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Oracle Performance Tuning
Methods:

A brief history
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. Oracle Tuning Methods

* Prehistory (v5)
* Debug code

« Dark Ages (v6)
* Counters/Ratios
« BSTAT/ESTAT
« SQL*Trace

* Renaissance (v7)
* |ntroduction of Wait Event instrumentation

 Move from counters to timers
« STATSPACK
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. The Modern Age of time-based tuning

* YAPP (8i) - Instance tuning using instance statistics
* Non intrusive, always on
« Broadly scoped

* Method R (9i) - Session tuning using 10046 SQL traces
« Tightly scoped
* Must be highly selective

« DB Time Tuning (10g) — Comprehensive tuning using
fundamental notion of time in database

* Multiple scoping levels
« Always on, non-intrusive
« Built into infrastructure: instrumentation, ASH, AWR, ADDM, EM
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. Why Do We Care About Time?

 Human time is critical to the enterprise

» Systems performance affects business goals
* Human time + technology resource time

* “Time is money”

« Performance improvement means doing things faster

Performance is always and only about time
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. Scope of time-based methods

A DB Time Method
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. The DB Time method: short course

or
Just ask ADDM
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Database Time and
Average Active Sessions
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. Database time (DB Time)

 Total time in database calls by foreground sessions
* Includes CPU time, IO time and non-idle wait time
DB Time <> response time

* New lingua franca for Oracle performance analysis

Database time is total time spent by user
processes either actively working or actively
waiting in a database call.
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. A Single Session

Single session with Database Black Box server
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. Fundamental concepts

Active Session =

Session currently spending time in a database call

Database Time (DB Time) =

Total time session spent in all database calls

Average Activity of the Session (% Activity) =
The ratio of time active to total wall clock time
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. Multiple Sessions

DB Time = Sum of DB Time Over All Sessions

Avg. Active Sessions = Sum of Avg. Activity Over All Sessions

At time f we have 2 active sessions

B > Userd

T I NN > User?

L — . > Userd

— ] » Usern
TIME

t
B = time spent in database
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. The Basic Concept

Total Database Time

Avg. Active Sessions =

Wall Clock (Elapsed) Time

User 1
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User 3
User n

{0 t1
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TIME

Active Sessions over time
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. EM Performance page
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* Average Active Sessions

Active Sessions

Active Sessions by wait class over time
Colored area = amount of DB time

“Click on the big stuff...”
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. DB Time instrumentation

* New session-level timers at call boundaries
« Connection management time captured to begin session
« Some call stack timing captured (e.g. hard parse breakdown)
» Connection tear-down time captured (?)

» DB time aggregated into system level counters
. V$SYS_TIME_MODEL

* More complete wait time instrumentation
 Call cleanup, e.g. cursor close
- Many new events
- Wait event classification
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DB Time and
System Performance
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. System load and DB time

 More users
« => More calls
« => DB time increases

- Larger transactions
« => Longer calls
- => DB time increases

DB time increases as system load increases.
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. System performance and DB time

* |O performance degrades
« => |0 time increases
« => DB time increases

* Application performance degrades
« => \Wait time increases
« => DB time increases

DB time increases when performance degrades.
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. Host performance and DB time

 Host is CPU-bound

« => foregrounds accumulate active run-queue time
« => walit event times are artificially inflated
« => DB time increases

Tune for CPU before waits when CPU constrained
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. CPU run-queue and DB time

Recorded wait time Recorded wait time
> > User 1
>
N Run-queue T Run-queue I
Db file sequential read On CPU Db file sequential read On CPU
> >
Actual wait time Actual wait time

DB time is inflated when host is CPU-bound
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. Where to find DB time?

. V$SYS TIME_MODEL
« STAT _NAME = ‘DB time’
 Accumulated value over entire instance

« VSWAITCLASSMETRIC HISTORY
- AVERAGE_WAITER_COUNT (Avg Active Sessions)
« DBTIME_IN_WAIT (percent of DB Time)

« VISYSMETRIC_HISTORY

- “Database Time Per Second”, “CPU Usage Per Sec”
* 10g units = centi-secs/sec (100xAvg. Active Sessions)
* 11g new metric “Average Active Sessions”
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. Where to find DB time?

« VSSQL
- ELAPSED_TIME and CPU_TIME

* Wait class times:
APPLICATION, CONCURRENCY, CLUSTER, USER 10

- V$ACTIVE_SESSION_HISTORY

« Samples active sessions every second
« DB Time = Sample counts
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. Where is DB time used?

- ADDM

« EM Performance page and drill downs

* ASH report

« AWR and AWR compare periods reports

« SYSMETRICS and Server-generated Alerts
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Active Session History
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. Active sessions

 Active Foreground sessions in a database call
 Either on CPU, waiting for |O, or waiting (not idle)
» Backgrounds are also interesting

select *
from VSSESSION S

where S.status = ‘ACTIVE'
and S.type = ‘USER'

Active sessions are foreground sessions
contributing to DB time at any given moment

ORACLE



. Active Session History (ASH)

Active sessions sampled and persisted in-memory
« Sampling interval = 1 second
« VSACTIVE_SESSION_HISTORY
» Foreground and background sessions are sampled

On-disk persistence (1 in 10 samples)
- DBA_HIST_ACTIVE_SESS_HISTORY

ASH is a many-dimensional FACT table
« Dimensions are V3SESSION columns
* Fact is that DB time was accumulating over these dimensions

ASH is a system-wide trace of what happened
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. ASH and DB time

« ASH sample counts = DB Time in seconds
» Assumes default 1 second sampling
* Low sample sizes are less reliable

- Enables DB Time analysis over many dimensions
« Sqlid, session id, instance, service, module, action

select COUNT (1) as dbtime
,sqglid
from vSactive session history
where session type=‘'FOREGROUND’
group by sglid
order by 1;
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. Estimating DB time with ASH

of active sessions function

Active sessions ASH sample count is value \
at sample times

DB time is area

under curve ét =1 sec

N

N

Al

Al
il |

t0 time t1

[\
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. Integral approximation using ASH

tl
DB time = j ActiveSess ions(t) dt
t0

= lim Z ActiveSess ions (t, ) * At
At—)O_ T

sampletime <t1
~ Z ASHsamples *1

sampletime >t 0

(where At =1second)



. EM Top Activity page
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. Sampled vs. cumulative DB time
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The DB Time Method
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. The DB Time Method: context

Two use-cases, one method:

1. Systemic performance tuning
* Improve overall workload throughput or response time
- Best practice: use ADDM

2. Transient performance problem diagnosis
« Confirm and investigate reported performance issues
- Best practice: use EM
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. The DB Time Method: process

|dentify performance issue
Scope the issue
Set goals

Investigate DB time distribution
|dentify the largest potential for improvement

Modify system to tune for largest gain

6. Evaluate against goals
Repeat from step 4 if goals not met

B w N =

o

Performance tuning by removing excess DB time



. Identify performance issues

» User reported: complaints about performance

» System monitoring, SYSMETRIC thresholds:

Database Time Per Sec (10g)

Average Active Sessions (119g)

Response Time Per Txn (DB time per transaction)
SQL Service Response Time (DB time per user call)

- Extending system capacity
« Don’t Kill It With Iron, Resuscitate It With Tuning
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. Scope performance issues

« Organizational level scoping (business impact)
* Enterprise
« Department
* Application
« User

« Database level scoping (technology impact)
* Host

Database/Instance

Service/Module/Action

Session/Client ID

SQL ID
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. Set tuning goals

» Goals should be business-oriented
* Technology serves the business, not vice versa

» Goals should be quantifiable
» Business-relevant, database measurable metrics are best
« Perform X transactions per minute
* “Run as fast as possible” is NOT a goal (not quantifiable)

« Scope the goals
* How much of the pain can be relieved?
« Temporary vs. permanent solutions
* What are the constraints?
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. Investigate DB time distribution

|dentify uneven distributions of DB time (skew)
« => Largest potential improvement within scope

System scope:
» Resource limits — is problem outside the DB?

Application scope:
« Service, module, action
» Resource contention (e.g. latches)
- SQLID, rowsource

Session scope:
* Long running SQL
» Resource contention (e.g. enqueues)
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. Identify potential solutions

Session contention issues
» Kill session
* Fix application

SQL issues
« SQL Tuning Advisor => Indexes, SQL profile
¢ Re-write SQL

Design issues
* Access Advisor => Indexes, physical layout

System issues
* Initialization parameters
« Add resources
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. DB time distribution: data sources

« System scope
. V$SYS_ TIME_MODEL
« VSWAITCLASSMETRIC_ HISTORY
« V$SQAL

* Session scope
- V$SESS TIME_MODEL

 All scopes
 V$SACTIVE_SESSION_HISTORY
- DBA_HIST _ACTIVE_SESS HISTORY
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. Modify system

« Address the largest DB time issues first

- Stay within scope
* Don’t tweak optimizer parameters before tuning SQL

* Proceed iteratively one fix at a time
« Concurrent fixes should be orthogonal (if necessary)

* Measure results at each successive step

« Stop when goals are met



. Method Summary

* DB time is the fundamental performance metric

* The method allows DB time analysis at many scopes
* Proper scoping of problems and solutions is critical to success

- DB time based diagnosis removes value judgments
 Scientific method, not sorcerer’'s magic

« Performance improvement means doing the same work in
less DB Time
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. The DB Time Method: advantages

« Combines cumulative and sampled DB Time
 ‘Always on’ data collection
« Advance scoping not necessary

« Combines best of current methods
* Less intrusive, more inclusive

* No requirement to reproduce problem

* Works for concurrency problems such as locking
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. Best practice: use ADDM

 Embedded expert system using the DB time method
* |dentifies root causes behind the symptoms

 Variably scoped:
* Host to instance to SQL and even database block
« Scoped to database for RAC (new in 11Q)

 Findings prioritized by impact on DB time
 Finding history allows flexible time scoping
 Directives can filter findings

 Recommendations by benefit (reduction) to DB time
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S0l Text select [* big_guys ¥ o_year, sumicase when nation="BRAZIL' then volume. ..
SOL ID 1pzgsfbazjrmd
Action  Imvestigate the SOL statement with SQL_ID "dt7umutdm8ps? for possible performance improvernents,

SOL Text select * big_guws */ supp_nation, cust_nation, vear, ...
AL ID deFurmukdmSpa T

Ackion  Imvestigate the SOL statement with S0L_ID "9squwalukShijzw" For possible performance improvernents,

AL Text select * big_guws * o_orderpriority, counk(*) as arder_count from ...
SOL ID 9sguaOukIbjzi

Action  Imvestigate the SOL statement with SOL_ID "Génd4ywsmykne" for possible performance improvernents,



. Best practice: use EM

 Transient (sub-hour) or immediate time scope
* Requires interactivity of Ul

* ‘Click on the big stuff’

 Data visualizations display skew directly

« Takes some expertise to separate symptoms from
root causes

ORACLE
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Grid Control Home | Targets Deployments Alerts Compliance \ lobs : Report

Hosts | Databases | Application Servers | Web Applications | Groups | All Targets | Collaboration Suites

Cluster. dbscrs = Cluster Database: ORACLE COM = Logged in As
Database Instance: B_DB$232 Switch Database Instance| B_DBS232
Home Performance l Administration Maintenance
Click on an area of a graph or legend to get more detail. View Datal Real Time: 15 Second Refres
Host
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ORACLE Enterprise Manager 10g _ _ _ Setup Preferences Help Li
Grid Control Home JEETEE Deplowments Alarts Compliance lobs Repor

Hosts | Databases | Application Servers | Web Applications | Groups | All Targets | Collaboration Suites

Cluster: dbscrs = Cluster Database: ORACLE.COM > Database Instance: B DBS232 = Logged in As

Top Activity Switch Database InstancelB_DBSE32 =l
Drag the shaded box to change the time period for the detail section below.

WView Datal Real Time: 156 Second Refre

292
256 B Other
L] Cluster
219
g B Network
.E 18.2 B Administrative
" B Configuration
14.6
b B Commit
2 1o B Application
E 7.3 B Concurrency
B System 1/O
346 B User |/O
0.0 - : : S NN VWS s A [ Scheduler
.50 a.585 10000 10:05 1010 10158 10020 10:25 10030 10:358 10040 10.45 10:50 W CPU
Apr 5, 2008

Detail for Selected 5 Minute Interval

Start Time Apr 5, 2008 10:29:32 AM CDT [ Eun A5H Repart |
Top 5GL Top Sessions
| schedule SQL Tuning Advisar | Create SOL Tuning Set Wiew |T|:|p Sessions j
Select All | Sel Activity (%) |Sessiun ID|User Mame |F’n}gram
|saL Ip |saL Ty I 5 90 2170 NKANDALU oracle@stddrd6 (TNS V1-
N | 12.10 hhxbfcdkmammag SELECT I -0 1772 ADLREP perl@atgebs.us.oracle.cc
r 719 b2yz ECT (TNS V1-V3)
- B 6.60 6o T dh SELECT B 4.85 2023 MEGOPSTM ? @ap615utl ONS V1-V3
—_ I 4 66 2228 MOCOMMEL oracle@rmlinxielt (THNS Y
r I 630 9c09ntcqunuiu  SELECT V3)
r B -G2 cn96gsdrrmaub  SELECT B 1562 1955 MOCOMNMEL oracle@moconnel-inx (T
V1-W3
r B 465 e | 4.32 2203 MOCONNEL Dracle}@mncnnnel—lnx m
r W 450 bxygTgmvrfan  SELECT V1-V3)



ORACLE Enterprise Manager 10g
Grid Control

Hosts | Databases | Application Servers | Web Applications | Groups | All Targets | Collaboration Suites

Home )’ Targets

Deployments 7

Setup F‘reference; Help Lt
Compliance N Jobs N Fepor

Alerts 7

Cluster: dbscrs = Cluster Database: ORACLE.COM = Database Instance: B DBS232 > Top Activily =

SQL Details: bbxb6c4dkmgmmq
oo

Switch to SQL ID |

b Text

View Data

SELECT /*+ OPLAQUE TRANSFORM */
"RETNO", "RETDATE", "RPTD BY", "VERSION", "UTILITY VERSION", "CATEGORY","STATUS", "SUBJECT", "UPD BY", "CUSTOME!

FROM "BG"."RPTHERD"

Details

"H" WHERE "RPFTDATE"»>:1 AND "RPTD BY"<>'BATCH'

Logged in As

Real Time: Manual Refresh

~| (Refresh ) Schedule SOL Tuning Advisar

Select the plan hash value tnwmils below.  Plan Hash Value |3EI131E11E 'I

AND

"CUSTOMER" LIKE "%WPTG%' AND

Statistics J Activity [ Plan )Tuninﬂ Information

Summary

Drag the shaded box to change the time period for the detail section below.

[ resmgrcpu quantum
B db file sequential read

20
@ 15
=]
E 1.2
E 08
S o4
0.0 i ] i i i i i i i
451 945 10:00 10:05 1010 1015 10:20 1025 10:30 1035 10:40
Apr 5, 2008
Detail for Selected 5 Minute Interval
Start Time Apr 5, 2008 10:29:32 AM
Activity (%) S5ID  User Program
] 51.89 2228 MOCOMMEL oracle@rminxied? (TNS V1-V3)
] | 48.11 2203 MOCOMNMEL oracle@moconnel-inx (THS V1-W3)

1]

B CPU Used
10:45 10:60
| Run ASH Report )
Service Plan Hash Value
boracle.com 301316116
boracle.com - 301316116



Cluster: doscrs = Cluster Database: ORACLE.COM = Database Instance: B DBS232 = Top Activity = Logged in As

SQL Details: bbxb6cdkmgmmq m
Switch to SQL ID I [ Gao View Data |Real Time: Manual Refresh v | Refrdsh ) Schedule SOL Tuning Advi

B Text

SELECT /*+ COPAQUE TRANSFORM */
"RETNO", "RPTDATE", "RPTD BY", "VERSION", "UTILITY VERSION","CATEGORY","STATUS", "SUBJECT", "UPD BY", "CUSTOMER

FROM "BG"."RPFTHERD" "H" WHERE "RFTDATE">:1 AND "RFTD BY"<>'BATCH' AND "CUSTOMER" LIKE '"%WPTGE%' AND "

Details

Select the plan hash value to see the details below.  Plan Hash WValue |3EI131E11E *I

Statistics Activity Plan Tuning Information
o Cursor Cache Capture Time  Apr 5, 2008 10:53:15 AM Parsing yocoNNEL Optimizer ) | pows
ource Schema Mode
View © Graph & Table
Expand All | Collapse All
Size Time
Operation Object Object Type Order Rows (KB) Cost (sec) CPU Cost
¥ SELECT STATEMENT 12 71,662
¥ FILTER 11
¥ TABLE ACCESS BY INDEX ROWID BG.RPTHEAD TABLE 9 1 0.172 71,662 557 5.287.109.561 7
¥ BITMAP CONVERSION TO ROWIDS 8
¥ BITMAP AND 7
¥ BITMAP CONVERSION FROM 3
ROWIDS
¥ SORT ORDER BY 2
INDEX RANGE SCAN BG.I_RPTHEAD PRODUCT ID INDEX 1 1,074 9 74441376 1
¥ BITMAP CONVERSION FROM 6
ROWIDS
¥ SORT ORDER BY 5
INDEX RANGE SCAN BG.|_RPTDATE INDEX 4 4,205
INDEX RANGE SCAN BG.BG_ACCESS UNQ INDEX 10 1 0.016 3

(UNIQUE)
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