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Abstract

Comparing the performance of computer systiads to measurement techniques and
experiments that are oftequestioned or interpretedith prejudice, faith,opinion or
sceptical caution. In thenain, such resultsre usuallyderived eithethrough empirical
analysis or simulation. A third technique, analytical modelling, is less widely adopted but
can exhibit a number of advantages over the other two approaches. In particular it can be
used in the design phase to predict the cost of a proposed systempagdrislescribes

our experiences in designing, calibrating aralidating a model to compare recovery
costs in databasesystemscalled MaStA. The model itself isanalytical but the
application and validation of the model makse ofsimulation and direct measurement.

So in MaStA the three techniques are complementareacitthas arole in thedesign

and development cycle.

Introduction

Quantitativeperformance analysis ttetermine behaviour and efficiency is an essential
part of any system construction. To ascertain and measure performance a set of
assumptions must be defined waiich an experimentabase can be built. Three
different approaches to measurement are commadgd - empirical analysis,
simulation andanalytical modelling. These three techniques essentially describe
different points onthe analysis spectrum, trading accuracy of resulispst of
construction and prediction capability. At one extreamalytical modelling is the
cheapest to produce, giving a measuremeivefageperformance. Because of cost it
can beused tosampleover alarge rangeAnalytical modelling caralso be used to
predict the performance of a system under design by describiqydpesed system in
terms ofthe model parameters and applyingaidatedset of experiments to it. At the
other end of the spectruempirical analysis throughdirect measuremengroduces
precise results but is usually limited to a narrow range because of the cost.

Empirical measuremennvolves running applications or benchmarks on existing
systems andaking measurementissing hardware or software monitoring. Arguably
this methodproducesthe most accurateresults ofthe threeoptions but itcan be
expensive to build. More importantly empirical measurement only provides results from
one point in theanalysisspace,essentially showinghat under aparticular set of
parameters on a set configuration gystembehaves in a particular way. Empirical
analysis therefordaslimited potential as gredictorfor performance undevarying

loads and different platform configurations.



Simulation based analysis comprises of a suite of progtisahsredesigned taapture
the characteristics of the system under test.idéa is to model theystem andict out
its dynamic behaviour. By recording suitable measurements from rutarigst suite
the behaviour of theystem is approximated and ittlaus possible tinfer something
about the performance of the real system. Unlike diresisurement, simulation can be
used topredict the performance offaoposed system agnhancement and is usually
easier to constructWhilst the accuracy of measuremeritsrough simulation is
dependent on how exact tegstem ismodelled ithas somedvantages over empirical
measurement. Fa@xample simulation can eliminagxtraneous factonsrelevant to the
experimental objectiveand the experiment testbed canrbe for longer periodshan
for a real system.

With analytical modelling the behaviour of system is formed through a set of
equations and the performance is derived mathematidalig.involves theconstruction

of a number of parameterised functidhat approximate the attributes of thgstem
components in terms of workload characteristics. A number of simplifying assumptions
are necessary to keefie model tractableand hence this methoashay only produce
averageperformance figures [Leu88]. It ihe efficacy of thesassumptions and the
extent to which they can be captured into formal equations that determingefoiess

of this approachHowever analytical modelling is generally cheaperbtold than
simulations and can be more easily tailored to measwides variety ofexperiments.
Simulations can include more details than analytical models wihese details are hard

to describe in the model. Simulations may be more expensive to build as they need
programmed, debugged andlidated where as an analytimodel requires only
calibration and validation.

In summary, analytical modelling can often be the cheapmgtto ascertain reasonable
performance measurements for a systéne validity ofsuch amodel is dependent on
how justifiable the underlyingssumptiongre and its accuracy comism the extent

to which the mathematicahodels capturereal behaviour.With such amodelling
technique it is usually straightforward to re-calibrate for a different platform or workload
and as such itan beused tocompare and predislystem performanceith acceptable
accuracy and minimum expense. However anaigticlels produce performance results
based oraverage behaviowand hence are unlikely to predict so-calf@thse changes
[ABJ+92] where a dramatic change in behaviour occurs.

The rest of this paper outlines the design, calibration, validation and experimental testbed
of an analytical cost model called MaStA developed to measure performance of recovery
mechanisms in DBMSs.

The MaStA Model

The MaStA is aranalytical modetesigned tgrovide a frameworktor comparing the
costs of recovery mechanisms under a variety of different workloads and configurations,
and may be used to guide the choice of mechanism for a particular application.

MaStA focuses only orthe I/O costs ofrecovery mechanisms. It categorises /O
operations performed bsecovery mechanisms by the manneminich they operate.

For example, anechanism may performatareads orthe database andata writes to

the log, both of which are categorised for that recovery mechanism. These categories are
termed I/O cost categories and the overall cost of a mechanism is the suroasftthef

its constituent 1/O cost categories.

Total Cost =5 CatCost(i), (i LI Categories)
|

Each category is assigned one or more I/O access patterns according to the properties of
the I/O operations performed ke mechanism within theategory.For example, log



writes may be assigned sequential write costs in a log-based mechanism. The number of
accesses incurred in a category of a particular access pattiemivesifrom a workload
function composed of workloadariablessuch asthe number ofreads andwrites
performed by the application and locality. The cost of/@ncostcategory is a product

of the number of accesses of a given pattern andadsieofthe pattern, or theum of a
number of such products.

CatCost(i) :%ni,k X Ak, (j O Occurrences, Kl Access Patterns[i Categories)
J,

The derivation of acost estimate for a particular combination of mechanism,
configuration and workload is derived by analysing:

* The workload: measuring arthoosingvalues to predict thevorkload. This can
be doneeither by tracing real applications drom benchmark suites or
alternatively from simulation.

* The mechanism: identifying cost categories agssigning access pattersti@se
categories. The costs to each cost categaaghgved by calculating theumber
of accesses from the workload abstraction.

» The configuration: determining the costezchaccess patterfor each platform.
This calibration may be done experimentally, analytically or by simulation.

Validation
The MaStA model is based on four critical underlying assumptions.

I/O Assumption In applications where variations in totabsts of usingdifferent
recovery mechanisms are significant, the variations inGR&J costsincurred are
insignificant compared to the variations in the I/O costs.

Cost Category Interaction Assumptiofhe interaction between thdifferent categories

of 1/0 accesses is not significant; that is, the cost of running the 1/0O stream generated by
a given recoverynechanism is not significantly different frottme sum ofthe costs of
running the streams of each 1/O cost category separately.

Access Pattern CogtssumptionTo makepredictions of theelative costs ofrecovery
mechanisms for all workloads, it is sufficientassign gredictedaveragecost toeach
I/O access pattern.

Workload AssumptionThe cost of running the I/&tream generated by an application
is approximately the same asnning the 1/0O stream generated by the workload
abstraction.

To validatethe assumptions of MaStASCM+95a, MCM+95] avariety of workload
traces produced by a synthetic workload generator andd®O1 [CS92]and OO7
[CDN93] benchmarks are recorddehch workload traceecordsthe databasaccesses
performed by a particular benchmagkiery andallows the same workload to be
executed multiple times on different recovery mechanisms and platforms.

The workload traces are executacer three different recovery mechanisarsd on two
platforms - aSun SPARCStatioand a DECAIpha configuredwith different devices
and operatingystemsThe l/O andCPU costs ofexecuting each workload trace are
measured and traces of th® accesses performeale recorded. Inaddition, the
workload traces are analysed in terms of the MaStA categorisation to pl@videst
predictions of the workloads. These predicted i@adll/O costsare then compared to
validate the assumptions of MaStA. A strength of this stratethatsby validating each



assumption fomore than onglatform, operatingsystem andlevice, itillustrates the
independence of the MaStA assumptions from these components.

Experiments

In total over2000separate experimentgere performed and recorded in tivalidation
process and each experiment was repeated a number of tirtied aaoy fluctuations in
the costs measured could be factored out.

To investigate whether the I/@sts measured the validationproceduresare accurate,
the costs are recorded using two methods . The first medbkamesst ofindividual 1/0
operations usinghe standard library functionsThe second measurement method
calculatesl/O costs by subtractinthe CPU costsfrom the total costs. Anaverage
variation of 1.8% was observed between the two methods of measuring 1/O costs.

To avoid platform interference the experimeni®re run on raw partitions under a
single-user system. To ensutet theresults ofthe experiments performed mach
validation procedure are comparable, the same ardilofs used foeach experiment.
Finally to further eliminate platform dependence the set of experiments weneiialso
the same drive configured on both systems.
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