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1 Introdu
tionMeasuring run time behaviour of systems under load 
an 
ause the need for
omplex workload de�nitions, measurement strategies and integration of loadgeneration te
hniques. In this 
ontribution we present SyLaGen (�Syntheti
Load Generator�), a load generation environment that fo
uses on extendabilitywith respe
t to four di�erent aspe
ts: First, a system under test may o�erdi�erent interfa
es for handling external requests, thus a load generator mustbe able to handle di�erent proto
ols randomly and in parallel. Se
ond, loadgeneration for a 
lient-server system may require 
omplex 
lient behaviour that
annot be formulated in a simple des
riptive way, but instead with non-trivialalgorithms that have to be implemented programmati
ally. Third, more thansimple atomi
 measurements may be required in 
omplex environments, so thatstrategies applying sequen
es of measurements to a system should be 
on�gured.Finally, 
omprehensive requirements engineering may result in 
omplex use 
asesthat 
annot be modelled as linear s
ripts.The extendability of SyLaGen 
onsidering these four aspe
ts is realized byan ar
hite
ture providing a platform with load generation fun
tionality uponwhi
h modules 
an be 
reated des
riptively or programmati
ally. They are inte-grated in the system by a simple provision of libraries. Thus, SyLaGen 
an beeasily supplemented with proje
t-spe
i�
 
omplex fun
tionality. SyLaGen hasbeen in produ
tive use with this 
on
ept sin
e 2002.To generate load on di�erent independent 
omputers, SyLaGen has a dis-tributed ar
hite
ture. The Master 
omponent 
ontrols the measurement pro
essand dire
ts Clients that run on di�erent hardware nodes in a network. On ea
h
lient several Worker threads are running that generate the a
tual load. Mas-ter and 
lients 
ommuni
ate by means of a so
ket-based proto
ol that 
an beused in a variety of programming languages. This ar
hite
ture is not unusualand 
an be found in other load generator tools, too. However, we instrument thedistribution for our purpose in spe
ial ways, as we will now des
ribe.



2 Load ModelsLoad being generated is often modeled after the behaviour of human users. Inmany 
ases no linear or otherwise exa
tly predi
table user behaviour 
an beassumed. In addition, a realisti
 s
enario may require generation of moderateload during the whole measurement as well as load peeks in some rare moments.Thus the syntheti
 load generation fa
es the 
hallenge to represent probabilisti
paths being taken between singular a
tions. SyLaGen employs probabilisti
load models whi
h also exist as additions to other tools like JMeter [1℄. Basedupon this, a
tual workloads 
an be de�ned for di�erent use 
ases measuring asystem under test.In SyLaGen workload is des
ribed in terms of �ows whi
h are mainly atransition system F = 〈S, T, W 〉. S = {S1 . . . Sn} is a set of states that 
ontainload generating operations, i.e. requests to the system under test. T = S × Sis a set of transitions 
onne
ting states. W = {WS1
. . . WSn

} is a set of integerweights assigned to ea
h transition. From all weights the relative probability forea
h path in the transition system 
an be 
al
ulated. A workload may 
onsist ofseveral �ows, again ea
h with a weight, so di�erent �ows 
an be performed withdi�erent probability. Flows 
an also be invoked in states of other �ows, providingeven more �exibility. While the transition system de�nes possible sequen
es ofload generating a
tions and their probability, expe
tations about the systemperforman
e are formulated in terms of turnaround times : SyLaGen 
onsidersthe whole time needed by the system under test to respond to a request, in
ludingthe 
omplete sta
k of underlying platforms, e.g. the network. For ea
h �ow,two times 
an be de�ned: The mean turnaround time is mandatory and de�neswhi
h turnaround time for the related �ow is expe
ted in the average 
ase.The maximum turnaround time is optional and may de�ne an upper bound forturnaround times that are a

eptable. These time requirements are interpretedby load generation strategies (see se
tion 4) for di�erent purposes.3 AdaptersModularity with respe
t to di�erent load generation te
hnologies is realized withan adapter 
on
ept: SyLaGen is not limited to a

ess a �xed set of proto
olsor platforms, but allows to plug in individual libraries. These libraries 
an bespe
i�
 for di�erent proto
ols, platforms, systems under test or even single use
ases. Adapters for proto
ols exist e.g. for web servi
es (SOAP), Java RMI, �leservers (SMB), and simple web appli
ations (HTTP). Ri
h Internet Appli
ationswith AJAX [2℄ are an example for non-trivial platforms that are supported byexisting adapters. Among others, a use-
ase-spe
i�
 adapter exists that 
ontrolsa graphi
al user interfa
e using ma
ros a

essing its visual 
omponents.Although adapters are spe
ialized, they are en
apsulated by a 
ommon ab-stra
tion level allowing to address them in a 
onsistent way in load models. Theabstra
tion is des
ribed by adapter methods : Ea
h adapter publishes the namesof provided load generating operations and optionally a list of typed parameters



as well as a typed result value. A global storage for return values allows to usethem as parameters in other invo
ations, thus enabling to realize 
omplex loads
enarios and the related data �ow.During measurement, adapters are distributed in a 
entralized way by theMaster that transfers the libraries to all parti
ipating 
lients. In the 
lients,ea
h worker 
reates a dedi
ated instan
e of the adapter. Master and 
lients arede
oupled with a simple proto
ol, so that libraries 
ontaining adapters 
an be
reated using di�erent languages and platforms. So far, 
lients and adapters forJava and C# exist. In the 
ase of Java, the libraries are Java Ar
hives (JAR)in
luding 
lass �les, other libraries and arbitrary binary resour
es. The Java
lient is run using the Java runtime environment. The same 
lient 
an also berun with the IKVM virtual ma
hine [3℄ allowing to integrate libraries for adapterswritten in C#.4 Load Generation StrategiesAnother point of extendability in SyLaGen is the support of di�erent loadgeneration strategies by providing an abstra
tion layer: On the one hand, theplatform performs the measurement with given parameters like number of work-ers and 
omputes the results afterwards. On the other hand, modules for loadgeneration 
an be 
reated on top of this that de
ide about the measurements toperform and the parameters to use. Currently, the following strategies are used:The single measurement strategy performs exa
tly one measurement with thegiven workload and number of workers. The mean turnaround time de�ned inthe workload is interpreted as user behaviour: If the system under test respondsfaster, SyLaGen takes random pauses before triggering the next request so thatthe request frequen
y meets the expe
ted mean turnaround time. In 
ontrast,the stress strategy does not follow any restri
tions, but makes as many requestsas possible to generate the maximum possible load. In both 
ases the results ofinterest are the turnaround times for the requests sent during measurement.In the exploration strategy the number of workers is in
reased or de
reasedstepwise depending on the desired turnaround times. A system is 
onsideredoverloaded if the mean turnaround time of all workers ex
eeds the desired meanturnaround time or the maximum turnaround time is violated by at least oneadapter 
all. The result of this strategy is the number of workers that the systemunder test 
an serve with the given limitations regarding turnaround times.The abstra
tion layer implies that load generation strategies work with alimited number of variables and des
ribe di�erent well-de�ned states in the loadgeneration pro
ess to ful�ll their purpose. They are thus 
andidate for modelingwith state ma
hines, but are also integrated in arbitrary program 
ode and 
on-tain 
omplex business logi
 like 
al
ulations based on measurement results. Thustheir 
ode 
annot be generated from abstra
t model spe
i�
ations. Instead, thede
ision was made to employ embedded models [4℄ that represent model spe
i�-
ations in a well-de�ned program 
ode pattern. Sin
e the approa
h bridges thegap between di�erent abstra
tion levels, it is appropriate for modeling the load



Fig. 1. S
hemati
 view on the SyLaGen 
omponents.generation strategies. However, this is not mandatory sin
e any Java 
omponentusing the abstra
tion layer 
an serve as a load generation strategy.5 Con
lusionIn this 
ontribution we presented SyLaGen, a load generation environment thatfo
uses on extendability to realize 
omplex s
enarios. This 
on
erns di�erent in-terfa
es of systems under test, representation of 
omplex 
lient a
tivities, indi-vidual load generation strategies and non-linear 
lient behaviour. The resultingar
hite
ture is illustrated in �gure 1: The Master 
ontrolling the measurementdelegates 
ontrol to load generation modules. The underlying platform transfersmeasurement data to 
lients where worker threads exe
ute probabilisti
 loads
ripts. The nodes in the s
ripts a

ess adapters that provide a uni�ed interfa
e,but 
an invoke a system under test with arbitrary te
hnologies and proto
ols.Sin
e 2002, this ar
hite
ture has proven to be a dependable solution forload generation with 
omplex use 
ases, unusual proto
ols, and problem-spe
i�
implementations of requirements. However, sin
e SyLaGen does mainly providethe environment and not ready solutions, simple use 
ases require the samee�ort when adapters or strategies must be 
reated. Future work will thus fo
uson instrumenting the adapter 
on
ept to provide out-of-the-box solutions fordi�erent te
hnologies and proto
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