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ABSTRACT

Gopalakrishna, Praveen. M.S., Purdue University, August 2004. Modeling QoS
Parameters in Component-based Systems. Major Professor: Rajeev Raje.

Current trends in the software development are focused on creating systems by
integrating previously developed software components. This approach aids in the
reusability of the code and helps to reduce the cost of software development. In addition
to the functionality a component offers, it may contain the necessary code for measuring
how well the functionality will be achieved during the execution. This gives rise to the
notion of quality of service (QoS) offered by a component -- latency, throughput,
capacity, precision, etc., are a few examples of QoS parameters. Many applications, such
as multi-media, emphasize and require a certain level of the QoS offered by components.
Thus, it is critical to model the QoS, at an appropriate level of an abstraction, during the
modeling of component-based systems. Such a modeling will not only assist the
component developers but also emphasize the need for integrating the QoS during the
development and implementation phases of the software design. In this thesis, an
approach based on a unified framework (UniFrame) is proposed to model the QoS
parameters in component-based systems. The approach involves QoS concepts relevant
for specifying QoS, a UML profile for representing the concepts, integrating the QoS
specification with the functional specification and mapping the specification manually

onto the code of the component.



1. INTRODUCTION

Component based software development (CBSD) is an emerging field which aims
at developing software systems out of prefabricated Commercial off the shelf (COTS)
software components. A software component is defined by [SZY99] as a unit of
composition which has contracts specified in its interface and explicit context
dependencies of the component. A component could be deployed independently and can
be used as a composition unit for building applications by third parties. Technological
advances in networking have led to high speed network connections between computers
and thus aided in a new computing paradigm called distributed computing, where
components involved in the application are remotely located and communication between
these components happens using a network.

A number of distributed computing models are in existence for developing
distributed computing applications. Some of them are J2EE™, NET™, CORBA™, etc.
These models do not provide facilities to interact with each other, thus hindering
interoperability among components which adhere to various models. For example, J2EE
focuses on Java programming language to create distributed systems and thus, can build
systems composed of Java components. .NET framework supports multiple programming
languages, provided that the language conforms to .NET Common Language Interface.
Such a model enables the creation of distributed systems that work well within its
domain, but when it comes to creating distributed systems involving components
adhering to different models, it hinders, as the models do not consider the idiosyncrasies
of the other models.

An approach that takes into consideration the existence of different models is
required for achieving interoperability among models. One possible approach is to use a

meta-model which encompasses the necessary aspects of components which adhere to



distributed computing models. Such a meta-model will assist in achieving interoperability
among different heterogeneous distributed computing models. One such meta-model is
incorporated in UniFrame.

The UniFrame and UniFrame Approach (UA) [RAJO1, RAJ02] provide a
framework which allows a seamless interoperation of heterogeneous and distributed
software components. The key concepts of the approach are: a) A meta-component model
(the Unified Meta Model — UMM [RAJO00]), with an associated hierarchical setup for
indicating the contracts and constraints of the components and associated queries for
integrating a distributed system, b) distributed resource discovery service for discovering
the components, c) the validation and assurance of Quality of Service (QoS) based on
concepts of event grammars.

The UniFrame framework automates the process of integrating heterogeneous
components to create a distributed system that conforms to QoS requirement. The QoS is
an abstract term that is realized by how much a user of the system was satisfied by the
functionality provided by the system. The framework incorporates a discovery service,
UniFrame Resource Discovery Service (URDS) [NAYO02], which discovers the
components necessary to build a system. The discovered components may be
heterogeneous in nature, so in order to make them interoperate, a glue and wrapper
generation framework is provided as part of UniFrame. The glue and wrapper generation
framework generates the necessary code that mediates between heterogeneous
components to make them interoperate. Since glue and wrapper code forms part of the
system, it must be quality aware so that it does not hinder the QoS provided by the
system formed by composing heterogeneous components. In some cases, if the discovery
service is not able to find some of the components necessary to build the system, it may
be useful to generate the components by using existing code generation techniques. One
such technique is provided in Generic Modeling Environment [GMEO02], which allows
the system developer to model the functionality of a system and generate the code. The
component generated must provide the necessary QoS as it forms the part of the

composed system in UniFrame.



1.1. Problem Definition and Motivation

The CBSD is about developing a system with prefabricated components. The
UniFrame provides a framework to create a distributed system that conforms to quality
requirements. It has been indicated in [SUNO02] that the QoS offered by the components
in the component-based distributed system has a significant effect on the QoS for the
entire system. The QoS provided by the system developed using CBSD will depend on
the QoS provided by the constituent components, which are interacting with each other.
The QoS provided by a component depends on whether it received necessary resources,
which will ensure the satisfactory functioning of the component. The resources may be a
computed value required by component A which is expected to be provided by
component B. In a system, in which each component’s QoS offer depends on the QoS
provided by the interacting components, there is a need to ensure that the proper QoS is
provided by all interacting components, such that, the system formed out of these
components provides the necessary QoS to the user of the system. Some applications,
such as multi-media, emphasize and require that a certain level of QoS be offered by the
integrated system. This emphasizes that the constituent components must provide the
necessary QoS. Thus, it is critical to model QoS, at an appropriate level of abstraction,
during the design of any component-based system. Such a model will not only assist the
component developer but also emphasize the need for integrating QoS during the design
and implementation phases of software. Abstractions of QoS also assist in reuse of
information during the design and implementation phases. The Object Management
Group (OMGQG), a consortium of industries for creating standards in many domains has
recognized the importance of emphasizing QoS during design and has issued a Request
for Proposal (RFP) for modeling QoS and fault tolerance characteristics and mechanisms
[OMGO02].

Software development had taken a new approach with availability of Computer
Aided Software Engineering (CASE) tools, which depict the abstracted information about
the functionality of the system in a graphical format. This graphical model is used by a
code generator to generate code templates. The process of creating a graphical model

involves gathering of information about the functionality of the system and representing



it using an accepted standard. This process provides the notion of abstracting information
which is not dependent on technology, and it also suggests that the abstracted information
could be reused. OMG’s Model Driven Architecture [MDAO1] initiative is an example
which aims at separating business or application logic from underlying technology. It
also aims at standardizing these Platform Independent Models and transformations of
these models to multiple Platform Specific Models. Abstracted QoS information can be
represented in a graphical format which can be used to specify QoS during the design
phase of components, which in turn would be used by the code generator to generate code
templates which are quality aware.

The Unified Modeling Language (UML) [UMLO1] by OMG is a visual paradigm
for describing the functional aspects of an object-oriented system. The visual paradigm
for software development has been accepted as a way of describing the functionality of
the system [UMLO1] and it has been supported by the availability of CASE tools. UML,
though rich in modeling elements for functional aspects of the system, lacks the support
for modeling or expressing constraints on the objects of the system [OCLO1]. Many
existing formal languages for describing these constraints could have been used but they
require mathematical background for the system developer. The Object Constraint
Language (OCL) is used to address the issues of expressing constraints on the objects of
the system. The OCL was designed to be simple enough for developers, yet able to
express the constraints without ambiguity. The OCL is a pure expression language and it
does not have any side effects [OCLO1]. Adding an OCL expression in a functional
model will not cause the state of the system to change, even though OCL could be used to
specify the state change. The OCL uses a lexical approach to specify constraints and to
express the constraints using OCL requires the specification of context in which the
constraint has to be applied and the context may involve all or some of the following,
objects, methods, roles, attributes, association. These constraints are typically expressed
in a file which has to be referenced while viewing the functional model. If a complex
system is involved, significant effort is needed for viewing and comprehending the

constraints of the system.



The QoS can be viewed as constraints expressed on the components of the
system. The OCL could be used to express these QoS constraints, but its lexical nature
makes the component developer, who is not an expert at programming, to put more effort
in comprehending the constraints of the system. However, computers can process textual
representation more easily than graphical one as graphics needs to be converted to an
intermediate form so that the existing computer technology can be used to process the
representation. It has been indicated in [NOS90] that the visual representation is more
understandable and transparent than the textual representation. However, [GRE92] states
that visual representation deemphasizes the issues of syntax and provides a higher level
of abstraction. This thesis proposes an approach to represent QoS that makes use of the
better of both worlds by representing the concepts for QoS (which will be explained in
Chapter 4) essential for specifying QoS in visual paradigm and expressing the constraints
in a QoS visual model using text. In addition to representation of QoS, the thesis also
proposes an approach where the same QoS information can be used for another context in
a system. The OCL currently does not provide a way of reusing the information and
thereby not reducing the effort required for expressing the constraints of the system.

The UML [UMLO1] provides an extension mechanism for modeling issues
specific to a domain. The UML provides two ways to extend the model, which are the
Heavyweight extension and Lightweight extension mechanisms. The Heavyweight
extension mechanism extends by modifying the existing UML meta-model. The
Lightweight extension mechanism extends without modifying the meta-model. It extends
by adding Stereotype, Tagged values and constraints to the meta-model. The Stereotype,
Tagged values and constraints are derived from the existing model elements, attributes,
methods, links, etc., in the UML meta-model. These extensions are grouped together to
form a profile, which will enable description of particular modeling problems, specific to
the domain and thus, provide constructs to express them.

In this thesis, a QoS profile is proposed that enhances the UML to provide a
visual paradigm for expressing QoS. The OCL is used to augment the visual model in
expressing precise constraints. The QoS model (visual representation of QoS), referred to

as the non-functional model, depicts only the QoS aspect of the functional model. Thus, it



is a separate view of the functional model. This thesis also provides an approach to relate

the non-functional and functional model.

1.2. Objectives: Statement of Goals

The objectives of this thesis are:

Provide a representation mechanism for specifying non-functional attributes of
the components and a system of components during its design and
implementation phase.

Provide a way of integrating the functional and non-functional model during
design and development phases of the system.

Provide a way of mapping the specification of QoS onto the system code.

To study the effectiveness of the proposed non-functional model on various QoS

parameters defined in QoS catalog [BRAO02].

The approach used in this thesis to achieve the above mentioned objectives and goals are

as follows:

Extension of generic QoS concepts proposed in [AAGO1] to incorporate the
concepts related to QoS parameters that do not get affected during run time.
Representation of the QoS concepts in UML.

Integration of the functional model and non-functional model using interaction

diagrams of UML.

1.3. Contribution of this Thesis

The contributions of the thesis are as follows:

Proposes Quality of Service concepts relevant for modeling QoS of components.
Creates a QoS profile in UML to represent the QoS concepts.
Proposes an approach for integrating functional and non functional model.

Manually mapping QoS specifications onto relevant code of the component.



e A case study from the document management domain to illustrate the

applicability of the proposed approach in real world scenarios.

1.4. Organization of this Thesis

The thesis is organized into six chapters. Chapter 1 provides the introduction to thesis
with problem definition and motivation. Chapter 2 presents the related work on modeling
QoS in CBSD. Chapter 3 describes about the UniFrame approach, UMM and the glue
wrapper generation. Chapter 4 presents an approach to model quality of service along
with concepts and representation using UML. It also proposes an approach to integrate
the functional and non functional model. Chapter 5 presents a case study to validate the
approach. Chapter 6 presents the conclusion to the thesis by listing the features of the

model, possible enhancements and future work.



2. BACKGROUND AND RELATED WORK

This chapter provides an overview of the existing QoS specification mechanisms

for components in distributed systems.

2.1. Quality Objects
The Quality Object (QuO) is a framework [BBNOI1] for providing QoS in

distributed applications that are composed of objects. The QuO is intended to help
application developers to develop distributed applications with specific QoS
requirements. It enables the specification, measurement and control of QoS of the
application and the adaptation to changes in QoS. The QuO attempts to bridge the gap of
network level guarantees and application level QoS requirements.

The QuO extends the functional IDL of CORBA to incorporate QoS. The QoS is
specified using QoS description language (QDL) which describes the QoS contracts
between the clients and the objects, the resources of the system, and the way of
measuring and providing QoS.

The QDL consists of Contract Description Language (CDL) and Structure
Description language (SDL). CDL is used to specify the QoS contract between the client
and object in an application. The QoS contract indicates the QoS required by the client
and the QoS that can be provided by the object. The QoS contract also specifies the
possible levels of QoS the system provides, the behavior to invoke when the client
desires, the object expectation or QoS conditions change.

The CDL contract consists of: a) a set of nested operating regions indicating the

possible states of the QoS. Each state has a predicate associated with it to indicate



whether the state is active or not, b) a transition for each state to specify the behavior to
invoke when the active region changes, c) references to system condition objects, which
are passed as parameters to contracts in order to measure and control QoS, and d)
callbacks to notify client or objects about the transition from one state to another.

A sample CDL contract which specifies the throughput for the system is shown in
Figure 2.1.

contract Throughput( syscond valuesSC ValueSCimpl ClientExpectedThroughput,
callback AvailCB ClientCallback,
syscond ValueSC ValueSCImpl MeasuredThroughput,
syscond Thpr ThprSCImpl ThprMgr) is.
negotiated regions are
region low_throughput: when ClientExpectedThroughput == 10 =>
reality regions are
region Low : when MeasuredThroughput < 10 =>
region Normal: when MeasuredThroughput == 10 =>
region High: when MeasureThroughput > 10 =>
transition are
transition any->Low :ClientCallback.throughput degraded();
transition any->Normal: ClientCallback.throughput normal();
transition any->High: ClientCallback.Throughput being wasted();
end transition;
end reality regions;
region high throughput : when ClientExpectedThroughput >=11 =>
reality regions are
region Low : when MeasuredThroughput < ClientExpectedThroughput =>
region Normal: when MeasuredThroughput >= ClientExpectedThroughput =>
transition are
transition any->Low :ClientCallback.throughput degraded();
transition any->Normal: ClientCallback.throughput normal();
end transition;
end reality regions;
transitions are
transition low_throughput-> high throughput
Thprmgr.adjust _throughput(ClientExpectedThroughput)
transition high throughput->low_throughput
Thprmgr.adjust _throughput(ClientExpectedThroughput)
end transition;
end negotiated region;
end Throughput contract;

Figure 2.1. A CDL Contract
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The above sample CDL contract specifies the Throughput behavior of a QuO
application. The client has two operating regions, which are low_throughput and
high throughput. These two regions have nested regions in which the system can operate.
The client can request different Throughput based on the client’s requirements. These
requested throughputs are correspondingly indicated by low_throughput and
high throughput regions. The contract also specifies the method to be invoked whenever
there is a transition from one region to another.

The Structural Definition Language (SDL) describes the structure of the remote
object implementation, such as implementation alternatives and adaptive behavior of the
object delegates. A SDL description has: a) a set of interfaces and contracts with adaptive
behavior specified by the SDL specification, b) method calls for which the adaptive
behavior is to be specified, c) a set of regions indicating the states that QoS can adapt to
and, d) behavior specification of various alternative object bindings.

A Sample SDL specification is shown in Figure 2.2.

delegate behavior for Targeting and Throughput is

obj : bind Targeting with name SingleTargetingobject;
group: bind Targeting with characteristic { Througput = True };
call distance to_target:

region Throughput.Normal:

pass to group;

region low_throughput.Normal :

pass to obj;

region high throughput.Low:

throw ThroughputDegraded;

default:

pass to obj;

return distance to_target:

pass through;

default

pass to obj;

end delegate behavior;

Figure 2.2. A SDL Specification
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The QuO focuses only on the quality aware communication channel between the
client and the servers. It supports the specification of QoS characteristics which are
measurable and vary during the runtime, thereby forcing a restriction on the type of QoS
characteristics that can be used for specifying QoS. Some of the characteristics which
may not be specifiable using QuO are accuracy, dependability, security, etc., as these
characteristics do not vary during runtime.

The QuO specifies the quality contracts the client and object will have. It does not
specify on how this contract is reflected in the implementation of the object. It is left to
the developer to provide the implementation for the contract during the development of
the object.

The Quality specification provided by QuO is for the entire system and it does not

provide a way to specify QoS of individual components involved in the system.

2.2. Quality of Service Modeling [.anguage
The QoS Modeling Language (QML) proposed in [FRO98] is a QoS specification

language which can be used to specify QoS in Object-Oriented systems. The QML
provides a QoS specification mechanism that

a) is syntactically separate from the service specification, such as the Interface.
This feature provides a way to specify different QoS properties for various
implementations of the same interface,

b) allows the QoS of the client to be specified separately from the QoS of the
server. This feature allows a developer to specify the QoS properties of a
component separately for all the components which are involved in
collaboration to form a system,

c