy to calculate.
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