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Abstract

This thesis evaluates different state of the art technologies that supports language in-
teroperability. The evaluation is done from the point of view of the programmer — it
should be as convenient and easy to use many languages that interoperates together as
it is to use just one language.

The second part of the thesis is a case study of the Java based Eclipse platform.
Extensions to Eclipse consists of Java class files, which means that Eclipse expects plug-
ins to have some relation to the Java language. A key issue is language interoperability,
specifically when developing Eclipse support for languages other than Java.

Integration of the MjolnerTool (implemented in BETA) into Eclipse has been tried
with two different strategies. The first using JNI to access C and thereby using C to
bridge between Java and BETA. The solution works but is complex and tiresome to
implement. The second strategy uses a modified BETA compiler that generates Java
bytecode. This allows for a much easier integration into the Eclipse framework. The
Eclipse Java debugger is reused to debug BETA source code.
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1 Introduction

This thesis is about language interoperability, more specifically interoperability among
object oriented languages. Is there a need for language interoperability, one could ask.
Everything can be expressed in most modern languages, so why work with more than one
language? The answers are many. First of all, there is the reuse part. If the program-
mer has to implement specific features in his program why bother if this functionality is
already implemented in another language? Since there has always been many different
programming languages why not allow them to interoperate — this would certainly ease
the programmer’s job. Second, the use of frameworks does not allow for a free choice of
programming language. The framework dictates how extensions should be written. Lan-
guage interoperability could perhaps allow programmers to implement their extensions

in whatever language desired.

The thesis discusses different approaches to language interoperability and uses these
approaches to create support for the BETA language in the general IDE platform Eclipse.
The focus is practical in the sense that it is not interesting to make it conceptually work
it has to be practical seen from the programmer’s point of view — interoperating with
other languages should not be a pain. Extending a class from other languages should be
expressed as if it is an extension of a class implemented in the language he is programming

in.

Since the word BETA occurs in the subtitle of this thesis let us say it once and for all:
knowledge of the programming language BETA is assumed. For information on BETA
see [13].

1.1 Structure

This thesis is logically divided into two parts. The first part concerns state of the art
products in support for language interoperability. The second part is a case study of
the suitability of the Eclipse platform to support an IDE for the BETA language — as
hinted in the subtitle of this thesis. Overall the structure is as follows:



e As an introduction to the first part chapter Bl called Language Interoperability
Definitions, defines what Object Oriented Language Interoperability means in this
thesis and states the demands found necessary to allow for programmer friendly
interoperability between languages. These demands will be used as reference when
evaluating the different products supporting language interoperability.

e Chapters B to B is the first logical part of the thesis. They describe and evaluate
different architectures supporting language interoperability. Chapter Blis about the
OMG standard, CORBA. CORBA supports language interoperability by means of
method invocation on distributed objects which can be implemented in different
languages. Chapter Hl describes the Microsoft COM standard — a binary standard
for expressing components. Chapter [ deals with two different execution environ-
ments, JVM and CLR. Despite the differences these two products are conceptually
the same, and they support language interoperability by providing standardised
run time environments.

e Chapters @ to B constitute the second part. Chapter [l is a description of the
Eclipse platform with focus on how to extend it, i.e. write plug-ins. Chapter [
is a description of how the support for BETA is implemented in Eclipse, utilising
different language interoperability approaches. Chapter B describes how debugging
BETA source code is supported in Eclipse.

e Chapter [ closes the second part with comments on the Eclipse architecture as a
plug-in development platform and the problems encountered during development
of the BETA IDE.

1.2 Terminology

IDE Integrated Development Environment — a tool supporting programming in a specific
language.

APl Application Programming Interface — Defines how to access a software-based ser-
vice. An API is a published specification that describes how other software pro-
grams can access the functions of an automated service.

SDK Software Development Kit — a software package with documentation and tools to
build applications.

CVS Concurrent Versions System — a program allowing for multiple user development
on a project.



Marshalling/Unmarshalling Marshalling is the process of talking a collection of data
items and assembling them in a form suitable for network transmission. Unmar-
shalling is the reverse process.
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2 Language Interoperability Definitions

According to the Merriam-Webster Online dictionaryﬂ interoperability is defined to be:

“ability of a system (as a weapons system) to use the parts or equipment
of another system”

In terms of computer programming languages interoperability is called language inter-
operability, and therefore means that one programming language, somehow uses some-
thing written in another language. Many different programming languages exist, so if
a programming language supports language interoperability in a seamless way program
development using that language is easier. If the support for language interoperability
is clumsy or not present at all it makes program development harder. The problem of
allowing languages to interoperate in an easy and painless way is therefore an interesting

problem.

The definition of language interoperability derived from the dictionary is very broad.
One language somehow uses something written in another. To be able to evaluate
the different products supporting language interoperability in programming languages a
more precise definition is needed.

Since language interoperability is an interesting problem many different solutions have
been implemented. This thesis focuses on interoperability among object oriented lan-
guages seen from the programmer’s point of view. The following demands state the
author’s suggestion to what language interoperability ideally is.

1. First Class Citizens: Objects and classes from other languages should be con-
sidered first class citizens. l.e. there should be no distinction between objects and
classes written in the source language and objects and classes written in other.
There are, of course, many other concepts in object oriented programming lan-
guages than objects and classes, but this demand is to underline that we want
more than just cross language method invocation — this demand will allow for

cross language inheritance, which is particularly interesting.

"http://www.m-w.com
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2. One Language, One Compiler: The use of objects and classes from other

languages is expressed in the source language (this follows from 1), and nothing
more is needed — i.e. you do not have to write anything in a middle language to
tie the pieces together. The programmer is able to write the code using only one
language. In addition to that, the code — interoperating with different languages
— has to be compilable with the use of only one compiler. Classes from other
languages do not have to be compiled with a special compiler to make it work —
one compiler on the source language only.

. Type Safety: The usage of objects and classes from other languages is type safe.

I.e. at compile time the compiler can check and ensure that e.g. method arguments
agree with the declared signatures. What about languages that are not statically
typed? The meaning is that interoperability among statically typed languages
(such as Java and BETA) should also be statically typed.



3 CORBA

The Object Management Groupﬁ (OMG) is a consortium created in 1989 with the pur-
pose of promoting theory and practice of object technology in distributed computing
systems. OMG does not produce software — only specifications.

One of their specifications is the Common Object Request Broker Architecture (COR-
BA). CORBA is a specification of a system that provides interoperability between objects
in heterogeneous, distributed environments designed on the OMG Object Model, which
is another of OMG’s specifications.

3.1 OMG Object Model

The OMG Object Model (OOM) can briefly be described by the quote shown below,
taken from [6]:

”An object system is a collection of objects that isolates the requestors of
services (clients) from the providers of services by a well-defined encapsula-
tion interface.”

Invocations from clients to providers of services (from now on called object implemen-

tations) take place through commonly known interfaces. Figure Bl shows the logical
view of the OOM.

Types
OOM supports the following types:

Basic types : The usual basic types available in programming languages, like: long,
float, double, char, boolean, etc.

Constructed types : These types are struct, sequence, union and array.

"http://www.omg.org/
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. <<interface>>
Client ™ Implementation

Implementation

Figure 3.1: Objects interoperate through common interfaces

Interface Definition Language

Interfaces in OOM must be declared in another of OMGs standards, namely OMG
IDL (Interface Definition Language). OMG IDL is a declarative language. It is used
to express interfaces i.e. tells clients what operations are available, and tells object
implementations what methods to implement. The general signature of an interface
operation or method is the following:

[oneway]<return type><method name>(argl,arg2,...,argN)
[raises(excepl,excep2,...,excepM)]

OOM supports two different call semantics:

e At-most-once: If a method successfully returns, the semantics is exactly-once. But
since exceptions could be thrown the semantics can only be at-most-once.

e With the optional keyword oneway on declarations of methods that has no return
value best-effort semantics is used, meaning that the request is carried out and if
either it succeeds or fails the caller will not know.

Each parameter in a function must be preceded with in, out or inout, meaning that
the parameter is passed as either an input, output or both.

An example of an IDL interface is shown below.
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interface Util {

void setValue(
in short n,
in short m,
in string value);

string getValue(
in short n,
in short m);

void setName(in string name) ;
3
IDL allows inheritance between interfaces. The syntax is interface A:B, meaning
that interface A inherits from interface B. IDL also allows multiple interface inheritance
supported in the following syntax: interface A: B,C,D.

3.2 CORBA

CORBA is a distributed interoperability architecture and the model of method invoca-
tion closely resembles a general RMI (Remote Method Invocation) model as can be found
in [5]. Method invocation in CORBA is shown in figure The typical components
of an RMI system includes a remote reference module (containing the unique mapping
from remote object references to actual object implementations) and a skeleton object
(handling the unmarshalling of the arguments and dispatch to the correct method in
the object implementation). In CORBA both these elements are encapsulated in the
so-called Object Request Broker (ORB), which also acts as the communication module.

Client Object Implementation

Object
Implementatio

request
reply

Figure 3.2: The CORBA RMI model
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3.3 The Object Request Broker

The Object Request Broker (ORB) defined in the CORBA standard has many responsi-
bilities which among others include: in response to a method invocation request, locating
the object implementation, activating the object if necessary, delegating the call with
arguments and returning the result to the client. The CORBA standard defines what
services an ORB must provide and how the interface to these services looks. The imple-
mentation details, such as whether the ORB is in one thread or is split into components,

is completely left to the ORB implementors.

Before going into detail with the parts of the ORB we have to mention two additional
elements in the CORBA architecture: the interface repository and the implementation
repository. Both repositories can only be accessed by the ORB. The purpose of these is
to give the clients and servers a dynamic way of adding interfaces and implementations

in their applications.

The ORB consists of many parts. In figure the internal structure of the ORB is
shown. The ORB core handles all the low level details of the ORB, such as the internal
representation of objects and the actual communication of requests. As can be seen in
the figure, clients and object implementations access the ORB through certain interfaces,

each described below.

Client Object Implementation
IDL
. Dynamic Object
IDL Stub Dynamic ORB Skeleton Skeleton Adapter
Invocation Interface
‘ ORB

ORB Core

Figure 3.3: A closer look at the ORB

IDL Stub

An IDL stub contains the same method signatures as declared in the IDL file. The
clients has an object reference for the remote object, and when a method is invoked
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on the references the call is made to the stub. The stub then calls down into the
ORB core using private interfaces known only by the stub and dependent on the actual
implementation of the ORB core. The stub is the mapping between the client language
to the ORB core. The client can be written in any language as long as the ORB can
handle that language mappin&.

Dynamic Invocation

Instead of using a stub when calling a specific method on an object the client can use
the dynamic invocation interface. This interface is used when no stub is available to the
client. As explained above, stubs are created from an IDL file, but if a server is already
running new methods can be added without having to recompile and restart the server
and client. The client can query the dynamic interface repository (this is done via the
ORB interface) that lists the method signatures of the dynamically added interfaces. To
perform the call through the dynamic invocation interface the client has to specify the
object to be invoked, what operation that has to be performed, and the arguments for
the call.

Object Adaptor

In figure you see that the object adapter lies underneath the skeleton and above the
ORB core. The Object Adapter is the interface that the object implementation uses to
access the ORB. The Object Adapter usually has the responsibilities of generating and
interpreting object references, activating objects, activating implementations, invoking
methods, deactivating objects, deactivating implementations, mapping references corre-
sponding to object implementations, and registration of implementations.

Objects integrated with the CORBA framework can be very different in Nature, and
therefore it is impossible for the ORB core to specify a single interface that is efficient
and easily usable to all object implementations. It is up to the implementors of the ORB
to decide what object adapters to provide, and these object adapters tailor the ORB to
be convenient for some types of objects. Consider an ORB communicating with a Java
object in contrast to an ORB communicating with a database. Clearly there are huge
differences in the communication with the two systems.

The Portable Object Adapter (POA) is an OMG standard object adapter designed to
satisfy a wide variety of object implementations.

2Language mappings are defined by OMG for e.g. C++ and Java
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IDL Skeleton

The IDL skeleton is the server side analogue to the IDL stub. The skeleton is created
by the IDL compiler on the server side and contains the same method signatures as
declared in the IDL file. When called the skeleton delegates the call to the actual object
implementation. The call comes from the ORB and passes through the object adapter.

Dynamic Skeleton

On the client side there is the Dynamic Invocation Interface that allows clients to call
object implementation not known at compile time. A similar interface is available on
the server side, namely the Dynamic Skeleton Interface — this interface allows a server
to call object implementation not available at compile time. The interface repository
can again be used to fetch type information about the implementations corresponding
to IDL interface.

ORB Interface

The ORB interface provides access to the ORB core and contains methods that are useful
to both clients and object implementations. The ORB interface is defined by OMG and
is therefore independent of what object adapter is used.

Example: Java to Java

To conclude this section we will take a look at a concrete example. This example will
give an idea of how a programming language uses CORBA to implement an RMI model.

This example is Java to Java and is used to illustrate how a Java implementation of
CORBA chooses to structure the classes of the client and object implementation. The

IDL interface used in this example can be seen below.

interface Hello {
string say_hello(in string name);

};

We want to implement the client and server in Java, so first of all we need an ORB
implemented in Java. Fortunately the JDK library has a package org.omg.CORBA which
among other things contains an ORB. An “IDL to Java” compiler, called id1j, is also
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available in the JDK library. This compiler can produce Java code to be used on the
client side as well as on the server side.

What is left for the application programmer is to implement a client and a server
containing an actual implementation of the method defined in the IDL file. Compiling
the IDL file produces some files that should be used by the client and server in a way
shown in figure B4l The gray classes are created by the IDL compiler, and the white
classes are written by the application programmer. In fact the i1dj compiler produces
some additional helper classes which are omitted here to avoid confusion.

HelloClient

Hellolmpl

Figure 3.4: The JDK way to structure client and server implementation. Gray classes are
generated by the IDL compiler

For an interface called x, the compiler produces the files: xOperation.java, x.java,
xPOA. java and _xStub. java.

xOperation.java : This is a Java interface corresponding to the IDL interface

xPOA .java : This class inherits from the interface xOperation. java and contains the
skeleton for the actual implementation of the say hello method. As can be seen in
the structure overview the actual implementation of the method must be specified
in a subclass of xPOA. java. Note that Java uses the OMG Portable Object Adapter
to implement an object adapter.

x.java : This class also inherits from the interface xOperation.java, but here it is to
be used on the client side. The client uses delegation to access operations in this
class.

xStub.java : This class inherits from the client side interface, and contains the stub
implementations of the operations.

Running this example is done by simply launching the server (this is done with the
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command java HelloImpl). The server initialises the ORB and activates the object
implementation. This causes the ORB to generate an object reference to the object
implementation. The client has to get this object reference to be able to call the object
implementationﬁ. The client also initialises an ORB and with the object reference the
client can call the object implementation.

The object reference contains enough information for the client ORB to locate the
server ORB and make the call regardless of whether the client and server are placed on
different physical machines.

3.4 ORB Interoperability

The ORB is specific to a certain language mapping. We have already encountered the
JDK ORB with its IDL compiler. This is not the only Java ORB available, for instance
Orbacu&ﬂ provides another Java implementation of an ORB.

As we saw in the previous section clients and servers could be running on different
ORBs. This is transparent to the clients and servers: the ORB to ORB communication
is handled in the ORB core. Since many implementations of ORBs exist there is a need
for a standard way for them to interoperate. To handle this need OMG has formulated
the ORB Interoperability Architecture.

ORB Interoperability Architecture

The purpose of the ORB Interoperability Architecture is to define a conceptual frame-
work, allowing ORB to ORB communication. In [6l p. 468] this is written as follows:
“Ability for two vendors’ ORBs to interoperate without prior knowledge of each other’s
implementation”. For the architecture to interoperate a protocol is defined, called GIOP.

GIOP and IIOP

In order to make interoperability between ORBs possible it is necessary to specify a
standard transfer protocol. This is done by the General Inter-ORB Protocol (GIOP)
defined by OMG. It is specifically designed to allow ORB to ORB interaction, and to

be implementable over any transport protocol that meets a minimal set of assumptions.

3The ORB provides a naming service that eases the distribution of object references (see [H]), but this
feature is primarily needed in distributed systems, and is therefore out the scope of this thesis
“http://www.orbacus.com
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GIOP defines the external data representation (called CDR) used to represent all of the
types allowed in CORBA and defines the general transfer syntax of requests and replies.

GIOP defines a general transfer syntax, but OMG also specifies how GIOP is going to
be implemented using TCP/IP transport. This implementation is called the Internet-
Inter-ORB Protocol (IIOP). The relationship between GIOP and IIOP is the same as
that of IDL and a specific language mapping, e.g. the Java mapping. IIOP provides
“out of the box” interoperability with other ORBs using the same protocol.

3.5 Example

In section there was a description of a Java client to a Java server example, but
since language interoperability is the focus here we will investigate the issue of making
two different languages interoperate. We are going to change the server side with a
C++ server. This can be done by downloading and installing the Orbacus C++ ORB
with corresponding IDL compiler. The IDL interface is the same as the one used in the
previous example (see page [[X)

Using the Orbacus IDL compiler on the interface produces the files: hello.cpp and
hello_skel.cpp with corresponding .h files. The hello.cpp contains the client stubs
and hello_skel.cpp the server skeletons, so in our case we are only interested in the
latter. To provide an object implementation simply include the file that contains the

skeletons and provide the method implementation.

When running the server a file called hello.ref is created. It contains the object
reference for the Hello object. Copying this reference to the directory where the client
is running and launching the client starts the Communicationﬁ. The client invokes the
method say_-hello on the object reference with the argument “World”. The result is

printed on the screen and it reads “Hello World”.

3.6 CORBA Support for Language Interoperability

CORBA does support language interoperability because it enables clients written in one
language to call object implementations written in another. But in comparison with the
interoperability demands there are many things to mention:

1. First Class Citizens: Once a CORBA object is created by the client there is no

% Again in a real world example a naming service would be used
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telling whether this reference is a local object written in the programming language
or if this is a remote object. But how does the client create this object reference?
It does so by using the ORB, probably using the naming service to refer to the
active instance of the object implementation. It is not as easy to get an object
reference to a CORBA object as it is to get a reference to a local object. This is
obvious since CORBA objects could be distributed.

Implementational inheritance is not possible. Inheritance is only possible on inter-
face level.

The conclusion must be that there is no first class citizenship of CORBA objects.

. One Language, One Compiler: Clearly this demand is not fulfilled. Interfaces

are expressed in IDL and implementations and client usage of interfaces are written
in any language supporting CORBA.

Building either the client or the server side requires the use of two compilers.
First the interfaces are compiled using an IDL compiler specialised for the spe-
cific implementing language and the ORB provided. With the generated files the
programmer can then add the implementation/usage of the interface methods.

. Type Safety: Calling methods on interfaces can happen in two ways. If the

interfaces are known at compile time the compiler can perform type checking and
the usage will be type safe. If the interfaces are not known at compile time the
ORB has the interfaces Dynamic Invocation and Dynamic Skeleton that adds a
reflexion mechanism. Using these dynamic interfaces there is no compile time type

checking and it is therefore type unsafe.

The focus of this thesis is language interoperability which means that we have no inter-

est in the distribution parts. And distribution being the most crucial part of CORBA it
is perhaps unfair to discard all of this. CORBA does support language interoperability,

but with respect to our needs only to a limited extent.
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4 Microsoft COM

The Microsoft Component Object Model (COM) [H] is a platform independent and object
oriented system for creating binary components that can interact. One important thing
to understand is that COM is not an object oriented programming language, but a
binary standard. This standard is an object model that specifies how COM objects
interact with other COM objects. Even though COM is a specification that could be
implemented on any platform it is only available on the Window platforms.

One of the design goals of COM has been “Breaking the monolith”. Many applications
today have the monolithic form, i.e. one huge binary chunk compiled by the vendor and
shipped to the customer. If errors are discovered the vendor must supply a new monolith
to the customers. By “Breaking the monolith” Microsoft means that applications should
be split into smaller chunks. But when these chunks are compiled into an application
this will also be a monolith, so in order to avoid the monolith we must have dynamically

linking of the smaller parts.

With dynamical linking it is possible for customers to customise the applications by
simply substituting a component for another.

A second goal of COM is to increase reusability of older software. When the compo-
nents have been made they can be used over and over again by anyone. This not only

means reusability but also faster application building.

Now that we have stated some of the benefits of COM lets take a closer look at the

object model.

4.1 The Object Model

In COM there is a strict separation of client and component. The only thing they share

is interfaces.

The client dynamically loads the component and negotiates with the component what
interfaces it can get. The client asks the component to get an object that has a type
corresponding to some interface. If the component actually implements this interface,
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then it returns an instance of an object with this type and the client can use it.

As stated in the introduction we would like to avoid a recompilation of the client, and
since interfaces are a part of the client interfaces must never change — a change would
mean a recompilation of the client. As soon as an interface is created it must never
change.

Example

A small example will illustrate some benefits of this model. Imagine that we have a code
editor in which to write your code in. Indenting is supported in the editor by a COM
component that handles this. Suppose now that the provider of the indenter finds that
some extra functionality is needed. They provide a new component with some additional
functionality, but it is accessed through a new interface. The old interface still exists in
the component so the old client uses this component without a recompilation. Figure
ET shows this.

Component New Compone

Indenter

Figure 4.1: Clients do not notice that components change as long as they still support

the old interfaces

4.2 Details

The above was an overall description of COM, but to understand it in depth some details
have to be explained.

As with CORBA there is also IDL for COM and it can be used in a similar way (an
IDL compiler generates the basic structure and the programmer fills in the details).
Having this extra language clearly breaks the second interoperability demand, so if it is
possible to avoid it the interoperability evaluation would get a higher rank. For COM
there exists language bindings that eliminates the need for IDL [19]@. All programming
examples will be given in BETA.

! Avoiding IDL could probably also be done with CORBA, but the rationale is that no binding does
this (at least not to the knowledge of the author)

24



Interfaces

The most important interface in COM is IUnknown. All other COM interfaces must
inherit this interface. Below is an IUnknown implementation.

IUnknown: COM
(# QueryInterface:<
(# id: “text, IF: ~IUnknown
enter id[]
do Inner
exit IF[]
#);
AddRef:< (# do Inner #);
Release:< (# do Inner #)
#)

As can be seen IUnknown contains three methods:

1. QuerylInterface: Querylnterface is the most important method in IUnknown.
Loading of a component returns a reference to an IUnknown interface. The client
does not load the component just to get an IUnknown interface, but with this
it can query for other interfaces in the component. An id is entered which is a
unique identifier of an interface. If this interface is implemented by the component
a reference to it is returned. If not NONE is returned.

2. AddRef: AddRef is a method to be called whenever a component is instanti-
ated. When called the component can then increment the reference counter of the
component.

3. Release: Release is to be called when a component is no longer used. When called
the reference counter is decremented, and if it reaches zero the component can be
released from memory.

The two latter methods give a mechanism for managing the lifetime of the component.

Vtable

As said COM is a binary specification. In order to be called a COM interface a special
binary layout has to be adhered to. This layout can be seen in figure The interface
pointer pIX points to another pointer, the vtable pointer. This is a pointer to an array
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of pointers each pointing to implementations of the methods declared by interface IX.

Since all COM interfaces inherit from IUnknown, pointers to methods QueryInterface,
AddRef and Release will always be located in this array. The COM standard demands
that these methods always be the first three entrances in the array. With this layout a

client can always find the IUnknown methods and thereby query for other interfaces.

Virtual function table

pIX —= | vtbl pointer & QuerylInterface—
‘ %/’? & AddRef [

& Release [

&Fx I

Figure 4.2: The virtual table for the interface IX. The first three entries are methods

from IUnknown. IX declares the one method Fx

Details of Querylnterface

Remember that a COM component can implement many interfaces. KEach of these

interfaces implements IUnknown. Confusion in implementing all these interfaces can

easily arise. Since QueryInterface is responsible for returning all the implemented

interfaces care must be taken when implementing the method. The following rules of
QueryInterface should be followed [ p. 52]:

26

1. A component has only one IUnknown. If a component implements interfaces IX

and Y, querying IX and IY for IUnknown must result in the same IUnknown
interface.

. Given an instance of a component, if this component successfully returned an

interface IX once it will always succeed. Reversely, if it failed it will always fail.
Note that this only applies for instances of components. Interfaces may be added
to components subsequently.

. Reflexivity. Querying an interface for itself will always succeed.

. Symmetric. It is always possible to get back to the start. Having interface IX and

successfully query for interface IY, will guarantee a subsequent query on IY for
IX to succeed.

. Transitivity. If IY is reachable from IX and IZ is reachable from 1Y then IZ is

reachable from IX.



Note that the last three rules actually implies that QueryInterface is an equivalence
relation [20, p. 38], (if QueryInterface is viewed as a relationﬁ). An equivalence relation

is a nice algebraic property.

GUID

As mentioned above, for QueryInterface to return an interface it has to be given a
unique id for it. As stated above, interfaces must never change, so the unique id will

always refer to the same interface.

To identify an interface COM uses a 128 bit structure called the Globally Unique
Identifier (GUID). It can be generated by a program available in the Microsoft Visual
C-++ package, and uses an algorithm that ensures that no two computers would generate
the same GUID [, p. 112].

An example of a GUID: 166769E1-88ES8-11cf-A6BB-0080CTB2D682

An id to reference components uses the same structure as GUIDs. When referencing
components the acronym CLSID (class identifier) is used rather than GUID to avoid
confusion.

Creation of Components

In the COM library there are methods for loading components. The method to be used
when loading components is CoCreateInstance. CoCreateInstance has the following
BETA interface:

CoCreatelnstance:
(# clsid: “text; pIUnknownOuter: ~IUnknown;
context: Qinteger; id: “text; result: “IUnknown
enter (clsid[], pIUnknownOuter[], context, id[])
<<SLOT CoCreate: doPart>>
exit result[]
#)

clsid : unique id for the component to be loaded.

plUnknownOuter : argument used when the component is being aggregated. This will
be described in the next section.

2IX and IY are said to be related if IX.QueryInterface(IY) succeeds
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context : an integer specifying whether the component is executed in-process, local or
remote. The use of this argument is not elaborated further since it is beyond the
scope of this paper.

id : a GUID identifier of the interface wanted by the client. This quickens the process
of getting the wanted interface. The default interface to return is IUnknown, but
then the client would have to query the IUnknown for the interface wanted.

CoCreatelnstance uses the CLSID to find the identified component. This is done
by using the Windows Registry. The Windows Registry stores the names of the DLL
containing the component with the CLSID.

4.3 Containment and Aggregation

COM does not support implementation inheritance. Having inheritance i.e. component
B inherits from component A would mean that component B is dependent on the im-
plementation of component A. This is, of course, a strict violation of the basic rules
of COM because the implementation of a component could change. Inheritance is not

possible in COM.

In order to simulate inheritance in COM two programming paradigms exist, namely
containment and aggregation.

Containment

Containment is when one component contains another. The component that contains
the other is called the outer component and the contained component is called the inner.

The outer component declares all the methods of the contained interfaces. Clients
only talk to the outer component and do not know or care whether it has a contained
component or not. The outer component can choose to simply delegate the method
invocation to the inner component without adding any code itself, or to add code around
the invocation of the inner component.

Containment poses no problems in the COM object model. The outer component has
pointers to the inner components interface. These pointers are created on the construc-
tion of the outer component. Should creation of the inner component fail the whole
outer component must also fail. If it succeeds the outer component can invoke methods
on the inner.
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The inner component does not have to know it is begin contained by another. The
outer component acts as a normal client to it.

Aggregation

In aggregation the interfaces of the inner component are handled directly to the client.
This means that once the client gets the interface there is no connection to the outer

component anymore.

Aggregation saves the outer component the trouble of all the forwarding and declaring
of methods and interfaces supported by the inner. But this comes at the expense of other
complexities.

This first idea of how to implement aggregation is illustrated with the following ex-
ample. Suppose the outer component implements interface IX and the inner component
implements interface /Y. The QueryInterface of the outer component returns interface
IX when queried about it. But if queried about IY the outer component forwards the
query to the inner components QueryInterface and returns the result to the client. This
solution may seem easy and sound, but in fact it conflicts with the demands stated about
QueryInterface above.

Problem With Aggregation

Since all interfaces inherits from IUnknown the method QueryInterface is implemented
in both the inner components interfaces and outer components interfaces. The following
example illustrates a violation of the symmetric demand on the QueryInterface.

The problem was already apparent in the example given above: the outer component
implemented IX and aggregated IY. This means that querying IX for IY succeeds.
But with 1Y the query for IX will fail. The inner component has no knowledge that
it is being aggregated and therefore must return an error when queried about IX. The
solution violates both the QueryInterface rule about symmetry, but also the one about
one implementation of IUnknown.

This is a situation that should not happen. Clients should not be aware of aggregated
components, but should believe that they are communicating with only one component.
This means that simply returning the interface pointer from an inner component is not
good enough.
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Solving the Problem

In the problem of the two different IUnknowns, the inner component must somehow be
able to return the IUnknown for the outer component, when it is being aggregated. This
would solve the problem.

The solution to the problem is to have a delegating IUnknown along with the old
IUnknown implementation in the inner component. The delegating [Unknown is called
whether the component is being aggregated or not, but delegates to its own IUnknown
implementat