
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

19
2 

54
0

B
1

(Cont. next page)

TEPZZ__9 54ZB_T
(11) EP 1 192 540 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.07.2018 Bulletin 2018/28

(21) Application number: 00937693.0

(22) Date of filing: 23.05.2000

(51) Int Cl.:
G06F 9/54 (2006.01)

(86) International application number: 
PCT/US2000/014173

(87) International publication number: 
WO 2000/077633 (21.12.2000 Gazette 2000/51)

(54) JUST-IN-TIME SERVICES FOR SMALL FOOTPRINT DEVICES

"JUST-IN-TIME" DIENSTE FÜR GERÄTE MIT KLEINER SPEICHERKAPAZITÄT

SERVICES A LA CARTE DESTINES A DES DISPOSITIFS AYANT DES RESSOURCES LIMITEES

(84) Designated Contracting States: 
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU 
MC NL PT SE

(30) Priority: 15.06.1999 US 333422

(43) Date of publication of application: 
03.04.2002 Bulletin 2002/14

(73) Proprietor: Oracle America, Inc.
Redwood City, CA 94065 (US)

(72) Inventors:  
• BAKER, Mark

Ottawa, Ontario K1M 2C5 (CA)
• DUGGAN, Josh

Ottawa, Ontario K1N 5G3 (CA)

(74) Representative: D Young & Co LLP
120 Holborn
London EC1N 2DY (GB)

(56) References cited:  
WO-A-98/37486  

• DOLVANE J ET AL: "PersonalJava & information 
appliances. I" DR. DOBB’S JOURNAL, JAN. 1999, 
MILLER FREEMAN, USA, vol. 24, no. 1, January 
1999 (1999-01), pages 60-61, 64 - 68, XP000951660 
ISSN: 1044-789X

• CLARK D: "Network nirvana and the intelligent 
device" IEEE CONCURRENCY, APRIL-JUNE 
1999, IEEE, USA, vol. 7, no. 2, April 1999 (1999-04) 
- June 1999 (1999-06), pages 16-19, XP002927392 
ISSN: 1092-3063

• STEVEN FRANK: "PersonalJava and Inferno" 
JAVA DEVELOPER’S JOURNAL, SYS-CON 
PUBLICATIONS, USA, vol. 3, no. 3, March 1998 
(1998-03), pages 8-14, XP002149692

• FUENTES L ET AL: "A Java framework for 
Web-based multimedia and collaborative 
applications" IEEE INTERNET COMPUTING, 
MARCH-APRIL 1999, IEEE, USA, vol. 3, no. 2, 
pages 55-64, XP002149695 ISSN: 1089-7801

• MOHSENI P: "GLASGOW ENHANCES 
JAVABEANS", BYTE, MCGRAW-HILL INC. ST 
PETERBOROUGH, US, vol. 23, no. 2, 1 February 
1998 (1998-02-01), page 51/52, XP000767985, 
ISSN: 0360-5280

• "GENERATING EVENT ADAPTERS TO 
FACILITATE CONNECTIONS BETWEEN JAVA 
BEANS", IBM TECHNICAL DISCLOSURE 
BULLETIN, INTERNATIONAL BUSINESS 
MACHINES CORP. (THORNWOOD), US, vol. 41, 
no. 1, 1 January 1998 (1998-01-01), pages 125-128, 
XP000772051, ISSN: 0018-8689

• HUNT J: "GROWING JAVA BEANS", 
APPLICATION DEVELOPMENT ADVISOR, SIGS 
LTD., NEWDIGATE, GB, vol. 1, no. 2, 1 November 
1997 (1997-11-01), pages 34-37, XP000972055, 
ISSN: 1369-4200

• CABLE L: "Extensible Runtime Containment and 
Services Protocol for JavaBeans Version 1.0", 
INTERNET CITATION, 3 December 1998 
(1998-12-03), XP002279292, Retrieved from the 
Internet: 
URL:http://www.java.sun.com/products.javab 
eans/glasgow/beancontext.pdf [retrieved on 
2004-05-04]



2

EP 1 192 540 B1

• "PersonalJava Technology White Paper", 
INTERNET CITATION, August 1998 (1998-08), 
XP003012251, Retrieved from the Internet: 
URL:http://www.java.sun.com/products/perso 
naljava/pj_white.pdf [retrieved on 2007-01-01]



EP 1 192 540 B1

3

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to the field of re-
source-constrained small footprint devices such as hand-
held computers, personal data assistants (PDAs), cellu-
lar phones, etc. More particularly, the present invention
comprises a lightweight framework supporting shareable
services in small footprint devices.

Description of the Related Art

[0002] The field of "smart" small footprint devices is
growing and changing rapidly. Small footprint devices
include handheld computers, personal data assistants
(PDAs), cellular phones, global positioning system
(GPS) receivers, game consoles, and many more such
devices. These devices are becoming more intelligent
and interconnected. Technologies such as Jini™ from
Sun Microsystems, Inc. and initiatives such as the Open
Service Gateway Initiative (OSGI) are expanding the tra-
ditional concepts of computer networks to include small
footprint devices.
[0003] This increased device interconnection has in-
troduced a need for both new types of computing services
and new ways to integrate computing services, both inter-
device-based and intra-device-based services. A "serv-
ice" is an entity implemented within or accessible from a
device that can be used by a person, an application, or
another service. The concept of a service is broad and
can be considered at many different scales. For example,
services include familiar network-based services such
as shared printing, email, telephony, etc. Services also
include less familiar examples such as an energy man-
agement service which may control the power consump-
tion of devices within a local network, a diagnostic service
which allows a device to send information to a service
technician when an error occurs, a health-monitoring
service which immediately notifies health professionals
of an emergency, etc.
[0004] Services also include modules or applications
located and executable within a local machine or device.
For example, local application programs may utilize a
calendar service, a contact list service, a bookmark serv-
ice, etc. In this example, an application program may use
these services together to allow a user to select a person
from the contact list, record an appointment time for a
meeting with the person, and create a bookmark for easy
access to the appointment entry.
[0005] It is becoming more common today to execute
multiple services and applications together in a single
small footprint device. However, since memory, process-
ing power, and other resources are typically very limited
in small footprint devices, a specialized lightweight soft-
ware framework is necessary to achieve the desired in-

tegration of services and applications. It is also desirable
that the framework be flexible and extendable enough to
provide support for any types of services and applications
for any kind of small footprint device. A further goal may
be that the framework be compatible and integrated with
off-device services such as services available to devices
in a Jini™ network. A lightweight, extendable contain-
ment framework for applications/services running on a
small footprint device is described herein.
[0006] PersonalJava & Information Applicances, Part
I, by Dolvane and Yogaratnam, Dr Dobb’s Journal, Jan-
uary 1999, pages 60-68, describes PersonalJava for con-
sumer devices with diverse displays. PersonalJava is a
Java Application Environment for low-resource environ-
ments. One implementation includes a shared user in-
terface of items that can be utilised by various application
components.

SUMMARY OF THE INVENTION

[0007] The present invention comprises a system as
defined in the appended claims to manage program mod-
ules in a small footprint device. As used herein, a module
is an executable software component, and a containment
framework is provided for shareable modules. One em-
bodiment of this containment framework is referred to as
York 1.1. The containment framework enables module
registration, lookup, instance tracking, etc. Modules in
the containment framework may be used by other mod-
ules as services. The containment framework may be
dynamic, allowing modules to be registered and loaded
as desired or needed.
[0008] Modules may be grouped into parcels and man-
aged as a unit. Parcels may serve several purposes. For
example, much of a module’s runtime context may be
determined by the parcel from which it originates. Also,
applications may be managed by parcel, including instal-
lation and upgrade procedures. Also, the parcel system
enables the support of multiple target development (i. e.,
development groups may use parcels to develop for dif-
ferent platforms or systems simultaneously without
breaking reliance on common libraries).
[0009] As described above, a containment framework
for a small footprint device should be lightweight. The
present containment framework is able to function on a
device with very little memory. For example, in one em-
bodiment the containment framework may function on a
device with only300KB writeable memory and still leave
enough memory space for several modules to operate.
In addition, the containment framework may be respon-
sive on devices with low processing power, such as small
footprint devices with16MHz-class chips.
[0010] One aspect of the containment framework
which aids in achieving its lightweight status is that it is
a non-hierarchical framework. Hierarchical containment
can be a very useful feature in a framework, providing a
standard way to group modules and allow them to dis-
cover and use each other’s services. However, hierar-
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chical containment is generally expensive to achieve in
terms of the resources required to implement it. The
present containment framework provides many of the ad-
vantages associated with a hierarchical framework, with-
out the usual overhead. Modules may intercept module
lookup requests by other modules, thereby allowing them
to customize the requesting module’s environment.
[0011] The containment framework may be based on
common standards. For example, in one embodiment,
the containment framework may be written in pure
Java™ and may be fully compliant with and executed in
the PersonalJava™ 3.0 application environment. Per-
sonalJava™ is a Java™ application environment specif-
ically designed for consumer devices for home, office,
and mobile use. It comprises the Java™ virtual machine
(JVM) and a subset of the Java" Application Program-
ming Interface (API), including core and optional APIs
and class libraries. In addition, the PersonalJava™ API
includes specific features required by consumer applica-
tions in resource-limited environments. It is noted that
the containment framework may also be comprised in
hardware ROM or be compiled into native code.
[0012] Because the containment framework may be
based on common standards, it may be ported easily to
different device types and to devices made by different
vendors, which greatly reduces time-to-market and de-
velopment costs. The extendable architecture of the
framework may also allow new modules to be introduced
into the framework as needed or desired for different de-
vices or services. The architecture may also allow for
customizable and scaleable user interfaces. For exam-
ple, the user interface component of an application may
be swapped out as appropriate to the display type for
different devices.
[0013] As described in more detail below, the contain-
ment framework maintains a list of loaded modules, as
well as related system data. Modules normally access
the module list or the system data only indirectly, e. g.,
by calling methods of a central framework instance. How-
ever, certain modules, referred to as system modules,
may have the ability to access or modify the system data
themselves. This type of direct data access to core data
helps to keep the containment framework lightweight.
Since system modules have access to the core system
data, any necessary or desired extended functionality
beyond the basic module management performed by the
central framework instance may be introduced to a sys-
tem by adding an appropriate system module. Thus, the
containment framework is also highly extendable.
[0014] A system may comprise a set of core service
modules available for other modules to use. These core
services may include services such as the calendar, con-
tact list, and bookmark services described in an example
above. Together with such core services, the contain-
ment framework provides a complete architecture for run-
ning an integrated suite of applications and services on
a small footprint device. For example, the Personal Ap-
plications suite available from Sun Microsystems, Inc. is

built around one embodiment of the containment frame-
work. The Personal Applications suite comprises an in-
tegrated set of compact, memory-efficient applications,
including the Personal Applications Browser, the Person-
al Applications Email Client, and the Personal Organizer.
[0015] Although the approach described herein is ap-
plied to managing modules running on a small footprint
device, it is not limited to this use. Many aspects may be
useful in systems that do not have such a large resource
constraint. On the other hand, embodiments of the con-
tainment framework may be designed so that they are
easily transferable to environments with an even greater
constraint in resources than the small footprint devices
described above. For example, an embodiment of the
containment framework may run in an EmbeddedJava™
application environment with little or no modification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Other objects and advantages of the invention
will become apparent upon reading the following detailed
description and upon reference to the accompanying
drawings in which:

Figure 1 is a block diagram illustrating the hardware
architecture of a typical small footprint device;
Figure 2 illustrates a typical hierarchy of hard-
ware/software layers involved in a system running
applications and services within the containment
framework;
Figure 3 illustrates an exemplary network in which a
small footprint device running applications/services
in the containment framework is connected to a local
service-based network;
Figure 4 illustrates the discovery process, in which
a service provider finds a lookup service;
Figure 5 illustrates the join process, in which a serv-
ice provider registers its service with a lookup serv-
ice;
Figure 6 illustrates the lookup process, in which a
client requests a service from a lookup service;
Figure 7 illustrates the service invocation process,
in which a client invokes a service using a service
object received from a lookup service;
Figure 8 is an abstract block diagram illustrating the
basic architecture of the containment framework;
Figures 9 and 10 illustrate the use of module request
listeners in the containment framework to simulate
a hierarchical containment environment;
Figure 11 illustrates the use of parcels to group mod-
ules together;
Figure 12 is a flowchart diagram illustrating a typical
lookup process that the central framework instance
may perform when it receives a lookup request for
a service module from a client module; and
Figure 13 is a flowchart diagram illustrating the mod-
ule release process.
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[0017] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the draw-
ings and are herein described in detail. It should be un-
derstood, however, that the drawings and detailed de-
scription thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and
alternatives falling within the scope as defined by the
appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Figure I-Hardware Architecture Block Diagram

[0018] Figure I is a block diagram illustrating the hard-
ware architecture of a typical small footprint device. As
used herein, a small footprint device is a hardware device
comprising computing resources such as a processor
and a system memory, but having significantly greater
constraints on one or more of these resources than a
typical desktop computer has. For example, a small foot-
print device may have two megabytes of memory or less,
whereas a typical desktop system may have 64 mega-
bytes or more. Also a typical small footprint device may
have significantly less processing power than a typical
desktop computing system, either in terms of processor
type, or processor speed, or both. For example, a per-
sonal data assistant device may have a 16 MHz proces-
sor, whereas a typical desktop system may have a proc-
essor speed of 100 MHz or higher. Also, a typical small
footprint device may have a display size significantly
smaller than the display screen of a desktop computing
system. For example, the display screen of a handheld
computer is typically small compared to the display
screen of a desktop monitor.
[0019] It is noted that the specific numbers given are
exemplary only and are used for comparison purposes.
For example, a personal data assistant having eight meg-
abytes of memory or more may still be a small footprint
device, although the device has more memory than the
typical figure of two megabytes given above.
[0020] Small footprint devices may also have con-
straints on other resource types compared to typical
desktop computing systems, besides the memory, proc-
essor, and display size resources described above. For
example, a typical small footprint device may not have a
hard disk, may not have a network connection, or may
have an intermittent network connection, or may have a
wireless network connection, etc.
[0021] Many small footprint devices are portable
and/or are small compared to desktop computers, but
are not necessarily so. Also, many small footprint devices
are primarily or exclusively battery-operated. Also, small
footprint devices may typically have a more limited or
narrow range of usage possibilities than a typical desktop
computing system. Small footprint devices include, but
are not limited to, the following examples: handheld com-

puters, wearable devices (e. g., wristwatch computers),
personal data assistants (PDAs),"smart" cellular tele-
phones, set-top boxes, game consoles, global position-
ing system (GPS) units, electronic textbook devices, etc.
Since new classes of consumer devices are rapidly
emerging, it is not possible to provide an exhaustive list
of small footprint devices. However, the term "small foot-
print device" is intended to include such devices as may
reasonably be included within the scope of the term as
described above.
[0022] Figure 1 illustrates a block diagram of a typical
small footprint device. It is noted that the small footprint
device may have various different architectures, as de-
sired. The hardware elements not necessary to under-
stand the operation of the present invention have been
omitted for simplicity.
[0023] As shown in Figure 1, the small footprint device
contains a processor 100. The processor 100 may be
any of various types, including an x86 processor, e.g., a
Pentium class, a PowerPC processor, as well as other
less powerful processors or processors developed spe-
cifically for small footprint devices. The processor 100
may have various clock speeds, including clock speeds
similar to those found in desktop computer-class proc-
essors, as well as lower speeds such as 16 MHz.
[0024] Also shown in Figure 1 the device includes a
system memory 102. The system memory 102 may com-
prise memory of various types including RAM or ROM.
A typical small footprint device may have a very small
memory storage capacity compared to a typical desktop
computer system.
[0025] A small footprint device may also comprise one
or more input mechanisms. An input mechanism 104 is
illustrated in Figure 1. The input mechanism 104 may be
any of various types, as appropriate to a particular device.
For example, the input mechanism may be a keypad,
mouse, trackball, touch pen, microphone, etc.
[0026] A small footprint device may also comprise one
or more display mechanisms. A display 106 is illustrated
in Figure 1. However, a small footprint device may not
comprise a display, or may comprise another type of out-
put mechanism, such as an audio speaker. The display
mechanism 106 may be any of various types, as appro-
priate to a particular device. The display mechanism for
a typical small footprint device, such as a smart cellular
phone, may be small compared to the display of a desk-
top computer system.

Figure 2 - Hardware/Software Hierarchy Diagram

[0027] Figure 2 illustrates a typical hierarchy of hard-
ware/software layers involved in a system running appli-
cations and services within the containment framework.
The drawing is exemplary, and various layers may be
added, combined, or omitted as appropriate for a partic-
ular device or implementation.
[0028] The base layer shown in Figure 2 is the device
hardware layer 120, which comprises the hardware re-
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sources necessary to support a software system, such
as a processor and system memory. In one embodiment,
the hardware of a small footprint device, such as the small
footprint device hardware example illustrated in Figure
1, implements the hardware layer 120 illustrated in Figure
2. However, in other embodiments, the hardware layer
120 may be implemented in other types of devices, such
a device with even greater resource constraints than a
typical small footprint device, such as a smart card.
[0029] As shown in Figure 2, the next layer up from the
hardware layer is the operating system layer 122. As is
well known in the art, the operating system functions as
an interface layer between the device hardware and soft-
ware running on the device and serves as a manager for
low-level tasks such as input/output, memory manage-
ment, etc. The operating system 122 illustrated in Figure
2 may be any particular operating system which supports
the higher layers shown in Figure 2. The operating sys-
tem 122 may be a small and efficient one that is suitable
for or written particularly for use in a small footprint de-
vice. For example, the operating system 122 may be the
Java™OS operating system available from Sun Mi-
crosystems, Inc.
[0030] In one embodiment, the containment frame-
work is implemented in a Java™ application environment
as one or more Java™ classes. As shown in Figure 2,
the Java™ virtual machine layer 124 and Java™ appli-
cation programming interface (API) class libraries layer
126 are the next layers up from the operating system.
These two layers together make up the Java™ applica-
tion environment, or Java™ platform. Classes imple-
menting the containment framework may be built using
the Java™ libraries 126 and compiled into bytecodes.
The bytecodes are instructions which execute on the
Java™ virtual machine 124, which interacts with the op-
erating system 122 and/or the device hardware 120.
[0031] In one embodiment, the containment frame-
work is implemented in the PersonalJava Java™ appli-
cation environment, which is a Java™ platform designed
to be highly scalable, modular, and configurable, while
requiring minimal system resources. PersonalJava™
comprises the Java™ virtual machine and a subset of
the Java™ API, including core and optional APIs and
class libraries. In addition, the PersonalJava™ API in-
cludes specific features required by consumer applica-
tions in resource-limited environments, such as a spe-
cialized version of the Java™ abstract window toolkit
(AWT). The PersonalJava™ AWT library is targeted and
tuned for consumer product look and feel, providing
graphics and windowing features while supporting low-
resolution displays and alternate input devices (via an
extended event model for mouse- and keyboard-less de-
vices).
[0032] Referring again to Figure 2, the containment
framework 128 is shown as the next layer up from the
Java™ platform layer. As noted above, the containment
framework 128 may also be based on other platforms.
As described in detail below, the containment framework

128 manages program modules, e.g. by enabling module
registration, lookup, instance tracking, etc. Modules may
provide various services. The containment framework
128 enables modules to request other modules, in order
to use their services. Applications may be implemented
as modules that utilize the services of other modules.
The containment framework 128 thus provides a light-
weight, extendable service and application framework,
enabling applications to coexist and share a modular
code base.
[0033] This type of extendable architecture enabling
multiple program modules to cooperate is an important
development for small footprint devices. Small footprint
devices have historically been limited to relatively narrow
uses. For example, cellular phones were typically used
for telephony and little else. However, as various tech-
nologies are developed allowing small footprint devices
to become "smarter", having general-purpose proces-
sors, larger display screens, etc., it has become desirable
to expand the scope of applications used in small footprint
devices.
[0034] The present containment framework may ena-
ble the types of applications and services generally as-
sociated with desktop computing environments to work
together in a small footprint device, in a manner that desk-
top computer users are familiar with. As illustrated in Fig-
ure 2 and described above, services and applications
130 running on a small footprint device may be imple-
mented as modules built on the containment framework
layer 128. For example, the Personal Applications suite
available from Sun Microsystems, Inc. is built using one
embodiment of the containment framework 128. The Per-
sonal Applications Suite comprises an integrated set of
applications such as a browser, an email client, and a
personal organizer.
[0035] Figure 2 also illustrates the ability of some em-
bodiments of the containment framework 128 to integrate
off-device services 132 with on-device applications/serv-
ices 130. For example, the containment framework 128
may provide an interface between a small footprint device
and a network such as a Jini™ network. A small footprint
device system may register its services for use by other
devices or clients in a network. The containment frame-
work may also enable services and applications within
the small footrpint device to look up and use services
provided by other network devices. The integration of
services of the small footprint device with network serv-
ices is discussed in more detail below for Figure 3.

Figures 3 - 7: Exemplary Network Device and Service 
Federation

[0036] Figure 3 illustrates an exemplary network in
which a small footprint device running applications/serv-
ices in the containment framework is connected to a local
service-based network. In the example shown, a smart
cellular phone 134 utilizing the containment framework
144 is connected to the network. Also shown attached
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to the network are a printer 130 and an internet-enabled
television 132. In this example, it is assumed that the
printer 130 and television 132 devices are operable to
export services to a network and possibly use the serv-
ices of other devices on the network. For example, the
printer may export its print service 138, and the internet
television may look up the print service and use it to print
a web page. To facilitate the federation of devices and
services in this manner, a lookup service 136 is located
on the network. The lookup service 136 may reside on a
separate device such as a network server.
[0037] The federation of devices and services may be
implemented in various ways. For example, Jini™ tech-
nology, available from Sun Microsystems, Inc., compris-
es components and a programming model which enables
the type of distributed system illustrated in Figure 3. In
one embodiment, the local network shown in Figure 3
may be a Jini™ network, and the printer 130 and internet
television 132 may be Jini™-enabled devices. Each de-
vice is operable to find the Jini™ network lookup service
and register the services it offers with the lookup service.
The lookup service maps interfaces indicating the func-
tionality provided by a service to sets of objects that im-
plement the service.
[0038] To add its services to a service federation, a
device or other service provider may first locate an ap-
propriate lookup service by using a "discovery" protocol.
Figure 4 illustrates the discovery process. As shown, the
service provider 164, e.g. the printer 130 shown in Figure
3, may broadcast a request on the local network for any
lookup services to identify themselves.
[0039] Once the service provider 164 has located the
lookup service 160, the service provider 164 may register
its service with the lookup service 160 by using a "join"
protocol. Figure 5 illustrates the join process. The service
provider 164 may create a service object which clients
can use to invoke the service. As illustrated in Figure 5,
the service object for the provided services may then be
loaded into the lookup service 160, along with service
attributes or descriptors containing information about the
types or names of services provided. For example, in a
Jini™ network, the printer 130 shown in Figure 3 may
create a service object which comprises a Java™ pro-
gramming interface for the print service 138. The printer
130 may then call a "register" method of the lookup serv-
ice 136, passing this service object, along with attributes
which specify that the service 138 being registered is a
print service, the printing resolution, the possible paper
sizes, etc.
[0040] Once the service provider 164 has joined its
services with the lookup service 160, other network cli-
ents may request and use the services. The process of
requesting a service, called lookup, is illustrated in Figure
6. After discovering the lookup service, a client 162 may
request a service from the lookup service 160 using a
description of the requested service. The lookup service
160 attempts to match the description given by the re-
questor to the services that have joined the lookup serv-

ice. The lookup service 160 may use the service at-
tributes sent by the service provider 164 during the join
process to perform this matching. If a match is found, the
lookup service 160 provides the appropriate service ob-
ject to the client 162. For example, a Java™ interface for
the requested service may be provided to the client 162.
[0041] Once a client 162 has received a service object
from the lookup service, the client may invoke the service.
Figure 7 illustrates the process of service invocation.
When a service is invoked, the client 162 and the service
provider 164 may communicate directly with each other.
Any of various interaction protocols may be used for this
communication. For example, the protocol used may be
Java™ Remote Method Invocation (RMI), CORBA,
DCOM, etc. The service object that a client receives from
the lookup service may call back to code located at the
service provider, e.g. by calling an RMI method, or it may
execute locally to provide the requested service, or it may
use a combination of these approaches.
[0042] As shown in Figure 3, the lookup service 136
for a local network may also act as a gateway to an out-
side network such as the Internet 154. The service-based
distributed computing model may thus be extended to
include clients and services located outside the local net-
work. For example, the technology being developed for
the Open Service Gateway Initiative (OSGI) may be lev-
eraged to implement this type of distributed computing
system.
[0043] This type of service sharing between and across
different networks and the Internet may enable new types
of applications to be developed. For example, merchants
may use Internet services to record data about specific
consumers, and advertising service providers may use
this data to push context-specific ads onto consumer de-
vices, depending on which local network the device is
connected to, etc. For example, a customer may enter a
shopping mall and connect a personal data assistant
(PDA) into a local network for the shopping mall, via a
wireless connection. An Internet-based consumer data
service may be joined with the lookup service for the
shopping mall network and may provide information
about the specific consumer who has just plugged into
the mall network. Services running in the shopping mall
network may then use this data together with other factors
such as the customer’s current location within the mall,
the time of day, etc., in order to generate personalized
ads and push them onto the customer’s PDA.
[0044] Many other examples of services based on the
network of Figure 3 are possible. For example: network-
enabled consumer devices within a home may utilize a
service provided by a power company, via the Internet,
which manages power consumption within the home; se-
curity service providers may monitor a home or specific
devices via network services and may notify the owner
immediately when property is broken into; health service
providers may remotely monitor a patient’s state by com-
municating with medical instruments; etc.
[0045] In the examples listed above, an assumption is
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made that devices are able to transparently connect to
a network, integrate network services with device-resi-
dent services, and export device-resident services for
use by network clients. The containment framework de-
scribed herein may provide the necessary interface to
integrate services and applications of small footprint de-
vices such as personal data assistants, handheld com-
puters, smart cellular phones, etc. with a network service
federation.
[0046] As shown in Figure 3 and described in more
detail below, the containment framework 144 has its own
type of lookup service 146. The lookup service 146 within
the containment framework 144 may operate similarly to
the local network lookup service described above, utiliz-
ing discovery, join, lookup, and service invocation proc-
esses. For example, the personal organizer application
152 may utilize various services such as a calendar serv-
ice, a contact list service, a bookmark service, etc. (not
shown). The personal organizer application 152 may ob-
tain a reference for communicating with these services
via the containment framework lookup service 146.
[0047] The containment framework 144 may integrate
its own lookup service 146 with an off-device lookup serv-
ice such as the local network lookup service 136 shown
in Figure 3. In this way, off-device services such as the
print service 138 and the web service 140 may become
available to the applications/services 148, 150, and 152
of the containment framework, and vice versa. For ex-
ample, the personal organizer application 152 may re-
quest a print service from the containment framework
lookup service 146. The containment framework lookup
service 146 may first search for an on-device print serv-
ice. If one is not found, the containment framework lookup
service 146 may then request a print service from the
network lookup service 136. The service object for the
print service 138 may then be returned to the personal
organizer 152. An interface 142 between the on-device
services/applications and the off-device services is illus-
trated in Figure 3. Details follow on how the integration
of on-device/off-device services may be implemented.
[0048] As noted above, clients of services may them-
selves be services to other clients. For example, the email
client "application" 150 of the smart cellular phone shown
in Figure 3 may itself be a service to a client running in
the containment framework 144 or to a network client.
For example, in the case of malfunction, the printer 130
shown in Figure 3 may request an email service so that
it can send diagnostic information to a service technician.
If the network lookup service 136 cannot find a network-
based email service, it may request an email service from
the smart cellular phone 134 via the interface 142. A serv-
ice object for the email application/service 150 running
in the containment framework 144 may be passed to the
requesting printer client 130. In this example, the printer
client 130 may communicate directly with the email ap-
plication/service 150 to send an email containing diag-
nostic information to a printer service technician. The
email application/service 150 may send the email imme-

diately if it is able to find an email server service, or it
may send the email later when such a service becomes
available when the cellular phone user connects to a dif-
ferent network.
[0049] Although the above description references spe-
cific protocols and programming models, such as Jini™
technology, it is noted that these specific technologies
are exemplary only. For example, the applications and
services within the containment framework may be inte-
grated with clients, services, devices, networks, etc.
which employ any of various types of standards, proto-
cols, and programming models, including, but not limited
to: Jini™, CORBA, COM/DCOM, Bluetooth, CAL, CE-
Bus, HAVi, Home API, HomePNA, HomePnP, HomeRF,
VESA, etc.

Figure 8 - Containment Framework Block Diagram

[0050] Figure 8 is an abstract block diagram illustrating
the basic architecture of the containment framework en-
vironment. As described above, the containment frame-
work provides a containment system for applications and
services. These applications and services are managed
within the system as units called modules. The contain-
ment framework is lightweight; in one embodiment, mod-
ules may interact with a single framework manager object
which performs all module management. This manager
is referred to herein as the central framework instance.
In one embodiment, the central framework instance may
be implemented as an instance of a Java™ class. Figure
8 illustrates the central framework instance 170 and the
code and data it comprises/manages. It is noted that Fig-
ure 8 illustrates one embodiment of the containment
framework. Other embodiments may employ a different
architecture and/or may be implemented in different pro-
gramming languages or software environments. For ex-
ample, the module management/containment performed
by the central framework instance 170 illustrated in Fig-
ure 8 may be performed by multiple objects or compo-
nents in other embodiments.
[0051] As shown in Figure 8, the central framework
instance 170 comprises data 182 representing the mod-
ules currently loaded in the system. The containment
framework architecture is non-hierarchical. Thus, the
loaded modules may be represented as a flat list or array
of modules. This non-hierarchical system helps to keep
the core containment framework code and the modules
running within the framework compact. Systems employ-
ing hierarchical components such as JavaBeans™ com-
ponents may provide associated benefits, but the bene-
fits come at the expense of a more complex management
system requiring more system resources. However, the
containment framework does provide a mechanism for
the non-hierarchical modules to gain many of the benefits
of a hierarchical containment system. This mechanism
is described below for Figures 9 and 10.
[0052] As shown in Figure 8, in one embodiment the
central framework instance 170 comprises publicly ac-
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cessible methods 178 which modules may call. These
methods may be broken into abstract groups. For exam-
ple, one group of methods 172 may comprise lookup
methods. Lookup methods implement the lookup service
functionality described above. Modules may pass a mod-
ule descriptor to a lookup method of the central frame-
work instance 170 to locate a particular service module.
The containment framework lookup process is described
below for Figure 12. Another group of framework meth-
ods 174 may comprise methods for loading and unload-
ing modules. After finding a service module, a client mod-
ule may request the central framework instance 170 to
load the service module and return a reference to the
loaded module. The client module may then invoke the
service. The client may call a framework method to re-
lease the service module when it is finished using it. Al-
though described as distinct groups, the division of meth-
ods into lookup and load/unload groups may be only a
conceptual division. For example, in one embodiment a
lookup method may also load a module that it matches
and return a reference to the matched module.
[0053] Figure 8 also illustrates system data 180 re-
ferred to as framework metadata, which may comprise
data 182 describing the list of loaded modules and other
data describing the state of the system. Another abstract
group of methods 176 of the central framework instance
170 may comprise reflection methods. Reflection meth-
ods are somewhat different than the other groups of
methods since they provide direct access to the core
metadata 180. A special class of modules called system
modules may call reflection methods to gain access to
the metadata 180. Regular modules may not access the
metadata 180.
[0054] After receiving a reference to the core system
data 180, a system module may use or modify the data
in any way desirable. Thus, the containment framework
is highly extendable. The central framework instance 170
may itself remain small, and system modules may be
added to implement any functionality not already enabled
by the central framework instance 170. For example, a
system module may enable the integration described
above for Figures 3 - 7 between applications/services
running within the containment framework and services
based in an external network.
[0055] In this example, such a system module may be
written as a secondary lookup service that conforms to
the protocols and programming model of the external net-
work. For example, for a Jini™ network, a system module
may be written which discovers the Jini™ network lookup
service and joins the network lookup service, registering
itself as a secondary lookup service. When a network
client requests a service, the network lookup service may
invoke the lookup service implemented by the system
module. This system module may attempt to find a serv-
ice module within the containment framework which
matches the description of the requested service. If a
match is found, then the system module may perform
any necessary steps to export the service module to the

network client, since the system module has full access
to the system module list and metadata. For example,
the system module may load and register the matched
service module into the system and return an interface,
such as a Java™ interface, to the newly loaded module
to the requestor.

Figures 9 and 10 - Simulating a Hierarchical Environment

[0056] It is often desirable to establish a hierarchical
context for modules. For example, several service mod-
ules of the same type may be present in a system, but
each may behave slightly differently. In a hierarchical
containment system, a request by a module for a service
may be filtered through a parent or containing module of
the requesting module so that a reference to a specific
service module may be passed back to the requestor.
Hierarchical containment also has other inherent advan-
tages, such as an ability to easily distribute and store
data among a hierarchy of modules. However, as stated
above, a full implementation of a hierarchical contain-
ment system may be very costly in terms of the system
resources required, such as memory and processing
power. The containment framework may provide a mech-
anism giving developers and applications many of the
benefits of hierarchical containment, but without the high
overhead costs usually associated with it.
[0057] For example, one embodiment of the contain-
ment framework allows modules to register themselves
as module request listeners of other modules. For exam-
ple, a module A may register itself as a request listener
of a module B, e.g., by calling an AddRequestListener
method of the central framework instance. When module
B subsequently calls a method of the central framework
instance to find a particular service, the central frame-
work instance checks for any module request listeners
for module B. In this case, it finds module A as a request
listener, and asks module A to provide the requested
service module to module B.
[0058] Figures 9 and 10 illustrate an exemplary use of
module request listeners in the containment framework.
Figure 9 illustrates a desired conceptual module hierar-
chy for print services. As shown in the figure, two print
service modules 192 and 194, print service A and print
service B, are encapsulated in a print manager module
190. For example, the two print services 192 and 194
may print to different locations, have different resolution
and color capabilities, etc. Either of these print service
modules may satisfy a lookup request made by another
module for a print service. However, it may be desirable
to employ a print manager module which selects and
returns a particular print service. For example the print
manager 190 may select a print service based on which
client module makes the print request, or the print man-
ager may display a dialog box asking for user input for
the desired print service characteristics.
[0059] Although the containment framework utilizes a
non-hierarchical containment model, the hierarchy illus-
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trated in Figure 9 may be realized by registering the print
manager module 190 as a module request listener of
client modules that may request a print service. Figure
10 illustrates example modules 198 which may run in a
system. As described earlier, these modules may them-
selves employ other modules as services. According to
the non-hierarchical model of the containment frame-
work, the modules are shown arranged in a flat layout,
with no inherent module hierarchy.
[0060] In this example, the web browser module 196
may be operable to make a print request, e.g., for printing
a web page. As shown in Figure 10, the print manager
module 190 may be registered as a module request lis-
tener for the web browser module 196. Upon receiving
the print service request from the web browser 196, the
containment framework lookup service may find the print
manager module 190 registered as a request listener for
the web browser module 196 and may ask the print man-
ager module 190 to provide a print service module to the
web browser requestor 196. The print manager module
190 may then return a reference to print service module
A 192 or print service module B 194, or the print manager
module 190 may present a dialog box to the user to de-
cide which print service module to return, etc. Thus, the
desired module hierarchy of Figure 9 may be implement-
ed for non-hierarchical modules of the containment
framework.

Figure 11 - Parcel Packaging Units

[0061] Modules may be packaged into units referred
to as parcels. This packaging serves several purposes.
For example, parcels provide a convenient mechanism
to manage related code and data as a unit. If closely
related modules have static dependencies, then they
may be packaged together into a parcel. Parcels may be
used to handle installation and upgrading within a sys-
tem.
[0062] Figure 11 illustrates an example parcel 200 that
groups together modules related to a personal informa-
tion manager (PIM). The figure shows a calendar module
202, a contact list module 204, an appointment module
208, and a user interface module 206. Various other mod-
ules may be present in the parcel as desired. The mod-
ules of the PIM parcel 200 may also make use of various
core service modules running within the containment
framework, such as bookmark services, find services,
etc. The use of a PIM parcel may simplify installation and
upgrading of a PIM application. Packaging the PIM mod-
ules into a parcel in this way also has the development-
time benefit of creating separate code units for multi-tar-
get development.
[0063] Parcels also provide an additional way to pro-
vide a run-time context for non-hierarchical modules.
When a module is loaded into the system, the central
framework instance may store metadata specifying
which parcel, if any, the module belongs to. Service mod-
ules may later use this information to provide services

differently for different client modules, depending on
which parcel the client belongs to. For example, client
modules may use a file access service module to obtain
a root directory. The file access module may return dif-
ferent root directories for different clients, depending on
which parcels the clients belong to.

Figure 12 - Module Request Flowchart Diagram

[0064] Figure 12 is a flowchart diagram illustrating a
typical lookup process that the central framework in-
stance may perform when it receives a lookup request
for a service module from a client module. It is noted that
Figure 12 is exemplary and that various steps may be
combined, omitted, or modified. For example, as noted
previously, system modules may be added which cus-
tomize the lookup process.
[0065] In step 300 of Figure 12, the central framework
instance receives a module lookup request from a re-
questor module. For example, the requestor module may
call a RequestModule method of the central framework
instance, passing a module descriptor for the service
module being requested, as well as a reference to the
requestor module itself. The reference to the requestor
module may be added to the system data so to keep
track of service module users. As described in more detail
below, a module may be unloaded when no other mod-
ules are using it.
[0066] The module descriptor passed by the requestor
module specifies various attributes about the requested
module that the framework instance can use to attempt
to find a matching module. This module descriptor may
be an object which comprises information such as the
requested module’s service type, class name, and/or
service-specific attributes, etc. The requestor may also
pass a text description to the central framework instance,
which the central framework instance may use to create
a module descriptor object.
[0067] In step 302, the central framework instance
checks to see whether any request listener modules are
registered for the requesting module. If a request listener
is found, then in step 304 the framework instance notifies
the request listener of the request and instructs the re-
quest listener to attempt to provide a module which
matches the module request descriptor. If the request
listener can provide a matching module, then execution
proceeds to step 314. Otherwise, other registered re-
quest listeners may be asked to provide a module, until
a match is found or there are no more request listeners.
[0068] If no request listeners are found, or if no request
listeners can provide the requested module, execution
proceeds to step 306. However, in one embodiment, if
one or more request listeners are registered for the re-
questing module, and none of them are able to provide
a matching module, then execution may stop after step
304. In step 306, the central framework instance checks
the list of modules to determine whether one of the mod-
ules matches the module descriptor. If a match is found,
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then in step 308 the framework instance checks whether
the matched module is multi-instantiable. If not, then ex-
ecution proceeds to step 314.
[0069] If the matched module is found to be multi-in-
stantiable in step 308, then the central framework in-
stance may continue to search through the module list
for a match. If there are no more modules to search,
execution proceeds to step 310. In step 310, the frame-
work instance searches for module-provider modules in
the module list. Module-provider modules are modules
capable of providing a requested module. For example,
a network lookup service may be imported as a module-
provider module for the containment framework.
[0070] If a module-provider module is found, then in
step 312, the central framework instance notifies the
module-provider module of the request and instructs it
to attempt to provide a module which matches the module
request descriptor. If a match is found then execution
proceeds to step 314. If the module provider cannot pro-
vide the requested module, the central framework in-
stance may search for other module-provider modules
and repeat step 312. If no module providers are present
in the module list or if none can provide the requested
module, then the requestor is notified that the request
cannot be fulfilled, and execution completes.
[0071] Step 314 may be reached from step 304, 308,
or 312. In all cases, a module is found which matches
the module request descriptor. In step 314 the requestor
is registered as a user of the matched module, and in
step 316 a reference to the matched module is returned
to the requestor. Any necessary initialization steps in-
volved in loading and initializing the matched module are
also performed in step 314. For example, modules may
have an Initialize method that is called when a module
is loaded.
[0072] As noted above, the flowchart of Figure 12 is
exemplary, and various embodiments may have different
lookup/load scenarios. For example, a module may call
a central framework method to load a service module
without returning a reference to the matched module, or
request listeners may be ignored in some cases, etc.

Figure 13 - Module Release Flowchart Diagram

[0073] When a client module is finished using a service
module, the client may call a method of the central frame-
work instance to release the module. Figure 13 is a flow-
chart diagram illustrating the module release process.
The flowchart of Figure 13 is exemplary, and various
steps may be combined, omitted, added, or modified as
required or desired for different embodiments.
[0074] In step 330, the central framework instance re-
ceives a module-release notice from a user module. As
described above for Figure 12, when a user module re-
quests a service module, the user module is added to a
list of users of the service module. In step 332, the central
framework instance removes the releasing user module
from the list of users of the released module. In step 334,

the framework instance determines whether any other
user modules are using the released module, e. g., by
checking whether other modules are present in the re-
leases module’s user module list. If so, then execution
stops.
[0075] If no other modules are using the released mod-
ule, the central framework instance may attempt to un-
load the released module. In step 336, the framework
instance may call a CanFinalize method of the released
module.
[0076] The CanFinalize method returns true if the mod-
ule can be unloaded, or false otherwise. If the CanFinal-
ize method returns false in step 336, then execution
stops. Otherwise, a Finalize method of the released mod-
ule may be called. The Finalize method may perform any
necessary steps for unloading the module, such as re-
leasing resources. The module may then be unloaded,
which may involve garbage-collection, etc., depending
on the particular embodiment.
[0077] Although the present invention has been de-
scribed in connection with specific embodiments, it is not
intended to be limited to the specific forms set forth here-
in, but on the contrary, it is intended to cover such alter-
natives, modifications, and equivalents, as can be rea-
sonably included within the scope as defined by the ap-
pended claims.

Claims

1. A small footprint device operable to execute soft-
ware, the small footprint device comprising a
processing unit (100) and a system memory (102),
wherein the system memory stores:

a plurality of program modules (130);
a central framework instance (128) operable to
manage the plurality of program modules,
wherein the central framework instance com-
prises an instance of a class including methods
for managing the plurality of program modules;
wherein, in response to receiving a module de-
scriptor from a first program module, the central
framework instance is operable to:

determine whether a second program mod-
ule is registered as a request listener for the
first program module;
if a second program module is registered
as a request listener for the first program
module, request the second program mod-
ule to return to the first program module a
reference to a third program module match-
ing the module descriptor;
if a second program module is not regis-
tered as a request listener for the first pro-
gram module, return to the first program
module a reference to a third program mod-
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ule matching the module descriptor.

2. The small footprint device of claim 1,
wherein the central framework instance is operable
to manage the plurality of program modules as a flat
list in a non-hierarchical manner;
wherein said determining whether a second program
module is registered as a request listener for the first
program module in response to receiving the module
descriptor from the first program module enables the
central framework instance to simulate a desired hi-
erarchy in which the second program module con-
tains the first program module.

3. The small footprint device of claim 1 or claim 2,
wherein the module descriptor comprises informa-
tion specifying a service type for a requested pro-
gram module.

4. The small footprint device of any one of the preceding
claims, wherein the module descriptor comprises in-
formation specifying one or more of:

one or more service attributes for a requested
program module;
a class name for a requested program module;
a text description for a requested program mod-
ule.

5. The small footprint device of any preceding claim,
wherein the central framework instance is further op-
erable to:

receive a request from the second program
module requesting to be added as a request lis-
tener for the first program module;
add the second program module as a request
listener for the first program module.

6. The small footprint device of any preceding claim,
wherein the program modules and the central frame-
work instance are implemented within a Java™ Ap-
plication Environment.

7. The small footprint device of claim 6,
wherein the first program module belongs to a parcel
with one or more additional program modules;
wherein, in performing said returning to the first pro-
gram module a reference to a third program module,
the central framework instance is operable to deter-
mine the third program module based on the parcel
to which the first program module belongs.

8. The small footprint device of claim 6 or 7,
wherein the central framework instance maintains
system metadata regarding the program modules;
wherein the central framework instance includes one
or more reflection methods for accessing the system

metadata;
wherein the system memory also stores one or more
system modules operable to call the reflection meth-
ods of the central framework instance to access the
system metadata.

9. The small footprint device of any of claims 6 to 8,
wherein the central framework instance is an in-
stance of a Java™ class.

10. The small footprint device of any preceding claim,
wherein the small footprint device is a small footprint
device from the group consisting of: personal data
assistant (PDA), cellular phone, global positioning
system (GPS) receiver, game console, wearable
computing device, set-top box, and electronic book
device.

Patentansprüche

1. Einrichtung mit kleiner Grundfläche, die betreibbar
ist, Software auszuführen, wobei die Einrichtung mit
kleiner Grundfläche eine Verarbeitungseinheit (100)
und einen Systemspeicher (102) umfasst, wobei der
Systemspeicher Folgendes speichert:

mehrere Programmmodule (130);
eine zentrale Framework-Instanz (128), die be-
treibbar ist, die mehreren Programmmodule zu
managen, wobei die zentrale Framework-In-
stanz eine Instanz einer Klasse, die Verfahren
zum Managen der mehreren Programmmodule
enthält, umfasst;
wobei die zentrale Framework-Instanz als Ant-
wort auf ein Empfangen einer Modulbeschrei-
bung von einem ersten Programmmodul be-
treibbar ist zum
Bestimmen, ob ein zweites Programmmodul als
ein Anfragelauscher für das erste Programm-
modul registriert ist;
dann, wenn ein zweites Programmmodul als ein
Anfragelauscher für das erste Programmmodul
registriert ist, Anfragen, dass das zweite Pro-
grammmodul dem ersten Programmmodul eine
Referenz auf ein drittes Programmmodul, das
mit der Modulbeschreibung übereinstimmt, zu-
rückgibt; und
dann, wenn ein zweites Programmmodul nicht
als ein Anfragelauscher für das erste Pro-
grammmodul registriert ist, Zurückgeben einer
Referenz auf ein drittes Programmmodul, das
mit der Modulbeschreibung übereinstimmt, an
das erste Programmmodul.

2. Einrichtung mit kleiner Grundfläche nach Anspruch
1, wobei
die zentrale Framework-Instanz betreibbar ist, meh-

19 20 



EP 1 192 540 B1

13

5

10

15

20

25

30

35

40

45

50

55

rere Programmmodule als eine flache Liste in einer
nicht hierarchischen Weise zu managen;
das Bestimmen, ob ein zweites Programmmodul als
ein Anfragelauscher für das erste Programmmodul
registriert ist, als Antwort auf ein Empfangen der Mo-
dulbeschreibung von dem ersten Programmmodul
bewirkt, dass die zentrale Framework-Instanz eine
erwünschte Hierarchie, in der das zweite Programm-
modul das erste Programmmodul enthält, simuliert.

3. Einrichtung mit kleiner Grundfläche nach Anspruch
1 oder 2, wobei die Modulbeschreibung Informatio-
nen, die einen Diensttyp für ein angefordertes Pro-
grammmodul festlegen, enthält.

4. Einrichtung mit kleiner Grundfläche nach einem der
vorhergehenden Ansprüche, wobei die Modulbe-
schreibung Informationen umfasst, die Folgendes
festlegen:

ein oder mehrere Dienstmerkmale für ein ange-
fordertes Programmmodul und/oder
einen Klassennamen für ein angefordertes Pro-
grammmodul und/oder
eine Textbeschreibung für ein angefordertes
Programmmodul.

5. Einrichtung mit kleiner Grundfläche nach einem der
vorhergehenden Ansprüche, wobei die zentrale Fra-
mework-Instanz ferner betreibbar ist zum
Empfangen einer Anfrage von dem zweiten Pro-
grammmodul, das anfragt, als ein Anfragelauscher
für das erste Programmmodul hinzugefügt zu wer-
den; und
Hinzufügen des zweiten Programmmoduls als ein
Anfragelauscher für das erste Programmmodul.

6. Einrichtung mit kleiner Grundfläche nach einem der
vorhergehenden Ansprüche, wobei die Programm-
module und die zentrale Framework-Instanz in einer
Java™-Anwendungsumgebung implementiert sind.

7. Einrichtung mit kleiner Grundfläche nach Anspruch
6, wobei
das erste Programmmodul einem Paket mit einem
oder mehreren zusätzlichen Programmmodulen an-
gehört; und
die zentrale Framework-Instanz beim Durchführen
des Zurückgebens einer Referenz auf ein drittes Pro-
grammmodul an das erste Programmmodul betreib-
bar ist, das dritte Programmmodul auf Grundlage
des Pakets, dem das erste Programmmodul ange-
hört, zu bestimmen.

8. Einrichtung mit kleiner Grundfläche nach Anspruch
6 oder 7, wobei
die zentrale Framework-Instanz System-Metadaten
hinsichtlich der Programmmodule pflegt;

die zentrale Framework-Instanz ein oder mehrere
Reflektionsverfahren zum Zugreifen auf die System-
Metadaten enthält; und
der Systemspeicher auch ein oder mehrere System-
module speichert, die betreibbar sind, die Reflekti-
onsverfahren der zentralen Framework-Instanz auf-
zurufen, um auf die Systemmetadaten zuzugreifen.

9. Einrichtung mit kleiner Grundfläche nach einem der
Ansprüche 6 bis 8, wobei die zentrale Framework-
Instanz eine Instanz einer Java™-Klasse ist.

10. Einrichtung mit kleiner Grundfläche nach einem der
vorhergehenden Ansprüche, wobei die Einrichtung
mit kleiner Grundfläche eine Einrichtung mit kleiner
Grundfläche aus der Gruppe ist, die aus Folgendem
besteht: einem persönlichen Datenassistenten
(PDA), einem Mobiltelefon, einem Empfänger eines
globalen Positionierungssystems (GPS), einer Spie-
lekonsole, einer tragbaren Rechenvorrichtung, einer
Set-Top-Box und einer elektronischen Bucheinrich-
tung.

Revendications

1. Dispositif de faible encombrement exploitable pour
exécuter un logiciel, le dispositif de faible encombre-
ment comprenant une unité de traitement (100) et
une mémoire de système (102), dans lequel la mé-
moire de système mémorise :

une pluralité de modules de programme (130) ;
une instance de structure centrale (128) exploi-
table pour gérer la pluralité de modules de pro-
gramme, dans lequel l’instance de structure
centrale comprend une instance d’une classe
comportant des procédés pour gérer la pluralité
de modules de programme ;
dans lequel, en réponse à la réception d’un des-
cripteur de module depuis un premier module
de programme, l’instance de structure centrale
est exploitable pour :

déterminer qu’un deuxième module de pro-
gramme est enregistré ou non comme audi-
teur de demande du premier module de
programme ;
si un second module de programme est en-
registré comme auditeur de demande du
premier module de programme, demander
au deuxième module de programme de ren-
voyer au premier module de programme
une référence à un troisième module de pro-
gramme correspondant au descripteur de
module ;
si un deuxième module de programme n’est
pas enregistré comme auditeur de deman-
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de du premier module de programme, ren-
voyer au premier module de programme
une référence à un troisième module de pro-
gramme correspondant au descripteur de
module.

2. Dispositif de faible encombrement selon la revendi-
cation 1,
dans lequel l’instance de structure centrale est ex-
ploitable pour gérer la pluralité de modules de pro-
gramme sous forme de liste plate de manière non
hiérarchique ;
dans lequel ladite détermination qu’un deuxième
module de programme est enregistré comme audi-
teur de demande du premier module de programme
en réponse à la réception du descripteur de module
depuis le premier module de programme active l’ins-
tance de structure centrale pour simuler une hiérar-
chie souhaitée dans laquelle le deuxième module de
programme contient le premier module de program-
me.

3. Dispositif de faible encombrement selon la revendi-
cation 1 ou 2, dans lequel le descripteur de module
comprend des informations spécifiant un type de ser-
vice d’un module de programme demandé.

4. Dispositif de faible encombrement selon l’une quel-
conque des revendications précédentes, dans le-
quel le descripteur de module comprend des infor-
mations spécifiant un ou plusieurs :

d’un ou de plusieurs attributs de service pour un
module de programme demandé ;
d’un nom de classe pour un module de program-
me demandé ;
d’une description de texte pour un module de
programme demandé.

5. Dispositif de faible encombrement selon l’une quel-
conque des revendications précédentes, dans le-
quel l’instance de structure centrale est exploitable
en outre pour :

recevoir une demande depuis le deuxième mo-
dule de programme demandant d’être ajouté
comme auditeur de demande du premier modu-
le de programme ;
ajouter le deuxième module de programme
comme auditeur de demande du premier modu-
le de programme.

6. Dispositif de faible encombrement selon l’une quel-
conque des revendications précédentes, dans le-
quel les modules de programme et l’instance de
structure centrale sont mis en oeuvre dans l’environ-
nement d’application Java™.

7. Dispositif de faible encombrement selon la revendi-
cation 6,
dans lequel le premier module de programme ap-
partient à un paquet comportant un ou plusieurs mo-
dules de programme supplémentaires ;
dans lequel, dans l’exécution dudit renvoi au premier
module de programme d’une référence à un troisiè-
me module de programme, l’instance de structure
centrale est exploitable pour déterminer le troisième
module de programme en fonction du paquet auquel
appartient le premier module de programme.

8. Dispositif de faible encombrement selon la revendi-
cation 6 ou 7,
dans lequel l’instance de structure centrale tient à
jour des métadonnées de système concernant les
modules de programme ;
dans lequel l’instance de structure centrale compor-
te un ou plusieurs procédés de réflexion pour accé-
der aux métadonnées de systèmes ;
dans lequel la mémoire système mémorise égale-
ment un ou plusieurs modules de système exploita-
bles pour appeler les procédés de réflexion de l’ins-
tance de structure centrale pour accéder aux méta-
données de système.

9. Dispositif de faible encombrement selon l’une quel-
conque des revendications 6 à 8, dans lequel l’ins-
tance de structure centrale est une instance d’une
classe Java™.

10. Dispositif de faible encombrement selon l’une quel-
conque des revendications précédentes, dans le-
quel le dispositif de faible encombrement est un dis-
positif de faible encombrement du groupe consistant
en : assistant de données personnel (PDA), télépho-
ne cellulaire, récepteur de système de positionne-
ment mondial (GPS), console de jeux, dispositif in-
formatique portable, décodeur, et livre numérique.
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