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Self-Directed Performance Testing
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Abstract - Performance testing of multi-user software systas
is typically performed by emulating activities of nultiple users
working with the system simultaneously. These virtua users
collect performance measures like response time armbrrectness
while loading the system during the test. During aypical load
scenario number of simultaneous virtual users gradally
increases from one to some intended maximum, alloag to find
out statistical relation between number of simultaeous users and
performance measures.

However having fixed load scenario has several dradvacks.
Usually the test has to be repeated iteratively whtadjusted load
scenarios, taking into account results acquired frm previous test
iterations. As load scenarios have to be adjusted anually and
repetitions of the test may take considerable timethis approach
seems to be ineffective.

This paper presents an alternative approach, whereohd
scenario is adjusted automatically during the testtaking into
account performance measures already gathered in ¢hsame test.
Drawbacks of fixed load scenarios are analysed anmethods of
eliminating them by automatic adjustment are descied. A case
study showing implementation of the method and redts
obtained by applying it to performance testing of aeal system is
provided.
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|l. INTRODUCTION

Software performance testing is an important agtivor
evaluating quality of multi-user systems. In order test

is constructed automatically during the test touemdaster
achievement of test goal.

In Section Il we describe a conceptual performatecs
model to introduce basic concepts and terms usedighout
the paper. Section Ill looks more closely at cleaslsapproach
of fixed pre-designed load scenarios and analy$esr t
drawbacks. Section IV introduces the concept dfadiusting
load scenarios as a solution for problems of fiXedd
scenarios. A case study showing results of applytimg
approach in performance testing project is desdrilmethe
Section V. Section IV concludes the discussion.

Il. PERFORMANCETESTMODEL

Actual structure of performance test depends ofs toeing
used. In this section we present conceptual tatdpendent
performance test model to base following discussipon.
The model is illustrated in Fig. 1.

We will use term “load agent” to describe softwariich
actually emulates users during the test as welhaslware
machine where this software operates. The discussid
begin at the lowest level of the model.

Level 1 — Requests

At the lowest level test consists of requests. d®erénce
tests usually emulate users at protocol level deoto be able
to run virtual users with no use of client softwarehis
approach allows using resources of load agent macamore

performance of a system we need to gather perfaenarficiently and run much more virtual users thamwiiuld be

metrics in conditions of simultaneous work of npiki users.
Thus we can get information about impacts of déferload
levels on individual user’s experience.

Design of performance tests is radically differdram
functional tests [1]. Functional details of testes like actual
input data are not so important in performancertg@stMore
important aspects are user scenarios and produoddoad.
Target results are different as well. Performarest toesn’t

possible if client software would be necessaryuto for each
user. So, requests are data sent to a system tesdg(SUT)
from load agent machine via network and for whiddTS
should send back some response. In case of Wednsyshey
would be GET or POST requests of HTTP protocol.

At requests level test can also contain additiateps like
verifying correctness of the response accordingpecified
rules, handling dynamic communication componenie li

focus too much on functional correctness of systeRussion identifiers etc.

operations, it is interested in response times, @RiUmemory
utilization, request queue lengths and other parémce-
related issues. Nowadays focus has shifted frorfopeance
metrics observable at system level to ones obsknabend-
user level [2]. End-user doesn’'t know and doesafeamuch
about page fault rate on database server or
throughput, what really matters for him or her servable
system response time and principal correctnessspionses.
In order to measure these metrics performancetestates
work of multiple simultaneous users performing thasual
job. Depending on test goals different workloads dz
imitated by means of test load scenarios. Desigriogay
scenario before test is a common approach nowadtaybkis
paper we present an alternative approach wheredoaario
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Fig. 1. Performance test model
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Level 2 — Transactions

The next level is transactions. We define transacts a
single operation SUT performs which is undividalilem
end-user point of view.

For example, login transaction is what happens éetvithe
moment of clicking “login” button and the moment @vhthe
first authorized page of Web portal is displayed user’s
browser. Although from server point of view transat is
just a series of requests it must handle, from uswt-point of
view it seems like a single piece of work.

Therefore durations of transactions are more ingmbrfrom
user-centric performance test than durations ofarsde
requests.

Level 3 — Scripts

Transactions are combined in scripts at the hidggnesl. A
script is a series of transactions run eitheredior variable
order.

The purpose of script is to emulate a sequencectidrs
real users can perform to make test realistic. Wpsasually
specifies either fixed or variable delays (alsownaas think
times) between transactions in order to realidficamulate
user’s activities of looking through displayed ddifiing in
forms or just moving and clicking a mouse.

Test can include multiple scripts each of them eutird)
different kinds of users. So, virtual user is a avwrcally
running instance of some particular script.

Level 4 — Load Scenarios

Load scenarios are prescriptions of how long tlst tell
run and how number of virtual users will changetime.
Depending on a test goal, load scenario could ddéing-run
execution of fixed number of users, or gradual ease of
number of users from zero to some maximum levetiadfans
of these two examples as well as more sophistickdad
scenarios are also possible.

Test at the highest level can consist of severald lo ¢

scenarios each running on its own load agent madhiorder
to emulate heavy workloads for which resourcesdrafle load
agent machine would be insufficient.

[ll.  FIXED LOAD SCENARIOS

A classical approach to workload creation in perfance
tests is to design load scenarios prior to test @areful
design of both scripts and load scenarios is neadedder to
meet test goals [3]. In this approach
specification serves as an input to load agent compt,
which we will refer to as scheduler, responsible dasuring
workload corresponding to the load scenario. Perémice
counters are measured then and form the outputeotdst.
This process is illustrated in Fig. 2.

In many cases having fixed pre-designed load stefsr
sufficient and is even the best method. For examipleve
need to evaluate different performance metrics uddérent
load levels, we would design load scenario whemabrar of
virtual users gradually increases from zero to ireqgu

Load
scenario

Scheduler

»  Workload

Performance
counters

Fig. 2. Test with fixed load scenario

capacity of SUT, execute the test and process dhalts in
straightforward way to acquire captured performacmenters
as functions of number of virtual users [4]. Havisgch
functions and representing them graphically can vieey
helpful to determine bottlenecks of SUT as weltasvaluate
whether actual SUT capacity corresponds to theiredjone.

The drawback of this approach is relatively lonmdi
needed for test execution. If the goal is narrovieen
mentioned example, it can be inefficient. Time rezktbr test
execution is one of the most important factors #fégct how
often the test would be re-run during developmémtsome
software development methodologies, frequent reingm
tests is necessary and performance tests couldalswluded
to the test set which should be executed after Etlehchange
introduced into code, like in test-driven developti®].
Long execution times may prevent performance té&stn
inclusion in this test set, so they would be rurelsa and
detection of performance problems may occur later dheir
introduction. For this reason fixing lately discoed
performance problems may become more expensive.

A wide class of performance test goals for whictedi load
scenarios are ineffective is formed by necessitfirtd out
load level at which some statg&is reached in SUT. Some
examples of such goals may be:

At what load level at least one transaction’s agera

response time becomes longer than 10 seconds?

e At what load level average utilization of appliceti
server's CPU becomes higher than 80%?

e At what load level maximum capacity of SUT is readh
in terms of transactions served per second?

e At what load level SUT starts to produce errors?

These goals are obviously different from the goél o
discovering performance counters as a functionushlrer of

load scenariirtual users (Formula 1):

p=F(v), (1)
where

p— performance counter value;

v— number of virtual users;

F — function to be discovered.

If the goal is discovery of such function, we h&vdind out
p values for all arguments in some interval\jQ,,J. Oppose to

85



Scientific Journal of Riga Technical University
Computer Science. Applied Computer Systems

2010
Volume 43

this goal our example questions require to find gufor a
givenpy, such that(vp) > po andF(vo — 1) <po.

To achieve goals of this type with fixed load sc@smwe
need to discover the functidf(v) for load levels in interval
[Vmin» Vmad Which we expect our target to belong to. The
narrower is the interval the less time test wikeabut the risk
of selecting wrong interval will also be higher.

Other approach which also is more useful if we dbhave
prior expectations about approximate interval isuio several
tests with load scenarios of different granulasitief load
increase. The first scenario, for example, couttéase load
by 100 virtual users at once, so we can get amrvialteof
lengthviax — Vinin = 100 wherey, is expected to be found. Then
we run the test with smaller load increase graitylés get the
narrower interval and repeat these iterations wweilfind out
Vp value. This approach however requires manual waifrk
reconfiguring load scenarios and still is not tieféeient.

In the next section we present our approach wheae |
scenario is adjusted automatically by scheduleprier to
achieve fastev, point detection.

IV. SELF-ADJUSTINGLOAD SCENARIOS

B. Self-Directed Scheduler Algorithm

Now we will describe a simple multi-purpose selfedted
scheduler algorithm which can be useful for actmgwarious
performance testing goals. Without loss of gengralie can
assume functior-(v) is monotonically non-decreasing. The
algorithm consists of two phases.

The first phase is aimed to find an interval whpint v
belongs to. To make this happen quickly number sdrsi
grows exponentially in time by doubling number dfets
iteratively.

1. Start with 1 virtual usen(= 1) and measurig(v);
2. While F(v) < po double the number of virtual users:€
2v) and re-measurie(v);

When we find v value at which(v) > p,, we can say that

targetvy belongs to intervaM2, v].

The second phase is aimed to narrow the intewgal Vhigrl
discovered:

3.

1. If Vhigh — Viow > 1 takev = Vigy + (Vhigh - Vlow)/z and
measurd-(v);
2. If F(V) > po, thenvyigh := v, otherwisevigy :=V;

3. Repeat from step (1) untikgn — View = 1. At this point
Vhigh Value is the target,.

There are known approaches to dynamically generateln other words in the second phase we use binaacise

varying workload content, for example, automatiaeyation
of transaction sequences based on form-orienteceisdé].
Here we present an approach for dynamically varyoap
levels during the test in order to achieve fastst tgoal
achievement.

A. Self-Adjusting Load Scenario Principles

The approach is illustrated in Fig. 3. In this mosiheduler
is not just an executor of prescribed load scendmin is an
active decision maker of what to do next. Decisiares based
on two sources:

1. Configuration of scheduler parameters. These pamame
describe goals which need to be achieved duringesie
and which scheduler’s algorithm is capable to psece

2. Performance counters measured up to the moment

decision making. Scheduler may analyze previous
captured metrics and base its decisions of loadgghan
them.
The major distinction of this model in comparisorithw
model of fixed load scenario, is feedback of perfance
counters that scheduler receives.

Schedule
configuration

Scheduler

Feedback

Workload

Performance
counters

Fig. 3. Self-directed test model

86

algorithm to findv in interval Mow, Vhigh]. Total numbem of
evaluations of functiofr(v) in the algorithm can be estimated
with Formula 2:
n=2log, v, |, @)
where
Vo — target number of virtual users to be found.

As the number of-(v) evaluations depends logarithmically
on v, efficiency of the algorithm comparing with fixddad
scenario approach is high. For example, if targad|to be
determined is about 1000 virtual users we need st
eo\faluationsF(v) or 20 steps of load changes.

I In order for the algorithm to be effective some enaspects

ghould be taken into account:

e After load increase the scheduler should wait witihew
virtual users come into usual work rhythm and then
measure average performance counters of interestfo
least two times script execution time.

After load decrease the scheduler should wait uaitil

stopping virtual users correctly finish their tasksd the

system “calm down” after load generated by thosrs)s
then the scheduler should measure average perfoeman
counters of interest for at least two times socecution
time.

By script execution time we mean the time needed to
execute all transactions of the script once plus sifi delays
between transactions. These precautions are negéssader
better measure effect of load and to avoid noismé&asured
data which may be introduced due to effects calmsebtbad
changes.

It should be mentioned that the presented algoritionid
fail to work in case there are other factors preseat affect
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performance counters more than load level beingmgded by TABLE 1
load agent. In this case functidf(v) can be stochastically TESTRESULTS
fluctuating and our assumption that it is monotatyc non- Test 1 Test 2
decreasmg W0_U|d be wrong. Target load level discovered 53 51
In(_:reasmg time the scheduler gathers performanueters Time of execution (minutes) 100 12
for fixed load levels could help to make impact thbse , , .
Time until target discovery 53 12

factors smaller, but it cannot eliminate them caetgll.
Anyway it could be so, that measuring, for exampdsponse
times at load level of 30 virtual users, they coalopear
longer than for load level of 31 users.

Though probability of such noise is small for stiéfntly
long measuring periods, this situation is still gibke and
should be kept in mind.

difference between even two runs of the same temikd be
much higher.

The difference between those two tests is time hefirt
execution. Test 1 was run as scheduled for 100 tesndT est 2
was run 12 minutes, as it could be estimated byt 2 and
taking into account that load changes occur oncenpeute.
These results are summarized in Table 1.

] ) ) ) To illustrate dynamic aspects of executed testsprogide

In this section we present a case study illustgatisage of 1, charts that show number of concurrent usersrasponse
the proposed algorithm. times over time for both tests. Time scale at figerés is

A. Tests Used in the Experiment cropped to 53 minutes, i.e. to the point where hegits have

For a case study a Web-based defect tracking syst&jﬁcovered _the targeyp value. Changes_ of average duration
Mantis deployment was used as a SUT. During the des _(res_ponse time) of the longest transaction ovee tme shown

single simple script was used containing the foitmy M Fig. 4. _ _
It can be observed that test 2 quickly achieved lleaels

V.CASE STUDY

transactions: . : :

1. Open the first page where response times are much higher than teserigained.
2. Login The peak of more than 8000 milliseconds is whege fifst
3' Open defect reporting form phase of algorithm finished. After it fluctuatingup of chart
4' Open active defects list follows where the second part of algorithm was efeg,
5' Logout performing binary search of targgtvalue.

Changes of load level over time are shown in Fighthis
chart benefits of exponential growth of load duritggt 2
versus linear load growth during test 1 are wetieshable.

Looking at these charts it can also be observetltdsa 2
gives us just so much information as it is neces$ar test
goal. On the other hand test 1 provides more indbion
relevant for deeper performance analysis. A line
corresponding to test 1 at Fig. 4. by its form ggligalent to
graph of the functiorF(v) (and, thanks to one-minute load
growth interval, it is also equivalent by scalefjot this graph

The goal of the test was specified as to find |bakl
(number of simultaneously working virtual users) vettich
average duration of the longest transaction beconues than
three seconds.

Performance testing tool Picus developed by thboai7]
was selected to prepare and execute the testshéorcdse
study. Picus provides a convenient mechanism tdeiment
alternative schedulers as plug-ins that was mangdg¢ature
for the purpose of this experiment.

Two tests were prepared with different schedulers:

1. Built-in ramp-up scheduler. This scheduler worksdzh
on fixed load scenario, in this case starting iasieg
number of virtual users by one each minute. Maximun
number of virtual users to achieve was specified G 8003
so the test should take 100 minutes to complete. 7000

2. Newly developed scheduler based on the algorithn
described in the previous section. This schedule
evaluates functiop = F(v), which in this case is average o
duration of the longest transaction under loadand 4000 A
targets findingvy for po = 3 seconds. Duration of single 2007 \_z /
step of load increase or decrease was configurbd tme /
minute. 200 A/

B. The Results 1002

Results gained in two tests were quite similar.tTes
detectedy, = 53 virtual users, for test 2, the result was 51
virtual user. These two results may be considessg ulose, Minutes from start
as because of stochastic nature of performancandest

2000

Test 1

lest 2

s000

Response time

[}
] 10 20 ZC 40 50

Fig. 4. Response times over time
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Fig. 5. Load level over time

it can be observed that at load levels of approtéiyads
virtual users response times start to increasekguievhat can
be an indication that some system resource wasusiéth at
this level. We could not get such valuable (butlevant for
the test goal) information from chart of test 2.

VI. CONCLUSIONS

We have shown that self-directed performance tgstiri4]

performed by application of smart scheduler cawvigmfaster
results for certain types of performance test gohisthe
discussed case study time needed to execute setteli test
was 8.3 times shorter than for similar test dirédby fixed
load scenario.

The proposed algorithm of self-directed schedwdebbased
on binary search algorithm and works well if testalgis
described in terms of performance counter as atifumaof
number of virtual users. For most performance aasnthe
shape of the dependency function is clearly pratliet The
algorithm is described for monotonically non-decieg
functions. For -increasing functions or for goalsfimding
optimum of bell-shaped functions the algorithm vebrgquire
little adaptations but follows the same principle.

Self-directed performance test scheduling seembetaa
topical and promising research direction. Havinghigh

Aleksandrs Suhorukovs. PaSvafima veiktspgjas teseSana

potential of increasing performance testing effickg this
approach is not discovered enough. In this papepresented
just one possible algorithm of self-directed schedinowever
there are more directions to think about.

Constructing a scheduler algorithm that would besle
sensitive against stochastic fluctuations of penfomce
counters without significant loss of efficiency wdie one of
them.

Other interesting direction of research would béf-se
directed scheduler of multi-script test, where pgit load
levels, but also proportion of virtual user typesuld be
automatically adjustable. In this case functlerwould have
multiple arguments or single argumewntof function F(v)
would be a vector. In general the target solutiomulti-script
test would be a set of vectors instead of singlaeyaso more
sophisticated algorithms would be required to discdt.
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Vairaklietotaju sisemu veiktsgjas testS8ana parasti tiek veikta, irgjot vairaku lietoju darbu, kuri vienlaitgi strada ar sisemu. Sie virtilie lietotaji uzkraj

veiktsggjas nerjjums, &dus kK atbildes laiki un korektums, noslogojot sisu testa laik. Tipiskaf slodzes sceanija vienlaiagi stradajoSo virtwalo lietotaju

skaits pakpeniski palielias no vienailz noteiktam maksiftajam, laujot izsekot statistisku atkbu starp vienlaigi stradajo3o lietotju skaitu un veiktsgas
raditajiem. Tau fikséta slodzes scénja izmantoSanai ir dazitkumi. Parasti tests ir itefiat jaatkarto, mainot slodzes scatijus, nemot \era iepriekjas testa
iteracijas ditus rezuliitus. Ta ka slodzes scemiji ir manuali jamaina, bet testa atiojumi var ainemt ievtrojamu laiku, §pieeja izadas neefekiva.Saji raksa

tiek piedivata alternawa pieeja, kUt slodzes sceanijs tiek pieskaots autoratiski testa lai, nemot \era veiktsggjas aditajus, kas jau tika iegi taja pad test.

Tiek analizti fikséto slodzes sceanju traikumi un tiek piedvatas to no@rSanas metodes, izmantojot autisko slodzes scanja pieskaoSanu. Apraksts

pielietojuma pierars, kas pada metodes realiziju un rezulitus, kas tika iefifi tesgjot realas sisemas veiktspju.

Anexcanap Cyxopykos. CamoynpasJjisieMoe TeCTHPOBaHHE NPOM3BOAUTEILHOCTH

TecTupoBaHue NMPOU3BOAUTENLHOCTH MHOTONONB30BATENBCKUX CHCTEM OOBIYHO NPOBOJMUTCS, UMUTHPYs NEHCTBUS MHOXECTBA IOJb30BaTeNEH, OMHOBPEMEHHO
pabotatomux B cucreMe. Takue BUPTyalabHBIC IIOIb30BAaTENH HAKAIUIUBAIOT MOKA3aTENU HMPOM3BOJUTEINFHOCTH, HAIPHMEp, BPeMs OTKINKA U KOPPEKTHOCTS,
Harpykas CHCTeMy BO BpeMs TecTa. Bo BpeMs THIMYHOTO CLieHapHsl Harpy3KH YHCIO OJHOBPEMEHHBIX BHPTYalIbHBIX II0Ib30BaTeNeil MOCTEICHHO BO3PACTAET OT
OJTHOTO JI0 ONPEAEIEHHOI0 MAaKCUMyMa, T03BOJIsAs HAliTH CTATUCTHYECKOE COOTHOIIEHHE MEK/y YMCIIOM I0JIb30BaTeNlel H MOKa3aTeNsIMU ITPOU3BOAUTEIBHOCTH.
OJHaKo MCHOIB30BaHHE (DMKCHPOBAHHBIX CLCHAPHEB HArpPy3KH MMEET HEKOTOpble HeAocTaTKH. OOBIYHO MPHUXOAUTCS UTEPATHBHO MOBTOPSTH TECT, M3MEHSSA
CIIEHApUH HATPY3KHU C YUETOM Pe3y/IbTaTOB, IOTyIEHHBIX B IPEIBIIYIIIX UTepanusiX. [I0CKoIbKy ClieHapuy HAarpy3KU U3MEHSIOTCS BpYyUHYIO, a IOBTOPHI TECTOB
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MOTYT 3aHUMATh 3HAUUTCIIbHOC BPEMSI, TaKOU MOIXO]T OKa3bIBACTCS HC3(1J(1)GKTI/IBHLIM. B cratpe npemiaracres aJILTCpHaTPIBHLIﬁ moaxon, nmpu KOTopoM CI_ICHapI/Iﬁ
Harpyskd aBTOMAaTHYCCKHU HU3MCHACTCSA BO BPEMsA TECTA, YUUThIBAsA IMOKA3aTCIW MPOU3BOAUTCIIBHOCTH, YK€ ITOJIYyUYCHHBIC B 3TOM XK€ TECTE. AHaJ’II/BI/IpyIOTCfI
HCOOCTATKH (bHKCPIpOBaHHLIX CHCHApUEB HArpy3ku, M OIHCBIBAIOTCA METOAbI HUX YCTPAaHEHUS IIOCPEACTBOM aBTOMATHYCCKUX W3MCHCHHI CIICHAPUECB.
IToka3siBaeTcs TIpUMEP peau3anii U IMIPUMEHCHUS METOAA, OIMCBIBAIOTCSA PE3YJIbTAThl, IMOJYYCHHBIC B XOJAC€ TECTHPOBAHUA MPOU3BOAUTCIBHOCTH pCaHLHOI)‘I

CHUCTEMBI.
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