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Agenda
Introduction
Understanding Access Paths
– access paths determination
– Single/Multi Table access methods

Fundamentals of SQL Tuning
– Predicate coding
– Runstats
– Interpreting the Plan table

SQL Tuning Scenarios
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Why SQL Tuning?

Largest performance gains
Lowest cost-benefit ratio
Small number of SQL statements 
consume majority of resources



4

SQL

DDL – Used for structure changes
DCL – Grant and revoke statements
DML – Select, Insert, Update, and 
Delete

This presentation will focus primarily 
on DML Select statements
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SQL Access Paths

How is the data being read?
– Tablespace Scan
– Index Access

• Index Only
• Index Scan
• Matching Index columns
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Prefetching Data
Sequential Prefetch
– Generally used for TS scans

• Sequential sets of pages read into bufferpool with 
single I/O

• #pages determined by BP size
• Can be determined at Bind time

List Prefetch
– Matching IX scan

• Usually low cluster ratio
• Sequential set of RIDs
• Data pages retrieved based on RID list
• Always used with Hybrid joins and MX access
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How are access paths determined?

•Compute filter factors
Based on Runstats

•Choose access path
•Prefetch Y/N
•Determine #rows retrieved
•Sort required?

Bind

Optimizer

DB2 
Catalog

Plan
or

Package

DSNDB01
SKCT
SKPT

Parsed SQL
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Single Table Access Paths
Tablespace Scan – All pages within tablespace are 
retrieved
Matching Index Scan – Predicate matches leading 
column or columns of an index
Multiple Index Access – More than one index used 
to satisfy data access (RID list unions)
In-List Index Access – Matching index scan where 
an ‘In’ predicate is used as a matching equal predicate
Non-matching Index Scan – Predicate does not 
match leading columns in the index.
Index Only Access – No data page retrieval is 
necessary
One Fetch Access – Requires only one row be 
retrieved (Min or Max column function)
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Multiple Table Access Methods

Nested Loop Join
Merge Scan Join
Hybrid Join
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Employee Table

Empno EmpName Deptno
100            Smith            500
101            Doe               510
102            Johnson        515

Department Table

Deptno DeptName Location
515          Ice Production          AK
500 Boat Production       CA
510          Corn Production       IL

Composite Table

Empno EmpName Deptno

100             Smith           500

DeptName

Boat Production

Step 1 Read Outer table Step 2 Scan Inner table

Step 3   Merge Results

Select A.Empno, A.Empname, A. Deptno,   B.Deptname
from Employee A, Department B                                 
where A.Deptno = B.Deptno;

Nested Loop Join
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Nested Loop Join

Recommended for
– Small number of rows in outer table
– Predicates filter out high percentage of 

outer table rows
– Highly clustered index on inner table join 

predicate
– Number of pages in inner table is small
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Merge Scan Join
Employee Table

Empno EmpName Deptno
100         Smith              500
101         Doe                 510
102         Johnson          515

Department Table

Deptno DeptName Location
515         Ice Production          AK
500         Boat Production       CA
510         Corn Production       IL

Composite Table

Empno EmpName Deptno

100            Smith           500

DeptName

Boat Production

Sorted Department Table

Deptno DeptName Location
500         Boat Production        CA
510         Corn Production        IL
515         Boat Production        AK

Step 1 Read Outer in  join column 
order

Step 2 Sort Inner table by join column

Step 3 Match Outer table to  Inner table by  
join columns
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Merge Scan Join
Must have:
– Join predicate on columns with same datatype and 

length

Performance implication
– Generally requires sorting of one or both tables

Recommended for
– Large number of qualifying rows in each table  

(many to many)
– Large tables with no indexes with matching columns
– Few columns in inner table selected, makes sort 

more efficient
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Hybrid Join

Employee Table

Empno EmpName Deptno
100        Smith               500
101        Doe                 510
102        Johnson          515

Department Table

Deptno DeptName Location
515        Ice Production          AK
500        Boat Production       CA
510        Corn Production       IL

Intermediate Table Phase 1

Empno EmpName Deptno

100             Smith           500
101             Doe              510
102             Johnson       515

RIDS

2
3
1

Dept 
Index
Keys/
Rids

500 2
510 3
515 1

Step 1 Read Outer in  join column order Step 2  Read index entry on  join column

Step 3 Merge outer table data and inner Index RID
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Hybrid Join

Intermediate Table  Phase 2

Empno EmpName Deptno

102             Johnson      515
100             Smith          500
101             Doe            510

RIDS

1
2
3

Step 4 Sort by RID entry to create a 
sorted RID list AND a phase 2 
intermediate table Step 5  Retrieve data from inner 

table using  list prefetch

Composite Table

Empno EmpName Deptno

102            Johnson       515
100            Smith           500
101            Doe             510

DeptName

Ice Production
Boat Production
Corn Production

Step 6  Merge intermediate phase 2 table with Inner table rows

List Prefetch

Department Table

Deptno DeptName Location
515        Ice Production          AK
500        Boat Production       CA
510        Corn Production       IL
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Hybrid Join

Must have:
– Inner Join
– Index on join column of inner table

Recommended for
– Inner tables with no clustering or low ratio 

clustering indexes on join columns
– Outer table has many duplicate qualifying 

rows
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Tuning SQL
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SQL Tuning

Elements affecting SQL Performance
– Predicate design
– Size of result set
– Subqueries
– Accuracy of Statistics

Understanding the Plan table
SQL tuning scenario
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SQL Tuning - Predicates
Predicate Coding “Rules of Thumb”
– Code most restrictive clauses first
– Check that the predicate is indexable
– Check that the predicate is Stage 1 (sargable)

• Predicate Table included in Application 
Programming and SQL Guide

– IN instead of Unions
– Use Joins instead of Subqueries
– Avoid unnecessary sorting
– Host Variables

• Ensure length and precision match column
• Consider using REOPT(VARS) to re-optimize at 

runtime
– Redundant

• Remove redundant or unnecessary predicates



20

SQL Tuning – Result Sets

Restrictions on result set
– Only select columns that are required

• ‘Select *’
– Optimize for ‘n’ rows

• Use when only small percentage of rows 
are fetched

• Avoids sorts
– Make Predicates as restrictive as possible
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Stage 1 vs. Stage 2
Use Stage 1 whenever possible
– Filters data before retrieving
– Minimizes I/O
– All indexable predicates are Stage 

1
Stage 1 refers to the DM (data 
manager) 
Stage 2 refers to RDS (relational 
data system).  
DM processes pages in the 
bufferpool and passes them to 
RDS.  The more rows DM must 
pass to RDS to complete a search 
the more costly.
Refer to DB2 Administration Guide 
for table of Stage 1 indexes.

Data Manager
Stage 1

Data Indexes

BP

Relational Data Server
Stage 2

SQL
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Subqueries
Correlated subqueries
– The subquery refers to a column in the outer query
– The subquery is executed for each qualified row of 

the outer query
– Always Stage 2 processing

Noncorrelated subqueries
– The subquery has no reference to column in outer 

query
– Executed once when cursor is opened

Available indexes determine which is most 
efficient
Use Joins instead of subqueries whenever 
possible.
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RUNSTATS
Accurate statistics are a critical factor for 
optimal performance of SQL

• RUNSTATS provides statistical information for:
1. Optimization of SQL
2. Monitoring status of objects
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Stats used for Access Path 
Determination

SYSCOLDIST
– COLVALUE
– FREQUENCYF
– TYPE
– CARDF
– COLGROUPCOLNO
– NUMCOLUMNS

SYSCOLUMNS
– COLCARDF
– HIGH2KEY
– LOW2KEY

SYSINDEXES
– CLUSTERING
– CLUSTERRATIOF
– FIRSTKEYCARDF
– FULLKEYCARDFNLEAF
– NLEVELS

SYSINDEXPART
– LIMITKEY

SYSROUTINES
– IOS_PER_INVOC
– INSTS_PER_INVOC
– INITIAL_IOS
– INITIAL_INSTS
– CARDINALITY

SYSTABLES
– CARDF
– EDPROC
– NPAGES
– PCTROWCOMP

SYSTABLESPACE
– NACTIVEF

SYSTABSTATS
– CARDF
– NPAGES
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RUNSTATS
When to run RUNSTATS:

After LOAD, REORG, and REBUILD IX
After creating new index
After heavy insert, update, delete activity

Performance Tip:
Only run RUNSTATS against partitions which have 
changed.
Consider using the SAMPLE option for column 
statistics to reduce processor costs
• Be sure to check access paths when using 

SAMPLE option
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Monitor Runstats
REBIND after RUNSTATS?

New index created
CLUSTERRATIOF changes <> 80%
Changes more than 20%
• Cardinality
• NPAGES
• NACTIVEF
• NLEAF
• Range of HIGH2KEY to LOW2KEY
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Interpreting the Plan Table

TNAME ACCESSTYPE MATCH 
COLS

ACCESSNA
ME

INDEX 
ONLY

PREFETC
H

DB2 
Table 
Name

I = Index If 
accesstyp
e = I, I1, 
N, or MX 
the 
number 
of index 
key 
columns 
used in 
the index 
scan

Accesstype = 
I, I1, N, or 
MX the name 
of the index

Y = 
Yes
N = No

Whethe
r data 
access 
was 
require
d

S = 
sequential 
data pages

L = list of 
pages

Pages are 
read in 
advance

I1 = One fetch index 
scan
N = In list index scan

R = Tablespace scan

M = Multiple Index 
scan
MX = Index scan

MI = Intersection of 
multiple indexes
MU = Union of 
multiple indexes

Emp I 2 Employee_ix N

Example – Select * from Emp where empno = ‘000010’ and workdept = ‘A01’;
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SQL Access Paths

Index on predicate column results in index and tablespace
access

NXEMP11IEmp

No index on predicate…tablespace scan with prefetch

SN0REmp

PrefetchIndex
only

Accessn
ame

MatchcolsAccesstypeTname

Example – Select * from Emp
where empno = ‘000010’ and workdept = ‘A01’;
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Efficiency of Access Paths
Single table Queries
1. Matching Unique IX(=)
2. IX only 
3. Multi-IX Access
4. Matching IX Scan
5. Non-Matching IX Scan
6. Segmented TS Scan
7. Non-Segmented TS Scan

Multi-Table Queries
1. Merge Scan Join

• Very large tables
2. Hybrid Join

– Medium size tables
3. Nested Loop Join

– Small Tables
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SQL Tuning Session
Let’s Tune a SQL Statement

Analyze Details Determine
Solution Test Solution

Repeat process for best results

Compare Results
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Quest Central’s SQL Tuning
Step 1:  Analyze Details

Advanced SQL Tuning Environment
– Provides Access Path and object statistics
– In-Context object statistics display

Select access path step and associated 
tables, indexes, and columns are 
highlighted
– User Selected object statistics display

• Select table and associated indexes and columns 
are displayed

• Select index and associated columns are 
displayed
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SQL – Entered from 
diagnostics, file, View, SQL 
Editor, Plan/Package, or free 
form

Quest Central SQL Tuning
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Table StatisticsExplain Access 
Path

Index Statistics

Column Statistics

Quest Central SQL Tuning



34

Step 2:  Determine Solution
– In-Context Advice

• Provides advice items
• Provides advice actions in-context to the advice 

items
• Allows users to choose an advice action and 

product rewrites the SQL to incorporate the 
advice item

• Options Include:
– Display object advice
– Display advice by severity levels

Quest Central SQL Tuning
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Advice describes and 
optionally edits SQL

Quest Central SQL Tuning



36

Step 3: Test Solution
– Scenarios

• Provides an entirely new SQL Tuning environment 
based on a modified SQL Statement

– Advantage – allows user to retain original SQL and 
make one change at a time to allow for comparison 
of results

• New scenarios can be created from the toolbar or 
the scenario tab

• New scenarios can be generated from within the 
advice tab

Quest Central SQL Tuning
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Scenarios allow for 
modifying original SQL

Quest Central SQL Tuning
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Step 4:  Compare Results
– Compare Engine

• Immediately detect which scenario 
performs best

• Compares execution statistics
• Compares SQL statement text
• Compares access plans
• Compare execution results

– Ensure same amount of data is being returned

Quest Central SQL Tuning
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Execution Statistics 
Compare

Quest Central SQL Tuning
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Access Path Compare

Quest Central SQL Tuning
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Execution Results Compare

Quest Central SQL Tuning
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Prove SQL concepts using 
Quest Central
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Quest Central SQL Tuning

Compare against Optimize 1 row
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Quest Central SQL Tuning

Subselect vs. Join
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Quest Central SQL Tuning

Advice recommends
Rewriting as a join
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Quest Central SQL Tuning

Rewritten Query
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Quest Central SQL Tuning

Compare join vs. subselect



48

Quest Central SQL Tuning

Join vs. Correlated vs. Noncorrelated subquery
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Union vs. IN vs. Between
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Compare Results

Clearly determine that
UNION is the least

Efficient way to write
this query
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Quest Central for DB2 S/390

Summary of Quest Central 3.1.1 and 
OS/390
– Database Administration 
– Space Management
– Performance Diagnostics
– SQL Tuning

Who says managing DB2 on OS/390 
can’t be fun?!
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THANK YOU 
FOR LISTENING

Questions? Contact Jim Wankowski. 
jim.wankowski@quest.com

Download free trial of Quest Central, whitepapers, and 
technical presentations at:

WWW.Quest.Com/DB2


