= IDUG

I DUGV’RTUAL Virtual Indexes Explainec

Ryszard StepiefBroadcom

Db2 for z/OS



Agenda

AWhat is Virtual Index?
AVirtual Index Evolution
AVirtual Index Requirements
AVirtual Index Considerations
AUse Case



What is Virtual Index?

APrototype of the actual index

AHelps evaluate indexes withoattuallycreatingthem
ASimulates the impact of creating or dropping an index
AVirtual Index definitions reside in input explain tables
AOnly affects the outcome of EXPLAIN PLAN

AConsidered by th®b2 optimizeas part of the access path evaluation
during EXPLAIN PLAN, along with existing catalog indexes

ANo affect on BIND/REBIND or on SQL execution



Virtual Index Evolution (1|2)

ARetrofitted into Db2 Version 8 via APRR46687 (2008)
A Db2 V8 CM used short name DSN_VIRTUAL_INDEX
ARenamed in Db2 V8 NFMEBSN_VIRTUAL_INDEXES

Alntroduced in Db2 9 (2008)
A Managed in DSN_VIRTUAL_ INDE EatkS

ASample DDL in Pp&fix SDSNSAMBember, along with other EXPLAIN tables
ADSNTIJOS (Db2 V8 and 9)
ADSNTESC (Db2 10, 11, and 12)

Alndextypes supportecby DSN_VIRTUAL_INDEXES table:

A Type2 nonpartitioned Indexes
A Data Partitioned Secondary Indexes (DPSI)



Virtual Index Evolution (2|2)

ADb2 11 introduced a new virtual index table DSN_VIRTUAL KEYTARGETS
A Sample DDL iprefix SDSNSAMP(DSNTESC)

Alndex types supported by DSN_VIRTUAL _KEYTARGETS
A XMLindexes
A Expressiofbased indexes



Virtual Index Requirements (1|11)

AMust have a set of EXPLAIN tables with the correct qualifier;
l.e. PLAN_TABLE and DSN_STATEMNT_ TABLE

A Sample DDL iprefix SDSNSAMP(DSNTESC)

AMust define the DSN_VIRTUAL_INDEXES and optionally the
DSN_VIRTUAL KEYTARGETS tables

A These tables must have the same owner as the EXPLAIN tables. Otherwise, the
optimizer ignores them.



Virtual Index Requirements (2|11)

ADSN_VIRTUAL_INDEXES tfieitionsare derivedrom related catalog
tables:
A SYSIBM.SYSINDEXES
A SYSIBM.SYSKEYS
A Plus a couple of new/unique columns



Virtual Index Requirements (3|11)

ASYSINDEXES colunmBSN_VIRTUAL_INDEXES:

TBCREATOR VARCHAR(128)

TEMNAME VARCHAR(128)

IXCREATOR VARCHAR(128)

IXMNAME VARCHAR(128)

UNIQUERULE CHAR(1)

COLCOUNT SMALLINT

CLUSTERING CHAR(L1)

MNLEAF INTEGER

NLEVELS SMALLINT

INDEXTYPE CHAR(1) WITH DEFAULT
PGSIZE SMALLINT

FIRSTKEYCARDF FLOAT WITH DEFAULT
FULLKEYCARDF FLOAT WITH DEFAULT
CLUSTERRATIOF FLOAT WITH DEFAULT
PADDED CHAR(1) WITH DEFAULT
KEYTARGET_COUNT SMALLINT WITH DEFAULT
UNIQUE_COUNT SMALLINT WITH DEFAULT
IX_EXTENSION_TYPE CHAR(1) WITH DEFAULT
DATAREPEATFACTORF FLOAT WITH DEFAULT
SPARSE CHAR(1) WITH DEFAULT




Virtual Index Requirements (4|11)

ASYSKEYS colunm®SN_VIRTUAL INDEXES

A COLN®@-64 ¢ Indicates the column number in the index key

A ORDERINIE54 ¢ Indicates the column order in the index key

A Ac Ascending
A D¢ Descending

COLMNO1 SMALLINT WITH DEFAULT
ORDERING1 CHAR(1) WITH DEFAULT

COLNOG4 SMALLINT WITH DEFAULT
ORDERINGES CHAR(1) WITH DEFAULT




Virtual Index Requirement$5|11)

ASetting key columns
A COLNOL1 = 3 & ORDERING1 = A|D
ACOLNO2 =5 & ORDERING2 = A|D

TABLE NAME CREATOR COLUMN NAME COLTYPE LENGTH N COLNO
STUDENTS ANLQA
SMALLINT

-C B '
LAST_UPDATED TIMESTMP
TEACHER CHAR
COMMENTS VARCHAR




Virtual Index Requirements (6|11)

ADSN_VIRTUAL_INDEXES new/unique columns:

A ENABLE Indicates whether the virtual index should be considered by the optimizer
A Yc¢ Use this index (index definition must be valid or the index gets ignored)
A N ¢ Do not use this index

A MODE, Indicates whether the index is being create or dropped

A Cc¢ Createthis index (new index)
A D ¢ Drop this indexold indey

ENABLE CHAR(1) NOT NULL

MODE CHAR(1) NOT NULL




Virtual Index Requirements (7|11)

ADSN_VIRTUAL_KEYTARGETS definition shadows SYSIBM.SYSKEYTA

IXNAME VARCHAR(128)

IXSCHEMA VARCHAR(128)

KEYSEQ SMALLINT DEFAULT
COLNO SMALLINT DEFAULT
ORDERING CHAR(1)

TYPESCHEMA VARCHAR(128)

TYPENAME VARCHAR(128)

LENGTH SMALLINT

LENGTH2 INTEGER

SCALE SMALLINT DEFAULT
NULLS CHAR(1) DEFAULT ‘N’
CCSID INTEGER

SUBTYPE CHAR(1)

DERIVED_FROM VARCHAR(4000)

CARDF FLOAT DEFAULT -1




Virtual Index Requirements (8|11)

ADSN_VIRTUAL KEYTARGHGGe column:

A ENABLE Indicates whether the virtual index should be considered by the optimizer
A Yc¢ Use this index (index definition must be valid or the index gets ignored)
A N ¢ Do not use thisndex

ENABLE CHAR(1) NOT NULL




Virtual Index Requirement$9|11)

ATheseables were put in place in support of the vendor tools
A Perhaps your vendor already supports virtiralexes (lucky you)

Alf you want to play with it yourself, handle with care

A Use caution when manually inserting or updating tirtual index tables because
these tables may be used by vendor tools

A Db2 optimizer ignores invalid index definitions

A Estimating some of the virtual index values may be challenging i.e. NLEAF, NLEVE
FIRSTKEYCARDF, FULLKEYCARDS, CLUSTERRATIOF, PGSIZE
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A Check constrains help prevent invalid data
A Write a REXX script to automate the process of populating data in the table



Virtual Index Requirement$10|11)

AExample of templating aexistingindex in the Db2 catalog for virtugidex
create

IMNSERT IMNTO STERYAL.DSM WIRTUAL IMNDEXES

( TBCREATOR, TBMAME, IXCREATOR, IXMAME, EMABLE, MODE
UMIQUERULE, COLCOUMT, CLUSTERIMG, MNLEAF, MLEVELS
INDEXTYPE, PGSIZE, FIRSTKEYCARDF, FULLKEYCARDF
CLUSTERRATIOF, PADDED, COLMNOl, ORDERIMNG1l, COLMNO2Z2,
ORDERINGZ2, COLNOZ2, ORDERIMNG3, COLNO4, ORDERINGA
KEYTARGET _COUNT, UNIQUE COUMNT, IX EXTEMSIOM TYPE

, DATAREPEATFACTORF, SPARSE

)}

SELECT TBCREATOR

TEMAME, CREATOR, 'VI_©1 DSMDTX82', '¥', 'C°'

UNIQUERULE, COLCOUMT, CLUSTERIMG, MNLEAF, MLEVELS
INDEXTYPE, 32, FIRSTKEYCARDF, FULLKEYCARDF
CLUSTERRATIOF, PADDED, &, 'A°", 7, "A", 2, "aA", 1, 'A"
, KE¥YTARGET COUNT, UNIQUE COUNT, IX EXTEMNSIOM TYPE
, DATAREPEATFACTORF, SPARSE
FROM SYSIBM.SYSIMNDEXES

WHERE CREATOR
= '"S¥sIBM"'
AMND MNAME
= "'"DSNDTXe2"'




Virtual Index Requirement$11|11)

AExampleof templatingan existing index in the Db2 catalog fartual index
drop

INSERT INTO STERYA1.DSMN_VIRTUAL_ IMNDEXES
( TBCREATOR, TBNAME, IXCREATOR, IXNAME, ENABLE, MODE, UNIQUERULE
, COLCOUNT, CLUSTERING, MNLEAF, NLEVELS, INDEXTYPE, PGSIZE
, FIRSTKEYCARDF , FULLKEYCARDF , CLUSTERRATIOF, PADDED, COLNO1
, ORDERING1, COLNO2, ORDERING2, KEYTARGET COUNT, UNIQUE_ COUNT
, IX_EXTENSION_TYPE, DATAREPEATFACTORF, SPARSE

SELECT TBCREATOR
, TBNAME, CREATOR, 'VI_©2 DSNDTXe5', 'Y', 'D', UNIQUERULE
, COLCOUNT, CLUSTERING, NLEAF, NLEVELS, INDEXTYPE, 32, FIRSTKEYCARDF
, FULLKEYCARDF , CLUSTERRATIOF, PADDED, 4, 'A', 5, 'A’

, KEYTARGET COUNT, UNIQUE COUNT, IX EXTENSION TYPE, DATAREPEATFACTORF
SPARSE

FROM S{F'EIEI"-'I .SYSINDEXES
WHERE CREATOR
= "SYSIBM'

AND NAME
| 'DSNDTXes'




Virtual Index Consideration

ATry an existing index with more, less, or different columns
ATest altered statistics on an index

ASee what happens if an index is dropped

ADetermine the impact of adding an index

AEtc.



Use Case (1]13)

A case to illustrate the use of virtual indexes in solving SQL performance
ISSues.

AProblem description
A Recent spike in CPU and high GETPAGE count has been reported

ATroubleshoot the problem

A You suspect the problem might be related to a new program package that was recently
Implemented

A DB2 Explain shows an ineffici¢gablespacescan

AExplore potential solution
A Implement a virtual index

A Asses the effectiveness of the candidate solution
A ReExplain the package and compare the access path results

Almplement permanent solution



Use Case (2]|13)

AEXPLAIN package reveals the problem



