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Introduction to Additional Materials.

This documents contains some additional materials that better illustrate the content of
the paper
Resource Contention Analysis of Cloud-based Systems
through fUML-driven Model Execution
currently submitted for revision to international venues.
This is a working document subject to frequent changes/updates according with the
progresses of the project.
The rest of the document is organized as follows. Section 2 introduces the PetStore
UML Model. Section 3 illustrate the initial comparison between our Performance Analyzer tool and JSIMgraph (JSIM), a queueing network models simulator with graphical
user interface included in the Java Modelling Tools (JMT) suite1 .
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Petstore UML Model.

The PetStore UML Model has been modeled using Papyrus UML2 . The papyrus project
is available at www.modelexecution.org.
The following figures have been created from the same model imported in MagicDraw3 .
The PetStore software architecture is then integrated with a set of UML activities that
provides an executable specification for all the operations provided by the software
services. For example, Figures 2 and 3 show the activity associated with the login()
1 http://jmt.sourceforge.net/
2 http://www.eclipse.org/papyrus/
3 www.magicdraw.com
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Figure 1: PetStore Software Architecture.
and checkCredentials() operations of the ApplicationController and EntityManager services, respectively, as they appear once modeled in Papyrus UML.
Hardware Platform The PetStore UML model also includes the modeling of the
PetStore hardware platform. It is composed of a unique execution host, where all the
PetStore services as shown in Figure 1 are deployed on.
The hardware platform is shown in Figure 4 where the software services depicted in
Figure 1 are allocated on the PetStore execution host through allocate relationships
pointing from the services to the execution host. The execution host is equipped with
its an hardware processor (CPU) 4 which is capable of executing a certain millions of
assembly instructions per second (MIPS)5 . The reference PetStore hardware platform
includes a unique CPU capable of executing 200, 000 MIPS.
Estimation of execution time of services’ operations. We then use MIPS to obtain
an early estimation of the execution time of the operations provided by the software
services allocated on the PetStore execution host. Such an estimation is done according
an overhead matrix as defined in [2].
4 For sake of simplicity, we do not consider storage and communication resource. However, the interested
reader can refer to [1] for a more detailed modeling of the hardware platform.
5 see http://en.wikipedia.org/wiki/Instructions_per_second for MIPS calculated
for several real hardware processors.
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Figure 2: The UML Activity associated to the login() operation of the ApplicationController.

Figure 3: The UML Activity associated to the checkCredentials() operation of the
EntityManager.
An overhead matrix contains the software-to-hardware unit conversion factors that are
used to calculate the execution time required to execute a software behavioral unit
(e.g., a CallOperation action) demanding for certain hardware resources installed on
execution hosts.
In our case study, the execution host depicted in Figure 4 provides a CPU capable of
executing a certain amount of MIPS. We then measured the complexity of the operations provided by the PetStore software services as a number of high level instructions
executed for their invocation (e.g. number of java instructions). We then set two distinct unit conversion factors, i.e., (i) from assembly-level to bytecode-level (x20) and
(ii) from bytecode level to high-level (x25) as show in Table 1. The accuracy of this
kind of estimation depends on the accuracy of such factors.
It is worth noting that we apply the same multiplying factor for each type of instruction
when moving (that is compiling) it from one level to another. This is an approximation
that can be avoided by specifying a distinct factor for different types of instructions.
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Figure 4: PetStore Hardware Platform.
Table 1: Overhead Matrix for the PetStore.

According to these conversion factors we obtained an early estimation for the operation
calls involved in the The PetStore Single Buy Scenario in Figure 5.
The estimated execution times are shown in Table 2
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Comparison of Performance Analyzer with JMT.

In order to verify the accuracy of the analysis results obtained by our Performance Analyzer (PA), we plan to compare its results with ones from existing QN solvers. Among
them, our first choice is JSIMgraph (JSIM), a QN models simulator with graphical user
interface, a continuously up to date documentation and very responsive support from
its developers. JSIMgraph is included in the Java Modelling Tools (JMT) suite 6 .
JMT includes a set of advanced queuing network analyzers and simulators. Our aim is
not the re-implementation of the whole set of algorithms and functionalities provided
by JMT. We consider JMT as a reference implementation from which we select a very
small set of basic functionalities that are indispensable to calculate a minimum set of
performance figures from inputs to our framework, like:
• Utilization (U) and Throughput (T) of each single service center.
6 http://jmt.sourceforge.net/
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Figure 5: The PetStore Single Buy Scenario.
• Average Queue Length at each service center

Figure 6: A QN specified in JSIM.
In order to set up the comparison, we first created, parametrized and execute with
JSIMgraph a simple JSIMgraph model as shown in Figure 6. The QN is composed by
a source and sink nodes and four service centers (SCs). Such a QN defines two different
classes of customers (class01 and class02) according with two distinct open workloads.
The interarrival times among jobs, expressed in milliseconds. are generated by two
distinct exponential probability distributions exp(λ). Each job from both customer
classes generates three service requests before leaving the QN from the same sink node.
In particular, all the jobs generate a service request on SC1 and SC4, while SC2 and
SC4 serves only jobs belonging to the class01 and the class02 classes, respectively. At
each SC, the service time (in milliseconds) required to complete the processing of a
5

Table 2: Execution times for operations in the PetStore Single Buy Scenario.

single job, is obtained by two probability distribution functions: Deterministic(k) or
Exponential(λ). The former returns always k (that is, the service time is deterministic
and always equal to k milliseconds) while the latter generates a positive random natural
number (integer if 0 < λ < 1), according with the exponential distribution.
We then run the simulation model in JSIMgraph and we obtain the results shown in
Tables 3 and 4.
Table 3: Comparison of analysis results obtained from the QN in Figure 6.

We then created the same model (i.e., the same SCs, the same connections and parameters) programmatically using the API provided by Performance Analyzer. Then
we generated the random timed values (i.e., the interarrival times, service times etc) as
they can be extracted from Timed Execution Traces of a corresponding fUML model.
This step is repeated for several times and, in particular, for the number of samples required by JSIMgraph to compute its results in order to reach a comparable confidence
interval. The results obtained from our PA are shown on the second row of Table 6(d).
The comparison among the results from JSIM and PA, we performed a first successful
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Table 4: Execution times for operations in the PetStore Single Buy Scenario.

test about the correctness of the first prototypical implementation of PA itself.
The variations among the results from PA and JSIM should be due to the different
number of jobs created i.e. due to the number of samples to compute the average
utilization (U) for each service center. As a future work, PA should be able to compute
such average values with respect to a user-defined confidence interval (as available in
JSIM).
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Figure 7: A screen shot with the performance results from JSIMgraph.
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