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Abstract— In Service-Oriented Architectures (SOA), the key problem is the quick and accurate evaluation of web service performance.
Despite the fact that the integration of the simulation step into the development cycle of softwares/web services can allow to learn early
the behavior of the performance of software/web service, it is still a challenge to use simulation as part of service development. This
integration can be used to assess the performance of a family of web services by developing one of them. In this paper, we propose a
methodology that shows how the simulation step can be integrated to the development cycle of a family of services using a model-based
approach to describe the services and by choosing a reference web service to be developed and used to guess the performance of the
remaining services in the family.
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I. INTRODUCTION

The development based on model allows to integrate early a performance analysis at the software development stage [1], [2],
[3]. The evaluation of service performance is important [4], but in a Service-Oriented architecture there is some difficulties to
assess the non-functional properties of the web service without any knowledge on the service’s behavior. Nowadays, early
performance evaluation is a critical step in web service development [5] and it is important to have a prediction model for
performance evaluation at this stage of the development cycle when no historical data are not yet available [6].

In [5], we propose a model-based approach that uses a Symbolic Transition System (STS) to describe the web services as finite
state automata and evaluate their performance. This model was extended for simulation purposes by adding state transition
probabilities and the delay distributions on the transitions. We evaluated the accuracy of this approach using two different
scenarios, a full-knowledge and partial-knowledge scenarios which provide good results. Furthermore, in [6], we define a zero-
knowledge scenario which defines a model that allows to estimate the performance of the service when no a priori knowledge is
not available on its performance. This model uses the description of the service in the WSDL file, the SOAP message that
encodes the input parameters of the service and the STS-based model to guess the behavior of the service. Moreover, in [7] we
extends our previous works by using data obtained from our zero-knowledge approach, where neither the service code nor test-
based the information on service execution times are available, to generate the SLA template and use it to negotiate the
preliminary SLA and monitor it.

In order to show the application of our methodology to estimate early the behavior of the service, we propose in this paper the
different steps that need to be follow in order to use the simulation as part of the development [8]. This methodology will be
applied to a family of services and will show how the performance of the entire family can be guessed by choosing one of the
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services as reference, by developing it and use it to perform the estimation of the performance for the others services members
of the family. This work shows the integration of the performance analysis in the development process.

The remaining of this paper is organized as follows. Section II presents the overview of our zero-knowledge scenario defined in
our previous works. Section III gives the description of our concept and Section IV presents the integration of the simulation
phase in the development cycle and describes the different steps to be followed to estimate the behavior of a family of services.
Subsequently, Section V gives an overview of the related work and Section VI gives the conclusion. Finally, Section VII points
out some future works.

II. OVERVIEW OF OUR ZERO-KNOWLEDGE SCENARIO

Our zero-knowledge approach presented in [6] allows to integrate early the web service performance analysis to the
development stage in order to have an estimate of the behavior of a given web service using only the information provided by
the WSDL file, the SOAP message used to query the service and the STS-based model [9]. For this purpose, an approach is
defined to assess the complexity of the web service in order to evaluate some factors used to evaluate the interval of service
times.

The first step of our approach built a profile table that associates parsing and construction times to the depth and the cardinality
of the XML tree that encodes the input parameters of the web service (SOAP message).

The second step is to determine the class of complexity of the service from the WSDL by defining an approach that makes easy
the complexity evaluation. At the end of this step, a complexity factor called y is computed for the web service to be simulated
and a class of complexity is associated to it.

In the last step the parsing and construction times (PT + CT) read from the profile table using the characteristics of the input
SOAP message are used to estimate the interval in which the service times vary by applying the complexity factor y and a factor
o (0 <a <1) defining from a reference web service chosen for its class of complexity. In order to generate the bounds of the
interval, o has two values denoted amin and amax to compute respectively the lower bound and the upper bound of the service
times interval. After this estimation, a correction factor denoted FDI (Data Intensive Factor) is applied in order to take into
account how the use of different types of resources can impact the service performance.

With the interval of service times, a Monte Carlo [10] based approach is used to generate different random extractions of the
partition for the different transitions of the STS-based model extended for simulation. One of the combinations is chosen
randomly to annotate the STS-based model and the simulation script is generated to guess the behavior of the service.

The results obtained demonstrate that this approach can provide an approximation of service behavior that will be similar to the
behavior obtained by running a real service after the development [6], [7].

The following equations are used to compute the bounds of the service times interval and the steps to define them are detailed in
[6]. Equations (1) and (2) allows to compute respectively the lower bound and the upper bound of the service times interval. vy is
defined from the complexity and the values of aREF are defined from the reference web service using (3) and (4).

SToin = oy For (1)
STax = et % For (2)
AREFpin = w A3)
AREFmax — m 4)
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III. THE CONCEPT OR SCENARIO

The assessment of the service performance early during the development process can give good indicators to analyze the quality
of the service under development. This approach can also help the developer when he has to develop a family of services. In this
section, we present the story that justifies our concept and how a solution can be found using our approach and frameworks
presented in our previous works [5], [6] and [7].

3.1. Running Example or problem

Jack is a developer and have to participate to a call that consists to develop a family of web services in the transportation
domain. The winner will be the one who can make a proposition that can show a reliable behavior of the web services from the
service time point of view. It can be noticed that the developers did not have enough to develop all the services in the set. Also,
if they have time, they cannot develop all of the service without be sure to win the call, then the idea to develop all of the
service for the call has to be avoided. Jack asks us if there are some strategies that can help him to win this call, since he has just
much time to develop correctly one service. We say to him that there is a solution. He can develop one service as reference for
the family and guess the behavior of the others from the performance measured for this service.

In the following, we will give more detailed about the solution proposed to our friend Jack.
3.2. Solution

In order to estimate the behavior of a family of the web service, we propose to Jack a methodology that is based on the description
of the web service as automaton using STS[11]. An STS-based model can be extended for simulation in order to assess the
behavior of the service as shown in [5], [6], [7]. In this case, the developer has to:

1) Choose a reference web service for the family

2) Define the STS-based model of the reference service and describe the service using WSDL
3) Develop the reference web service

4) Measure the performance of the service developed

5) Save the performance in a database

6) Take the remaining web services and define for each of them the STS-based model, the WSDL file and the SOAP message that
encodes the input parameters of the service

7) Apply our zero-knowledge scenario defined in [6] and presented in Section II using the first web service as reference to generate
a simulation script for each service remaining in the family

8) Run the simulation script to guess the behavior of the remaining services and save the outputs.
This solution allows Jack to win the competition by providing a reliable estimation of the different services in the family.

The goal of this paper is to show how the simulation can be used as part of the development process and we present in Section
IV the detailed methodology that makes this integration possible and solve this kind of situation with accurate precision.

IV. DEVELOPMENT CYCLE USING SIMULATION — OUR APPROACH

This section gives a better definition of our methodology to simulation of the service performance as part of the development
cycle. In our approach presented in [6], in order to guess the behavior of a service using simulation we need a reference web
service choosing according to the class of the service to be simulate. In this case where we apply our approach on a family of
the services, we choose a reference web service in the family and its performance will be used to guess the behavior of the
service.

Fig. 1 gives a complete view of the development of a class of service. In the following we describe the different steps shown on
this figure.

In the first part of the process, the developer chooses the reference web service in the family (1). This service needs to be chosen
as representative of the family according to the experience of the developer as example. After that the WSDL file describing the
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service (2) and the STS-based model of the service (3) are defined and used (4 and 5) at the design stage to develop the service
(6). The service developed is tested and the its performance is monitored (7) and save in a database prepared for a reference web
service. These results will be used later in the performance estimation of the remaining services in the family.

The second part of the process consists to estimate the behavior of remaining services using the performance measured for the
reference web service. The remaining family is taken (9) and the WSDL file, the STS-based model of the service and the input
SOAP message (10, 11 and 12) are defined for each service. They will be used (13, 14 and 15) at the design stage to produce the
STS-based model for simulation (16). This model is annotated with the transition probabilities and default distributions of delay
needed to execute the task associated to the transition of the model. At the simulation stage (17), the delay distributions on the
transition of the STS-model for simulation are updated. This information is computed using the profile table (8) and the
performance measured for the reference service (19). The WSDL file of each service is used to compute the complexity of the
service and the characteristics of the input SOAP message are used to read in the profile table the parsing and construction
times, and use them to evaluate the bounds of the service times interval for each service. The interval of service times is divided
randomly to annotate the STS-based models with the delay distributions (20). In our case, by default a uniform distribution
between two values is selected. After that the simulation script is produced for each service and the service can be simulated.
The outputs are saved in a database for future use (21). The updated STS-based model obtained (20) is send back to the design
step and make available for the development stage. At this step the behavior of the candidate web services can be guessed early
using the simulation scripts produced. In order to verify the accuracy of our approach, the development can continue (23) and
the services developed will be tested and monitored (24) and the results saved in a database (25). After the development, the
simulation and the testing results are sent for comparison (26-27).

The comparison will show the accuracy of the simulation results to guess the behavior of a family of services early using one of
them as reference to simulate the others.

We can note that the step (22) in the figure can loop in order to update the model to take into account new information from the
reference service test.
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Fig. 1. Simulation in the development cycle
V. RELATED WORKS

The author of [8] gives an introduction of Software Development Life Cycle (SDLC), followed by the comprehensive
comparison among the various SDLC models. The authors of [12] show that testing is an important part of software
development, while [13] define a new software development model, which prioritizes security aspects at the different phases of
the software life cycle and takes advantage of the benefits of the agile models. The authors of [14], [15] propose simulation
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modeling of UML software architectures by annotated UML diagrams with performance results.

The authors of [16], [17] propose to use simulation to evaluate the performance of the web services in order to have enough
information on the behavior of the services and compose efficient web processes. The authors of [1] propose to extend the
model-driven engineering with performance engineering in order to perform a performance evaluation process during the
different development phases and. They extended a UML activity diagram with performance information and transform it in a
simulation model for early performance prediction. They proposed to find the performance information used for the prediction
from the developers experience and/or the collected performance data on existing systems or similar service. The authors of [18]
show how to Increase the ROI of a Software Development Lifecycle by Managing the Risk using Monte Carlo and Discrete
Event Simulation.

As in [19] where challenges and opportunities of simulation-driven functional product development and operation are shown,
and [20] show the way to assess the risk of software development with Agile methodologies using simulation, in this paper as
in the previous [5], [6], [7], we try to show that we can guess the behavior of service at early stage of the development by
proposed a methodology to integrate simulation in development cycle based on the performance of reference service.

VI. CONCLUSION

Simulation driven software development means making use of simulation at each stage of the service development process. In
this work, we show how simulation can fit into software delivery life cycles and how it can help businesses reach their goals.

Simulation most certainly has immense utility, but it should be used carefully following the situation when no better
alternatives exist, and more accurate reference services can be provided to our model. The model proposed shows that there is a
good perspective to have more information about performance of the future service in development.

VII. FUTURE WORKS

In our future work, we will provide enough benchmarks on our approach to show the application of our methodology which
integrate the simulation as part of development cycle on a real family of service development. We can improve our approach by
making random selection of the reference web service to verify if the results will be better. With the evolution of machine
learning and Artificial intelligence, it could be better to investigate new opportunities to combine simulations and machine
learning to accelerate development processes and guess the behavior of the service at early stage.
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