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Abstract

Component-based software engineering (CBSE) is becoming widely practiced in the desktop
and enterprise computing arenas. Ironically, despite its applicability, the many benefits of
CBSE have been largely unavailable to Consumer Electronics software developers. In addition,
the Consumer Electronics (CE) industry has seen a revolution over the past decade, where CE
manufacturers have changed from hardware manufacturers who ship a little software, to
software providers who ship generic digital computing devices, with speciailized 1/0
peripherals and in a specialized form factor.

NSI (Nexwave Software Infrastructure) is a software component model targeted at embedded
software development, and specifically at CE software. The NSI component model is a simple
binary model, with associated tools and runtime environment. The components contain native
code in order to provide the power and efficiency necessary for CE software. NSI interfaces are
simple yet powerful mechanisms by which the often complicated interdependencies between
components can be managed. NSI has been designed to allow easy conversion of existing
monolithic or modular code into components.

This paper presents briefly CE"s need for a new component model, a high-level description of
the NSI model, and some experiences of its use by some of the major Japanese CE
manufacturers.

1 Introduction

Component technology has been widely deployed over the past decade in the
desktop and enterprise software arenas. Technologies such as Java [1], COM
[2] and .NET [3] all bring real benefits to programmers. However, despite
CBSE's striking applicability to Consumer Electronics (CE) software, none [4]
of the myriad component models available provides a suitable platform for the
majority of CE software.

NSI (Nexwave Software Infrastructure) is the first component model that we
are aware of that is available to CE manufacturers and explicitly addresses
their needs. In this paper we start by introducing briefly the concept of
Component-Based Software Engineering (CBSE), and why it is particularly
applicable to CE software, especially legacy code. Section 2 presents a high-
level overview of the NSI component model. The NSI runtime environment is
described in Section 3; and off-line tools for use with NSI components in
Section 4.



1.1 What is Component-Based Software Engineering?

The question what is component-based software engineering is difficult to
answer succinctly: there are almost as many different definitions of CBSE as
there are component systems. Broadly speaking, CBSE is the technique of
breaking software down into reusable components, and then composing
software systems by joining together different combinations of components.
Developing software in this fashion promises many advantages to the CE
industry (explored in [4]); the most relevant being software reuse across
product generations and product ranges.

One of the more widely accepted definitions of a software component is
Szyperski's:

A software component is a unit of composition with contextually specified
interfaces and explicit context dependencies only. A software component can
be deployed independently and is subject to third-party composition [5].

A component's interface defines the syntax and semantics of how the
implementation behind it is accessed. Implementations are separated from
interfaces, in that implementations on either side of an interface know and care
only about the interface, not the other implementation.

Components are independently deployed, meaning that components from
different authors can be assembled by a third-party, without any explicit
cooperation between any of the parties.

1.2 CE's need for a new component model

We believe that CE has a particularly urgent need for more effective software
reuse, particularly across product ranges (e.g., between a digital cam-corder
and a PVR), and that CBSE is the best way to achieve this. In our experience,
CE manufacturers are increasingly suffering under the huge burden imposed
by the development of the software that controls their devices. Consumers are
demanding increasingly advanced functionality, and an increasing proportion
of that functionality is provided by software (as opposed to hardware).

Ten years ago, it was practical to write from scratch the software for each CE
product (or at least each product family). This has become increasingly less
acceptable and is beginning to become infeasible. Instead, CE manufacturers
must find a way to share software across their product range. Furthermore, it
is becoming increasingly desirable that CE companies are able to share
software between each other. Different manufacturers rewrite from scratch
each time large amounts of software between themselves, regardless of how
effectively individual manufacturers manage code reuse within their
organization. Much of this software offers no product differentiation or
competitive advantage to the CE manufacturers, and thus would more
effectively be shared between them. (According to CE manufacturers, up to



80% of their code is "non-differentiating"—i.e., code that is broadly the same
for all manufacturers, and does not influence the end consumers' experience,
or their choice of which product to buy.)

There are several component models currently available and in wide use, but
none is well suited to CE software (or embedded software generally). Widely
known component technologies include CORBA [5], Java [1], COM [2] and
.NET [3]. Very briefly: the CORBA Component Model imposes overheads
typically unaccepted to CE vendors, and is targeted towards enterprise
systems'; Java and .NET are "virtual machine" models, great for higher-level
application software, but poorly suited to the low-level systems software that
tends to dominate CE software development; and .NET and COM are both
tightly linked to Microsoft platforms.

These arguments are inevitably controversial, and warrant further explanation
and justification. A complete analysis of the suitability of CBSE to the CE
industry, along with why existing component solutions are inappropriate, is
beyond the scope of this paper; such analysis can be found in [4].

2 NSI: Components for CE software

NSI is a component model with supporting tools, designed for embedded
software and specifically targeting the CE industry. Each NSI component
consists of one or more interfaces and one implementation. An NSI component
is a stand-alone binary, containing its implementation and a description of its
interfaces. The build process for an NSI component is shown in Figure 1.
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Figure 1: Files and tools in the building of an NSI component

1. Despite talk of a "Lightweight CORBA Component Model" [7], we are aware of no
commercially available implementations of this.



Each NSI comgonent is built from one interface definition file (the dependency
file), and zero“ or more C, C++ or assembler files. In this sense, the only
differences between an NSI component and a traditional object/library file are
the following:

= The interface description is injected into a special section.

= There are no undefined references or exported symbols, ensuring that
all interaction with other components occurs via explicitly defined
interfaces.

That is, at the binary/component level, NSI is a way to add interfaces support
to object files (although using a somewhat new way to describe interfaces; see
Section 2.1). In addition however, NSI defines a runtime environment in which
components execute (see Section 3), along with supporting tools for building
component-based systems (Section 4).

2.1 NSl Interfaces

Inter-component communication in NSI occurs between interfaces. An
interface consists of a name, and a set of functions and read-only data
attributes. Interfaces can be exported (provided) or imported (requested). Two
components communicate over an interface through an import link. The
import link will only be created if the requested functions and attributes are
provided by the exporting component. The import link is type-safe, meaning
that the exporting and importing components agree on the type signatures of
the interfaces' functions and attributes.

An interface's name consists of two parts: a human-friendly part, and a unique
part. The human-friendly name is a textual identifier (e.g., video_out), while
the unique part is a 128-bit UUID. Exported and imported interface names
must be identical (both the human-friendly and unique parts). The NSI model
itself encodes only syntax in interfaces. An interface's name is effectively a link
to the specification of its semantics, which is usually defined in an external
document. NSI interfaces are defined in the component's dependency file, as
opposed to declaring the interface centrally. The dependency file is written
using NexWave's Dep language, which is based on OSF DCE IDL [8]. The NSI
dependency compiler is designed to be used with C types. This means that
programmers can simply #include a C header file, and then use the relevant
types in their interface definition (as opposed to needing to duplicate the type
definitions in the IDL). This feature proves very convenient when
decomposing legacy monolithic applications for use in NSI.

2. NSI components with no implementation can be useful for defining configuration
information.



The fact that each component defines the interfaces it provides and uses has
three key advantages:

= |If acomponent's interface is updated, but an attempt subsequently is
made to use the updated version of the component with an older
version of another component, the resulting type mismatch can be
diagnosed quickly and easily. Forcing the programmer to change
explicitly the interface definition encourages him to think about how
the implementation of the affected component needs to change.

= A component may declare only a subset of interfaces it uses or
provides. This means that a component does not need to implement all
the functions of an exported interface and only needs to declare the
functions and attributes of an imported interface. This results in a form
of interface polymorphism that gives many of the advantages of
classical interface inheritance in Object-Oriented Programming (OOP),
but without inheritance's associated disadvantages [9][10], and without
requiring the programmer to embrace OOP.

= Declaring the interfaces separately for each component that uses them
avoids needing centrally held interface definition.

Interface evolution is well supported because it is trivial to export new
functions from an interface (i.e., extend an interface).

2.2 Hello, world!

To give you a taste of NSI interfaces, we present here the interface definition
and associated implementation for a simple 'Hello world' NSI component.
Below is the dependency file for our component.

#include <nsi/types.h>
#include <nsi/version.h>

supervisor module {

/* Export component meta-data and a constructor */
interface component {
/* Component info attributes */
const nsi_uuid_t iid = "204f0640-5c25-4Ff80-8F3e-08c0ef562ba2";
const nsi_uuid_t cid = "476bedfc-3ad0-4a5f-8532-a3206d88e489" ;
const nsi_version_t build = MAKE_VERSION (1, 0, 0);
const nsi_string_t name = "helloworld";
const nsi_string_t descr = "Displays "hello world™ string on stdout™;

¥

/* Export the application interface so we can be started */
interface application {
const nsi_uuid_t iid = "d185e308-eb00-11d4-8bb2-000103311257"";
const nsi_string_t name = "hellol™;



nsi_result_t Start (nsi_int32_t argc, nsi_string_t args);

e

/* Import the Write function of stdfile interface */
foreign loadtime required interface stdfile {
const nsi_uuid_t iid == "4657dcd2-eb00-11d4-8a8c-000103311257";

ssize_t Write (int fd, const void *buf, size_t sz);
};
};

Like all NSI components, our '"Hello world' component exports the component
interface. The component interface contains meta-data describing the
component. It can also contain entry-points for calls by the NSI runtime (see
Section 3), but these functions are not implemented by this simple component.
Most components export at least one other interface (to do useful work)—the
application interface in this example. Exporting this interface means that our
component can be invoked as an application (for example, a shell component
might import the application interface to allow invocation of our helloworld
component from a command-line).

Our sample component also imports one interface: stdfi le. This gives POSIX-
style file-access. Note that our component only imports one function from the
stdfile interface: Write. There are many other functions defined on this
interface (Open, Close, Read, MkDir, etc.); components only need explicitly
import those functions that they use.

The imported interface is denoted by use of the keyword foreign. There are
two other import modifiers here: loadtime and required. The former dictates
that the import link shall be created automatically before the start of the
component's lifetime (see Section 3.2); the latter that the system guarantees the
availability of a provider (see Section 3.3).

Note that an interface's unique name is encoded in the Dep IDL as though it
were an attribute called i id. This attribute is required for all interfaces. In fact,
the interface's name is equivalent a mandatory data attribute; it is encoded
separately in the Dep IDL to keep the syntax closer to other IDLs.

The implementation of our component in C is very simple. This is shown
below:

#include "hello.dep.h"

nsi_result_t Start (nsi_int32_t argc, nsi_string_t args) {
static const char msg[] = "Hello world\r\n";
(void) _nsi_view.stdfile->Write (1, msg, (sizeof msg) - 1);

return O;

}



Our "Hello world' component exports two interfaces, but only one function.
Therefore, the implementation must provide the exported function. The Start
function can be compared to the main function in C. Note that from Start, the
component calls its imported function on the stdfi le interface (there is only
one imported interface in this trivial example).

3 The NSl runtime

As well as the mechanisms and tools used to create binary components, NSI
consists of a runtime environment that host components.

3.1 Run-time imports

Because NSI components have compiled into them a description of the
interfaces that they import and export, it is possible, at system build time, to
check that all required imports are met, and create the loadtime import links
(see Section 4).

A component can also import interfaces dynamically, at runtime, by calling on
a component known as the Dependency Manager. (Or more precisely, by
importing the services of the depmgr interface, which currently is exported
only by the Dependency Manager component.)

Run-time imports are used to request an imported interface when the import
criteria are not known until runtime. They can also be used to keep to a
minimum the number of active components (see Section 3.2), which can be
useful in resource-constrained devices.

3.2 Component life-cycles

NSI guarantees that a component will only have its exported functions called
during its lifetime. As mentioned in Section 2.2, each NSI component exports
the component interface. There are four functions in this interface: Init,
Destroy (both described in this section), Register and Unregister
(described in Section 3.3.).

Init can be seen as a component's constructor, and Destroy its destructor. If
a component exports an Init function, it is called at the beginning of the
component's lifetime. Destroy is called at the end of a component's lifetime.
NSI guarantees that none of a component's exported functions shall be called
by other components until after the component's Init function completes
successfully. A component's Destroy function shall not be called until the
component's exported interfaces are no longer imported by any other
component.)

Init and Destroy do not need to be reentrant.



A component's lifetime begins when its Init function successfully returns and
ends when the component's Destroy function returns (or when Init returns
an error code). If acomponent does not export Init or Destroy, the duration
of its lifetime is implicit. At the start of a component's lifetime, its global data
must have been initialized. A component may have several lifetimes within a
running system; these lifetimes will be surrounded by calls to Init and
Destroy.

3.3 Import links

As shown in Section 2.1, an NSI component statically defines in its Dep file all
the interfaces that it exports and imports. A component may only call functions
or access attributes of one its imported interfaces when an import link exists
with a possible exporter. There are currently two kinds of imports that a
component may make: loadtime and runtime. A component's loadtime import
link is created automatically before the start of the importer's lifetime. The
creation of a runtime import link is initiated by the importer's implementation
during its lifetime.

Interface imports are either optional or required. NSI guarantees that an
import link will be created for each required loadtime import before the start
of it's the importer's lifetime.

NSI guarantees that a component will be active at least as long as it has
importers.

Upon the import link creation, NSI calls the exporter's Register function. By
returning an error code from its Register function, an exporter may reject an
importer and refuse an import link. When an import link is destroyed, NSI
calls the exporter's Unregister function. The Register function is typically
used by an exporter to allocate and initialize importer specific data.

Note that since the majority of imports in NSI systems are loadtime, the
beginning of a component's lifetime can result in dozens of components
becoming active due to recursive resolution of loadtime dependencies.

3.4 Interface stubs

Interface stubs are known in some other systems as interceptors, or before/
after/around aspects [11]. A stub is a small piece of code, injected at runtime
between the call-site of a importer and the entry point of the exporter. The
stubs are constructed at runtime to maximize efficiency. Off-line stub
generation means that (a) stubs must be created in all cases "just in case" they're
needed, and (b) that the stubs must be generic, which effects how tightly
optimized they can be [12].

Stubs are currently used to provide transparent distributed communication
between NSI components residing on different machines connected by a



network (known as DNSI).

It is also anticipated that stubs will provide a useful and practical way to
provide many services in the future, from logging inter-component
invocations, to automatic serialization of function calls to providing security
checks.

4 Building systems from NSI components

As well as the depc interface compiler tool to generate components (see Section 2),
NSl is supplied with various other tools. The most notable of these is NexBuilder.

NexBuilder is a graphical tool used to create systems from a repository of NSI
components. Because each NSI component is compiled with a static
description of the interfaces it imports, NexBuilder is able to determine that all
required imports in a given system are met. In addition, NexBuilder can
recursively satisfy various inter-component dependencies to quickly and
conveniently construct a system. That is, the user of the NexBuilder tool simply
drags-and-drops a few "base components”, and in response NexBuilder will
recursively add components to the selection as necessary to satisfy component
dependencies. In the cases where there is more than one possible match for
dependency, NexBuilder interacts with the user to select a component.

The input to NexBuilder is a set of components and user choices, and its output
is an executable image for a given architecture and OS. The executable contains
all the selected components, linked together with the NSI runtime.

5 Conclusion

NSI is a simple yet powerful component model, suited to the
componentization of embedded software, particularly consumer electronics.

We believe that to succeed in the CE industry, a component-model must be
both simple and flexible. Simple so that it may be used in a variety of devices,
and so that it may be understood and practically employed by software
engineers. A large part of NSI's advantages lies in its simplicity. Unlike many
other component models, it does not incorporate an object model, or advanced
features like exception handling. While this "lack of features” may represent a
drawback in other arenas, for embedded applications the lack of baggage is
very useful. It means that programmers have less to learn, and the use of the
component model impacts minimally on the hardware resources necessary to
execute NSI programs.

Perhaps most importantly for its pragmatic use in industry, NSI's simplicity
makes it practical for use in decomposition of existing, monolithic or modular
software. That is, the CE industry has a large amount of legacy code in
existence, most of which is written in C and assembler. NSI allows this code to



be decomposed with relative ease.

NSI interfaces are simple yet powerful, and offer good support for features
such as interface polymorphism and interface evolution in a non-OO (object-
oriented) context.

NSI is a good solution for CE vendors that want to adopt CBSE. Using NSI for
code reuse has shown particular promises. Although effective software reuse
depends on more than tools: development processes and cultures must also be
adapted to effectively achieve code reuse [16]. NSI can be of significant
assistance in such efforts.
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