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Component frameworks support the composition of
software systems from concrete software components.

Software components are well-defined entities of their
own that can be provided by other development groups
or companies.

In particular, component technology is important to
create a market for prefabricated software.
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Component frameworks have three main goals:
* Reuse of software components

* Providing the basis for a market of software
components

* Role separation

Component frameworks enable to separate the
responsibility of developing and managing a software
system into five roles:

* component provider,

framework provider,

application provider

(constructs an application from components),

application deployer (installs an application on a
platform),

system administrator.

Role separation is important for division of labor,
specialization, and better competition in the software
market.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern



8.1 Component Frameworks:
An Introduction

The “compound object pattern” provides the
conceptual basis for component frameworks.

In this context, the term components refers to
software components consisting of concrete
‘program parts and data”.

Components are the units of composition in the
context of a component framework.

The goal of component frameworks is the blackbox
reuse. Inspection of the component’s implementation
by the user should be unnecessary.
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Composition Techniques

A component framework provides the mechanisms
to stick components together.

We can distinguish three kinds of composition
mechanisms:

« Static linking of components, i.e. the components
are linked together before they are executed.

« Dynamic linking of components, i.e. some
components are linked at runtime into an
executing process.

« Connecting of components that run as parts of
different processes.
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Component Frameworks

The glossary of "Component Software: Beyond object-
Oriented Programming” by Clemens Szyperski gives
an explanation of the term “component framework™:

“A component framework is a collection of rules and
interfaces (contracts) that govern the interaction of
components plugged into the framework. A component
framework typically enforces some of the more vital
rules of interaction by encapsulating the required
interaction mechanisms.”

As the general goal is to compose software systems
from prefabricated components, a component
framework has to give answers to the following three
questions:

* Component model: What is a component?

* Component infrastructure: What are the infra-
structure and the technical support for deploying
and composing components?

* Further features: How are further requirements
supported by the component framework?
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The component model essentially consists of
rules specifying

* what kinds of components are supported,

* what constitutes a component,

* and what the properties of components are.

Many of the rules are usually syntactic.
But, there may be as well semantic rules.

Components are described with the help of some
languages (e.g. programming or assembly languages).

The component infrastructure
* explains how components are composed and
deployed
* describes the rules
o how a component finds other components by
name,
o how components are linked to each other,
o and how they can communicate

* specifies interfaces that allow to inspect
components at runtime

* may provide mechanisms to startup and initialize
remote components
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* may comprise library code that components need
to connect to other components

* may define standardized platform components for
composed systems

* may specify tools for composition and deployment

Component frameworks often support further features,
like:

* support for persistence,

* security mechanisms.

Different Kinds of Frameworks

* Component frameworks can be independent of
requirements of specific application domains.

* They can support general architectural patterns (e.g.
the EJB framework primarily supports the construction
of software systems according to the three-tier
architectural pattern).

* They can be developed for more specific application
areas. In that case, the component model and
infrastructure are specialized to that area.

Often predefined components are provided.
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Discussion of .Frameworks®:

The RMI (remote method invocation) in Java is a
communication infrastructure.

* |t provides library classes, interfaces, and services

to connect to remote objects and invoke their
methods.

* |t can be used to build up a component
infrastructure, but it is not a component framework

* A component model is missing.

The AWT is a typical program framework.

The subclasses of class Component can be
considered as components.

A component infrastructure providing rules and
techniques for composition and deployment is
missing.

Improvement: the JavaBeans framework building on
AWT, which

* defines rules and conventions that specify
component interfaces,

* provides an event-based composition mechanism.
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8.2 Microsoft’s Component Object
Model (COM)

The Component Object Model (COM) is the name of
Microsoft's basic component framework.

* COMis directly used in many areas.

* |t provides the foundation for more specialized
frameworks like e.g. Microsoft's compound
document standard OLE.

* COM is available on Windows and other operating
systems (e.g. Mac OS, some UNIX operating
systems).

In the following, we will not distinguish between COM
and Distributed COM (DCOM), an extension to COM
that allows network-based component interaction.

COM is a framework to compose software systems
on a binary level.

In particular, components written in different
programming languages can interoperate.

To make this work, the interfaces of components can
be described by an interface description language
called IDL.
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8.2.1 Component Model

COM distinguishes between

* COM class: the software that implements a
component

* COM object: the instance of a component class

A COM class

* can be implemented as a class written in an
object-oriented language,

* can consist of many classes or some procedural
code,

* provides the implementation for its instances and
supports their creation.

A COM object

* is not necessarily a pure object in the sense of an
OO-language, i.e. an object with a fixed number of
iInstance variables and methods,

* can be realized by many pure objects of different
types or by other data structures.

* may have state, provides a mechanism to be
compared for identity, and is only accessible over
well-defined interfaces.
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Like in Java, an interface has a name and describes
the signature of the procedures/methods provided by
(pure) objects implementing the interface.

Example: (COM component model):

Let us consider a COM class that provides the
Interfaces 10nlyA, 1AlsoBC, and IService:

interface IOnlyA extends IUnknown {
int doOpA( ... );

interface IA1lsoBC extends IOnlyA
int doOpB( ... );
int doOpC( ... );

interface IService extends IUnknown {
int doOpD( ... );
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A COM obiject is a collection of pure objects.
The pure objects that can be referenced from the

outside are called the interface objects of the COM
object.

class ClA extends ClUnknown

implements IOnlyA {
int doOpA( ... ) { ... }

class Cl1ABC extends ClUnknown
implements IAlsoBC {

int doOpA( ... ) { ... }
int doOpB( ... ) { ... }
int doOpC( ... ) { ... }

class ClAD extends ClA

implements IOnlyA, IService {
char doOpD( ... ) { ... }
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This example shows that

* one interface object can be referenced by several
clients,

* an interface object can be used to provide the

functionality of an interface containing only a subset

of the methods

* the same interface can be provided by several
interface objects,

* a COM object comprises internal objects to
implement the functionality of the interface objects.

The explanations above sketch the conceptual
component model of COM.
Technically, to be a binary standard, COM defines a

standard binary layout to realize the conceptual model.

In this binary layout, the interface objects are
implemented by records that are called interface
nodes.

The first entry of these records contains a pointer to a
record of function pointers referring to the interface
operations.

Whereas Java only allows input parameters, COM
supports output parameters as well.
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8.2.2 Component Infrastructure

In general, the component infrastructure describes the
rules and techniques for deploying and composing
components.

Here, we focus on the mechanisms that COM provides
for composition, i.e. for linking or connecting
components.

The basic situation is that a client looks for a service
characterized by an interface IF.

There are two alternatives:

1. The client already has a reference to a COM object
that provides IF.

2. The client knows a COM class the objects of which
provide IF.

Querying COM Objects for Interfaces:

Assumption: A client has a reference to COM object X.

Scope: Use this reference to query for other
interfaces that X provides.

Solution: COM supports a naming mechanism for
interfaces based on globally unique identifiers (11Ds).
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All COM objects have to implement the predefined
interface IlUnknown, defined as:

interface IUnknown {

HRESULT QueryInterface (
IID 11d, out IUnknown gif );

long AddRef () ;

long Release()

The client can use its reference to X to call method
QueryInterface. It

* takes an |lID as input and checks whether X
implements that interface,

* returns a result of type HRESULT indicating
whether the check was successful, and if not, why
it failed,

* uses the output parameter qif to return the
reference to an interface object A that implements
the queried interface.

As all COM objects must implement the IlUnknown
interface, the identity of the corresponding interface
object can be used to identify the entire COM obiject.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern
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Creating COM QObjects:

We explain the mechanism to create COM objects and
to get a reference to one of its interface objects.

This mechanism is based on three different features of
the COM framework:

* Support for unambiguous identifiers of COM
classes (CLSIDs).

* The COM library that is linked to the client code

(procedure CoCreatelnstance is called to create a
COM obiject).

* A system regqistry to find COM classes.

Similar to pure OO-programming, the creation of COM
objects is done by COM classes. To identify COM
classes, the COM framework provides the notion of
class identifiers (CLSIDs).

The usual way to create a COM object is to call the
COM library procedure CoCreatelnstance.

The procedure CoCreatelnstance

* takes a CLSID and an IID as arguments,

* tries to create an instance of the COM class CLSID,
* returns a reference to an interface object of the

created COM object that implements the requested
interface IID.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern
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A COM server

* comprises the implementation of one or more COM
classes,

* contains a so-called class factory for each
implemented COM class.

The class factory is a COM object that implements the
creation of instances of the associated COM class. For
this purpose, the class factories provide the interface
|ClassFactory.

From the view point of a client, there are three
different

kinds of servers.

* An in-process server runs in the same process as
the client.

* A Jocal server runs on the same machine as the
client, but in a different process.

* A remote server runs on a different machine as the
client.

The creation of a COM object involves several steps.
The client calls the procedure CoCreatelnstance with
* class identifier CLSID
* interface identifier |ID

* optional parameters indicating the preferred kind of
server.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern
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The system registry is consulted to locate a server
implementing CLSID.
This results in one of the following cases:

* There is no appropriate server registered for class
CID.

* There is an appropriate server registered, but this
server is not running. In that case

o the server is started or dynamically linked to the
client process,
o the class factories are created,
o references to IClassFactory are entered into the
system registry.
o the process continues as in the following case.

* There is an appropriate server registered that is
running.

o CoCreatelnstance uses the reference to interface
|ClassFactory stored in the registry to create a
corresponding COM obiject.

o It queries the COM objects for the interface IID.
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In case of local and remote servers, additional support
has to be provided by the COM framework for
transparent communication across process boundaries
or across machine boundaries.

For this purpose, COM uses techniques similar to
those of the remote method invocation mechanism of
Java or CORBA.

8.2.3 Further Features of the COM
Framework

The COM framework provides a number of further
features that simplify the composition of systems from
components.

Examples are:
* Support for garbage collection

* Support for object reuse
* Techniques to specify families of interfaces
* Support for persistence
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Cooperative garbage collection by reference counting:

Based on the methods AddRef and Release of
[lUnknown.

Before the first reference to an interface object is
handed out to a client, the count is set to one.

It is automatically incremented when another
reference to that interface object is passed out.

If a client stores an interface reference to an
additional variable or if it passes the reference to
some other client, the client calls AddRef to
increment the reference count.

The method Release is called when a reference is
released. When reaching zero, the interface object
IS deallocated.

Object reuse can be achieved by composition of COM
objects. Essentially there are two different techniques:

* Containment. A COM object X can encapsulate

another COM object Y.
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« Aggregation: Several COM objects Y, .., Y, are
composed to form a new COM object X
o the interface objects of the Y, become the
interface objects of X.

o Only the implementation of IUnknown of X has
to be newly designed to reflect all the interfaces
that are provided by Y, .., Y..

Further reading: Chapter 14 of Clemens Szyperski.
Component Software: Beyond Object-Oriented
Programming. Addison-Wesley, 1997.

8.3 Enterprise JavaBeans

The Enterprise JavaBeans framework is a component
framework developed by Sun Microsystems.

It supports the realization of application servers
according to the three tier architectural pattern.
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Explanation: (Application server)

An application server is a software system that
provides services for (remote) clients.

The persistent data involved in such services is usually
managed by databases.

The tasks of an application sever are:
* Accepting and maintaining the connection to clients

(authorization and security mechanisms, control
over the client sessions).

* Reading and writing data from and to the database.
* Transaction mechanisms.
* The core functionality of the supported services.

In the following, we describe

* the component model, i.e. what beans are and how
they are described, and

* the infrastructure to deploy and work with beans.

Further reading:
Enterprise JavaBeans Specification
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8.3.1 Component Model

The Enterprise JavaBeans are the components from
which a so-called application assembler constructs a
server-side application.

The resulting application is deployed in an EJB
container. After deployment, it is available to clients.

The application and thus the beans can use the
mechanisms of the underlying container like:

* transaction mechanisms,
* control for persistence,

* security services,

* etc.

Bean Species and Parts

The beans are the units of composition in the
EJB framework, i.e. the components. We speak of

* bean instances: These are the runtime objects. A bean
instance might consist of more than one pure object.

* bean components: This is the software implementing
their functionality. A bean component comprises more
than one pure class.

* There are two different kinds of beans: Entity beans
and session beans.
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Entity beans essentially represent the data objects
handled by the system (e.g. bank accounts, products,
assurance policies, orders, or employees).

An entity bean instance usually corresponds to what is
called an entity in the literature about entity-
relationship modeling and data base systems.

Entity bean instances are usually persistent.
The programmer of the bean can choose between

* bean-managed persistence: persistence
mechanisms implemented by programmer;

* container-managed persistence: persistence is
managed automatically by the container.

An entity bean instance can be accessed by different
clients communicating with the application sever.
The instance is logically identified by a so-called
primary key.

Session beans are used to model tasks, processes, or

behavior of the application server.
A session bean corresponds to a service for a client.

A session bean instance is a private ressource of a
client.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern
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The framework distinguishes between

stateless session beans and

stateful session beans, which have a state that is
maintained between method invocations.
The state is not persistent.

A bean component consists of four or five parts:

the remote interface,

the home interface,

the primary key class (only for entity beans),
the bean class, and

the deployment descriptor.

We will explain these parts in turn by a simple
example of an entity bean representing a bank
account.

The Remote Interface

The remote interface defines the methods that the
entity bean provides to the client.
It reflects the functionality of the bean.
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The bank account bean of our example allows one
* to ask for the number of the account,
* to query for the balance,

* and to change the balance by a positive or
negative amount.

public interface BankAccount
extends EJBObject {

String getAccountNumber ()
throws RemoteException;

float getBalance ()
throws RemoteException;

vold changeBalance (float amount)
throws RemoteException;

EJBODbject is a supertype of all bean instances.
In order to support remote method invocation, it is a
subtype of type Remote.

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern



The Home Interface and Primary Key Class

The home interface defines the methods concerning
the lifecycle of the bean.

The client uses this interface
* to create bean instances,
* to find them,

* and to remove them.

In our example, the home interface defines
two methods to create and find an account:

public interface BankAccountHome
extends EJBHome {

BankAccount create(String accNo,
float i1nitBal)
throws CreateException,
Remotekxception;

BankAccount findByPrimaryKey (
BankAccountPK accPK)
throws FinderException,
RemoteException;

02.07.08 © A. Poetzsch-Heffter, TU Kaiserslautern
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Home interfaces have to extend interface EJBHome
which contains a method to delete a bean and, as a
subtype of Remote, the functionality for remote method
invocation.

The method findByPrimaryKey plays a special role in
the EJB framework. It has to take a primary key as
parameter. Its return type has to be the type of the
corresponding remote interface.

Here, we use the account number as primary key:

public class BankAccountPK
implements java.io.Serilalizable {

public String accountNumber;

public BankAccountPK (String accNo) {
accountNumber = accNo; }

public BankAccountPK () {
accountNumber = new String(); }

public 1nt hashCode () {
return accountNumber.hashCode (), }

public boolean equals (Object obj) {
return accountNumber.equals (obj); }

public String toString() {
return accountNumber; }
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The Bean Class

The bean class provides implementations for the
methods of the home and remote interface. The only
exception is the method findByPrimaryKey which is
provided in the deployment process.

The bean class must not be a subtype of the home
and remote interfaces, i.e. it does not “implement”
the interfaces in the sense of Java.

It has to provide implementations for their methods.
The connection between the bean class and the
interfaces will be established during deployment.

public class BankAccountBean
implements EntityBean {

public String accountNumber;
public float accountBalance;

private EntityContext theContext;

// continued on following slides
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// corresponds to create method of
// home interface: ejb+create
public BankAccountPK ejbCreate (
String accNo, float initBal)
throws Createkxception,
RemoteException {
accountNumber = accNo;
accountBalance = initBal;
return null;

// methods implementing the remote
// interface
public String getAccountNumber ()
throws RemoteException {
return accountNumber;
}
public float getBalance ()
throws RemoteException {
return accountBalance;
}
public void changeBalance (
float amount)
throws RemoteException {
accountBalance += amount;
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// the methods of interface
// javax.ejb.EntityBean
public void setEntityContext (
EntityContext ctx)
throws RemoteException {
theContext = ctx;
}
public void unsetEntityContext ()
throws RemoteException ({
theContext = null;

public void ejbRemove ()

throws RemoteException,

RemoveException {}

public void ejbActivate ()

throws RemoteException {}
public void ejbPassivate ()

throws RemoteException {}
public void ejbLoad()

throws RemoteException {}
public void ejbStore ()

throws RemoteException {}
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Bean classes have to implement the interface
EntityBean of the EJB framework.

The methods of this interface manage the
communication between the bean and the container.

For example the method setEntityContext allows the
container to store so-called context information into the
bean. This context information is used by the container
to manage the identity of bean instances.

The Deployment Descriptor

The deployment descriptor

* describes the different parts of a bean and the
runtime properties like e.g. whether persistence is
container- or bean-managed,

* allows to combine several beans into one unit,

* describes external dependency (e.g. to databases
or external beans),

* provides deployment information (e.g. access rights

* specifying who has the permission to invoke a
method).

* Deployment descriptors are defined in an XML
format.
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Here is a very practical example where a component
framework uses a description language with formal
syntax to capture architectural relations and
properties.

The descriptions are later used to deploy the software
systems in a semi-automatic way.

<?xml version="1.0" ?>
<!DOCTYPE ejb-jar PUBLIC
"-//Sun Microsystems, Inc.

//DTD Enterprise JavaBeans 1.2//EN"
"http://java.sun.com/j2eedtds/ejb-jar 1 2.dtd>"

<ejb-jar>
<description>

deployment descriptor of entity bean
BankAccount

</description>

(continued on next three slides)
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Further Aspects

In summary, the component model of the
EJB framework is based on
 Java interfaces and classes

* and an XML document describing the relationship
and properties of the parts.

l.e. it is a programming language dependent model.

The EJB specification contains a fairly large number

of conventions and rules which

* make it possible that the parts can work together
seamlessly,

* allow for the communication with the underlying
container,

* make the beans to a large extent independent of
the special implementation of the container.
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In the following, we provide some more rules:

* A bean must not return the implicit parameter “this”
as result of a method or pass it as a parameter.

* Static variables are forbidden in bean classes.

* Use of threads and synchronization mechanisms is
not allowed.

* Use of GUI facilities as well as input- and
output-operations are forbidden.
* Use of introspection and reflection must be avoided

* Beans should not influence class loading and
security management.

The basic reason underlying these restrictions is to
create a well-defined interface between the
components and the container.

This interface has to take behavioral and security
aspects into account. E.qg.
* deadlocks have to be avoided,

* the access rights of beans have to be restricted so
that they cannot manipulate the data of other
beans.
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8.3.2 Component Infrastructure

The backbone of the EJB component infrastructure is
the EJB container.

A bean instance can only exist within a container.
The container is the runtime environment for bean
instances and provides the “necessary services’, in
particular:

* anaming service,

* a transaction monitor,

* access to a database,

* and Java Mail service

Managing Beans

The major task of the EJB container is to control the
lifecycle of bean instances.

It creates and removes instances.

In addition, it is responsible for an efficient
management of bean instances:

* Many containers provide mechanisms to passivate
and reactivate instances by temporarily storing
them on disk.

* Pooling of instances allows to reuse an instance
thereby avoiding removing an instance and
afterwards creating an equal instance again.
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* Support for load balancing between different

containers: If one container is very busy, use
another less frequented container.

* Mechanism to access beans by name. Containers
use the Java Naming and Directory Interface which
IS an extension to the naming mechanism
underlying RMI.

Persistence, Transactions, Security

EJB containers have to support a mechanism that is
called container-managed persistence.

An entity bean with container-managed persistence
relies on the container to perform persistent data
access on behalf of the bean instances. The container
has to

* transfer the data between the bean instance and
the underlying database,

* implement the creation, removal, and lookup of the
entity object in database,

* manage the mapping between primary key and
EJBObject.
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Transactions ensure data consistency, taking into
account failure recovery and multi-user programming.

The EJB framework supports distributed transactions:
An application can automatically update data in
multiple databases which may be distributed across
multiple sites.

In case of container-managed transaction
demarcation, the container demarcates transactions
according to instructions provided by the application
assembler in the deployment descriptor.

These instructions describe e.g. whether the container
should run a method

* in a client’s transaction,

* in no transaction,

* orin a new transaction that the container has to
start.

In order to support such mechanisms, the EJB
framework comprises a transaction model.
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The EJB framework provides several mechanisms to
secure the applications assembled from the beans.
The container provides the implementation of a
security infrastructure that can be controlled by so-
called security policies.

It is important to have a clear separation between
* application code, i.e. beans,

* and security code, i.e. the security infrastructure of
the container and the security policies.

These parts are connected only at deployment time.

Deployment of Beans

We consider the question of how beans are deployed
in containers.

The container developers have to provide tools for the
deployment of beans.

For each bean X, the tools take the bean sources as

input and generate two classes:

* a class XHome implementing the home interface
(EJB home obijects)

* and a class XObject implementing the remote
interface (EJB remote objects).
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The EJB home and remote objects

* encapsulate the bean instance:
o A client can only access a bean by
invoking methods of the home and remote objects.

o These objects delegate the client's method
invocations to the bean instance.

* perform operations realizing important tasks of the
container:

O ressource management,
o security mechanisms,

o transactions handling,

o persistence management.
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It is important that the EJB framework supports such a

delegation and encapsulation technique:

 This way, the container has control over bean
instances and can prevent incorrect or malicious
access to beans.

* It is the basis to relate the component infrastructure
to

the components.
* It frees the bean developers to a large extent from
taking infrastructure issues into account.

A bean instance is always accessed through its home

and remote object. This also holds for the
communication among beans.

Using Beans

To illustrate the usage of beans let us consider the
example of the bank account.

A client wishes to access an instance of the
BankAccount-bean.

He has to know the name by which the bean is made
accessible in the container.
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Usually, this is the name of the bean as given in the
deployment descriptor. In our example, the name was
“BankAccount”, and we assume that the bean is
accessible under the name
“lava:comp/env/ejb/BankAccount”.

The following fragment shows the essential steps to
access and use a bean:

String BANK ACCOUNT =

nj ava: Comp/env/ejb/BaHkACCOunt" ’

InitialContext ctx = new InitialContext () :;
Object o = ctx.lookup (BANK ACCOUNT) ;
BankAccountHome bh = (BankAccountHome)

PortableRemoteObject.narrow (
0, BankAccountHome.class) ;
BankAccount ba = bh.create("2345735",0.0);
ba.changeBalance (32.00) ;
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The creation of a new empty bank account leads to
the creation of

* a bank account instance,

* an entity in the underlying database,

* a primary key object, associated with the bean
instance.

In summary, we can see that the use of beans is very
similar to the use of remote objects. The management
of beans by the container is hidden to the client.
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