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ABSTRACT

ServiceOriented Architecture (SOAWhich managesemote serviceindera
third party or provideris a new paradignior building IT systemsin SOA, te
increasing demand focrossorganizational servicebas highlighted the need for
Servicelevel Agreement (SLApnd monitoring ofits service level (performance)
Although the role of machinereadableSLA languags like Web Service Level
Agreement(WSLA) is recognized,but, the engineering of monitors is complex
becauset uses theeodebasedapproach.Therefore researcton effectivedesigrs of
monitors for SOA environment and providing standsrth the instrumentation
processwould improve SOA This thesis proposea modelbased engineering
approachto raise the abstraction and-use leels fa designingstandardmonitors
with automation support. Model Drivenréhitecture(MDA) wasusedto automate
the developnent of the software produc{monitor) This was dondy mappinga
business model called Platform Independent MdédM) into Platform $Pecific
Model (PSM)usingQuery View Transform(QVT) as thestandard languagén this
approach the PIM metamodel is stemmed from WSLA while the PSM is borrowed
from SEI frameworkModeklbased testingvasused to generate tests as an artifact
which is a requirement forthe 6-element framework. Aa design science research
anemail system case stughasused to evaluate ¢hframework. The results shed
that Modelbased engineeringrovideda standard methofdr developing monitors
that has raised the abstaction and eventuallyled to a maintainableand reusable
framework PSM would also act as the standard implementation model for
configuring monitors using QVTbecause itis effective and could configure a
number of monitory reusing the same artifadggroposed?IM andPSM) requiring
less humaiintervention. Besides thathe PIM metamodel can be extexdo accept
different SLA languageslhe research has proven that the proposedets are not
only the best means of communication betw SLA stakeholds, butare thecore
engineering assetfor both human and machinbecause theycould reduce
engineeringeffort.



Vi

ABSTRAK

Reka bentuk Berorientasikan Perkhidmatan (SOA) yang menguruskan
kawalan perkhidmatan di bawah pihak ketiga atau pembekklhadgatu paradigma
baharu untuk pembangunan sistem IT. Dalam SOA permintaan yang semakin
meningkat kepada perkhidmatan merentas organisasi telah meningkatkan keperluan
untuk Perjanjian Tahap Perkhidmatan (SLA) dan pemantauan tahap perkhidmatan
(prestasi)Walaupun peranan bahasa SLA boleh dibaca oleh mesin seperti Perjanjian
Tahap Perkhidmatan Laman Sesawang (WSLA) diiktiraf tetapi kejuruteraan monitor
adalah kompleks kerana pendekatannya berasaskan kod. Justeru itu penyelidikan
mengenai reka bentuk yangekfif untuk memantau persekitaran SOA dan
menyediakan standard dalam proses instrumentasi akan meningkatkan SOA. Tesis
ini mencadangkan pendekatan kejuruteraan berasaskan model dan tahap penggunaan
semula untuk mereka bentuk monitor dengan sokongan autor8asibina
Berpandukan Model (MDA) digunakan untuk mengautomasikan pembangunan
produk perisian (monitor). Ini dilakukan dengan memetakan model perniagaan yang
dikenali sebagai Model Paltform Bebas (PIM) dalam Model Platform Khusus (PSM)
menggunakan Perntalan Paparan Berubah (QVT) sebagai bahasa standard. Dalam
pendekatan ini metamodel PIM berasal daripada WSLA manakala PSM dipinjam
daripada kerangka kerja SEI. Pengujian berasaskan model telah digunakan untuk
menjana ujian sebagai artifak yang menjadi Kejpe kepada kerangka kerja enam
elemen. Sebagai reka bentuk penyelidikan sains kajian kes melalael &lah
digunakan untuk menilai kerangka kerja terseblaisil kajian menunjukkan bahawa
kejuruteraan berasaskan model menyediakan satu kaedah standlad d
pembangunan monitor yang meningkatkan pengabstrakan dan menghasilkan
kerangka kerja yang mudah diselenggara dan digunakan semula. PSM juga akan
bertindak sebagai model pelaksanaan standard untuk mengkonfigurasi monitor
menggunakan QVT kerana PSM bes&e dan boleh menetapkan beberapa monitor
menggunakan semula artifak yang sama (yang dicadangkan PIM dan PSM) dengan
sedikit campur tangan manusia. Selain itu metamodel PIM boleh dilanjutkan untuk
menerima bahasa SLA yang berbeza. Kajian telah membukidzwa model yang
dicadangkan bukan sahaja cara terbaik komunikasi antara pemegang saham SLA
tetapi merupakan aset kejuruteraan teras kepada manusia dan mesin disebabkan
boleh mengurangkan usaha kejuruteraan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

In internet computing, both internal and external customers presume that
business services have to always be accessible and offer disruption-free performance.
Any problem that interrupts the performance of internet-speed business will lead to
the loss of business in the real world. Therefore, it is extremely important to detect,

diagnose and correct any performance problems before the service is deployed.

The current business requirements depict a complex map for IT infrastructure
because it is generally very large and quickly expanding. Hence, it is important for
modern enterprises to have a mechanism to monitor the quality of service provided
by their IT infrastructure. This mechanism is generally called a dashboard, which
allows users to monitor, detect and correct the infrastructure (Swebok, 2004) in order
to increase the value of their business processes. Technologies and mechanisms to
monitor the performance constraints are necessary in order to achieve business

goals.

The function of these automatic monitoring mechanisms became necessary
by maintaining it within the size of complex systems. An effective practical
engineering approach is needed to improve the quality of a monitor’s design. Model-

based engineering is a new promising trend such as model-driven architecture



(MDA) and model-based testing (MBT). MDA is OMG initiative, which separates
the conceptual Platform Independent Model (PIM) from Platform Specific Model
(PSM). It uses mapping as an ultimate goal of automating product engineering. The
capability of raising abstraction level encourages the reusing of artefacts such as
PIM, PSM and even the mapping rules at a certain domain. Software testing and test
cases are common practices in engineering task (Mark, 2007) (Bill, 2008). One of the
common software testing methods under the model-based initiative is called Model-
Based Testing (MBT). MBT is a form of black-box testing that uses behavioral and
structural models such as UML diagrams to generate test cases automatically. MBT
is strongly suitable for Service-Oriented Architecture (SOA) environment because
the test cases generators are able to cover almost all model-related features such as
states in UML state machine and boundary values for the data coverage (Wieczorek,
et al, 2008). Therefore, the philosophy of MBT follows the same trend that
automates test cases generation (not as before like script-based testing) (Mark, 2007)
and execution which starts testing from specification of the system under test. MBT
toolset makes it easy to verify system functionality. Due to performance being an
execution property, test cases execution is used as a means of telling about system

behavior at run time.

The current trend in the modeling and designing of service-oriented systems
follows a new paradigm called SOA (Thomas, 2007) (Nicolai, 2007). In this
approach, the functionality of the system is assigned to loosely coupled services
where integration between heterogeneous systems is possible, thereby reusing
increased agility to adapt to changing business requirements. Service Level
Agreement (SLA) is an obligation between the service provider and service
consumer in which services and the level of quality are specified. SLAs have been
used in IT organizations and departments for many years. The definition of SLAS in
SOA framework is still new; however, it has become extremely important in recent
times due to the high demand on services in SOA systems that cross over the
organizational boundaries and a lot of third-party service providers (Philip, et al.,
2008). Therefore, it is required to measure and ensure quality of service from both

the service provider and service consumer prospective.



Generally, SOA software systems have a different life cycle than traditional
software which consists of analysis, design, implementation and testing. The new
dimension of SLA as a new artifact in this paradigm requires several engineering
sub-tasks such as specification using languages (i.e. WSLA) (Diana and Boyan,
2009), measuring and evaluation. From an engineering point of view, assessing the
performance of service-oriented system and checking its compliance with the
specified parameters in SLA is a very significant task in SOA. This is because
performance is the critical factor that affects the global Quality of Service (QoS) that
is expected by the end-users of the systems. Therefore, by using model-based
approach, the complexity of the large engineering activities involved will be

minimized.

1.2 Background of the Problem

SLA is an essential artifact in realistic SOA systems, especially for the
service providers in a large-scale of software such as (Amazon). Building SLA
monitors is the interest of both perspectives: the end user or service consumer, and
the provider. Since both need to specify a certain level of quality, such as specifying
the metrics and parameters of performance of the service-based system, an SLA
language will be described first. The background of SLA management, evaluation
and life cycle will be presented next, and finally, the general approaches to
monitoring SLA will be defined.

1.2.1 SLA languages

In the history of IT computing, English or some other natural language has
been used to describe SLA elements of agreement for service levels. An example of
this is one of the SLA documents namely the Amazon S3 Service Level Agreement

(Amazon, 2008). This document includes a section which declares the company’s



commitment in providing the Simple Storage Service (S3) that is available with a
monthly uptime hour of at least 99.9%. The SLA includes a service credit where
users who experience unavailability of service could demand for monetary credit as

compensation.

The new trend towards SLA is for it to be in standard form and machine-
readable by formalizing it. This direction is new and a few standards exist with these
properties in the literature review (Ed et al., 2010), for example, IBM’s WSLA
framework and the WS-Agreement specification. These XML-based languages can
be used to create machine-readable SLAs for services implemented using web
services technology which define service interfaces using WSDL (W3C,2001).
WSLA is an extensible language that can be extended to adopt other technical or
service-based technologies. A machine-readable SLA is better than text for reasons
identified in the literature review and is discussed in Chapter 2 under Section 2.9.
Therefore, if SLA is machine-readable, the measurement could be automated easily.

1.2.2 SLAs management and evaluation

As mentioned before, the development of SLA is the main difference
between the traditional system and SOA systems. It is an engineering task that
consists of a number of sub-activities such as instrumentation and measurement
which assign values to SLA parameters (Keller, et al., 2003). The important parts for
current studies are the evaluation of the subsystem; it takes input from SLA metrics,
parameters and checks the values against the guaranteed conditions of SLA. In case
of violation, certain actions should be triggered and this process is expected to be
relying on tools so it can be performed automatically. This process is also called
monitoring. Generally, there is no standard way in executing this step. There are
different practices most of which are low level tasks that involve substantial effort

and tedious work.



1.2.3 SLA life cycle

The following are the phases in an SLA life cycle as defined in (TMForum,
2008). It involves four phases: a) Service and SLA template development, b)
Negotiation, ¢) Preparation and d) Execution. The focus of current studies is on
Execution, which mainly involves the assessment or evaluation of SLA and QoS that

are provided to an individual or group of customers.

As stated by SEI (Philip, et al., 2008), this is an active research area because
in extreme cases there is a need to automate the SLA life cycle in order to enable the
dynamic provisioning of service between organizations. Here, all of the steps are
done at runtime. Moreover, the assessment of QoS is seizing the attention of

researchers and large scale organizations (Philip, et al., 2008) (OMG, 2009).

1.2.4 The need for measurement and assessment of SLA

In traditional software engineering practices, software testing is used as a
common tool to verify the functionality of systems. With the advent of SOA,
verifying the QoS aspects of SLA becomes an issue as there are many practices of
cross-boundaries services emerging. Two examples of this are an online storage web
service offered by Amazon Web Services, and an exchange server provider hosting
customers’ emails (i.e. Microsoft live outlook). In both examples, performance is a
critical QoS need, which must be verified by the end users or third parties at
provisioning time. This is due to many factors; if we look carefully at current
service-based systems, services are able to communicate because they are
independent of technology. Apart from that, service is allowed to grow dynamically.
In this case, a service provider could enhance the quality of functionality provided by
their systems such as increasing the resources available to the service. This causes a
variation in the service’s non-functional properties. For instance, optimization could

improve a non-functional (i.e. performance) property while worsening another (i.e.


http://en.wikipedia.org/wiki/Online_storage
http://en.wikipedia.org/wiki/Web_service
http://en.wikipedia.org/wiki/Web_service
http://en.wikipedia.org/wiki/Amazon_Web_Services

availability). Therefore, this may lead to the violation of the SLA obligations as was
the case with Amazon S3 where its availability became lower than 95%.

Therefore, it is clear that there is a high demand for automated monitors that
help taking a decision by large-scale service providers like Amazon and service

consumers like UTM in outsourced email service.

SLA is usually expressed in statistical terms over large numbers of service
instances (average latency, small percentage above a certain threshold; need to
specify the demand pattern, and so on). The instrumentation (monitor) measures
performance of service instances in order to be compared with the expected results.
This step requires considerable processing before they can be related to the SLA
terms. It is made complicated by the need for transparency. Both the service provider
and consumer need less design or configuration effort given the fact that this process
has a high frequency of execution (consider Amazon customers). In addition, it also
needs business models instead of low level languages to enable easier
communication among stakeholders and to increase the effectiveness of the
monitoring process (re-using among different clients). For example, most of the
current SLA machine-readable languages and parameters are XML-based language.
This situation increases the complexity of the monitoring process and making it more

tedious.

Having that knowledge, there exist now a need to reduce engineering efforts
by increasing the automation of this process and putting the artifacts in high quality.
Model-based approaches like model driven architecture and MBT (see Chapter 3
under Section 3.8) are common trends which have added many values to the
engineering of systems such as reducing human intervention for the purpose of
development in the case of MDA and generating tests automatically in the case of
MBT.

Moreover, the monitor will be working in SOA environment which gives rise

to new dimension (will be elaborated in detail in Chapter 3). For example, the



testing of challenges in SOA environment can be categorized based on roles or
perspective (developer, provider, end user), kinds (functional, non-functional), time
(design time, provisioning time), scope (SOA infrastructure, web service, end-to-end

thread), and testing level (individual service or business process).

However, studying the problem with models could be made easier due to a
high level of abstraction and the ability of being a re-usable artifact between service

provider and requestors (Colomb, et al., 2006).

1.3 Statement of the Problem

The fundamental question to address the research problem is:

How SLA monitor design of performance can be automated for SOA-based
systems?

This study is about designing a monitoring system for performance parameters
gathered from the end user at provisioning time. So far contribution was proprietary
solutions with more engineering efforts. In addition, although there is a standard for
SLA like the standard language developed by IBM - WSLA (Ludwig, 2005), it does
not show any details on how the monitor design will turn out to be. However, this step
from IBM and others is a progress towards this kind of problem because there is no
standard so far for SLA. In addition, the focus of literature was on assessment at
design time and SOA infrastructure (Domenico, et al, 2009) (Alin, 2009).
Furthermore, most of the monitor designs are not environments for service-based
(Thomas, 2007). As shown in the introduction, SOA is a paradigm shift for most IT-

enabled information systems.



Thus, this question would be better addressed by presenting an effective
framework to help SOA engineers evaluate the performance through monitor design
at SOA-based systems.

The main issue in this study could be divided into several research questions
as the following:
A. What is the trend in SLA and more importantly specifying performance

parameters for SOA-based systems?

The huge definition of internet service-based systems perspectives,
environment and engineering stages leads to the need to firstly identify the
domain of the problem. It is important to sort out the differences between the
views of the client, the provider and/or the service integrator in SOA. This
will help the researcher to choose the type of operational performance’s
metrics. For example, the throughput can be measured in terms of request per
second or in data rate per second as average data rate includes latency as well
(Ed, et al., 2010). In addition, performance can be measured for infrastructure
components (BPEL engines, parser, etc.) as well as from the developer

perspective at design time (Domenico, 2009).

The history of SLA was based on telecom practices so most of the terms are low level
as well as metrics. The SLA is specified manually in the form of templates. The
instrumentation process itself involves a lot of human effort which consists of
component configuration and deployment plan. Recently, the need for high level
machine readable language became more apparent, but it still needs to be studied
under the SOA context.

B. What is the appropriate framework for measurement in SOA context?

There are a number of frameworks working in this dimension, but they
are basically lacking in longevity and a standard method of developing
monitors that help achieve re-usability at different scales such as the reusing



of SLA aritfacts which is not addressed. Most of the contributions are
proprietary solutions as will be seen in the litature review. However, the
monitors are rewritten many times for a similar class of problems due to low
level abstraction used in the designs. This situation becomes worse with
increases in service-based systems on the internet which would require a
greater amount of time and effort from the developer’s point of view
(Amazon with ten thousand and more customers utilizing Amzone’s
different web services). In addition, deploying the monitoring infrastructure

(Simon, 2011) requires effort and time.

A more efficient approach is the one that reduces human effort by
increasing the automating of different activities as well as keeping
communication between stakeholders easier. Here, experiences and practices
from state-of-the-art model-based engineering will be considered because
models are like a coin which has two faces: one for human, and the other for
machine. The tools behind this framework are needed for the measurement of
SLA performance parameters which will be addressed from three
dimensions:

a) SLA language representation and manipulation.

b) Transformation mechanisms.

c) Generation of measurements result.

The goal of the first dimension is to comprise a formal and expressive
language that has the ability to encode the quality attribute specifications
(QoS) which also gives the ability to describe different levels of quality
provided by a single service. Next, the goal of the second dimension is to be
able to relate the terms of SLA with the capabilities of available
instrumentation (monitoring). Finally, the goal of the last dimension is to
prepare execution environment in order to implement and execute complex
functions to calculate the SLA performance parameters terms by considering

the workload.
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C. What are the components to be considered in the monitoring of SLA
performance parameters?

The components of frameworks vary in their contributions, but have
some degree of similarities. The central point is the concept of load which is
used in a non-realistic way in many cases (java methods for simulating load)
(Antonia, 2008). The concept of test cases or tests is used as a body from the
system showing time behaviour. Testing is used but in current cases there are
various reasons that make testing SOA applications a challenging task. In
most cases, services are often outside the control of the organization that is
using the service (service developers are independent from service providers
and service consumers). As a result, potential mismatches and
misunderstandings between parties can occur. Additionally, SOA applications
are highly dynamic with frequently changing services and service consumers,
changeable load on services, SOA infrastructure, and basic network.
Consequently, it is normally impossible to capture all possible configurations
and loads during the testing process. Therefore, what could possibly be done
as from many common practices and literature is to identify and maintain a
set of configurations that are considered important and use it as the base to

define the test environments (Philip, et al., 2008).

It turns out that the measurement or testing environment will have an
influence on the result. Thus, it must be as similar as possible to the
deployment environment. This means that the simulation environment should
include complete and realistic elements such as workload. This will allow
measurement metrics such as latency and response time to be more realistic

because it is performed under real working load.
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1.4 Objective of the Study

The main goal is to propose a framework for monitoring performance

parameters in the context of SLA in SOA systems. In order to achieve this, the

following objectives are required:

1.5 Scope

To identify the SLA performance parameters and design SLA

elements of performance monitor in the context of SOA.

To propose a model-based monitor framework for monitoring SLA

performance parameters under the context of SOA.

To evaluate the framework of SLA performance parameters using a

case study.

The scope of this research is mainly covers the monitor of
performance parameters in SLA but not the performance engineering
and development of metrics.

The monitor engineering is the main issue in this research where an
effective framework is need.

Model-based approach will be followed in the design of monitor or
architecture.

The SOA environment and service-based systems is the main

environment where the problem is studied.
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1.6 Motivation

Service-oriented systems have recently grown and started to cross over the
organization boundaries. One of the huge examples is Amazon web services -
services' for businesses, consumers, Amazon associates, sellers, and other

developers.

Service-based systems currently are engineered by SOA principles in which
software functionality is outsourced by one or more providers; hence, the program is
not entirely under the control of clients as traditionally experienced. For example,
the UTM email system is outsourced by Microsoft Outlook Live, the third party

which is the exchange server hosting company.

Performance of services is among the most important concerns in an
organization because of the dynamic nature of service-based systems. Service
providers usually enhance services for many reasons such as optimization and
improvements of services. Therefore, there are demands on automated systems and
frameworks to manage the whole SLA life cycle. Performance assessment of a
service component, at a minimum consists of the execution of a series of tests, each
one with a specific workload for the component and the collecting and aggregating of
some performance metrics that characterize the system. In the distributed systems
and service-oriented systems, the components can be deployed on different machines
over different networks and it may need to be stimulated by different remote clients.
However, this task when performed manually or with a limited amount of automation

can be problematic and error-prone (Domenico, et al, 2009).

1.7 Theses Organization

In Chapter 1 the context of the research has been setup which involves

problem description and objectives. It supports with terminologies and background
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of the problem in SLA space in general. Chapter 2 shows us the dimension and new
directions of the literature where the problem is stemmed. The pivot of this Chapter
is the theory and trend from where framework concept is stemmed like MDA and
MBT are investigated. The explanation of SLA, standard language like WSLA and
monitors in SOA environment is covered to show the current limitations of current
designs of performance monitors. Chapter 3 describes the research methodology and
this sort of a research where its main feature is discussed through design science filed
of research. The innovation and proposed solution to the problem of this research is
explained in details at Chapter 4. It is a new framework for designing SLA Monitor
of performance using model-based approach. Chapter 5 is about the evaluation of
the proposed framework using case study. It explains an email case study where a
concrete SLA is used between service requestor a provider to show how monitor
concepts and strategies discussed at Chapter 4 are implemented. In addition in this
chapter each step is linked with Chapter 4 through principles named A-D based on
Chapter 4 philosophy. Chapter 6 draws a conclusion where results generated by the
research are restated and discussed within the scope and research question addressed
at Chapter 1.
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