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3. Intr oduction

Since 1990the Oracle CoreTechnologiesTeant hasvisited hundreds of sites
performing awide variety of performanceelatedengagements. 108990, Cary
Millsap developed &onfiguration standard for architecting compiedustrial
strengthdatabasesystems. First presented ahe 1990 IOUG conference, the
Optimal Flexible Architecture [3], or OFAfor short, has becomevaorld-wide
standard. Asystemperformance andvailability radically improved, sdid the
number and complexity of applications.

Success bringscreased responsibility. Asanagemenéxpectationsupon the
database administrator (DBA) increasti need to maintaiperformance, with
every increasing applicatiocomplexity and increasindata volume, haplaced
many DBAs in drenzy. As aresult,many DBAs havenot taken astep back and
understood the changes that are beginning to occur.

Rather han managing performan¢eoverall tuning has continued ahe micro
level. In a desperateish to maintain performance, DBA&se now rushing to
purchasesystem managemettols. As a result, we now havengishmash of
system managemetdols, tuningtools, and techniques with neolistic method to
manage performance.

Total PerformancéManagemen{TPM) is aliving holistic methodologyTotal
Performance Managementrist a top-down or a bottom-up approach to maximize
performance. It is holistic because problems are attacked from multiple fronts. It
is a methoctbecause it provides structured approach tynthesize thaise of

tools (systemmanagemeriools, O/S tools, Oracle tools, Application tools) and
techniques in a dynamic computing environment. It is living because its programs
evolve to meet changingrequirements andare usually run selectively and
purposely—not routinely. The programsake avariety of administrative and
performanceaelated alterationsind alert others to perfornsimilar tasks. This
paper concentrates on the method not on the evolving programs.

The Oracle Core Technologies Team has leng and rich history. In1989 the National Technical

Response Team (NTRT) was founded by Mr. Robert Rudzki and Mr. Cary MillsEgO®the team was
renamed the Nation&roductSpecialist TeanfNPST)and in1993 the Core Technologies Tear(Core

Team).
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4.  Performance Management

Performancemanagementempowersthe performancespecialist to distance
himself from an environmentharacterized by explosive surprisego an
environmentcharacterized by early problem detectamd automatedesolution.

More simply, a site that manages performance has successfully transitioned from a
reactive environment into a proactive environment.

As open systemisicrease ircomplexity somusttheir managementools. While
manysystem managemetaols aregainingpopularity, simply installing a tool is
equivalent to simply tuning a database. Tuning and system managenpatage
of the much larger performance management task.

Performance
Management
Effort

v

Database Size and Complexity

Figure 1: Asdatabase size and complexitincreases, so does theportance
of managing performance.
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Figure 2: Total Performance Management is aliving holistic methodology
that continually cycles through three stages: theaudit stage, thetuning
stage, and the proactive maintenance stage.

Performancenanagement is process. Most sites arenowhere neamanaging
performance. However,operating in areactive environment can beptimal.

Figure 1 shows that as a database(s) gawispplicationcomplexityincreases,
so musthe performancenanagemereffort. For example, suppose 200 mega-
byte application is servicing ten users. If a probises, itmaynot be arissue
if users alertyou of aproblem. Howeverthe performancenanager of multiple
databasesystemsservicing hundreds of usersannot allow performance to
degrade and cannot allow users to be the first to detect potential problems.

When down time is natcheduled angroblemsare not anticipatedthe time to
“do the job right” may not be available. Incontrast, a sitavhich seeks out
potential problema&ndschedules administration down time tendsdéve small

problems before they turn into big problems.
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The TPMtransitions asystem througlthree distinctyet dependent stages (Figure
2). Each stage has vespecific objectivesvith tactics to reetthose djectives.
This paper will address each stage at a high level.

Thefirst stage ighe audit stage. During theaudit stagethe problem is defined,
the system is quicklypbserved,changesare possiblymade, andthe overall

project is scopedlhe second stage ihe tuning stage. During thetuning stage,

the problem isresolved byperforming adetailed analysignd implementing a
variety of recommendationsThe third stage ithe proactive maintenancstage.
This is whenthe performancegametransitions from a reactivenode into a
proactivemode. Tools areput into place todetect potential problemslert

responsible parties, and automatically resolve most issues.

As mentionechbove, managingerformance is processhattakes timecareful
planning, technical expertise, and powerful tools.

5. Holistic Problem Isolation Method

Each TPM stage ses a simpleyet very powerful approach when isolating
performance bottlenecks. To optimize a datalsyséem oneamust understand
each subsystenthe databasethe operating system, anthe aplication. By
discovering where eactystem is beingtressed obottlenecked, observing the
overlap,and re-focusinghe search the problempossibilitiescan benarrowed
very quickly.

Unfortunately, most performance specialists tend to focus on dhe thifeemain
subsystems mentioneabove. This results in an ill-defined problehat will
translate into a lop sided solution. In many cases, the solution, while appearing to
solve the problem from one subsystem’sviewpoint, actuallycompounds the
problem from otherviewpoints resulting in overall system performance
degradation.

Each subsystem’s components need to ifeestigated andany bottleneck
contributorsmust be“placed onthetable.” Pictureyour system as if itvere a
card game, and each subsysteare aplayer with a pile of chipsThe database
systemplayer holdsthe “datablock buffer size” chipsnd theoperatingsystem
player holdssome of thd/O chips. Whenever gossiblebottleneck contributor
is found, a chip is thrown into either the CRID, memory, ornetwork pile.
When the game isver (the investigation completehot only is thebottleneck
identified but a number of other issues will have been identified.

Application
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6. Stage 1: Audit

Thefirst TPM stage ighe audit stage. The audit statieeme iscentered around
defining theproblem and establishingfaundation uporwhich to build. The key
audit stage points are:

*  Overall problem scoping

* High level problem detection

» Holistic problem isolation

» Two to four days effort

» Two to four page report (varies greatly)

Limiting problem detection to #igh level restrainsthe innatedesire of a
technician to dig intahe details. This allows the performancespecialist to
maintain avisionary view of the entire situation. Working iareasyou are
comfortable and diving intthe details isfun andyields quick results. However,

by avoiding project scoping and not applying a holistic problem isolatethod,

a complete and long term solution will most likely not be implemented. If scoping
is skipped, resources necessary to comphetéuningandproactivemaintenance
stages may not be available.

The audit stage consists of multiple short repetitive processes that merely skim the
surface looking folindications of iceberg problems. Fexample,running the

UNIX commandvmstat every thirty secondsuting problem time is one way to
detectthe operatingsystem bottleneck. A benefit ofvanstat like command is it
dipsinto each operatingystem subsystem, it igpeatable, it presents concise
information, and it places minimal strain on the operating system. Anwtistat

benefit is its command structure is very simple yet powerful.

The audit stage must begin scopthg entireperformance problem. If scoping is
not properlydone, thismay be anindication ahigh level approach hasaken a
back seat to amore detailed approach. While some key issues will be
discovered,producing in quickresults, this approacimay bypasslong term
problemsthat may reoccur. Considerow fragmentation. One can quickly
determine if adatabasesystem is suffering fronrow fragmentation.[7] A
neophyte solution is torebuild the databasethus eliminating the problem.
Unfortunately theproblem will most likely return becausethe quick solution
treated the symptom, not the problem.

Scoping includes establishing metriggsch as benchmarks:Before and after”
metrics are extremelypowerful for documenting goroject’s success.Without
metrics a project’s success is left entirely up to lp@ople feel a particulatay.
If usersare still not pleasedwith the system yet thmetrics indicate otherwise,
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meet with usersind possibly change the benchmark. Rememberpressive
metrics mean very little to disgruntled users.

Scoping includes establishingroject goals and estimatingresources to
successfully completthe project. Goalsot only include performance metrics

but documentation describing each problem and how it was eradicated. There are
many different types ofesourceghat may berequired to complet¢éhe project.
Resources do not only include labor but hardware and software tools. To tackle a
specific problem a specific tooghay berequired. This toomay need to be
purchased omay need to bedeveloped. The generaltheme inscoping is to
ensure everyone knows whgu require to doyour job, what yourjob will

cover, and when the job will be completed.

Delivering the audit stagesummaryreport may be cumbersome but it is an
importantdeliverable. Both youand yourcolleagues W need the summary for
future reference. The audit staggsummaryreport not only communicates your
work to your peersand to yourmanagement but it is amportant reference
document to be used during the tuning and the proactive maintenance stage.

The audit stagesportshould be venprief anddirect. Leavethe detailsfor the
tuning stage. Shown below is an outline which has proven succestfefigd.

The audit stageeport typically combinesthe configurationinvestigation and
performance investigation sub-sections. A typical audit stygertmay range

from two to four pages. Whereas a tuning stage report may range from five to fifty
pages. Theuning stagereport is whereusing this same outlindelow, each
claim is supported by a detaileéxplanation followed by supporting
documentation.

e Summary. Thesummarysection shouldfrom ahigh-level, summarize your
objectives, your accomplishments, and youoverall comments and
conclusions based upon the various sections.

e Structure. If your report ismore than &ew pagesthe structure section
serves as a report outline or table of contents.

* Objectives Theobjectivessection tell others what thigport istrying to
accomplish.

* Scope Use thescopesection to define and limit report contents.

» Configuration Investigation Summary. The configuration investigation
summary quickly summarizes the entire configuratiamvestigation and
summarizes the results of each configuration investigation sub-section.

e Operating System Configuration Investigation. The operating
system configuration investigatiaection should explain ithe O/S
has sufficient horse power, has been built dase ofperformance
optimization, administrative ease, and production growth.
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« DatabaseConfiguration Investigation. The database configuration
investigationprovides details regarding database structural issies
as segment and storage management.

e Application Configuration  Investigation. The application
configuration investigationsection provides detailsregarding the
structural integrity (E.g.Are all files present angroperly located?),
performance strategies (E.qndex strategy)pbject correctness (E.g.,
Do all procedures compile error free?), and source code control.

» Performance Investigation Summary. The performance investigation
summarysection quicklysummarizes thentire performance investigation
and summarizes where each sub-system is being stressed or bottlenecked.

* Operating System Performance Investigation Theoperating system
performance investigatiosummarizes thé/S bottleneckand then
suppliessupporting documentation hyetailing each operatingystem
sub-system (memory, cpu, /O, network).

« Database Performance Investigation. The database performance
investigationsummarizesvherethe Oraclesystem is beingtressed or
bottlenecked and thesuppliessupporting documentation hyetailing
each database sub-system (process, memory, I/O, storage management).

e Application Performance Investigation The application
performance investigatiofirst summarizes thepplication resource
intensiveareas or processetheir affectupon performance, andhen
supplies documentation to support this conclusion.

» ReferenceMaterial. If may beappropriate tsuggesteference materials
which furtherexplain and supporyour work, and to better educatgour
audience.

7. Stage 2: Tuning

The secondTPM stage ighe tuningstage. Theuning stagetheme iscentered
around resolving performance problems. The key tuning stage points are:

»  Further define project scope

* Holistic problem isolation

* Intense tuning from all angles

» Develop, implement, and document solutions
» Three to five day effort iterations

» Five to fifty page report (varies greatly)

During thetuning stage, a holistic problem isolationethod isused tofurther
definethe project scopethe performance problemsand their solutions.Now is
the time todig into the detailsand perform adetailed analysis athe problems
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discovered diung the investigation stage andny new problemsdiscovered
during the tuning stage. While the proactive maintenance stagéoifote, when
the tuning stage isomplete, users should be végppywith performance and to
their knowledge, the “tuning” project is complete.

As Figure 2 showsthe tuningstage is ariterative processhat continues until
usersare satisfiedvith the ystem’s performance. It is important for everyone
involved tounderstanduning is typically not finding thesilver bullet andthen
shootingit. Tuninginvolvesgathering information, performingnalysis, making
changes, and repeating tipisocess. Depending upomroblem severitysystem
responseand access tdhe system, théuning stage can take days teeeks to
complete.

Portions of the tuning stage are dependent upon a realistic prodoetibriiVhen
determining ifredolog allocation latchcontentionexists,the systenrmeeds to be
under a realistic load. As witlhost contentiomelated issues, dke systemoad
nears production levels, so does the accuracy of the information gathered.

Tuning applicatiorSQL is notdependentipon arealistic productionload and is

best performed on a differedatabase. /AQL statement willaccesshe same
number of database blocks regardless tbé systemload. In fact, running

productionDML statements on a productioatabasenay bedisastrous. Also,
running queries on a productiosystemmay adverselyaffect productionsystem
performance.

The system startup/shutdowegicle is a nuisance tasersbut so isunacceptable
performance. Thing during arealistic systemload probablymeansproduction
availability requirements, whichmay prohibit an occasionastartup/shutdown
cycle. Therefore, a balancaust bemaintained. A performancapecialistmust
respectanddelicately work with a production databasand usersmustrealize
thatunlessthe performancespecialist is allowed to dtheir job, the systenwill
always be “slow.”

As mentionedabove, solidmetricsare especiallyimportant during thetuning

stage. Whatevepolsand toolsets araised ongheme muspersist; the results

must be reliable, accurate to a known degree, understandable, and gathered within
an acceptable time period. Data that are technically impressive to lowy dte
useless if no one knows what the numbers really mean.

Runningthe commandsar -A 5 2400 vividly illustrates how verydetailed and
very accurate data can produaselessinformation. Everyfive seconds the
abovesar command wl spewforth a single 300 plus character line detailing
operatingsystemactivity. The resultsare very detailed (2400 linesand very
accurate but frustrating to read and nearly impossible to analyze.
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There are anumber oftools available bothcommercially and publiclythat
empowerthe performancespecialist. Oracle’s Cor&€echnologiegeam $es a
combination oftools. Forexample,the Administration and Performance Suite
(APS) tool kit [5], the Performance MonitorindPM) tool kit [6], the Oracle
Metrics tool, Oracle7 for windows, Microsoft Excahd Microsoft Wordare all
used toaid in delivering acomplete solution. BMC Software (Patrol) and
Ecosystems offer superbystem managemembols (SMT). While SMTs do
provide information valuable during the tuning stage, they are more ajapebpr
implemented during theproactivemaintenance stage. A quick glaniteough
Oracle Magazine will reveal a number of performance and SMT related tools.

A thorough understanding ofach system underinvestigation helps the
performance specialist to utee best tool. Learn asnuch as yowan about each
system and its subsystemSor example, ifyou areinvestigatingOracle’s shared
pool, understandts components and use a tool whitilgs deepnto theheart of
the shared pool. A brash conclusion regarding an “SGA cache hitmaidéad
one into making incorrect decisions, possiblyesulting in operatingsystem

paging.

To mark tuningstage completion, an audit stage typportshould be produced.
The structure is similar, but the contents is miw&ned, more granular, and very
scientific.

8. Stage 3: Proactive Maintenance

The central proactivamaintenance stagheme is toactively prohibit problems
from re-occurring. Once users are happy with performance, it is time to transition
into the proactive maintenance stage. Stage threevesy difficult for many
because it is relatively neand mospeople daot fully understand performance
management. laddition, DBAsare being bombarded witkystemmanagement

tool options.

During thepast few years ihas been painfully obviouthat true performance
managementasnot been ariority. As stated irthe introduction, this has not
been a problem because relational datalsgsteemswere still intheir toddler

years, relatively simpleand contained limitedata volume.However,this is no

longer true.

System managemetdols (SMTs)are not necessarily performanamanagement
tools. Currently, a SMTleans towards availabilitynanagement rather than
towardsperformancemanagement.Also, a SMT’sprobing functionsare more
static rathedynamic or everevolutionary. For example, a SMT’s flashing red
box mayindicate a disk crash or a network failure. In contrast, a performance
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managementool’s flashingred box may indicate apossiblel/O bottleneck or a
slow network response is being investigated and automatiealbved. A basic
evolving program will determinéhe bestmethod ofproblem resolutiorbased
upon past experience (“life times” of experience) and the current situation.

These evolutionary tools are being bbidtseduponresearch performed in a new
field called Artificial Life (Alife). These “living” programs exhibitife like
characteristisuch as eating (consuming energy), belmyn, dying, improving
themselves, and producing offspring. These progiapt,change, an@volve
over their lifetime and over many generations to better perform their job.

In the future, performance managementtools will be developedthat alter
themselves and dynamicalgiter perhaps Oraclsegmentcharacteristics in an
efficient andnon obtrusive way. Subsequenpapers Wl be presented regarding
living tools and their relation to performance management.

8.1. The Mechanics

Stage three takdbe most time to fully implemeittecause toolsust be putnto
place which automatically detectlert, and fix a potentially harmful problem.
Traditionally, DBAs periodicallycheck to ensure nd®racle segments are
approachingthe maximum number of extents. When the DBA discovers a
potentially harmful stuation, the extent'sstorage parameteiae altered or the
object is rebuilt. A better solution would be to have a performaraegement
tool alert the DBA of the potential problem and automatically adjustdgment’s
storage parameters.

There are thousands opotential problems. However, hynderstandingyour
systems, how thegre used, and understanding thetrengths and wé&aesses,
generalizations can be made which redtieeitems that must beperiodically
checked. Consider the UNIX operating system. By using basic commands such as
sar, vmstat, andnetstat, eachsubsysten{l/O, memory, CPUnetwork) can be
monitored.

Many of the tools used during the audit and tuning stage megused. While the
actual code may have to be altered, the algorithenmethods, and the underlying
datamay interface nicely into a SMT. Them e two basicSMT tool classes.
The snap shottype tool produces results basagon what is occurring at a
particular moment. In contrasime spartools produce informatiohasedupon a
selected time interval. Both tool types can be very effective.

Smoothing oufpeaks andvalleys isthe strength of timespan tools. When |
monitor daily activity, | typically donotwant hundreds ofletailedvmstat lines.



Total Performance Management 17

Glancing atmany lines, one naturally focuses dtime unusuahctivity not the
general activity. An hourly time span is more uséttause tan spot hours of
heavy activity and then quickly begin to discover the operating system bottleneck.

Snapshottools areperfect whenchecking if aparticular event hasoccurred.
Unfortunately,rapidly firing snapshots caadverselyaffect systenperformance.
In addition, snapshot datadften misinterpreted. Fogxample, ifthe number of
active Oracle sharedervers issnapped eackour, onemay beinclined to
believe the snappednumber representghe averagenumber of active shared
servers. This is incorrect. A snapshot represestseaific event at especific
point in time.

Whether acommercialSMT or a SMTyou developed ideing used, interfacing
your tools is typicallythe same. SMTgrefer theirinput to begenerated from a
functional model. A function like tool accepts parameterand outputs
information in one or more columns on a single line. ThEX commandvmstat
is a prime example of a single line multiple column, time span tool.

Care should betaken not toallow the SMT to influence the system it is
monitoring. Wever Heisenberg in 1926 made a very simplg profound
statementregarding investigations. Briefly, heaid the granularity of an
investigation is proportional to the effect the investigation places on wheinig
investigated. By minimizing the frequency of snapshot tool exectlieerffect a

tool places on asystem is minimized. Reducing thian frequency oftools
investigatinghistorically stableitems will also decreas¢he SMT effect. For
example, ifOracle’sdatablock buffer cachlit ratio is consistently0.90 to 0.95,

it would be wise to reduce run frequency. However, a balance must be maintained
between gathering the required information and minimizing the monitoring effect.

A simplemethod to check if your SMT is influencing your system islserve
the systen{e.g., byrunningvmstat or sar) during a steady statepod while the
SMT is monitoring andwhile the SMT is not monitoring. Comparing the
information will show the SMT performance impact.

8.2. Developing a Performance Management Strategy

Developing a performanamanagement stiegy hashistorically beerone of the
mostdifficult tasks forthe informatiortechnologist. | suspect this is duepart
from our training and experience difyging deepinto thedetails. It isdifficult to

focus on the vision when you are constantly staring at details.

When developing dasic strategy,solicit input from avariety of individuals.
Involving management, I9ersonneland theusercommunity wil help ensure
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everyone understands what is deeraedeptableperformance. Constantly ask
yourself, “Is this issue important to my users?”

A performancemanagemenstrategy (Figure 4) is composed of a onariany,
multilevel hierarchy consisting of a missi@tatementgoals, objectives, and
tactics. A few goalshould bedevelopedwhich when completed will signal a
successful mission. Objectivase afurther breakdown ofthe goalsandtactics
are the measurable events that can be checked off when completed.
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Below are a fewguidelines to helpprepareyour performancemanagement
strategy.

e Mission Statement
* isvisionary
* is not specific
* Goals
» are short and action oriented
* lead one to naturally think, “How can this be accomplished?”
e Minimize the number of goals
e Objectives
e are higher level action items
e can usually be check marked when completed
* must be complete, to ensute gal will be completed when all
the objectives are met
» Tactics
e are usually time based action items
» are easily assigned to an individual
» can be check marked when completed
» arestep-by-step instructions to ensurspeecific objectivewill
be completed



20 Total Performance Management

Performance Management Strategy

Mission Statement

To maintain consistently enthusiasticsers by optimally balancingystem
performance, system availability, and budget constraints.

Goals / Objectives / Tactics

1. Minimize system performance complaints
« Post system performance and complaint metrics
»  Work with users to discover the sensitive performance areas
* Work with users to determine which performance metric
should be displayed.
* From a DBA perspective,determine three metrics to be
displayed.

e Find an area closest to users to displaysix performance metric
graphs.

e Ensure the graphs are updated weekly.

2. Minimize unscheduled down-time

3.  Maximize system availability

Figure 4: A performance management strategy excerpt.









