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Introduction

18 years working with Oracle products
Database administration / development / 
training / tuning
Oracle Magazine’s Educator of the Year 2004
Sage Computing Services is a consulting / 
training company based in Perth, Western 
Australia

Australian Oracle User Group
International Oracle User Group
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Agenda

Identifying the problem
Finding the actual access path
Known optimiser issues
Common tuning problems
Oracle 10g tuning features
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Identifying the Problem

Stage 1 – Denial
Lets try it again, it might work next 
time
Maybe something else was running
It ran OK last week and I haven’t 
changed anything

Stage 2 – Blame someone else
Give it to the DBA
Leave it and hope someone else 
notices
Call the hardware engineers

Stage 3 – I’d better do something
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Case 1 – The Problem

Select statement is generated by a third 
party product
Statement runs for 4 minutes
Developer’s action

Cut and paste the statement from 
V$SQLAREA
Run Explain in the same database
Statement runs in <1 sec
Statement is using the expected index
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Find Out What it Really Did

Use trace event 10046
Check user_dump_dest

Location for trace files
Set at system level only

Check max_dump_file_size
Maximum size of trace file in OS blocks
Can be set at session level

Check timed_statistics
Automatically on if statistics_level = TYPICAL or ALL
Needed for cpu/elapsed times
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Find Out What it Really Did

Trace the user’s session
BEGIN
DBMS_MONITOR.SESSION_TRACE_ENABLE(

session_id => 999, serial_num => 99, 
waits => TRUE, binds => FALSE);

END;

Format the trace file
tkprof ora10g_ora_4216.trc trace1.lst 
sys=no
Statement does not use the index
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Determine Why

Use trace event 10053
Trace optimiser decision
Not formatted with tkprof
ALTER SYSTEM SET EVENTS 
'10053 trace name context forever';
ALTER SYSTEM SET EVENTS 
'10053 trace name context off';
File in user_dump_dest
Only on hard parse
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Trace 10053 File –
Initialisation Parameters

Check for 
Optimizer 
Mode and 
other session 
variables
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The Reason

The third party product 
issued an ALTER SESSION 
SET OPTIMIZER_MODE = 
ALL_ROWS before 
submitting the SELECT 
statement
The SQL session used to 
Explain was running with 
FIRST_ROWS
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Resolution

Package -> cannot change the code
Cannot use a SQL*Profile since 
statement generated slightly differently 
each time 
Cannot use a stored outline since 
statement generated slightly differently 
each time
Use OPTIMIZER_INDEX_COST_ADJ to 
make an index more attractive
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Problems with Explain
Most databases
are different

Even within the same database, sessions may be 
different

The CBO is aware of a variety of parameters which can be changed
at system and session level including:

OPTIMIZER_MODE
SORT_AREA_SIZE
DB_FILE_MULTIBLOCK_READ_COUNT
OPTIMIZER_INDEX_COST_ADJ
OPTIMIZER_INDEX_CACHING
HASH_JOIN_ENABLE

Don’t rely on Explain
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Finding The Actual 
Access Path

Trace 10046
V$tables
Enterprise Manager
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Trace 10046 Levels

ALTER SESSION SET 
TRACEFILE_IDENTIFIER = 'PENNY3'
Trace levels
1 Trace resources
4 Trace resources and bind variable values
8 Trace resources and wait events
12 Trace resources, bind variables and wait 

events
ALTER SYSTEM SET EVENTS ‘10046 trace 
name context forever, level 12’
ALTER SESSION SET EVENTS ‘10046 trace 
name context forever, level 12’
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Trace 10046 Example

ALTER session SET EVENTS ‘10046 trace
name context forever, level 12’

DECLARE
v_event_no NUMBER :=2264;
v_count NUMBER;
BEGIN
SELECT  COUNT(e.comments)
INTO    v_count
FROM       events e, bookings b
WHERE      e.event_no = b.event_no
AND        e.org_id = v_event_no;
END;
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Trace 10046 Example
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tkprof
tkprof ora10g_ora_456.trc trace1.prf
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Shared Pool - Views

V$SQLAREA V$SQL

Row for each
statement

Row for each
statement and
session variables /
schema

SQL_TEXT
--------------------------------
HASH_VALUE ADDRESS VERSION_COUNT
---------- ------- -------------
SELECT * FROM events 
WHERE org_id = 1000
3111581409 7AF81434            2

SQL_TEXT         PARSING_USER_ID
---------------- ---------------
HASH_VALUE ADDRESS CHILD_NUMBER
---------- ------- -------------
SELECT * FROM events          61
WHERE org_id = 1000
3111581409 7AF81434            0

SELECT * FROM events           5
WHERE org_id = 1000
3111581409 7AF81434            1
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Oracle 9i - Views

Row for each
operation

V$SQL_PLAN_STATISTICS_ALL

V$SQL_PLAN_STATISTICS

ADDRESS
HASH_VALUE
CHILD_NUMBER
OPERATION_ID

If STATISTICS_LEVEL = ALL

V$SQL_WORKAREA

V$SQL V$SQL_PLAN

ADDRESS
HASH_VALUE
CHILD_NUMBER
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Oracle 10g - Views
Row for each
operation

V$SQL_PLAN_STATISTICS_ALL

V$SQL_PLAN_STATISTICS

SQL_ID
CHILD_NUMBER

If STATISTICS_LEVEL = ALL

V$SQL_WORKAREA

V$SQL V$SQL_PLAN

SQL_ID
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Example- Identify High 
Resource Statements

Select from V$SQL for high buffer_gets
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Example – Get the Plan 
from V$SQL_PLAN
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IT in Australia

What do 
Australian DBAs
have for
breakfast?

DBAs do not eat 
breakfast.  They 
go to work early 
to avoid developers
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Known Optimiser 
Problems
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Problems Calculating 
Cardinality

The CBO can work out cardinality for single 
table access when it has:

Data not skewed + col = literal or col = bind variable
Data not skewed + range check using literal
Data skewed + histogram + col = literal

The CBO cannot work out cardinality for 
single table access when it has:

Data skewed + col = bind variable
Data not skewed + range check using bind variable

The CBO’s solution to this it to use bind 
peeking
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Example Data

SELECT resource_code, COUNT(*)
FROM bookings_large
GROUP BY resource_code

RESO   COUNT(*)
---- ----------
BRLG     297763
BRSM     148879
CONF      99255
FLPC      99252
LNCH     148881
PC1        9629
TAP1      49626
VCR1     489252
VCR2      99255

SELECT num_distinct, histogram
FROM     user_tab_col_statistics
WHERE  table_name = 'BOOKINGS_LARGE'
AND       column_name = 'RESOURCE_CODE'

NUM_DISTINCT HISTOGRAM
------------ --------------

9 NONE
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Cardinality

Column = bind variable     (No histogram)
Number of rows expected (cardinality) = 
(Cardinality of table – Number of null rows) * 
Density of column

Example:
SELECT * FROM bookings_large
WHERE    resource_code = :b1

174727.67 = 1572549 / 9
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Bind Peeking

Version 9i/10g use “Bind Variable 
Peeking”
Plan is based on the value of the first 
bind value used when statement is hard 
parsed
To disable set _optim_peek_user_binds
to FALSE
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ORA92>SELECT resource_code, count(*) 
FROM   bookings_large 
GROUP BY resource_code;

RESO   COUNT(*)
---- ----------
BRLG     311399
BRSM     155698
CONF     103800
FLPC     103798
LNCH     155699
PC1       51900
TAP1      51899
VCR1     403802
VCR2     103800

Bind Peeking

Majority value
Minority value
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Bind Peeking – Non 
Selective Criteria First

ALTER SESSION set events '10046 trace name context forever’
variable v1 VARCHAR2(4)

begin   :v3 := ‘VCR1';  end;

SELECT SUM(quantity)
FROM   bookings_large
WHERE  resource_code = :v3;

begin  :v3 := ‘PC1';  end;

SELECT SUM(quantity)
FROM   bookings_large
WHERE  resource_code = :v3;

tkprof ora10g_ora_1856.trc trace21.lst  SYS=no aggregate=no
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Bind Peeking – Non 
Selective Criteria First
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Bind Peeking – Non 
Selective Criteria First
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Bind Peeking –Selective 
Criteria Second
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ALTER SESSION set events '10046 trace name context forever’
variable v1 VARCHAR2(4)

begin   :v1 := ‘PC1';  end;

SELECT SUM(quantity)
FROM   bookings_large
WHERE  resource_code = :v1;

begin  :v1 := ‘VCR1';  end;

SELECT SUM(quantity)
FROM   bookings_large
WHERE  resource_code = :v1;

tkprof ora10g_ora_1856.trc trace21.lst  SYS=no aggregate=no

Bind Peeking – Selective 
Criteria First
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Bind Peeking –Selective 
Criteria First
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Bind Peeking –Selective 
Criteria First
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Bind Peeking –Non Selective 
Criteria Second
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Handling Bind Peeking

Bind peeking is OK if:
Query always uses selective criteria
Query always uses non selective criteria

Bind peeking is a problem if:
Selectivity of criteria varies

Write separate queries
Turn bind peeking off
Its better to do a full scan than use a bad 
index
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Unusual Data Patterns

CBO makes assumptions about data 
distribution
Uses number of distinct values
Assumes even distribution
Uses low and high values for ranges
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Estimate of Cardinality

Example:
SELECT * FROM bookings_large WHERE booking_no > 11000

263.88  = (11264 - 6)  * 
(11264 – 11000) / (11264 – 1)

Column > Value     (No histogram)
Number of rows expected (cardinality) = 

(Cardinality of table – Number of null rows) 
* (Max – Value) / Max – Min)
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Case 2 – Poor Index Use

Table has 1.4 million rows
SELECT COUNT(booking_no)
FROM     bookings_large;

COUNT(BOOKING_NO)
----------------------------------

1441793

There are no majority values
SELECT MAX(COUNT(EVENT_NO))
FROM BOOKINGS_LARGE
GROUP BY EVENT_NO;

MAX(COUNT(EVENT_NO))
--------------------

11795
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OPTIMIZER_MODE=FIRST_ROWS_10

Case 2 – Poor Index Use
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Full scan is more efficient

Case 2 – Poor Index Use
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CBO thinks it will return 14 rows

Find Out Why it Did It
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Check the Data Patterns
SELECT MIN(event_no), max(event_no), COUNT(distinct
event_no)
FROM bookings_large;

MIN(EVENT_NO) MAX(EVENT_NO) COUNT(DISTINCTEVENT_NO)
------------- ------------- -----------------------

200    1.0000E+15                  100002

SELECT WIDTH_BUCKET(event_no,1,1000000000000002,99) bucket,
count(*)

FROM bookings_large
GROUP BY WIDTH_BUCKET(event_no,1,1000000000000002,99)

BUCKET   COUNT(*)
---------- ----------

1    1430000
100      11795
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Resolution
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Create a Histogram
BEGIN
dbms_stats.gather_table_stats (ownname=>'TRAIN2', 

tabname=>'BOOKINGS_LARGE', 
cascade=>TRUE, 
method_opt=>'FOR COLUMNS event_no SIZE 100');

END;
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What if we are using Bind 
Variables?

SET 
statistics 
manually 
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Trace Using Manually Set 
Statistics
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IT in Australia

How advanced is Australian society?

We even have air travel now
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Using Oracle 10g Tuning 
Features

Case 3 – The Problem 
Query is only returning a few rows
CBO uses hash joins
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Case 3 – The Query
SELECT   count(b.comments)
FROM       organisations o, events_large e, 

TRAIN2.bookings_large b, resources r
WHERE    o.org_id = e.org_id
AND         e.event_no = b.event_no
AND         b.resource_code = r.code
AND         o.name = 'Australian Medical Systems'
AND         r.description = 'Buffet Lunch'
AND         e.comments = 'TEST‘;

BOOKINGS_LARGE Indexes
INDEX_NAME                     COLUMN_NAME
------------------------------ -------------
BL_EVT2                         EVENT_NO
BK_RES2                         RESOURCE_CODE
BOOKLG_PK BOOKING_NO
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Case 3 – Trace
call     count       cpu elapsed       disk      query    current        rows
------- ------ -------- ---------- ---------- ---------- ---------- ----------
Parse        1      0.00       0.00 0          0          0           0
Execute      1      0.00       0.00 0          0          0           0
Fetch        2      5.14      15.91      35907      36176       0           1
------- ------ -------- ---------- ---------- ---------- ---------- ----------
total        4      5.14      15.91      35907      36176       0           1

Misses in library cache during parse: 0
Optimizer mode: ALL_ROWS
Parsing user id: 67  

Rows     Row Source Operation
------- ---------------------------------------------------

1  SORT AGGREGATE (cr=36176 pr=35907 pw=0 time=15914592 us)
33   HASH JOIN  (cr=36176 pr=35907 pw=0 time=10143161 us)
1    TABLE ACCESS FULL RESOURCES (cr=7 pr=0 pw=0 time=108 us)

232    HASH JOIN  (cr=36169 pr=35907 pw=0 time=26171912 us)
4     HASH JOIN  (cr=948 pr=700 pw=0 time=25782 us)
1      TABLE ACCESS FULL ORGANISATIONS (cr=7 pr=0 pw=0 time=119 us)

73745      TABLE ACCESS FULL EVENTS_LARGE (cr=941 pr=700 pw=0 time=172872 us)
5767168     TABLE ACCESS FULL BOOKINGS_LARGE (cr=35221 pr=35207 pw=0 time=34622905 us)
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Case 3 – The Model

ORGANISATIONS

RESOURCES

EVENTS_LARGE

BOOKINGS_LARGE
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Case 3 – Check Join and 
Access Paths

ORGANISATIONS

RESOURCES

EVENTS_LARGE

BOOKINGS_LARGE

o.name = 'Australian Medical Systems'

r.description = 'Buffet Lunch'

AND   e.comments = 'TEST'
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Case 3 – Check Join and 
Access Paths

ORGANISATIONS

RESOURCES

EVENTS_LARGE

BOOKINGS_LARGE

o.name = 'Australian Medical Systems'

r.description = 'Buffet Lunch'

AND   e.comments = 'TEST'
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Unusual Data Patterns

The CBO does not know about complex 
data patterns in normal mode
The CBO does know about complex data 
patterns in tuning mode
Uses partial execution of statement
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View the SQL Profile
SELECT id, name, advisor_name
FROM WRI$_ADV_TASKS
WHERE name = 'SQL_TUNING_1124062639390'

ID         NAME                          ADVISOR_NAME
---------- ------------------------------ -------------------

1462 SQL_TUNING_1124062639390       SQL Tuning Advisor

SELECT id, attr1
FROM WRI$_ADV_RATIONALE
WHERE task_id = 1462

ID   ATTR1
----- ----------------------------------------------------------------
1 OPT_ESTIMATE(@"SEL$1", JOIN, ("B"@"SEL$1", "E"@"SEL$1",

"O"@"SEL$1"),SCALE_ROWS =0.2412761095)
2 OPT_ESTIMATE(@"SEL$1", JOIN, ("E"@"SEL$1", "O"@"SEL$1"), 

SCALE_ROWS=0.00272541449)
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Tune Manually

SELECT --+ ORDERED USE_NL_WITH_INDEX(b BK_EVT2)
count(b.comments)

FROM    organisations o, events_large e,  
TRAIN2.bookings_large b, resources r

WHERE o.org_id = e.org_id
AND       e.event_no = b.event_no
AND       b.resource_code = r.code
AND       o.name = 'Australian Medical Systems'
AND       r.description = 'Buffet Lunch'
AND       e.comments = 'TEST'
/
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Result
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Check for Unusual Data 
Patterns

Majority 
values
Unusually 
high or low 
values
Complex data 
dependencies
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A Myth

The Optimiser will always choose the 
cheapest plan

Query returning majority
of table
Really bad index use
No unusual data pattens
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Case 4 – Bad Index Use

SELECT MIN(event_no), MAX(event_no), 
COUNT(booking_no) 

FROM bookings_large
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Case 4 – Bad Index use

EXPLAIN PLAN FOR 
SELECT * FROM bookings_large
WHERE  event_no < 1500
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Case 4 – The Trace

Optimizer knows the index scan is not 
the cheapest plan

FIRST_ROWS
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FIRST_ROWS_N

FIRST_ROWS_1
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FIRST_ROWS_n

FIRST_ROWS
For backwards compatibility
Uses mix of Cost and Rule
Unlikely to do full scans

FIRST_ROWS_n
Uses Cost
May do full scans
--+FIRST_ROWS(n)
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SQL*Profile

SELECT id, name 
FROM WRI$_ADV_TASKS

Id NAME
---------------- -----------------------------

1065 BOOKINGS_BY_EVENT_NO
1062 TUNE_BK_LG1
1035 ADDM:3843294908_1_810
1036 ADDM:3843294908_1_811
1037 ADDM:3843294908_1_812
1049 ADDM:3843294908_1_824
1034 ADDM:3843294908_1_809
1050 ADDM:3843294908_1_825
1051 ADDM:3843294908_1_826
1053 ADDM:3843294908_1_828

SELECT id, attr1
FROM WRI$_ADV_RATIONALE 
WHERE task_id = 1065

Id ATTR1
----- -------------------------------------

1 FIRST_ROWS(1)
2 OPTIMIZER_FEATURES_ENABLE(default)
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OPTIMIZER_MODE

Use FIRST_ROWS_N for OLTP
Use ALL_ROWS for Reporting/Batch
Only use FIRST_ROWS to force index 
use when Oracle doesn’t want to
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Gathering Statistics

Why Use DBMS_STATS
Correct partition statistics
Parallel execution
Block sampling
The ability to go back
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Case 5 – The Problem

Monday
Database performance is acceptable

Monday night
Minor database upgrade

Tuesday night
Gather statistics

Wednesday
Users start complaining
Performance of some jobs goes from 4hrs to 17hrs
and 30 secs to 4mins
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Case 5 – The Investigation

Create a  team of:
Developers
DBAs
Oracle Consultants
Hardware Engineers



www.sagecomputing.com.au

Case 5 – The Result

Optimiser picking really bad access 
paths
Insufficient evidence to work out why
Resolved by tuning individual 
statements
ALWAYS provide 
yourself with a way to recover



www.sagecomputing.com.au

Case 5 - Prevention

Use DBMS_STATS to backup statistics 
each time they are changed
If performance deteriorates after 
gathering statistics put the old ones 
back
Store the plans of critical statements so 
you can tell if they have changed
ALWAYS provide yourself with a way to 
back out
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Approach - Initial Checks

Are statistics up to date and gathered on all 
objects?
Are histograms gathered on skewed data?
Are system statistics collected?
Are the initialisation parameters appropriate

Fix any of these and then rerun the statement

If it still doesn’t run well
Trace the statement
Decide what you want it to do
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Fixing It

Change session settings
Consider rewriting the statement
Consider hints
Consider new indexes
Use SQL Tuning Advisor 
Use SQL Access Advisor
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If it Needs to Do That 
Much Work

Run the statement 
overnight
Consider 
materialised views
Consider partitioning
Consider 
parralelisation
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DB SESSIONS

End to End Monitoring

GENERIC

GENERIC

GENERIC

GENERIC

APPUSER1

APPUSER2

APPUSER3

APPUSER4

APPUSER5
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Oracle 10g Tuning - trcsess

trcsess used to consolidate a number of 
trace files
Based on

Service
Clientid
Module
Action

DBMS_APPLICATION_INFO package 
can be used to set the module and 
action from within an application
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dbms_application_info.set_module
(module_name=>'RESBOOK',
action_name=>'UPDATEBOOK');

Setting Module and Action

SELECT  module, action
FROM     v$session
WHERE  module IS NOT NULL
MODULE ACTION 

---------------- ---------------
SQL*Plus
RESBOOK UPDATEBOOK 

SQL*Plus
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Trace FilesTrace Files
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Consolidate Trace Files

trcsess output=trace4.trc module=RESBOOK

tkprof trace4.trc trace4.lst sys=no

trcsess output=trace4.trc module=RESBOOK
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DBMS Monitor

Trace
Session
Service/Module/Action
Client ID

Gather statistics for
Session
Service/Module/Action
Client ID

Set Module/Action with dbms_application_info
Set Client Id with dbms_session
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Trace a Client
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Find Active Traces

SELECT * 
FROM
DBA_ENABLED_TRACES

TRACE_TYPE
---------------------
PRIMARY_ID
-------------------------------------------------------------
QUALIFIER_ID1
------------------------------------------------
QUALIFIER_ID2                    WAITS BINDS INSTANCE_NAME
-------------------------------- ----- ----- ----------------
CLIENT_ID
PENNY

TRUE  TRUE
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Trace a Client
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Consolidate Trace Files

trcsess output=trace4.trc module=RESBOOK

tkprof trace5.trc trace5.lst sys=no

trcsess output=trace5.trc clientid=‘PENNY’
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End to End Monitoring

GENERIC
APPUSER1

V$SESSION
CLIENT_ID
SERVICE_NAME
MODULE
ACTION
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End to End Monitoring

GENERIC

V$SESSION
CLIENT_ID = APPUSER1
SERVICE_NAME=ora10g
MODULE=RESBOOK
ACTION=UPDATE_BOOK

GENERIC

V$SESSION
CLIENT_ID = APPUSER1
SERVICE_NAME=ora10g
MODULE=RESBOOK
ACTION=UPDATE_BOOK

GENERIC

V$SESSION
CLIENT_ID = APPUSER1
SERVICE_NAME=ora10g
MODULE=RESBOOK
ACTION=UPDATE_BOOK

GENERIC

V$SESSION
CLIENT_ID = APPUSER1
SERVICE_NAME=ora10g
MODULE=RESBOOK
ACTION=UPDATE_BOOK

ora10g_ora_7888.trc

ora10g_ora_6734.trc

ora10g_ora_3562.trc

ora10g_ora_9846.trc

trcsess output=appuser1.trc clientid=APPUSER1

appuser1.trc

tkprof appuser1.trc appuser1.lst

appuser1.lst
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Example - HTMLDB
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Example HTMLDB

SELECT service_name, client_identifier, 
module, action,username
FROM v$session
WHERE username = 'HTMLDB_PUBLIC_USER'

SERVICE_NAME
--------------------------------------------------------------
CLIENT_IDENTIFIER
--------------------------------------------------------------
MODULE
------------------------------------------------
ACTION                           USERNAME
-------------------------------- -----------------------------
ora10g.sagecomputing.com.au

HTML DB
application 118, page 13, sessio HTMLDB_PUBLIC_USER
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Example Example -- HTMLDBHTMLDB
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Example HTMLDB
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Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager



www.sagecomputing.com.au

Using Enterprise ManagerUsing Enterprise Manager
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Using Enterprise ManagerUsing Enterprise Manager
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Some Basic Tuning Rules

You will never be provided with enough  
information – find out yourself
If you ask the question “What has been 
changed” the answer will always be 
“nothing”
Don’t believe anything your client says 
– check for yourself
Know when to stop
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IT in Australia

Why is this koala
not like the average
DBA?
It is cute and cuddly

Why is this koala
like the average
DBA?

Have you ever tried
to ask a koala to
grant you database
access?



Thank You for Your Attention

Penny Cookson
Managing Director

www.sagecomputing.com.au

SAGE Computing ServicesSAGE Computing Services
Customised Oracle Training WorkshopsCustomised Oracle Training Workshops

and Consultingand Consulting
www.sagecomputing.com.auwww.sagecomputing.com.au


