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Docking Station for Mobile Computing Device

Cross Reference to Related Applications

This application is related to U.S. Patent Application
Serial No. 10/391,360, filed on March 18, 2003, entitled
“Component for Use as a Portable Computing Device and Pointing
Device in a Modular Computing System,” which is hereby

incorporated by reference.

BACKGROUND

Field of the Invention

The present invention relates generally to computing
gystems and, in particular, to docking stations for mobile

computing devices.

Related Art

There is an increasing need for computer systems that are
powerful, mobile, and inexpensive. In conventional computer
gsystems, however, there is typically a tradeoff between
computing power and mobility, and implementing both increased
power and increased mobility within a single system typically
results in increased cost. Asg a result of this tradeoff, most
users use a relatively large and immobile computer system, such

as a conventional desktop computer system, for applications
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requiring maximum computing power, and one or more mobile
computing systems (such as a cellular telephone and/or a
personal digital assistant) for applications where mobility is
required. Use of such a multiplicity of computing systems can
result in a variety of problems. For example, it can be costly
to purchase and maintain several computing devices for
performing different functions. It can also be burdensome to
travel with several mobile computing devices due to their
combined size and weight. The need to store the same or
similar data (such as an address book) in several mobile
computing devices often requires the user to manually enter
such data into each computing device, increasing the amount of
time spent by the user performing data entry and increasing the
likelihood of inconsistent data across computing devices. It
can also be difficult to learn and remember how to use the
multiple user interfaces provided by different mobile computing
devices.

The above-referenced patent application entitled “Modular
Computing System” discloses techniques for avoiding at least
some of these problems by providing a computing system in which
components may be interconnected in various configurations to
perform different functions. The components of such a system
may be reconfigured to attain the same form factors as and
perform the same functions as a variety of conventional
computing devices, such as a laptop computer, a personal
digital assistant (PDA), and a tablet computer. Such a system
may perform the same functions and provide the same benefits as
conventional computing devices more efficiently in terms of
cost and size, and without requiring the cumbersome redundant
data entry and inconsistent user interfaces described above.

Such a modular computing system presents new opportunities
and challenges for re-use of existing system components to
perform different functions in different configurations in
order to increase the flexibility and power of the system

2
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overall. Enabling existing components to perform new functions
in different configurations of the system furthers the goal of
providing a computing system that is powerful, flexible,
portable, and inexpensive.

- Furthermore, such a modular computing system presents new
opportunities for increasing the flexibility and power of the
gsystem, while providing the user with computing systems having
form factors and user interfaces that are familiar to them from
existing computing paradigms.

What is needed, therefore, are improved modular computing
systems in which components may be interconnected in various
configurations to perform different functions while providing
form factors and/oxr user interfaces that are familiar to the

user.

SUMMARY

A docking station is disclosed for use with a mobile
computing device. The form factor of the docking station may
be similar to that of a conventional computer, such as a laptop
computer or tablet computer. A mobile computing device, which
may have the form factor of a personal digital assistant, may
be docked in the docking station by connecting connectors on
the docking station and the mobile computing device. The
combined docking station and mobile computing device may form a
computer which has a form factor and provides functionality
similar to that of a conventional computer, such as a laptop
computer or tablet computer. The docking station may, for
example, include a cavity into which the mobile computing
device may be inserted to dock the mobile computing device in
the docking station.

Other features and advantages of various aspects and
embodiments of the present invention will become apparent from

the following description and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of the functional modules
included in a conventional desktop computer;

FIG. 1B is a block diagram of the physical modules
contained in a conventional desktop computer;

FIG. 2A is a block diagram of a set of components
according to one embodiment of the present invention;

FIG. 2B is a block diagram of a set of components
according to another embodiment of the present invention;

FIGS. 3A-3E are block diagrams of configurations of the
component set of FIG. 2A according to various embodiments of
the present invention;

FIG. 4 is a block diagram of a set of components that may
be interconnected to form various computing systems according
to one embodiment of the present invention;

FIGS. 5A-5D are block diagrams of functional modules
included in components according to one embodiment of the
present invention;

FIG. 6 is a flow chart of a process that is performed when
a new component is added to a component set according to one
embodiment of the present invention;

FIG. 7A is a perspective view of a plurality of components
interconnected by connectors according to one embodiment of the
present invention;

FIG. 7B is a schematic view of a component having male and
female connectors according to one embodiment of the present
invention;

FIG. 7C is a schematic view of two interconnected
components according to one embodiment of the present
invention;

FIG. 8A is a front perspective view of a core component
having a touch screen and operating in a first mode in which
the touch screen both receives input and displays output

according to one embodiment of the present invention;
4
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FIG. 8B is a front perspective view of a computer system
in which the core component of FIG. 8A is interconnected with a
first docking component, and in which the core component
operates in a second mode in which the touch screen performs
the functions of a trackpad, according to one embodiment of the
present invention;

FIG. 8C is a front perspective view of a computer system
in which the core component of FIG. 8A is interconnected with a
second docking component, and in which the core component
operates in a second mode in which the touch Séreen performs
the functions of a trackpad, according to one embodiment of the
present invention; and

FIG. 9 is a flow chart of a method that is performed by a
core component to select and operate in a first mode of

operation according to one embodiment of the present invention.

DETAILED DESCRIPTION

Most conventional computing systems are composed of
subsystems, also referred to herein as “functional modules” or
simply as “modules.” For example, a conventional computing
system may include one or more of each of the following
subsystems: (1) an information processing subsystem (which may
include, for example, a central processing unit (CPU)), (2) a
power input and distribution subsystem (which may include, for
example, a power supply and power bus), (3) a user input
subsystem (which may include, for example, a conventional
mouse, keyboard, and/or trackpad), (4) a user output subsystem
(which may include, for example, a conventional monitor and/or
printer), (5) a mass media storage and access subsystem (which
may include, for example, a conventional hard disk drive), and
(6) a network or inter-device communication subsystem (which
may include, for example, a conventional network interface card

(NIC) or a serial or parallel cable).
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The term “computer” is used herein to refer to a system

that includes a processing module, a power module, a media
storage module, a user input module, and a user output module.
A computer, according to this definition, differs from a
conventional “appliance” in that an appliance typically lacks
come or all of the processing module and/or media storage
module of a computer. An appliance therefore typically relies
heavily on a connection to a network system or removable media
to provide the missing functionality of the processing and/or
media storage modules. As used herein, the term “computing
system” refers both to computers and to appliances.

Referring to FIG. 1A, one well-known implemen?ation of a
modular computing system is the conventional desktop computer
100a, shown in block diagram form. The desktop computer 1002
includes a processing module 102, a networking module 104, an
input module 106, an output module 108, a storage module 110,
and a power module 112. Typically, the entire processing
module 102, the entire networking module 104, and most or all
of the media storage module are embodied in components
contained within a single physical housing. Although such
housings have various form factors, some of which (such as the
“tower” model) are designed to rest on a floor rather than a
desgk, all such form factors fall within the desktop computer
paradigm as described herein. For purposes of explanation, any
such housing and the devices contained within it are referred
to herein as the “desktop component” of a desktop computer.

For example, referring to FIG. 1B, the physical components

of a typical desktop computer 100b are shown. The desktop

~ computer 100b includes a desktop component 122, a keyboard

126a, a mouse 126b, a monitor 128a, and a printer 128b. The
processing module 102 of the desktop computer 100b is embodied
in a central processing unit (CPU) and related components
within the desktop component 122. Similarly, the networking
module 104 of the desktop computer 100b is embodied in a

6
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network interface card (NIC) and related components within the
desktop component 122, and the power module 112 of the desktop
computer 100b is embodied in a power supply, transformer, and
related components within the desktop component 122. The input
module 106 of the desktop computer 100b consists of a keyboard
126a, a mouse 126b, and related components within the desktop
component 122. The output module 108 of the desktop computer
100b consists of a monitor 128a, a printer 128b, and related
components within the. desktop component 122. The storage
module 110 of the desktop computer 100b consists of a hard disk
drive (not shown) within the desktop component 122, an external
optical storage device 130, and related components within the
desktop component 122. The “related components” described
above typically include device drivers and other hardware and
software for communicating with and controlling. the keyboard
126a, mouse 126b, monitor 128a, printer 128b, and optical
storage device 130, which are typically referred to as
“peripheral devices.”

Conventional desktop components typically communicate with
peripheral devices (such as the keyboard 126a and the printer
128b) via data ports, wireless streams, or physical connectors
having various bandwidths and form factors and employing
various protocols. Such peripheral devices are generally
powered either independently by power modules unique to each
device, or draw power parasitically from the desktop component
122.

A data stream between the desktop component 122 and a
peripheral device (such as the keyboard 126a or the printer
128b) is typically required for the peripheral device to
perform its intended function. A connection between the
peripheral device and the desktop component 122 is required to
provide such a data stream. As a result, conventional
peripheral devices typically cannot perform their intended
function if they are not connected to the desktop component

7



10

15

20

25

30

WO 2005/067604 PCT/US2005/000307
122. For example, the monitor 128a must typically be connected

to the desktop component 122 with a cable in order to display
images and other visual information. The monitor 128a standing
alone is not capable of displaying visual information because
it requires a data stream from the desktop component 122 to
provide it with a description of the visual information to
display.

Similarly, the desktop component 122 is also typically
unable to perform any useful function if it is not connected to
appropriate input, output, and power modules. For example, the
desktop component 122 would not be able to provide user input
to application programs and would not be able to provide user
output from such application programs if the desktop component
122 were not connected to appropriate input components (such as
the keyboard 126a and mouse 126b) and appropriate output
components (such as the monitor 128a).

The physical modularity of a conventional desktop computer
(as depicted in FIG. 1B) is thus very closely related to its
functional modularity (as depicted in FIG. 1A). The
interconnection of several discrete components (e.g., the
desktop component 122, the keyboard 126a, and the monitor 128a)
is typically necessary to provide the minimal set of functional
modules for a functional computer system.

In portable computing systems, such as laptop computers, a
single device often encapsulates a set of components that
embody user input modules (e.g., keyboard, trackpad, touchpad,
buttons, levers, touchscreen, stylus, operating system, etc.),
user output modules (e.g., monitor, speakers, LEDs, vibration,
etc.), processing modules (e.g., CPU, memory, video processor,
decoder), media storage modules (e.g., hard disk drive, flash
memory, smart card, ROM), and power modules (e.g., batteries,
transformers, super capacitors, solar cells, springs).
Encapsulation of input, output, and power modules within a
single device is a common way in which portable computing

8



10

15

20

25

30

WO 2005/067604 PCT/US2005/000307

systems address the need for portability. In addition to this

« encapsulation of multiple functional modules within a single

device, portable computing systems often also include
peripheral devices that provide the functionality of network
modules (e.g., modemg), inter-device communication modules
(e.g., port replicators, expansion cards), user input modules
(e.g., mice, keyboards, microphones), user output modules
(e.g., printers, external speakers), and power modules (e.g.,
external batteries and chargers).

Laptop computers, handheld computers, and personal digital
assistants (PDAs) are examples of such portable computing
systems. Devices such as MP3 players, calculators, and
handheld voice recorders are also portable computers with
processing, input, output, power, and media modules
specifically scaled and tailored to these niche devices. Among
portable computer systems are also specialized “media readers”
such as digital phones, pagers, digital cameras, tape players,
CD players, wireless email devices, portable DVD-players, mini-
disc players, and portable game players, which read a stream of
media to the user, either from a wireless source or from a
removable media source. These readers, like appliances, may
have some or all of their processing or media storage modules
abstracted over a network or removable device.

As described above, conventional computing systems
typically present an undesirable tradeoff between computing
power and mobility. Another problem with conventional
computing systems is that their structure typically involves a
“central” component (such as the desktop component 122 in FIG.
1B) to which all other components must be connécted in order
for the system to operate. In such a computing system,
components other than the desktop component 122 (such as the
keyboard 126a and the printer 128b) are considered to be
“peripherals.” Typically, such peripherals can only operate
when they are connected to the desktop component 122 and can

9
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only communicate with each other through the desktop component

122. Such centralization of control and communication can lead
to inefficient use of resources (such as processing cycles and
memory) and increase the overall physical size of the computer
system.

Portability of computer systems has become increasingly
necessary in recent years. In response to this need, a wide
variety of handheld devices, such as personal digital
assistants (PDAs), cellular telephone, MP3 players, CD players,
and digital audio recorders, have proliferated. Typically,
each such handheld device is dedicated to performing a single
task or a closely related set of tasks, such as playing music
or facilitating telephone communication.

Although such devices may individually be portable, the
proliferation of such devices has led to a variety .of problems.
For example, because each handheld device typically performs a
narrow range of tasks, users who require a variety of mobile
services often acquire a variety of handheld devices, each of
which provides a different mobile service. For example, a
single user may own or use a cellular telephone, PDA, CD
player, laptop computer, and digital voice recorder. As a
result, it can be very costly for a user to acquire all of the
mobile devices necessary to meet his or her needs.

Furthermore, it can be cumbersome to transport multiple
handheld devices due to their combined size and weight, thereby
defeating the original goal of mobility.

Different mobile devices often provide the same or similar
features, such as an electronic address book. Such redundancy
ig inefficient and increases the total size and cost of
designing, manufacturing, and purchasing multiple mobile
devices. Furthermore, it is necessary for the user to learn
how to use each mobile device, which can be time-consuming.
Even when two different mobile devices provide the same
feature, such as an electronic address book, the user interface

10



10

15

20

25

30

WO 2005/067604 PCT/US2005/000307
to such a feature typically differs from device to device.

Remembering how to use a large number of user interfaces can be
difficult and frustrating, and can lead to the user making an
error (such as a data entry error) when operating one of the
user interfaces.

The same or similar data is often stored in and processed
by multiple mobile devices owned by the same user. For
example, a user’s laptop computer, PDA, and cellular telephone
may all store the same electronic address book. Such redundant
data storage can represent an inefficient use of resources and
increase the total storage requirements and size of the devices
owned by the user.

Some mobile devices are not capable of communicating with
each other, leading to a variety of problems. For example, in
cages where the same data is stored on multiple mobile devices,
the inability of the devices to communicate with each other may
make it necessary for the user to manually enter the same data
into each of the mobile devices. This can be a time-consuming
and error-prone process. Furthermore, the redundant data
stores may become out-of-sync as the user modifies each of them
independently (e.g., by adding an address to the address book
stored on a PDA and deleting an address from the address book
stored in a cellular phone). If the mobile devices are unable
to communicate with each other, it may be extremely difficult
for the user to keep all of the data stores synchronized. 1In
some cases the user can synchronize the multiple data stores by
manually initiating a synchronization process (such as by
connecting one of the mobile devices to the desktop component
122 and executing software on the desktop component 122 that
synchronizes the desktop component’s data store with the mobile
component’s data store). Such synchronization, however, is
time consuming and can still lead to corruption and/or loss of

data i1f not performed cafefully.
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Before describing various aspects and embodiments of the
present invention, various terms will be defined.

As used herein, the term “functional module” refers to a
set of hardware and/or software in a computing system that
performs a particular function. The terms “subsystem” and
“module” are used synonymously with “functional module” herein.
For example, a display module in a conventional desktop
computer may include the computer’s CPU, graphics card, video
memory, monitor, and portions of the operating system that
process display information. Examples of other modules include
processing modules, input modules, and power modules. A
functional module may be embodied in hardware, software, data
and/or instruction streams, and any combination thereof. A
single physical device in a computer system may be part of more
than one functional module.

In some cases a particular functional module may present
an interface to a user through a particular device. For
example, a user may interact with an input module using a
keyboard, or an output module through a display monitor. It
should be appreciated that the term “functional module” as used
herein refers not only to such user interface devices, but to
any additional hardware and/or software within the computing
system (such as buses and drivers) that are used to perform the
function of the functional module.

A single functional module may include one or more units
of hardware and/or software for performing the module’s
function. For example, a single input module may include a
keyboard or both a mouse and a keyboard for obtaining user
input.

As used herein, a “class” of functional module refers to a
set of functional modules that perform the same function. For
example, processing modules constitute a class of functional
modules, as do input modules, display modules, storage modules,
power modules, and network modules. Therefore, for example,

12
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two different processing modules are in the same class of
functional module, while a processing module and an input
module are not in the same class of functional module.

As used herein, the term “component” refers to a physical
unit of a computing system. As used herein, the term “physical
module” 1s synonymous with “component.” A component may
include hardware, software, or any combination thereof. A
computing system is physically composed of physical modules and
functionally composed of functional modules. Examples of
componentg include CPUs, peripheral devices (such as monitors,
keyboards, and printers), application software programsg, and
operating systems.

There may be any mapping between functional modules and
physical modules (components) in a computing system. For
example, a single functional module may be implemented using a
gsingle component, multiple components, a part of a component,
or any combination thereof. Similarly, a component may
implement a single functional module, multiple functional
modules, or a part of a functional module. If a physical
system (such as a component or a set of components) performs
the function of a functional module, the physical system is
said to “implement” or “embody” the functional module.

As used herein, the term “component set” refers to a set
of components including at least one subset of components that
may be interconnected to form a computing system. It need not
be possible to contemporaneously interconnect all of the
components in a component set to form a computing system. For
example, a component set may include two display components
although it may not be possible to contemporaneously use both
display components in conjunction with other components in the
component set. Examples of components sets are shown and
described in more detail below with respect to FIGS. 2A-2B.

As used herein, the term “computer” refers to a system
that includes an information processing module, a power module,
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a user input module, a user output module, and a storage
module. These modulesg are interconnected to form a unified
system that is powered by the power module, receives user input
using the user input module, processes the user input (and
other information) using the processing module, provides user
output using the user output module, and stores user input (and
other information) using the storage module. Examples of
computers include conventional desktop computers and laptop
computers.

As used herein, the term “appliance” refers to a device
that includes a power module, a user input module, and a user
output module, but that lacks components that provide some or
all of the functionality of a conventional computer processing
module and/or storage module. An appliance therefore may rely
at least in part on a connection to a network system or
removable media to provide the missing functionality of the
processing and/or media storage modules. The modules in an
appliance are interconnected to form a unified system that is
powered by the power module, receives user input using the user
input module, processes the user input (and other informatiom)
using the (at least partially external) processing module,
provides user output using the user output module, and stores
user input (and other information) using the (at least
partially external) storage module. Examples of appliances
include personal digital assistants, cellular telephones, and
web pads.

As used herein, the term “computing system” refers to both
computers and appliances. A computing system includes an input
module, an output module, a power module, a processing module,
and a storage module. A computing system may also include
other modules, such as an interdevice communication module.

As used herein, the term “input module” refers to any
functional module (subsystem) that provides input to a
computing system. Input modules may include devices such as

14
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keyboards, mice, styluses, trackballs, touch location devices
such as trackpads (also referred to as “touchpads”) and touch
screens, microphones, scanners, cameras and video capture
devices, wireless receivers, buttons, and switches. Input may,
for example, be obtained by the input module as the result of
actions performed by a user (such as typing on a keyboazrd) .
Input may, however, be obtained without user activity. For
examble, a network interface card may receive input over a
network from another computer performing automated actions, and
a digital camera may be configured to periodically capture
images and provide them as input to a computing system without
further interaction from the ﬁser.

As used herein, the term “output module” refers to any
functional module (subsystem) that provides output to a user,
to another module, or to another computing device.. Output
modules may include, for example, devices such as display
monitors, speakers, printers, projectors, and wireless
transmitters.

As used herein, the term “processing module” refers to any
functional module (subsystem) that processes information.
Processing modules may include one or more kinds of processor
in any combination, such as a central processing unit (CPU),
graphics processing unit, math co-processing unit, or a digital
signal processor.

As used herein, the term “storage module” refers to any
functional module (subsystem) that stores digital information.
Storage modules may include devices such as RAM, ROM, hard disk
drives, floppy disk drives, optical drives (such as CD-ROM, CD-
R, CD-RW, DVD-RAM, or DVD-ROM drives), or tape drives.

As used herein, the term “interdevice communication
module” refers to any functional module (subsystem) that
enables a component to communicate with another component.
Typically, each component that is to communicate with another
component contains its own interdevice communication module.
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Interdevice communication modules may enable communication over
any kind of connection, such as serial cables, parallel cables,
USB cables, or wireless connections. Interdevice communication
modules may include devices such as serial controllers,
parallel controllers, and network interface cards (NICs).

It should be appreciated that the particular classes of
functional module described above are provided purely for
purposes of example and do not constitute limitations of the
present invention. For example, although an “input module” is
described above, a particular computing system may include
multiple input modules, such as a user input module, an audio
input module, and a video input module. Various other kinds of
modules may also be used by components according to embodiments
of the present invention.

-+ As used herein, the term “configuration” refers to a
unigque subset of coﬁponents in a component set that may be
interconnected to form a computing system. For example, assume
for purposes of example that a component set includes a first
component, a second component, and a third component. If the
first component and the second component may be interconnected
to form a computing system, then the first and second
components so interconnected constitute a configuration of the
component set. Similarly, if the first component, the second
component, and the third component may be interconnected to
form a computing system, then the first, second, and third
components so interconnected constitute a configuration of the
component set. Furthermore, if the first component may operate
on its own as a computing system, then the first component also
constitutes a configuration of the component set.

Components are “interconnected” if they are coupled in any
manner, such as through physical, electrical, and/or wireless
connections that enable the components to communicate with each

other and operate as a computing system.
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The description herein may refer to “redundant functional

modules” and/or to “redundancy” of functional modules. It
should be appreciated that such terms need not refer to exact
duplication of functionality or to exact duplication of
structure used to implement functionality. Rather, any two
functional modules that perform the same function (i.e., of the
same class) within a computing system constitute redundant
functional modules. For example, two processing modules may
constitute redundant functional modules, even 1f the two
modules do not use the same hardware (e.g., the same
processors) or perform the same processing tasks. As long as
they perform the function of a processing module within the
computing system, they are redundant processing modules. The
same is true, for example, for input modules, display modules,
and storage modules.-

In one aspect, the present invention features a component
set including a plurality of components that include a
plurality of functional modules. At least one of the
functional modules is implemented by at least two different
subsets of the component set. For example, two of the
components may each provide an implementation of one of the
functional modules (such as the processing module). As a
regult of this redundant functional modularity, the components
and subsets thereof may be flexibly rearranged and
interconnected into a variety of computing systems without
requiring the use of a particular component in every one of the
configurations to perform the function of a particular
functional module.

Assume, for example, that there are n subsets S; - Sp of
the component set that may be interconnected to form computing
systems. The members of each of the subsets S: - S form a
unique set of components that may be interconnected to form a
computing system. Using the terminology defined above, each of
the subsets S; - Sp is a configuration of the component set. 1In
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one aspect of the present invention, no component of the
component set is a member of all of the subsets Si - Si. This
differs, for example, from the conventional desktop computer
100b, in which the desktop component 122 is always a component
of the desktop computer 100b, regardless of which peripheral
devices are included in the desktop computer 100b. '

Referring to FIG. 2A, a more concrete example is provided
of the redundant functional modularity that is provided
according to one aspect of the present invention. A component
set 200 includes a first component 202a, a second component
202b, and a third component 202c. Assume for purposes of
example that a computing system requires only a processing
module, an input module, an output module, and a storage
module. The first component 202a includes a first processing
module 204a, a first input module 206a, a first output module
208a, and a first storage module 210a. The second component
202b includes a second output module 208b. The third component
202c¢ includes a second processing module 204c, a second input
module 206c, and a second storage module 210c.

It should be appreciated that the component set 200
includes redundant processing modules (the processing module
204a of the first component 202a and the processing module 204c
of the third component 202c), redundant input modules (the
input module 206a of the first component 202a and the input
module 206c of the third component 202c), and redundant storage
modules (the storage module 210a of the first component 202a
and the storage module 210c of the third component 202c) .
Advantages resulting from these redundant functional modules
will be described in more detail below.

Referring to FIG. 3A, in a first configuration 300a of the
component set 200, the first component 202a is connected to a
component interface 304 by first connector 302a, and the second
component 202b is connected to the component interface 304 by
second connector 302b. The first component 202a and the second
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component 202b communicate with each other via the component
interface 304 and the connectors 302a-b.

It should be appreciated that the component interface 304
and connectors 302a-b, shown in generalized form for ease of
illustration, may be implemented in any of a variety of ways.
Particular examples of techniques for implementing component
interface 304 and connectors 302a-b are described in more
detail below with respect to FIGS. 7A-7C. Although component
interface 304 and connectors 302a-b are shown as distinct
elements in FIGS. 3A-3D, they may be implemented using the same
hardware and/or software.

The first configuration 300a is a computing system that
utilizes (for example) the processing module 204a of the first
component 202a, the input module 206a of the first component
202a, the storage module 210a of the first component 202a, and
the output module 208b of the second component 202b. The
computing system formed by the first configuration 300a
therefore utilizes functional modules from both the first
component 202a and the second component 202b.

Referring to FIG. 3B, in a second configuration 300b of
the component set 200, the second component 202b is connected
to the component interface 304 by first connector 302a, and the
third component 202c¢ is connected to the component interface
304 by second connector 302b. The second component 202a and
the third component 202c communicate with each other via the
component interface 304 and the connectors 302a-b.

The second configuration 300b is a computing system that

utilizes (for example) the processing module 204c of the third

‘component 204c, the input module 206c of the third component

202¢, the storage module 210c of the third component 202c, and
the output module 208b of the second component 202b. The
computing system formed by the second configuration 300Db
therefore utilizes functional modules from both the second
component 202b and the third component 202c.
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‘Referring to FIG. 3C, in a third configuration 300c of the
component set 200, the first component 202a 1s connected to the
component interface 304 by first connector 302a, and the third
component 202c is connected to the component interface 304 by
second connector 302b. The first component 202a and the third
component 202c¢ communicate with each other via the component
interface 304 and the connectors 302a-b.

The third configuration 300c is a computing system that
utilizes (for example) the processing module 204c of the third
component 204a, the input module 206c of the third component
202c, the storage module 210c of the third component 202c¢, and
the output module 208a of the first component 202a. The
computing system formed by the third configuration 300c
therefore includes functional modules from both the first
component 202a and the third component 202c.

It should be appreciated that none of the components 202a-
c in the component set 200 is included in all three of the
configurations 300a-c shown in FIGS. 3A-3C, and that no one
component is exclusively relied upon to provide the processing
module necessary to form a computing system. This differs from
the conventional desktop computer 100b (FIG. 1B), in which the
desktop component 122 is a required component in any
configuration because the desktop component’s processing module
is required to form a computing system. The lack of dependency
on any particular component exhibited by the component set 200
shown in FIG. 3A results from the inclusion of redundant
functional modules in the component set 200. For example, the
inclusion of a processing module in both the first component
202a and the third component 202c allows either the first
component 202a or the third component 202c to provide the
processing module necessary to form a complete computing
system.

This redundancy of functional modules enables flexibility
in configuring different subsets of the component set 200 into
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different computing systems, so long as each configuration
includes all of the functional modules necessary to form a
computing system. It should be appreciated that functional
modules other than the processing module may be implemented by
multiple components of a component set. Various other examples
of redundant functional modules will be described in more
detail below.

Furthermore, it should be appreciated that although the
configurations 300a-c shown in FIGS. 3A-3C each includes
exactly two components, a configuration may include any number
of components. For example, referring to FIG. 3D, a fourth
configuration 300d is shown in which the first component 202a,
the second component 202b, and the third component 202c are
interconnected by the component interface 304 and connectors
302a-c to form a computing system. The fourth configuration
300d is a computing system that utilizes (for example), the
processing module 204a of the first component 202a, the input
module 206a of the first component 202a, the output module 208b
of the second component 202b, and the storage module 210c of
the third component 202c.

Similarly, a configuration may consist of a single
component. For example, referring to FIG. 3E, a fifth
configuration 300e of the component set 200 is shown that
consists of the first component 202a. The fifth configuration
300e is a computing system that utilizes the processing module
204a, the input module 206a, the output module 208a, and the
storage module 210a of the first component 202a.

Another advantage of the redundant functional modularity
described above is that the components in a component set may
perform different functions in different configurations of the
component set. For example, consider again the component set
200 shown in FIG. 3A. Asg described above, the second
configuration 300b (FIG. 3B) utilizes the processing module
204c, the input module 206c, and the storage module 210c of the
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third component 202c, while the second component 202b provides

the output module 208b. Therefore, in the second configuration
300b, the third component performs functions similar to those
performed by a conventional desktop computer and the second
component 202b performs functions similar to those performed by
a conventional monitor. In contrast, in the third
configuration 300c (FIG. 3C), the third component 202c provides
(for example) only its storage module 210c, while the first
component 202a provides its processing module 204a, input
module 206a, and output module 208a. Therefore, in the third
configuration 300c, the third component 202c performs functions
similar to those performed by a conventional hard disk drive.

Additional examples in which components perform different
functions in different configurations are provided below. The
ability of components in various embodiments of the present
invention to perform different functions in different
configurations is advantageous because it enableg components to
automatically adapt to different configurations and to perform
the functions for which they are most well-suited in a
particular configuration. For example, if the processing
module 204a of the first component 202a is more powerful than
the processing module 204c of the third component 202c, the
more powerful processing module 204a of the first component
202a may be used when the first component 202a and the third
component 202c are interconnected in a configuration (such as
the third configuration 300c shown in FIG. 3C). The less
powerful processing module 204c of the third component 202c may
be used, however, when the third component 202c ie included in
a configuration with other components having less powerful
processing modules or no processing modules (such as the second
configuration 300b shown in FIG. 3B).

A further advantage of the redundant functional modularity
described above is that one or more components in a component
set may each be a complete computing system. For example,
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referring to FIG. 2B, a component set 220 includes a first

component 222a, a second component 222b, and a third component
222¢c. The first component 222a includes a first processing
module 224a, a first input module 226a, a first output module
228a, and a first storage module 230a. The second component
202b includes a second output module 208b, a second processing
module 224b, a second input module 226b, and a second storage
module 230b. The third component 202c includes a third
processing module 204c, a third input module 206c, and a third
gstorage module 210c.

A first configuration of the component set 220 includes
the first component 222a and the second component 222b. The
first configuration includes the processing module 224a of the
first component 222a, the input module 226a of the first
component, the storage module 230a of the first component, and
the output module 228b of the second component. In the first
configuration, therefore, the second component 222b provides
only the output module 228b and therefore performs functions
gsimilar to those provided by a conventional monitor.

Recall that for purposes of the present discussion it is
assumed that a computing system requires only a processing
module, input module, output module, and storage module. For
example, it is assumed for purposes of simplicity in the
present discussion that a computing system does not require a
power module. When the second component 222b is disconnected
from the first component 222a, therefore, the second component
222b may operate independently as a computing system, because
the second component 222b includes all of the necessary modules
(i.e., the output module 228b, the processing module 224b, the
input module 226b, and the storage module 230b). Therefore,
although the second component 222b in some ways behaves
similarly to a conventional monitor when connected to the first
component 222a, the second component 222b may operate as a
standalone device when disconnected from the first component
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222a, unlike a conventional monitor. This ability of the
second component 222b (and more generally, of any component
that includes all of the functional modules of a computing
gystem) to continue to operate on its own advantageously
increases the number of configurations that may be formed from
the component set 220 and increases the usefulness of
components in the component set 220 as mobile computing
devices. Components in a component set need not become dormant
peripheral devices when they are disconnected from other
components in the component set. In fact, since there is no
single centralized component to which other components must
connect to form a computing system, no component in the
component set is “peripheral” to other components. This
elimination of a centralized, hierarchical structure to the
component set advantageously provides additional flexibility
and functionality to the configurations that may be formed from
the components in the component set.

It is not a requirement of the present invention, however,
that every component in a component set include all of the
functional modules of a computing system. Rather, one or more
components in a component set may include fewer than all
functional modules of a computing system and therefore not be
capable of operating as a standalone computing system.

In the examples provided above, each configuration is said
to utilize exactly one functional module of each class of
functional module (e.g., processing, input, output, and
storage). It should be appreciated that this is not a
limitation of the present invention. Rather, multiple
functional modules of the same class may be utilized within a
singlé configuration in a variety of ways. For example, in one
embodiment of the present invention, in a particular
configuration including two functional modules of the same
class, such as two storage modules, one component in the
configuration may use one of the storage modules for storage,
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while another component in the configuration may use the other

storage module for storage.

In another embodiment, the inclusion of two functional
modules of the same class in a single configuration may also
enable one of the two functional modules to be used as a backup
in the event that the other functional module fails or becomes
unavailable. For example, consider the configuration 300c
(FIG. 3C). Assume that in normal operation the processing
module 204a of the first component 202a performs the processing
function of the configuration 300c. For example, the first
component’s processing module 204a may be more powerful than
the third component’s processing module 204c and therefore be
more desirable for use. In the event, however, that the
processing module 204a fails, the configuration 300c may switch
to using the processing module 204c of the third component 202c
to perform processing functions.

In a further embodiment, load balancing may be performed
among multiple functional modules of the same class to more
efficiently perform a particular function. For example, load
balancing may be performed across two or more processing
modules (such as the processing module 204a and the processing
module 204c in the configuration 300c shown in FIG. 3C) to
distribute processing tasks between the processing modules
using any of a variety of well-known load balancing techniques.

Two functional modules of the same class may be used
contemporaneously to perform the function more efficiently.

For example, two or more processing modules may be operated in
parallel to perform processing tasks more efficiently. Two oxr
more output modules including display monitors may be operated
contemporaneously to provide a larger virtual display area or
to contemporaneously provide two display areas. Two input
modules including different input devices (such as a mouse and
a keyboard) may be operated simultaneously to provide the user
with multiple input modes. Multiple storage modules (such as
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those including a hard disk drive and a floppy disk drive) may
be provided to enable the user to access multiple storage
media. It should be appreciated that the present invention is
not limited to these particular examples.

In another embodiment, the present invention features a
component set including a plurality of components that include
a plurality of functional modules. In a first configuration of
the component set, all of the components are interconnected to
form a first computing system. A second configuration of the
component set includes a first subset of the component set that
includes fewer than all of the components in the component set.
The second configuration forms a second computing system. A
third configuration of the component set includes a second
subset of the component set that includes fewer than all of the
components in the component set. The first subset and the
second subset are disjoint, i.e., none of the components in the
component set is included in both the first subset and the
second subset.

Ag a result, it is possible to interconnect all of the
components in the component set to form a computing system, and
also to form at least two computing systems from disjoint
subsets of the component set. For example, referring again to
the component set 200 (FIG. 2A), all of the components 202a-c
may be interconnected to form a computing system (FIG. 3D), and
it is also possible to form computing systems from at least two
disjoint subsets of the component set 200 (as shown in FIGS. 3B
and 3E). This differs from, for example, the conventional
desktop computer 100b (FIG. 1B), in which the desktop computer
122 is a component of all subsets of the desktop computer 100b
that constitute computing systems. Various examples of this
aspect of the present invention will be provided in more detail
below.

The ability to form computing systems from disjoint
subsets of a component set advantageously enables the
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components in the component set to contemporaneously perform
multiple functions, possibly for multiple users and in multiple
locations. Furthermore, each subset of the component set that
forms a computing system may be physically smaller than the
entire component set, thereby increasing the mobility of the
computing system formed by the subset of components.

In another aspect, the present invention features a unique
physical modularity. Functional modules are distribufed among
physical modules. (components) so that physical modules may be
rearranged into different configurations. Distributing
functional modules among physical modules rather than, for
example, providing all functional modules within a single
physical module allows flexible reconfiguration of components
into different computing systems. Such a variety of computing
systems derived from a single set of components may be
desirable to provide a variety of modes of user interaction.
For example, one configuration may be small and well-suited to
mobile use, while another configuration may include a large
display and therefore be well-suited to desktop publishing or
for users with visual impairments.

The ability to derive a variety of computing systems from
a single set of interoperable components may decrease the total
size, cost, and/or number of components that a particular user
or enterprise needs to purchase and maintain in order to obtain
the full range of computing systems.

Furthermore, redundancy of data may be reduced or
eliminated by the ability of components to easily access data
stored in other components. For example, a component having a
mass storage module (e.g., a hard disk drive) may be used to
store user data such as an address book and calendar. This
mass storage module may be accessed by other components in
various configurations, thereby eliminating the need to
generate and store multiple instances of such data. The
component having the mass storage module may be disconnected
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from the other modules and used separately as a portable
computing device that has access to all of the information
stored by the mass storage module.

Various configurations of such a re-configurable set of
components may present the user with a smaller number of user
interfaces than a conventional set of mobile computing devices.
For example, one component may include a touch screen that can
be used to obtain user input in a variety of different
configurations. The touch screen (and associated software) may
therefore be used to provide a consistent user interface to the
user across a wide variety of applications. This differs from
conventional systems, in which the user must typically use one
user interface to interact, for example, with a cellular
telephone, another user interface to interact with a PDA, etc.

" Having-described general features and advantages of
various embodiments of the present invention, some particular
embodiments of the present invention will now be described in
more detail.

Referring to FIG. 4, in one embodiment of the present
invention a component set 400 is provided that includes a core
component 402a, an input component 402b, an output component
402c, and a storage component 402d. As described in more
detail below, the components 402a-d may be interconnected in
various configurations to form a variety of computing systems.
It should be appreciated that the particular components 402a-d
shown in FIG. 4 are shown and described herein merely for
purposes of example, and do not constitute a limitation of the
present invention. In particular, the particular sub-
components of each of the components 402a-d shown in FIGS. 5A-
5D are provided merely for purposes of example and do not
constitute limitations of the present invention. Rather, the
components 402a-d may include a greater or lesser number of

components than shown in FIGS. 5A-5D.
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As described in more detail below, all four of the
components 402a-d may be interconnected to form a computing
system that performs functions similar to those performed by a
conventional laptop computer. The componentg 402a-d may also
be physically disengaged and reconfigured to perform functions
gimilar to those conventionally performed by other devices.
For example, the output component 402c¢ (which may, for example,
include a display monitor) and the input component 402b (which
may, for example, include a mouse and/or keyboard) may be
interconnected to form an Internet appliance that may be used
to browse the Web and/or send and receive email. ‘The storage
component 402d (which may, for example, include a hard disk
drive and/or a DVD drive) and the output component 402c may be
interconnected to form a home theater system. The storage
component 402d and the core component 402a may be
interconnected to form a portable media player, such as a
portable DVD player. Subsets of the four components 402a-d may
be interconnected in various other ways to perform other
functions as described in more detail below. In some
configurations, two or more subsets of the four components
402a-d may operate independently as separate useful computing
systems.

It should be appreciated that the names assigned to the
components 402a-d, such as “core component” and “output
component” are provided purely for convenience to indicate
functions that may be performed by the components in certain
embodiments of the present invention, and do not constitute
limitations of the present invention. Rather, each of the
components 402a-d may perform various functions in different
configurations of the component set 400 in various embodiments
of the present invention. For example, the output component
402¢c may perform input functions in certain configurations and
the input component 402b may perform output functions in
certain configurations.
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Referring to FIG. 5A, one embodiment of the core component
402a ig shown in more detail. The core component 402a includes
an output module 406, a processing module 412, an input module
418, a storage module 426, a power module 430, and an
interdevice communication module 436. The inclusion of these
moduleg in the core component 402a enables the core component
402a to operate on its own to perform functions similar to
those performed by conventional laptop computers and/or PDAs.
Various embodiments of the functional modules implemented
by the core component 402a are now described. In one
embodiment, the processing module 412 includes a low-power
microprocessor 414 such as the Crusoe 0.13 micron TM5800
processor from Transmeta Corporation of Santa Clara,
California, and RAM 416 on par with those in laptops in terms
of ¢capacity and speed. A consumer-oriented operating system is
stored in RAM 416 and/or hard disk 428 and processed by
microprocessor 414. The processing module 412 may be
significantly smaller than those of conventional laptop
computers as a result of (1) combining multiple ICs into a
commercially available multi-chip module package, (2) utilizing
incremental advances in component packaging technologies, and
(3) eliminating redundant and otherwise unneeded components.
The input module 418 includes a touch screen 420, buttons
422, and a microphone 424. As should be appreciated from this
example, physical devices within the core component 402a may
contribute to more than one functional module. For example, in
the embodiments of the processing module 412 and the input
module 418 just described, the RAM 416 contributes both to the
processing module 412 and to the input module 418. Multi-
module devices such as the RAM 416 are depicted in the drawings
as being part of only one functional module purely for ease of
illustration.
One example of the touch screen 420 is the ClearPad™,
available from Synaptics Incorporated of San Jose, California.
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The ClearPad™ is 83.70mm wide by 71.25mm high. It has an x/y
position resolution of greater than 1000 dots per inch. Its
power supply voltage is 5.0V £ 10%, and its power supply
current is just a few milliamps, making it suitable for use
with portable computing devices. The ClearPad™, however, is
merely one example of the touch screen 420 and does not
constitute a limitation of the present invention. Rather,
touch screens having characteristics which differ from those of
the ClearPad™ may be used to implement the touch screen 420.

The output module 406 includes a liquid crystal display
(LCD) 408 such as a 5” active-matrix transflective color TFT
gcreen from Samsung, and audio speakers 410. The LCD 408 and
the touch screen 420 may be implemented using a single touch
screen. For example, in one embodiment of the present
invention, both the LCD 408 and the touch screen. 420 are
implemented using the Synaptics cPad™. Utilizing Synaptics
capacitive ClearPad™ touch screen technology, the cPad serves
as both a navigation device for cursor control and as a
display. The cPad integrates a ClearPad sensor with a 240x160
pixel liquid crystal display, and EL backlighting.

The power module 430 includes a rechargeable battery pack
of cells 432 such as the UP295385 Li-polymer battery cell from
Sony, and a power exchanging circuit 434 for receiving and
distributing power through an external connection. The inter-
device communication module 436 includes electrical connectors
438 and a radio frequency (RF) wireless communication circuit
440. Examples of electrical connectors that may be used by the
core component 402c and the other components shown in FIG. 4
are described in detail below with respect to FIGS. 7A-7C. The
storage module 426 includes a fast and high-capacity (10+
gigabytes) hard disk drive 428. The storage module 426 may
also include part or all of the RAM 416.

In one embodiment, the physical weight, physical volume,
and user interface of the core component 402a are comparable to
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those of a conventional handheld computer or personal digital

assistant (PDA). The amount of media storage, processing, and
battery life included in the core component 402a may be
comparable to that of a laptop. In one embodiment, the hard
disgk drive 428 of the core component 402a provides the primary
media storage for most computing systems formed from the
component set 400.

In one embodiment, one advantage of the core component
402a 1s its portability. It may be of a size and weight such
that it can comfortably be carried in clothing pockets or
handbags. As described above, the core component 402a may
itgself constitute a computing system having computing power
comparable to that of conventional desktop and laptop computers
but with increased portability. Similarly, the computing power
of the core component 402a may make it. a more. powerful tool
than conventional handheld computers.

A further advantage of the core component 402a is that it
may be interconnected with the other components 402b-d in the
component set 400 to form a variety of computing systems that
share the same data and applications. This contrasts with
conventional handheld devices, which, as described above, often
include redundant data sets and applications, and which often
do not include the same data as the user’s desktop or laptop
computer. This feature of the component set 400 eliminates the
need to edit data down to a “portable” size. It also
eliminates the need to synchronize data between computing
devices since the components 402a-d in the component set 400
may be interconnected into a variety of computing devices that
may satisfy all of the user’s computing needs, and because the
primary store of data is contained in a highly portable device
(the core component 402a) .

The inclusion of a wireless circuit 440 in the core
component 402a enables the core component 402a to communicate
wirelessly with other components 402b-d and with other wireless
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devices. Use of wireless communication is predicted to
increase and to be implemented in a very wide array of
appliances, even those not traditionally viewed as computing
devices. 1In one embodiment of the present invention, the
portability, computing power, and storage volume of the core
component 402a makes it uniquely applicable for use in
applications involving wireless communications.

Referring to FIG. 5B, in another embodiment, the input
component 402b includes an input module 450, a power module
456, and an interdevice communication module 462. In the
depicted embodiment, the input component 402b does not include
all of the functional modules required by a computing system ‘
and therefore cannot operate in isolation as a computing
gsystem. This, however, is not a limitation of the present
invéention. Rather, the input component 402b may-include a
greater or lesser number of components than that shown in FIG.
5B and may include all of the functional modules required by a
computing system. In the embodiment depicted in FIG. 5B, the
input component 402b provides a user input interface when
interconnected with some or all of the other components in the
component set 400.

The input module 450 includes a conventional computer
keyboard 452 with an integrated touchpad cursor pointing device
454, and has an appearance similar to that of a conventional
computer keyboard. The interdevice communication module 462
includes electrical connectors 464 and a low power wireless
transceiver circuit 466, such as a Bluetooth circuit. In one
embodiment, the power requirements of the input component 402b
are low, and therefore the power module 456 includes only a
solar cell 460 and a small re-chargeable coin cell battery 458.

Referring to FIG. 5C, in one embodiment, the output
component 402c includes an output module 470, an input module
476, a processing module 480, a storage module 488, a power
module 492, and an interdevice communication module 498. It
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should be appreciated that the embodiment of the output
component 402c shown in FIG. 5C includes the essential
functional modules of a portable computing system: the input
module 476, the output module 470, the power module 492, the
processing module 480, and the storage module 488. The
embodiment of the output component 402c¢ shown in FIG. 5C may,
therefore, operate independently as a computing system. For
example, in one embodiment, the output component’s limited
processing, limited storage, touch screen input, speaker
output, and physical appearance perform functions similar to
those of a conventional web pad. In various other
configurations, as described in more detail below, the output
device 402c primarily performs the functions of a conventional
display monitor.

~ The output module 470 may appear physically similar to a
conventional LCD desktop monitor. It includes audio speakers
474 and a large LCD display 472, such as a 14.1” color TFT
active matrix panel. The input module 476 includes a touch
screen 478, such as a resistive or capacitive touch screen,
overlaid on the LCD 472. The processing module 480 includes a
limited capacity, low power microprocessor 482, such as

Dragonball System’s Dragonball EZ, a limited amount of system
RAM 484, and a low-power video processing chip 486, such as
Silicon Motion’s Lynx EM+. The storage module 488 includes a
limited-size flash RAM 490. The flash RAM 490 has sufficient
capacity to store some applications but not enough to provide
permanent user data storage. The power module 492 includes a
permanent, large capacity battery pack 494 that complements the
form factor of the LCD screen 472, such as a multi-cell lithium
polymer pack, and a power exchanging circuit 496 for sharing
power with external devices. The interdevice communication
module 498 includes a wireless transceiver circuit 502, such as
a Bluetooth circuit, 80211b circuit, HomeRF circuit, or infra-
red transceiver, and additional connectors 500 for transmitting
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data and for other communication with components 402a-b and
402d.

As an individual device, the output component 402c¢ has the
ability to connect through a modem or wirelessly through a base
station to the Internet. The user may interact with websites
directly using the touch scréen 478. The output component 402c
may also include additional storage for web page caching to
improve performance. The output component 402c may act as a
web appliance in that it may appear to the user solely as an
interface to the Internet. Storage provided by the output
component 402 is primarily abstracted over the Internet or
other network. This type of keyless-input internet appliance
is often (and hereafter) referred to as a “web pad.”

Note that although the particular embodiment of the output
component 402c shown in FIG. 5C includes all of the functional
modules of a computing system, this is not a requirement of the
present invention. Rather, the output component 402c may
include fewer than all of the functional modules of a computing
system and therefore not be capable of acting on its own as a
computing system.

Referring to FIG. 5D, in one embodiment, the storage
component 402d includes an input module 514, an output module
504, a processing module 524, a power module 508, a (removable)
storage module 528, and an interdevice communication module
518. In one embodiment of the present invention, the storage
component 402d primarily performs the functions of a persistent
media storage device, such as an optical media reader (e.g., a
CD-ROM drive), in most configurations. The storage component
402d may, however, perform a variety of other functions, such
as sourcing power to other components from its battery. In one
embodiment, the storage component 402d is designed to appear
physically similar to a standard portable CD audio player.

The input module 514 includes a standard set of CD player
buttons 516, such as play/pause, stop, track forward, and track
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backward. The output module 504 includes an audio-out jack 506
for connection to standard headphones. The processing module
524 is also essentially identical to the audio circuitry of a
portable CD player, including a standard audio codec 526, a
headphone amplifier, and minimal RAM for skip buffering. The
power module 508 includes a battery 510 of sufficient capacity
to minimally play an audio CD, and a power exchanging circuit
512 for sourcing or receiving power from external sources. The
interdevice communication module 518 includes a low power
wireless communication circuit 522 of sufficient bandwidth to
transmit encoded audio information, such as a Bluetooth
circuit, as well as standard electrical connections 520 for
transmitting power and other information such as video to and
from other components. The storage module 528 includes the
removable optical media 530 itself, such as a.DVD or CD.

In certain configurations the storage component 402d
performs functions similar to those performed by an optical
drive of a conventional laptop computer, but is physically
removable and includes enough additional functional modules
that it may operate independently as a computing system. Thus,
as a discrete device, it is not dormant or fragile (as is the
case with many removable laptop media drives), but is rugged
and fully functional as an audio CD playback unit.

As described above, in various embodiments of the present
invention components may be rearranged and interconnected to
form different computing systems. Various computing systems
that may be formed using the components 402a-d in the component
set 400 (FIG. 4) will now be described.

It should be noted that, although not expressly described
in the following examples, components may share power using
their respective power modules in a variety of ways in
different configurations, as will be apparent to those of
ordinary skill in the art. Furthermore, although not
explicitly stated in the following examples, it should be
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assumed that the components 402a-d may communicate with each
other using their respective interdevice communication modules
in the various configuratiomns.

The core component 402a may operate independently as a
personal digital assistant (PDA) and/or a digital audio player
(such as an MP3 player). In particular, when the core
component 402a is not connected to any of the other components
402b-d, the core component 402a may operate in a first mode in
which the touch screen 420 of the input module 418 (FIG. 5A)
both receives input (e.g., from a user’s finger) and provides
display output. The user may, for example, use his finger to
select icons disgplayed on the touch screen 420 and to interact
with other graphical user interface (GUI) controls, such as
menus, windows, and buttons. The touch screen 420 may
additionally or alternatively be capable of receiving input
from a stylﬁs.

Referring to FIG. 8A, for example, a core component 802a is
shown in a first configuration 800a. The core component 802a
is an example of the core component 402a (FIG. 5A). In one
embodiment, the core component 802a includes: a Crusoe 0.13
micron TM5800 processor from Transmeta Corporation of Santa
Clara, California; a notebook computer hard disk drive with 10-
20GB of storage capacity, such as the model MK2003GAH hard disk
drive from Toshiba America Electronic Components, Inc. of
Irvine, Califorﬁia; 256MB of RAM, such as 8x256Mbit DDR SDRAM
available from Nanya Technology Corp. of Linkou, Taiwan; a
five-inch, high-resolution super-bright VGA color LCD, such as
a 5-inch Transflective WVGA TFT LCD (800%*480, 64k color)
active-matrix transflective color display from Samsung
Electronics, Ltd. of Hong Kong; a ClearPad™ touchscreen from
Synaptics Incorporated of San Jose, California; an advanced
lithium polymer battery such as the UP295385 Li-polymer battery
cell from Sony Electronics, Inc. of Park Ridge, New Jersey;
input/output ports for IEEE 1394 (FireWire), Universal Serial
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Bus (USB), audio in/out, and a docking connector; and built-in
802.11 and Bluetooth wireless networking. In one embodiment,
the core component 802a is 4.1” (105mm) wide X 2.9” (74mm) long
X 0.9” (22mm) thick and weighs less than 9 ounces (250 grams).
Core component 802a includes a touch screen 804, which is an
example of touch screen 420, and buttons 806, which are
examples of buttons 422.

The core component 802a may operate in a first mode in the
configuration 800a shown in FIG. 8A, in.which the core
component 802a is not connected to any other components. In
particular, in the first mode of operation the touch screen 804
may be enabled both to receive input and to display output.

For example, a user may move finger 808 across the surface of
the touch screen 804 to control movement of an on-screen cursor
822 In the particular example shown in FIG. 8A, . movement of
finger 808 on the surface of the touch screen 804 causes a
corresponding movement of the on-screen cursor 822. The user
may thereby interact with graphical user interface (GUI)
widgets such as menus, icons, and buttons. In FIG. 8A, for
example, the cursor 822, in response to movement of the user’s
finger 808, is shown as selecting an “Open” menu choice 820b
among a plurality of menu choices 820a-d in a “File” menu 818.
The touch screen 804 both receives input from the user’s finger
808 and displays output, such as the file menu 818. Those of
ordinary skill in the art will appreciate how to design and
implement software for causing the touch screen 804 to perform
these functions.

The core component 402a and the output component 402c¢ may
be interconnected to form a PDA with a larger display (output
module 470) provided by the output component 402c. In this
configuration, the core component 402a may provide the
processing module 412, the input module 418, and the storage
module 426, while the output component 402c may provide the
output module 470.
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Alternatively, in this configuration the core component
402a may operate in a second mode in which the touch screen 420
of the input module 418 (FIG. 5A) exhibits the behavior of a
trackpad. In particular, the touch screen 420 may continuously
track the position of the user’s finger 808 on the touch
screen’s surface. The core component 402a may cause an on-
screen pointer, displayed on the LCD 472 of the output
component 402c, to move in correspondence with the movement of
the user’s finger 808 on the surface of the touch screen 420.

Referring to FIG. 8B, for example, the core component 802a
is shown in a second configuration 800b in which the core
component 802a is coupled to a first docking component 802b.
The first docking component 802b illustrated in FIG. 8B has the
form factor of a conventional laptop computer. The first
docking component--802b includes, for example, an upper
component 824a and a lower component 824b joined at a hinge
830. Upper component 824a includes a display screen 828 and
lower component 824b includes a keyboard 826. The first
docking component 802b therefore includes at least some of the
features of both the output component 402c¢ (FIG. 5C) and the
input component 402b (FIG. 5B>. The first docking component
802b may also include other components commonly found in a
laptop computer, such as a real-time clock, power module, and a
CD or DVD drive. In the embodiment illustrated in FIG. 8B,
however, the first docking component 802b does not include a
processing module (such as the processing module 480 shown in
FIG. 5C). Rather, the processing module 412 of the core module
802a provides the required processor and memory in the
embodiment of FIG. 8B.

The core component 802a is coupled to the first docking
component 802b within a cavity 834 in the first docking
component 802b that is located where a trackpad is typically
located in a conventional laptop computer. Once the core
component 802a is coupled to the first docking component 802b
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in this manner, therefore, the configuration 800b presents the
user with a physical user interface that closely resembles that
provided by a conventional laptop computer. Furthermore,
because the combined first docking component 802b and core
component 802a include all of the subsystems of a computer, the
configuration 800b may be used to perform functions similar to
those performed by a conventional laptop computer. For
example, the computer formed by configuration 800b may execute
operating systems and software suitable for use on a laptop
computer, and accept input (e.g., through keyboard 826 and
touch screen 804) and provide output (e.g., through monitor
828) in a manner similar to a conventional laptop computer.

One advantage of the configuration 800b, therefore, is that it
provides a physical user interface that is familiar to users of
conventional laptop computers.

In one embodiment of the present invention, the core
component 802a includes a model LT8500W1-PBl display screen
from Samsung Electronics, Ltd. of Hong Kong; a model DLP485586
battery from Danionics A/S of Denmark; a model MK1504GAL hard
disk drive from Toshiba America Electronic Components, Inc. of
Irvine, California; a model M1535+ USB controller from ALi
Microelectronics Corporation of San Jose California; a model
TSB43AB22 FireWire controller from Texas Instruments
Incorporated of Dallas, Texas; a model 8X256Mbit DDR-SDRAM from
Nanya Technology Corp. of Linkou, Taiwan; a model PC87591E
real-time clock from National Semiconductor Corporation of
Santa Clara, California; a model SM722 graphics processor from
Silicon Motion Incorporated of San Jose, California; a model
TM5800 (1GHz) microprocessor from Transmeta Corporation of
Santa Clara, California; a model WM9710 (AC-97) audio processor
from Wolfson Microelectronics of Edinburgh, United Kingdom; a
model ZC2001 801.11 Bluetooth controller from Zeevo

Incorporated of Santa Clara, California; and a model
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505/RFMD2958 DVD drive from Atmel Corporation of San Jose,

California.

In one embodiment of the present invention, the first
docking component 802b includes a model B152-EW01l display
screen from AU Optronics Corporation of San Jose, California; a
model 18650-HC battery from Sony Electronics, Inc. of Park
Ridge, New Jersey; a model CW-8122-B DVD drive from Matsushita
Kotobukil Electronics Industries, Ltd. of Ehime, Japan; and a
model PCI1410 cardbus controller from Texas Instruments
Incorporated. The first docking component 802b may also
provide additional USB and FireWire outputs by extending the
outputs provided by the core component 800b and providing
connectors on the exterior of the first docking component 802b.

Referring to FIG. 8C, the core component 802a is shown in
a third configuration 800c in which the core component 802a is
coupled to a second docking component 802c. The second docking
component 802c illustrated in FIG. 8C has the form factor of a
conventional tablet computer. The second docking component
802c includes, for example, a single housing 844 that contains
all components of the docking component 802c. Housing 844
includes a display screen 848 that may both display output and
accept input using a stylus and/or finger. The second docking
component 802c¢ therefore includes at least some of the features
of both the output component 402c (FIG. 5C) and the input
component 402b (FIG. 5B). The second docking component 802c
may also include other components commonly found in a laptop
computer, such as a real-time clock, power module, and a CD or
DVD drive. In the embodiment illustrated in FIG. 8C, however,
the second docking component 802c¢ does not include a processing
module (such as the processing module 480 shown in FIG. 5QC).
Rather, the processing module 412 of the core module 802a
provides the required processor and memory in the embodiment of

FIG. 8C.
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The core component 802a is coupled to the second docking
component 802c within a cavity 854 in the second docking
component 802c. Once the core component 802a is coupled to the
second docking component 802c¢ in this manner, the computer
formed by the combination of the docking component 800c and the
core component 802a may receive input from the screens 804
and/or 848, and may provide output through the screens 804
and/or 848. The configuration 800c may also have other
advantages described above with respect to configuration 800b
(FIG. 8B).

Any of a variety of connectors may be used to connect the
core component 802a to the first or second docking components
802b-c. Referring again to FIG. 8A, a side perspective view is
shown of the core component 802a according to one embodiment of
the "present -invention, in which the core component 802a
includes three connectors 860a-c for connecting the core
component 802a to the first or second docking components 802b-
c. It should be appreciated that the first and/or second
docking components 802b-c may have complementary connectors for
connecting to the core component 802a.

Connector 860a is a power connector. Core component 802a
may, for example, draw power from the docking components 802b-c
through the power connector 860a when coupled to the docking
components 802b-c. Connectors 860b-c are docking connectors
860b-c for transmitting data and/or control signals between the
core component 802a and the docking components 802b-c. In one
embodiment of the present invention, docking connector 860b is
a model 55929-3694 connector and the docking connector 860c is
a model 55768-1491 connector, both available from Molex, Inc.
of Ligle, Illinois. Examples of corresponding connectors for
use in the docking components 802b-c are model 54944-Molex and
model 51283-Molex.

In one embodiment of the present invention, pins 1-5 and
8-11 of the small docking connector 860c carry VGA video
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éignals, pins 6-7 carry USB signals, and pins 12-4 carry audio
line out signals. In one embodiment of the present invention,
pins 1-6 and 19-23 of the large docking connector 860b carry
serial PCI bus signals, pins 7-12 carry IEEE-1394 signals, pin
13 carries a docking identifier, pins 14-18 carry USB signals,
and pins 24-36 carry LVDS video signals.

Connector 862 is an IEEE-1394 connector for connecting the
core component 802a to external devices. Connector 864 is a
connector for connecting the core component 802a to an external
antenna, and dial 866 is an audio volume dial. Connector 868
is a USB connector for connecting the core component 802a to
external devices. The particular connectors shown in FIG. 8C
and described above are provided merely for purposes of example
and do not constitute limitations of the present invention.

" As described above, when the core- component .802a operates
in isolation (e.g., in the configuration 800a shown in FIG.
84), the core component 802a may use buttons 806 and touch
screen 804 for user input, and use touch screen 804 for user
output. When core component 802a is connected to first docking
component 802b (e.g., in the configuration 800b shown in FIG.
8B), the core component 802a may provide user output through
the screen 828 of the first docking component 802b, as
described in more detail beldw with respect to FIG. 9. The
computer formed by the configuration 800b may also utilize the
batteries of both the core component 802a and the first docking
component 802b for power.

The touch screen 804 is enabled for use as a trackpad in
the configuration 800b shown in FIG. 8B. For example, a user
may move finger 808 across the surface of the touch screen 804
along a trajectory 812 having starting point 810a and end point
810b. The core component 802a may register the input provided
thereby, and transmit appropriate output to the display screen
828 in response, thereby causing cursor 832 to move on screen
828 from starting point 8l4a to end point 814b along a

43



10

15

20

25

30

WO 2005/067§(}f} PCT/US2005/000307

trajectory 816 that corresponds to trajectory 812. Those of

ordinary skill in the art will appreciate how to design and
implement software for controlling the on-screen cursor 832 in
response to movement of the user’s finger 808.

Conventional PDA touch screens typically require high-
pressure contact. Human fingers are typically not capable of
satisfying such pressure requirements while performing detailed
pointing operations. As a result, it is typically necessary to
use a thin and rigid stylus to provide input to a PDA. The
touch screen 420, however, may be implemented using a “soft
touch” touch screen, such as the ClearPad™. While typical
touchscreens are operated by bending a conductive membrane into
physical contact with’a conductive surface, which requires
pressure, the ClearPad™ sensor is based on capacitance, and
requires only the softest touch of the user's finger on the
screen’s surface. The ClearPad™ is capable of continuously
tracking the position of the user’s finger on the surface,
unlike touch screens typically used in conventional PDAs. The
ClearPad™ may therefore be used to enable the touch screen 420
to perform the functions of a trackpad, in addition to enabling
“soft touch” input to the core component 402a when it operates
as a PDA.

The output functionality of the touch screen 420 may
optionally be disabled while the touch screen 420 is in use as
a trackpad, because the user may not require or desire any
output on the touch screen 804 while the touch screen 804 is in
use as a trackpad. For example, as illustrated in FIG. 8B, the
touch screen 804 does not display any output in the
configuration 800b. The touch screen 804 may, for example,
display a solid field of a single color while in use as a
trackpad. Alternatively, the touch screen 804 may, for
example, enter a low-energy mode in which all output is

disabled while the touch screen 804 is in use as a trackpad.
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One advantage of the configuration 800b is that the
computer formed by the combination of first docking component
802b and core component 802a has the form factor of a
conventional laptop computer and may be operated in a manner
similar to that in which a conventional laptop computer is
operated.

Although the core component 802a and docking components
802b-c are described in the examples above as including
particular sub-components (such. as processors, memory, and mass
storage devices), these are merely examples and do not
constitute limitations of the present invention. For example,
although the docking components 802b-c do not include a
processor in the examples described above, this is not a
limitation of the present invention.

The core component-402a, -the output component 402c, and
the input component 402b may be interconnected to perform
functions similar to a conventional sub-notebook computer. The
core component 402a may provide the processing module 412 and
the storage module 426. The input component 402b may provide
the input module 450, and the output component 402c may provide
the output module 470. The touch screen 420 of the core
component 402a may also perform the functions of a trackpad, as
described above, to provide an additional means of input in
this configuration. Such a feature may be particularly useful
if, for example, the input module 450 of the input component
402b includes only the keyboard 452 and not the touchpad 454.
This configuration therefore enables the user to access the
full processing and storage capabilities of the core component
402a using the larger and more full-featured input module 450
of the input component 402b and the output module 470 of output
component 402c.

The core component 402a, input component 402b, output
component 402c, and storage component 402d may be

interconnected to perform functions similar to that of a
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conventional laptop or desktop computer. The core component
402a may provide the processing module 412, the input component
402b may provide the input module 450, the output component
402c may provide the output module 470, and the storage
component 402d may provide the storage module 528. The touch
screen 420 of the core component 402a may also perform the
functions of a trackpad, as described above, to provide an
additional means of input in this configuration. This
configuration therefore enables the user to access the maximum
processing power and storage capabilities provided by the
components 402a-d at once.

The core component 402a and input component 402b may be
interconnected to perform functions similar to that of a
conventional PDA with a full-size keyboard connected to it.
Thé'core component -402a may provide the processing module 412,
the output module 406, and the storage module 426, while the
input component 402b may provide the input module 450. This
configuration therefore enables the user to access the full
processing power and storage capabilities of the core component
402a using a full-size keyboard.

The core component 402a and storage component 402d may be
interconnected to perform functions similar to that of a
portable DVD player. The core component 402a may provide the
processing module 412, the output module 406, and the input
module 418, while the storage component 402d may provide the
storage module 528. This configuration therefore enables the
user to play back audio and/or video from a DVD using the
portable core component 402a.

The core component 402a, the storage component 402d, and
the output component 402c may be interconnected to perform
functions similar to that of a home theater system. The core
component 402a may provide the processing module 412 and the
input module 418, the storage component 402d may provide the
storage module 528, and the output component 402c may provide
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the output module 470. In particular, the touch screen 420 of
the core component 402a may perform the functions of a
trackpad, as described above, in this configuration. This
configuration therefore enables the user to play back audio
and/or video from a DVD on the larger display provided by the
output component 402c using the portable core component 402a.
Using wireless connections the core component 402a may be used
as a wireless remote control to control the DVD player.

The core component 402a, the storage component 402d, and
the input component 402b may be interconnected to perform
functions similar to that of a portable DVD player with a
keyboard. The core component 402a may provide the processing
module 412 and the output module 406, the storage component
402d may provide the storage module 528, and the input
component 402b may provide the input module. 450.. .. This.
configuration therefore enables the user to play back audio
and/or video from a DVD using the portable core component 402a.
The touch screen 420 of the core component 402a may also
perform the functions of a trackpad, as described above, to
provide an additional means of input in this configuration.

The input component 402b and the output component 402c may
be interconnected to form an Internet appliance that may be
used, for example, to browse the web or to send and retrieve
email. The input component 402b may provide the input module
450, while the output component 402c may provide the output
module 470, the processing module 480, and the media storage
module 488. Either the input component 402b or the output
component 402c may also include a network module to connect to
the Internet. This configuration therefore enables the user to
connect to the Internet while the core is in use elsewhere.

The input component 402b, the output component 402c, and
the storage component 402d may be interconnected to form a
combined Internet appliance and home theater system. The input
component 402b may provide the input module 450, the output
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component 402c may provide the output module 470 and the
processing module 480, and the storage component 402d may
provide the storage module 528. This configuration therefore
enables the user to both connect to the Internet and play audio
and video using a small, lightweight, and portable computing
system.

The output component 402c may be used by itself as a web
pad to connect to the Internet for browsing the web and/or
sending and receiving email.. The output component’s output
module 470, input module 476, processing module 480, and
storage module 488 form a complete computer system and
therefore enable it to operate independently of the other
components. This configuration therefore enables the user to
connect to the Internet using a small, lightweight, and
portable computing system. - , ; -

The output component 402c¢ and the storage component 402d
may be interconnected to form a home theater system. The
output component 402c may provide the processing module 480,
the input module 476, and the output module 470, while the
storage component 402d may provide the storage module 528.

This configuration therefore enables the user to play audio and
video using a small, lightweight, and portable computing
system.

The storage component 402d may be used by itself as a CD
audio player, similar in function to conventional CD audio
players such as the Sony Discman. The storage component’s
output module 504, input module 514, processing module 524, and
storage module 528 form a complete computer system and
therefore enable it to operate independently of the other
components. This configuration therefore provides the user
with a highly portable CD audio player.

It should be appreciated that some combinations of
configurations of component set 400 may operate
contemporaneously. For example, the core component 402a may be
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used by itself at the same time as the input component 402b and
the output component 402c are interconnected to each other to
operate as an Internet appliance. Various other combinations
of configurationg that have this property should be apparent
from the description above. The ability of multiple
configurations of the component set 400 to operate
contemporaneously increases the functionality of the component
set 400 and diminishes the extent to which any one of the
components 402a-d is “dead” while other components are
operating.

Furthermore, more than two configurations may operate
contemporaneously as computing systems. For example, the core
component 402a may operate independently as a PDA, the output
component 402c may operate independently as a web pad, and the
storage component 402d may operate independently as a CD audio
player, for a total of three contemporaneously-operating
configurations. Similarly, the core component 402a and the
input component 402b may be interconnected to form a PDA with
keyboard, the output component 402c may operate independently
as a web pad, and the storage component 402d may operate
independently as a CD audio player. As another example, the
core component 402a may operate independently as a PDA, the
input component 402b and the output component 402c may be
interconnected to form an Internet appliance, and the storage
component 402 may operate independently as a CD audio player.
These configurations are provided merely for purposes of
example and do not constitute limitations of the present
invention.

It should also be appreciated that the component set 400
may include multiple ones of one or more of the components
402a-d. For example, the component set 400 may include
multiple core components 402a, multiple input components 402b,
multiple output components 402c, and/qr multiple storage
components 402d. Inclusion of such additional components
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further increases the number of configurations of the component
set 400, and increases the number of configurations of the
component set 400 that may be operated contemporaneously as
computing systems. For example, inclusion of a second core
component 402a enables the contemporaneous use of one core
component 402a interconnected with the input component 402b as
a PDA with keyboard, and another core component 402a
interconnected with the output component 402c¢ as a PDA with a
large display.

One advantage of the physical modularity in conjunction
with the redundant functional modularity described above is
that in combination they enable the component set to be
flexibly formed into configurations having different features
that efficiently satisfy the needs of a particular user at a
particular time. - For example, a user who does not require a
large screen may use the core component 402a - with its small
screen - by itself, thereby obtaining a mobile computing system
that satisfies the user’s unique combination of needs. If the
user subsequently requires a larger display, the user may
connect the core component 402a to the output component 402c.
The size of various configurations of embodiments of the
present invention may be smaller than conventional systems that
perform the same functions because of the separation of
functional modules into different physical modules.
Furthermore, because components in a component set are able to
communicate with each other according to various embodiments of
the present invention, separation of functional modules into
different physical modules need not result in lack of
interoperability between components.

One advantage of the particular set of components
described above with respect to FIGS. 5A-5D is that various
configurations of the components correspond to well-established
and familiar paradigms for computing systems. For example, in
the configuration 800a illustrated in FIG. 8A the core
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component 802a operating by itself presents the user with an
interface and functionality that are similar to that of a
conventional handheld computer or PDA, which are established
paradigms that are familiar to many users. Similarly, in one
embodiment the configuration including all of the components
402a-d presents the user with an interface and functionality
that are similar to that of the familiar laptop computer. When
the components 402a-d are physically disengaged (although still
in wireless communication), they present the user with an
interface and functionality that is similar to that of a
conventional desktop computer. Various other examples should
be apparent from the description above. As a result of the
ability of the components 402a-d to emulate various
conventional computing systems in various configurations, ease
of use is not sacrificed to ease of reconfiguration.

As described above, the core component 402a may operate in
one of at least two modes: a first mode in which the touch
screen 420 both accepts input and provides output for the core
component 402a, and a second mode in which the touch screen 420
receives input that may be provided to another one of the
components 402b-d. Referring to FIG. 9, a flow chart is shown
of a method 900 that may be performed by the core component
402a to select and operate in one of the first and second modes
of operation. It should be appreciated that the method 200 is
shown merely for purposes of example and does not constitute a
limitation of the present invention. Rather, the core
component 402a may use other techniques to select modes of
operation. Furthermore, the core component 402a may
additionally or alternatively include means (such as a button
or switch) for allowing the user to manually select one of the
first and second modes of operation. Furthermore, the
particular first and second modes of operation described herein
are provided merely for purposes of example and do not
constitute limitations of the present invention.
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Refefring,to FIG. 9, the method 900 determines whether the
core component 402a is connected to another component (step
902). If the core component 402a is connected to another
component, the core component 402a enters a first mode of
operation (step 904), in which input through the touch screen
420 1s enabled (step 9206) and in which output through the touch
screen 420 is enabled (step 908). 1In the first mode,
therefore, the core component 402a may provide functionality
similar to that of a conventional PDA.

If the core component 402a is connected to another
component, the method 900 determines whether the other
component includes a display monitor (step 910). If the other
component does not include a display monitor, the core
component 402a enters the first mode of operation as described
above with respect to step 904.

If the core component 402a is connected to another
component (such as the output component 402c) that includes a
display monitor (such as the LCD 472), the core component 402a
enters a second mode of operation (step 912). The core
component 402a enables input through the touch screen 420 (step
914), disables output through the touch screen 420 (step 916),
and transmits input received from the touch screen 420 to the
other component (step 918). In the second mode, therefore, the
core component 402a may provide functionality similar to that
of a conventional trackpad.

In general, enabling the touch screen 420 to be used as a
trackpad provideé the advantages of conventional trackpads.

One advantage of trackpads generally, for example, is that they
may be integrated into a computing device (such as the core
component 402a) in a relatively small space and without
increasing the volume of the device. This provides an
advantage over extermnal input devices such as mice, the
operation of which requires desktop space in addition to that

occupied by the computing device to which it is connected.
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Furthermore, trackpads are less prone to wear than mice, and
users may find trackpads easier to operate than mice and other
kinds of pointing devices.

Use of the core component 402 as a trackpad may reduce the
total number of input devices that need to be included in the
components 402a-d of the system 400. For example, the touch
screen 420 of the core component 402a may provide trackpad
input to the output component 402c when the core component 402a
is connected to the output component 402c. This may eliminate
the need to include the touch screen 478 in the output
component 402c, since the trackpad functionality of the touch
screen 420 may satisfy the input requirements that would
otherwise be satisfied by the touch screen. As a result, the
output component 402c may be manufactured more easily and
inexpensively. -

Even if the touch screen 420 is used as a trackpad in
addition to rather than instead of other input devices, the
ability to use the touch screen 420 as a trackpad increases the
flexibility of the core component 402a as a device for
providing input to the other components 402b-d. More
generally, the ability of the touch screen 420 to be used as a
trackpad increases the input options available to the user in
each of the configurationg in which it is available. For
example, when the core component 402a is connected to the
output component 402c, the user may provide input using the
touch screen 478 of the output component 402c in the same
manner as a conventional touch screen. The ability to use the
touch screen 420 of the core component 402a as a trackpad in
gsuch a configuration provides the user with an additional input
option, which the user may use either instead of or in addition
to the input capabilities provided by the touch screen 478.
This both allows users who have a preference for one kind of
input - touch screen or trackpad - over the other to use their

preferred mode of input, and allows users to use the mode of
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input that may be most convenient or appropriate at a
particular time. A user may, for example, choose to use the
touch screen 478 as a touch screen to select icons on the LCD
472, while using the touch screen 420 as a trackpad to draw
shapes or select blocks of text.

The ability to use the touch screen 420 as a trackpad may
provide this additional flexibility without any increase in
size. The cPad™, for example, is no larger than conventional
touch screens. Furthermore, the ability to use the touch
screen 420 as a trackpad provides the additional functionality
of a trackpad without requiring the use of a physically
distinct trackpad or mouse component. Trackpad functionality
is thereby added to various configurations of the system 400
without increasing the overall size or power requirements of
the system 400, the number of interconnections between the
components 402a-d of the system 400, or the complexity of the
system 400 from the point of view of the user.

In various embodiments of the present invention, the use
of the touch screen 420 as a trackpad does not require the use
of a stylus, unlike conventional PDA touch screens. Rather, in
various embodiments of the present invention, the user may use
a finger to operate the touch screen 420 as a trackpad. This
provides a benefit over stylus-based touch screens, because the
stylus represents an additional component that must be stored
and traﬁsported, and which may be misplaced or lost. The
ability to operate the touch screen 420 as an input device
without a stylus is particularly useful in configurations in
which the touch screen 420 is used in conjunction with other
input devices, such as the keyboard 352 of the input component
402b. In such a configuration, the user may easily switch back
and forth between providing input through the keyboard 352 and
the touch screen 420. If the touch screen 420 required a
stylus to provide input, switching between the touch screen 420

and keyboard 352 would require the user to repeatedly take hold
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of and release the stylus, thereby increasing the number of
movements required and increasing the opportunity for the
stylus to be misplaced.

Although the use of a finger to provide input to the touch
screen 420 may be beneficial in certain embodiments of the
present invention, the present invention is not limited to such
embodiments. Rather, the techniques disclosed herein may be
implemented, for example, using touch screens that are capable
of receiving input from a finger, stylus, or a combination
thereof.

Furthermore, the core component 402a may have a form
factor that is particularly well-suited to provide trackpad
functionality. For example, as described above, the core
component 402a may have a form factor that is similar to that
of a conventional PDA. For example, as described above, in one
embodiment the core component 402a is 4.1” (105mm) wide X 2.9”
(74mm) long X 0.9” (22mm) thick and weighs less than 9 ounces
(250 grams). As a result, the touch screen 420 of the core
component 402a may not only be technically capable of acting as
a trackpad, but also be ergonomically suitable for use as a
trackpad.

In addition, the touch screen 420 may be enabled for use
as a trackpad without the addition of any hardware to the core
component 402a. When the touch screen 420 is implemented using
the ClearPad™ touch screen, for example, the core component
402a already includes the hardware necessary to receive and
process input from through the touch screen 420. Furthermore,
if the components 402a-d of the system 400 already include
gsufficient hardware to communicate with each other in the ways
described herein, such hardware is also sufficient to
communicate trackpad-based input received through the touch
screen 420 to other components 402b-d. The implementation of

software to enable the touch screen 420 to operate as a
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trackpad is within the ability of those of ordinary skill in

the art.

Component interface 304 and connectors 302a-b were shown
and described generally above with respect to FIGS. 3A-3D.
Various embodiments of the component interface 304 and
connectorg 302a-b are now described in more detail. Also
described in more detail are embodiments of various technigues
that may be used to select functional modules for use in
different configurations of a component set.

As described generally above, a particular component may
partially or entirely implement one or more functional modules.
For example, referring again to FIG. 5A, the core component
402a implements an output module 406 and a processing module
412, among other modules. In a particular configuration of the
compenent set 400, output may (for example) be. provided using
the core component’s output module 406. The information to be
output (e.g., a graphic image) may originate from within the
core component 402a (such as from the core component’s storage
module 426) or from another component in the configuration.

More generally, when components are interconnected in a
particular configuration, the set of functional modules (and
their sub-components) provided by the interconnected components
are said herein to form a resource pool. The computing system
represented by the configuration may use one or more functional
modules of each class in the resource pool to perform the
corresponding function. For example, if two components in a
configuration (such as the core component 402a and the input
component 402b) both include an input module, then the
configuration’s resource pool includes both input modules. The
computing system represented by the configuration may select
either or both of the input modules (or sub-components or
combinations thereof) to receive input for the computing

system.
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In other words, when components are interconnectedtin a
particular configuration to form a computing system, the
functional modules (and sub-components thereof) provided by
such components become available for use by the computing
system as a whole. For example, when a configuration includes
a component having a keyboard, the keyboard may be used to
provide input to one or more of the components in the computing
system. It should be appreciated that physical sub-components
from multiple components may be combined to form a single
functional module in the resource pool available for use by the
computing system. It should. further be appreciated that in any
particular configuration, any particular functional module may
be available for use by all components in the configuration or
only a subset of components in the configuration. For example,
the 'storage component’s processing module 526 may only be
available to perform processing tasks for the storage component
402d and not for other components. The ability of a functional
module implemented by a particular component to become
available for use by other components may be limited in
particular embodiments by constraints of hardware design,
software, or other factors. The resource pool for a particular
configuration may therefore include fewer than all of the
functional modules in the configuration; alternatively, there
may be multiple resource pools representing functional modules
available for use by various components in the configuration.

It has now been described generally that components that
are interconnected to form a particular computing system may
provide functional modules for use by the computing system as a
whole, and that the computing system may choose which
functional modules for use to perform particular functions.
Embodiments of various techniques for making such choices are
now described in more detail.

In one embodiment of the present invention, a “feature
list” is associated with each component. The feature list for
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a particular compongnt includes information descriptive of the
features provided by the corresponding component. The feature
list may, for example, include information about which
functional modules are partially or entirely implemented by the
component. A feature list may also include other information
about a component. A feature list may, for example, provide
information about features of a component including, but not
limited to:
e the type (e.g., manufacturer, model name, and model
number) of processor(s) .contained within the component
and characteristics of such processors, such as their

clock speed;

e the type(s) of network interface cards or other
networking devices contained within a component, and

characteristics of such devices, such as their speed;

e the input capabilities of the component, such as
whether it includes a keyboard, mouse, touch screen, or

other input device;

e the output capabilities of the component, such as
whether it includes a display or printer and, if so,
the component’s output spatial resolution, size, and

color resolution;

e the storage capabilities of the component, such as
whether it includes a hard disk drive, RAM, or other
storage device, and the storage capacity of such

storage device; and

e the power capabilities and requirements of the
component, such as whether it provides its own power or
requires an external power source (and, if so, how much
power it requires to operate), and whether it may be
used to provide power to other components.

The feature list may also include additional information

about each feature, such as whether the feature may be accessed
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by other components and, if so, how the feature may be accessed
by other components. If, for example, a component includes a
storage module, the component’s feature list may indicate
whether other components may access the storage module and, if
so, on which port of the component the storage module of the
component may be accessed.

It should be appreciated that the feature list information
described in the list above is provided merely for purposes of
example and does not constitute a limitation of the present
invention. Rather, the feature list associated with a
component may include any information about the component.
Furthermore, the feature list may be stored and represented
using any data structure and in any data format, as may be
convenient. The kind and amount of information contained in
the feature list may vary from component.to component. The
feature list for a particular component may be generated at any
time and in any manner. For example, the feature list may be
generated by the manufacturer of the component at the time of
manufacture or by a system administrator upon initial
installation and/or configuration of the component. The
feature list for a component may be stored on a computer-
readable medium within the component itself, such as on a ROM.
Furthermore, it should be appreciated that the use of feature
lists is provided merely for purposes of example and is not a
requirement of the present invention.

In one embodiment of the present invention, a component
may examine its own feature list to ascertain which features
are provided by the component, and the component may ascertain
which features are provided by other components in a component
set using the feature lists of the other components. Consider,
for purposes of example, an existing intérconnected component
set including one or more components. Referring to FIG. 6, a
flow chart is shown of a process 600 that may be performed by
one or more components in a component set when a new component
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is added to the component set, according to one embodiment of
the present invention. When a new component is connected to
any of the components in the existing component set, a
configuration change detection (CCD) event is generated (step
602). The CCD event indicates that there has been a change in
the component set. The CCD event may, for example, be
generated by the new component, by the existing components, or
by a combination of both. The event may, for example, take the
form of a special signal that is transmitted on a bus that is
common to the new component and the existing components. As a
result, the CCD event is received by one or more of the
components.

When a component receives a CCD event, the component may
transmit information about itself to other components in the
component set. Such information may include, .for example, a
device identifier (device ID) and part or all of the
component’s feature list. The device ID may be a unique
identifier (such as a numeric or alphanumeric identifier), such
as a serial number. The transmission of component information
in response to a CCD event may occur in any of a variety of
ways. For example, in one embodiment of the present invention,
when the new component described above is connected to the
existing component set, the new component and the existing
components broadcast their device IDs and feature lists so that
such information may be received by all of the components (step
604) . The components may take turns transmitting such
information in any appropriate order.

Some or all of the information transmitted by the
components (e.g., device IDs and feature lists) may be stored
to maintain a record of current component set’s resource pool.
Such information may be stored in any of a variety of ways.

For example, one or more of the components may store
information about itself, its neighbors, non-neighboring
components in the component set, or any combination thereof. A
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single component (such as the core device) may be selected for
storing information about components in the component set.

For example, when the new component is added to the
existing component set, a CCD event may be generated (e.g., by
the new component). In response to the CCD event, each of the
existing components may broadcast or otherwise transmit its
device ID and/or feature list. Any number of the components
may receive this information and process it in any of a variety
of ways, as described in more detail below. For example, the
new component may store some or all of the information it
receives to establish and maintain a record of the features of
other components (such as neighboring components) in the
component set to which it has been connected.

In one embodiment of the present invention, any two
components that are directly coupled.to each other by means of
a physical or wireless connection between the two components
are referred to herein as “neighboring” components. Such
components are “directly” coupled to each other in the sense
that there is no other component coupled between the two
neighboring components. For example, two neighboring
components may be connected to each other by means of a video
cable, audio cable, serial cable, parallel cable, or wireless
connection. It should be appreciated that non-neighboring
components may still communicate with each other indirectly
using, for example, a common component that neighbors each, or
through a bus, even though no immediate physical or wireless
connection exists between the non-neighboring components. A
component in a component set may have any number of neighboring
components. .

In one embodiment of the present invention, when a new
component is added to an existing component set, the new
component determines which components are its neighbors. For
example, upon being connected to the component set, the new
component may transmit a neighbor handshaking signal along a

61



10

15

20

25

30

WO 2005/067604 PCT/US2005/000307

channel (e.g., a wire) that is reserved for communication with
neighbors of the component. If the new component has a
neighboring component, the neighboring component receives the
neighbor handshaking signal and transmits a neighbor
acknowledgement signal along the same or another channel back
to the new component. Receipt of the neighbor acknowledgement
signal by the new component indicates to the new component that
it has a neighbor. The neighboring component may also transmit
additional information to the new component, such as its device
ID and feature list, so that the new component may obtain
and/or store additional information about its neighbors.

Although the description above states that the new
component determines which components are its neighbors when
the new component igs added to a component set, it should be
appreciated that -some or all of the existing components may
similarly update knowledge of their neighbors in response to a
CCD event (step 606). It should be appreciated that components
may ascertain the existence and/or identity of their neighbors
using techniques other than the particular examples described
above.

The description above describes generally how components
in a component set may obtain information about each other,
such as their device IDS, feature lists, and neighbor
information. This information may be obtaiﬁed, for example,
whenever a component is connected to an existing component set.
Such information may also be obtained at other times. For
example, a component may update its knowledge of other
components when it is rebooted. Alternatively, one or more
components in a component set may periodically refresh their
knowledge of other components in the same component set to
ensure that such knowledge is not stale.

As described generally above, components in a component
set may provide resources that may be used by other components
in the component set. Various techniques for selecting
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resources (e.g., functional modules) for use in a particular
configuration are now described in more detail.

As described above, in one embodiment of the present
invention, a feature list is associated with each component.
The feature list contains information about the resources
provided by the component. These resources are referred to
herein as the component’s “internal resources,” because they
are physically located within the component. The component may
also make use of resources provided by other components, which
are referred to herein as “external resources.” It should be
appreciated that a particular resource is an “internal”
resource with respect to the component within which the
resource is physically contained and an “external” resource
with respect to all other components.

~In one embodiment of the present invention,. a “resource
usage table” is associated with each component in a component
set. The resource usage table identifies, at a particular
point in time, which resources the component is using to
perform particular functions. The resource usage table
includes one or more fields, each of which corresponds Eo a
particular kind of resource (such as power, video input, audio
output, etc.). Consider, for example, the core componént 402a.
The resource usage table for the core component may include a
field for power. This field identifies the power resource that

is currently being used by the core component as, for example,

‘a battery. The field may, for example, store the device ID of

a component containing energy. The device ID may be the device
ID of the core component itself or of another component in the
same component set as the core component. In other words, the
core component may use its own (internal) battery or the
(external) battery of another component. The resource usage
table may contain similar fields for a variety of other
resources, such as processing, network, input, output, and
storage.

63



10

15

20

25

30

WO 2005/067604 PCT/US2005/000307

Although the resource usage table is described above as
storing the device ID of a component providing a particular
resource, it should be appreciated that resources in the
resource usage table may be identified in any of a variety of
ways. For example, a default value (e.g., 0 or -1) may be used
to indicate that a particular resource is being provided
internally by the component itself. In another embodiment, a
resource may be identified by specifying a physical or logical
channel (such as a communications port or pin in a connector)
through which the resource may be accessed, instead of or in
addition to specifying the device ID of a component providing
the resource. Furthermore, information about the location of a
resource in addition to its associated device ID may be stored
in the resource usage table. For example, characteristics of a
resource (such as the amount of RAM) may be stored in the
resource usage table.

It should be appreciated that the resource usage table may
be stored and represented in any of a variety of forms. In
particular, it is not limited to being represented as a
“table.” Rather, the functions performed by the resource usage
tables described herein may be implemented in any manner, such
as by using any appropriate data structure. In one embodiment
of the present invention, each component stores its own
resource usage table, such as in a data structure in RAM. A
component may, however, store the resource usage tables of
other components in the same component set. A global data
structure including resource usage tables of all components in
a component set may also be maintained. For example, the core
device may maintain such a global data structure. Furthermore,
although the resource usage tables described above are dynamic,
resource usage tables may be static and created, for example,
at the time of manufacture. For example, the resources to be
used by a particular component may be pre-determined at the
time of the components manufacture, and be non-modifiable.
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Such pre-determined resource selections may be implemented
without the use of any tables at all. Combinations of these
techniques may also be employed, as may be convenient for
particular applications.

It should be appreciated, therefore, that resource usage
tables associated with components in a component set may be
used to identify the resources that are being used by each of
the components at any particular point in time.

. Various techniques for selecting which resources (e.g.,
functional modules) are to be used by components in a component
set are now described in more detail. In one embodiment of the
present invention, each component in a component set has a
configuration strategy that specifies how to choose which
resources the component is to use to perform particular
functions. The configuration strategy for a particular
component includes a decision procedure for each of one or more
classes of resources. The decision procedure for a particular
class of resource gpecifies how a particular resource is to be
chosen for use by the component from among a set of available
resources of that class. Resource classes include, for
example, main memory (RAM), processing, network, input, output,
storage, and power.

For example, a simple configuration strategy for the core
component 402a might include a power decision procedure which
specifies that the core component is to use the largest power
resource in the current resource pool. The same configuration
strategy may, for example, include an input decision procedure
which specifies that the core component is to prefer a full-
size keyboard over a touch screen, and a touch screen over a
keypad as an input device. The configuration strategy for a
particular component need not include decision procedures for
all classes of resources.

Decision procedures may take any of a variety of forms.
For example, in one embodiment, a decision procedure is simply
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an ordered list of resources of a particular class. The order
of the list corresponds to the order in which the resources are
preferred for use by the corresponding component. The
resources in the list may, for example, be identified by
manufacturer, model number, serial number, device ID, or any
combination thereof. The resources in the list may also be
identified by characteristics that are relevant to the resource
class. For example, a list specifying display monitors may
list combinations of resolution and number of available colors
in decreasing order of preference.

A decision procedure may also be represented as a rule or
heuristic for selecting a particular resource from a set of
available resources. More generally, a decision procedure may
be implemented in software as any procedure that may be
executed to select a particular resource from a set of
available resources.

The decision procedure for a particular resource class of
a particular component may be executed at any time to select a
particular resource of that class for use with the particular
component. The resource usage table associated with the
component may then be updated to reflect that the component is
using the selected resource. From that point onward, the
component will use the selected resource to perform its
intended function.

For example, as described above, the resource usage table
of a component may be updated when the component is connected
to an existing component set. Referring again to FIG. 6, in
one embodiment of the present invention, after a new component
is added to a component set, one or more of the components in
the component set execute their configuration strategies (e.g.,
by executing each of the decision procedures in the
configuration strategies) to select resources for use by the
components (step 608). The resource usage tables associated
with the components are then updated to reflect the resources
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being used by the components (step 610). The components then
use the resources selected by their respective configuration
strategies (step 612).

The configuration strategy for a particular component may
be stored internally within the component. For example, the
configuration strategy for a particular component may be
generated by the manufacturer of the component at the time of
manufacture or by a system administrator upon initial
installation and/or configuration of the component. The
configuration strategy for a component may be stored on a
computer-readable medium within the component itself, such as
on a ROM.

In the examples described above, each component has its
own configuration strategy. In other embodiments, however, a
single configuratidn strategy may span multiple components.
For example, a particular configuration may have a single
global configuration strategy. For example, the configuration
may have a global configuration strategy that specifies that
the configuration prefers to use a full-size keyboard rather
than a touch-screen for input. The decision procedures of the
global configuration strategy may be executed by, for example,
a predetermined component of the configuration, such as the
core component 402a. The predetermined component may then
update a global resource usage table or the individual
component resource usage tables as appropriate to reflect the
resources chosen by the global configuration strategy.

As described above, a particular component may be capable
of selecting either an internal resource or an external
resource of the same class to perform a particular function.
For example, the core component 402a may include an internal
video source that is capable of providing a video signal to the
core component’s internal display. The core device may,
however, also be capable of using an (external) wvideo source
provided by another component to provide a video signal to the
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core component’s internal display. As described above, the
resource usage table associated with the core component will
indicate which video source is being used by the core component
at any particular point in time. Some resource selections may
occur by default; for example, a resource selection may be made
automatically as a result of the mere act of connecting
together two components of appropriate types.

In one embodiment of the presgent invention, the ability of
a component to select between an internal resource and an
external resource for use to perform a particular function is
provided by use of a multiplexor that enables one of either the
internal resource or the external resource to be selected for
use by the component. For example, referring again to FIG. 5C,
the output component 402c includes internal LCD 472 and
internal microprocessor 482 that may act as a video source for
the LCD 472. Assume for purposes of example that the internal
microprocessor 414 of>the core component 402a is more powerful
than the output component’s microprocessor 482 and is capable
of providing a higher-quality source of video to the output
component’s LCD 472. A multiplexor within the output component
402c may be connected to the output of both the output
component’s internal microprocessor 482 and the core
component’s microprocessor 414. The output component’s
internal microprocessor 482 or other controller may, for
example, control the multiplexor to select either of the two
microprocessors as a video source for the output component
402c. The multiplexor may be controlled to select the desired
video source at or around the time that the output component’s
configuration strategy is executed and the output component’s
resource usage table is updated, as described above with
respect to FIG. 6.

Although in the example described above a multiplexor is

used to select a video source, it should be appreciated that

gsimilar techniques may be used to select any of a variety of
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resources for use by a component. Furthermore, multiplexors
that are capable of selecting from among more than two
resources may also be used. In addition, it should be
appreciated that devices other than multiplexors may be used to
select from among multiple resources.

It should be appreciated that that although various
automated technigues are described above for selecting
resources to be used by the components 402a-d in various
configurations, such selections may be made by a user of the
components 402a-d, in whole or in part. For example, the user
may select which resources are to be used by various components
using a graphical user interface that allows the user to make
such selection. Some resources may be selected automatically
while others are selected by the user.

- It has been generally described that components may be
interconnected with each other in various ways, and that
interconnected components may communicate with each other (such
as by exchanging feature lists) and share resources. Examples
of particular techniques for interconnecting components to
perform the functions described generally above are now
described in more detail.

Referring to FIG. 7A, an interconnected component set 700
is shown in perspective view according to one embodiment of the
present invention. The component set 700 includes components
702a, 702b, and 702c. Each of the components 702a-c includes
two connectors, one on either side of the component. For
example, component 702a includes connectors 704a-b, component
702b includes connectors 704c-d, and component 702c¢ includes
connectors 704e-f. The positioning of connectors on opposite
sides of the components 702a-c enables the components 702a-c to
be connected in the linear arrangement shown. It should be
appreciated that additional components may be added to the
component set by connecting them to an appropriate one or ones
of the connectorg 704a-f. It should further be appreciated
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that the particular‘shapes of components 702a-c¢ and connectors
704a-f illustrated in FIG. 7A are shown merely for purposes of
example and do not constitute limitations of the present
invention.

The connectors 704a-f and any supporting hardware and/or
software are examples of the component interface 304 and
connectors 302a-b shown in FIGS. 3A-3D. The connectors 704a-£
and any supporting hardware and/or software are also examples
of devices that may be used to implement the interdevice
communication modules shown in FIGS. 5A-5D.

In one embodiment of the present invention, each of the
connectors 704a-f includes one or more of the following:

(1) a two-wire power bus along which power may flow in

either direction;

- (2) data connections including one or more of_the
following:

(a) a Universal Serial Bus (USB)

(b) an IEEE 1394 bug, sometimes referred to as a
FireWire® bus;

(¢) standard video input and/or video output
connectors;

(d) standard audio input and/or audio output
connectors; and

(3) a signaling bus including one or more of the

following:

(a) an Inter-IC (I*C) bus for carrying information such
as device IDs, feature lists, aﬁd configuration
change detection (CCD) events; and

(b) a neighbor wire for carrying the neighbor
handshaking and neighbor acknowledgement signals
described above.

For example, referring to FIG. 7B, a schematic diagram is
shown of an example implementation of component 702a and its
connectors 704a and 704b. As shown in FIG. 7B, in this
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embodiment connector 704a is a female connector and connector
704b is a male connector. Connectors 704a-b may be used to
connect component 702a to a variety of busses and to transmit a
variety of signals to and from component 702a. Although
connectors 704a-b are described below as including a variety of
“ports,” each of which is illustrated in FIG. 7B as a single
element, it should be appreciated that each such port may be
implemented using one or more pins or other connection means as
well as corresponding circuitry, as will be appreciated by
those of ordinary skill in the art.

For example, female power port 7oéa and corresponding male’
power port 706b enable connection of component 702a td a bi-
directional power bus that may run through multiple components.
Component 702a includes female USB master port 708a and
corresponding male USB slave port 708b, as well as female USB
slave port 710a and corresponding male USB master port 710b,
allowing connection of component 702a to other USB-compliant
devices. Component 702a includes female audio out port 712a
and corresponding male audio in port 712b, as well as female
audio in port 7l14a and corresponding male audio out port 714b,
allowing component 702a to provide audio output and receive
audio input.

Component 702a may be connected to a bi-directional IEEE
1394 (FireWire) bus running through multiple components by
means of female IEEE 1394 port 716a and male IEEE 1394 port
716b. Component 702a includes female video out port 718a and
corresponding male video in port 718b, as well as female video
in port 720a and corresponding male video out port 720b,
allowing component 702a to provide video output and receive
video input. Ports 722a-b and 724a-b are reserved for future
use.

Component 702a may be connected to a bi-directional
gignaling bus by means of female signaling port 726a and
corresponding male signaling port 726b. As described above,
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the signaling bus may include: (1) an I°C bus for carrying
information such as device IDs, feature lists, and
configuration change detection (CCD) events among components;
and (2) a neighbor wire, connecting each component to its
neighbor (s), for carrying the neighbor handshaking and neighbor
acknowledgement signals described above.

It should be appreciated that the connectors 704a-b shown
in FIG. 7B, and their respective ports, are shown merely for
purposes of example and are not limitations of the present
invention. Rather, a variety of connectors providing a variety
of ports may be provided by various embodiments of the present
invention. Furthermore, in a particular embodiment, such as
that shown in FIG. 7B, in which connectors 704a-b implement a
particular set of ports in a particular configuration,
components need not.include .all of the .ports of each connector.
For example, a component that is not capable of receiving video
input may not include the video input port 720a. More
generally, each component may include any combination of ports.

For example, referring to FIG. 7C, a schematic diagram is
shown of interconnected components 702b-c according to one
embodiment of the present invention. As shown in FIG. 7C,
component 702b and component 702c are coupled by male connector
704d and female connector 704e, respectively. Although only
two components 702b-c are shown in FIG. 7C, it should be
appreciated that any number of additional components having
similarly arranged male and female connectors may be further
connected to components 702b and 702c. It should further be
appreciated that components may be connected in any suitable
order.

As shown in FIG. 7C, components 702b and 702c do not
include all ports provided by the example connector standard
cshown in FIG. 7B. For example, component 702b includes USB
master ports, but does not include USB slave ports, indicating
that component 702b may only be used as a USB master device.
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Similarly, component 702c includes USB slave ports, but does
not include USB master ports, indicating that component 702c
may only be used as a USB slave device. In the example shown
in FIG. 7C, component 702b’s USB master port is connected to
component 702c’s USB slave port, indicating that component 702b
acts as a USB master device and component 702c acts as a USB
slave device.

Similarly, component 702b includes video out ports, but
does not include video in ports, indicating that component 702b
may provide video output but may not receive video input.
Correspondingly, component 702c includes video input ports but
does not include video output ports, indicating that component
702¢c may receive video input but not provide video output. As
shown in FIG. 7C, the male video output port of component 702b
is connected to- the. female video input port of component 702c,
thereby enabling component 702b to provide video output to
component 702c¢. Other connections between corresponding ports
of components 702b and 702c can readily be seen in FIG. 7C.

It should be appreciated that although each of the
components is shown in FIGS. 7A-7C as having a pair of
connectors on either side of the component, this particular
configuration arrangement of connectors is shown merely for
purposes of example and does not constitute a limitation of the
present invention. Rather, each component may have any number
of connectors arranged in any suitable layout. Furthermore,
the components 402a-d may have other connectors that do not
conform to the interconnect standard described above. Such
other connectors may include, for example, USB connectors and
AC adapter jacks.

In one embodiment of the present invention, connectors
constructed according to the design of the example standard
connectors 704a-b are used to interconnect components. Use of

such connectors in conjunction with the techniques described
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above for seiécting particular resources to perform particular
functiong will now be described in more detail.

Agssume for purposes of example that the component 702b
shown in FIG. 7C is the core component 402a (FIG. 5A) and that
he component 702c shown in FIG. 7C is the output component 402c
(FIG. 5C). Also assume for purposes of example that the core
component 402a and the output component 402c¢ are not yet
connected to each other or to any other component. As
described above, in one embodiment, each of the components
702b-c has a unique device ID, a feature list, and a resource
usage table. The feature list of the component 702b may, for
example, indicate that the component is capable of providing
video output. The feature list of the component 702c may
indicate that the component 702c is capable of receiving video
input.

Now assume that the components 702b and 702c are connected
by connecting the connectors 704d and 704e to each other. 1In
response to the formation of this connection, either or both of
the components 702b-c may generate a configuration change
detection (CCD) event by, for example, transmitting a signal
indicating a CCD event along the I?C bus (which, as described
above, i1s within the signaling bus). Upon receiving the CCD
event, each of the components 702b-c¢ broadcasts information
about itself (such as its device ID and feature list) on the
I?C bus. Each of the componentg 702b-c¢ is thereby informed of
the identity and features of the component (s) to which it is
connected.

The components 702b-c may then perform the neighbor
handshaking described above using the neighbor wires contained
within the signaling bus. As a result, the component 702b will
ascertain that component 702c is its neighbor, and vice versa.

The components 702b-c may then execute their configuration
strategies to select resources for use to perform particular
functions. For example, assume that the configuration strategy
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of the component 702c specifies that the component 702c may
receive video input either from an internal video source (such
as the microprocessor 482 shown in FIG. 5C) orlfrom an external
video source. When the component 702c¢c executes its
configuration strategy, it will decide whether to use its
internal video source (e.g., the microprocessor 482) or the
video source provided by the component 702b (e.g., the
microprocessor 414) as a source of video. As a result of the
decision made by executing the configuration strategy, the
component 702c¢ may, for example, select the chosen video source
using an internal multiplexor, as described above. If the
component 702c¢ chooses the video source provided by component
702b, the component.,702c will receive a video input signal
through the video input port of connector 704e. It should be
appreciated that certain resources may only be available for
use from neighboring components, while other resources may be
available from any component in the same component set.

Now consider an example in which a component requires a
resource that is not supplied internally by the component. For
example, now assume that the component 702c includes a display
(such as the LCD 472 shown in FIG. 5C) that requires a video
source, but that the component 702c does not include an
internal video source for the display. Also assume for
purposes of example that the component 702c includes only a
single connection (such as the video input port of connector
704e) through which to receive a video source signal. 1In one
embodiment, upon being connected to a video source through the
video input port of connector 704e, the component 702c may
select the connected video source for use as a source of video.
This technique provides an alternative to the use of
configuration strategies for the selection of resources. It
should be appreciated that this technique may be used to select

any kind of resource.
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The resource usage tables for the components 702b-c are
updated after the components 702b-c select. resources (such as
by using configuration strategies or the alternative technique
described above).  The components 702b-c may then use the
selected resources. It should be appreciated that the
techniques just described may be applied to any number of
components interconnected in a variety of ways.

It should therefore be appreciated that the components
702a-c¢ (and additional components) may be interconnected (using
connectors 704a-f) in -a variety of configurations to form a
variety of computing systems. Components in such computing
systems may access resources (such as functional modules or
sub-components thereof) provided by other components in the
computing system. Components may be added to or removed from
an exXisting configuration' to form a different computing system.
Such ease of reconfiguration may provide a variety of
advantages, such as reduction in size and cost, reduction or
elimination of data redundancy, and increased ease of use, as
described in more detail above.

In general, the techniques described above may be
implemented, for example, in hardware, software, firmware, or
any combination thereof. The techniques described above may be
implemented in one or more computer programs executing on a
processor, a storage medium readable by the processor
(including, for example, volatile and non-volatile memory
and/or storage elements), at least one input device, and at
least one output device. Program code may be applied to data
entered using the input device to perform the functions
described herein and to generate output information. The
output information may be provided to one or more output
devices.

Elements and components described herein may be further
divided into additional components or joined together to form
fewer components for performing the same functions.
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Each computer program within the scope of the claims below
may be implemented in any programming language, such as
assembly language, machine language, a high-level procedural
programming language, or an object-oriented programming
language. The programming language may be a cpmpiled or
interpreted programming language.

Each computer program may be implemented in a computer
program product tangibly embodied in a machine-readable storage
device for execution by a computer processor. Method steps of
the invention may be performed by a computer processor
executing a program tangibly embodied on a computer-readable
medium to perform functions of the invention by operating on
input and generating output.

It is to be understood that although the invention has
been described above in terms of particular embodiments, the
foregoing embodiments are provided as illustrative only, and do
not limit or define the scope of the invention. Other
embodiments are also within the scope of the present invention,
which is defined by the scope of the claims below. Other
embodiments that fall within the scope of the following claims
includes include, but are not limited to, the following.

What is claimed is:
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CLAIMS

1. A system comprising:

a docking component comprising an upper component, a lower
component hingedly coupled to the upper component, and a first
connector;

a core component comprising a comprising a first
processing subsystem, a first input subsystem, a first output
subsystem, a first storage subsystem, a first power subsystem,
and a second connector;

wherein the docking component and the core component are
adapted to form a computer when the first connector and the

second connector are connected to each other.

2. The system of claim 1, wherein the upper component

comprises a display screen.

3. The system of claim 1, wherein the lower component

comprises a keyboard.

4. The system of claim 1, wherein the first input

subsystem comprises a touch pad.

5. The system of claim 1, wherein the first input
subsystem comprises a touch screen, and wherein the first

output subsystem comprises the touch screen.

6. The system of claim 1, wherein the docking component
further comprises a cavity including the first connector, and
wherein the cavity is adapted to enclose the core component

when the first connector is connected to the second connector.
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7. The system of claim 6, wherein the docking component
further comprises means for exposing at least some of the first

input subsystem when the first connector is connected to the

second connector.

8. The system of claim 7, wherein the lower component of
the docking component comprises an exterior surface, and
wherein the means for exposing comprises a gap in the exterior

surface.

9. A system comprising:

a core component comprising a first processing subsystem,
a first input subsystem, a first output subsystem, a first
storage subsystem, a first power subsystem, and a first
connector;

a docking component comprising a cavity and a second
connector, wherein the cavity is adapted to enclose the core
component when the first connector is connected to the second
connector;

wherein the docking component and the core component are
adapted to form a computer when the first connector and the

second connector are connected to each other.

10. The system of claim 9, wherein the docking component
further comprises means for exposing at least some of the first
input subsystem when the first connector is connected to the

second connector.

11. The system of claim 10, wherein the docking component
comprises an exterior surface, and wherein the means for

exposing comprises a gap in the exterior surface.

12. An apparatus comprising:
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second

display screen;

first user input device;

first connector;

cavity adapted to enclose a first

connector

wherein the

to form a second

second

13.

connector
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apparatus and the first

computer when the first
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computer having a
the first connector;
computer are adapted

connector and the

are connected to each other.

The apparatus of claim 12, wherein the first computing

device comprises a second user input device, and wherein the

docking component further comprises means for exposing at least

some of the second user input device when the first connector

is connected to the second connector.

14.

The apparatus of claim 13,

further comprising an

exterior surface, and wherein the means for exposing comprises

a gap in the exterior surface.
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