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(57) ABSTRACT

A method of displaying list items is provided that includes
defining a plurality of list items, defining a plurality of lay-
outs, and linking each list item to a layout such that each
layout can be linked to one or more list items. An electronic
device is provided that includes a display and a user interface
configured to display lists on the display, wherein the items of
the lists are formatted based on a limited number of layout
types such that the items having similar components share a
common layout type. A user interface for an electronic device
is also provided that includes a plurality of list items having
properties defined by a layout, wherein each layout defines
the properties for one or more list items and is stored in an
object.

14
G1 ~y e
3
2Ny
ttem 1
ftem 2

b

214 T\

210
v G2

a8

il P




Patent Application Publication

Sep. 30, 2010

Sheet 1 of 8

US 2010/0251178 Al

A0

Network
Deavice

A
Expansion

Card

P’

Storage

20 4
User .
Interface Display
2e550r{5} Fowsr
Processor(s) S
o4 16
WO
Memory oo




Patent Application Publication

100

Sep. 30,2010 Sheet 2 of 8

102
Initialize
aphxcs Layer of Ul

~104

Attach Graphics Layer
to Software Renderer

é 105

[

é ~106

Respond fo Input Prompting
a Transition/Special Effect

& 108

Detach
from Software Renderer

é Pk 1

Altach to One or
More Hardware Layers

é ~ 2

Perform
Transition/Special Effect

é ~ 114

Detach from One
or More Hardware Layers

é ~H1e

Altach
to Software Renderer

US 2010/0251178 Al

FIG. 5



Patent Application Publication  Sep. 30,2010 Sheet 3 of 8 US 2010/0251178 A1
’/«—202 //‘ 200
Menu - 2058
ltem 1 //’
/Item Z
204 —
FIG. 4A
202 206
Gl ~ L~ G2
¥ Menu
ltem 1
//Item 2
204
- 2086
FIG. 4B
' 210
ony B g
ftem 1 (
ftem 2 214 T\ ({
FIG. 4C
V\\ /,»«210
214

FIG. 4D



US 2010/0251178 Al

Sep. 30,2010 Sheet 4 of 8

Patent Application Publication

2l

Y O%

&
B!

G 'old
<
Y

143
!

SIS L TS TR e den
O+ Jamod : g s g
oce~ | ~92¢ 902¢ -~ ~PIE z2ee~ ~02¢

sieiduisg sleidwiag Jeg syeidwis)

abew SRS RUSH
oLg- =lelo0d 006~

UeaIog
20G~ ~00¢



Patent Application Publication

C Initialize Ul

Sep. 30,2010 Sheet 5 of 8

402

D

404

Clone Ul Element

!

~ 400

—# Active Clone

:

~ 406

/ Inactive Clone /

|

Display Ul Window{s)

!

412

Receive input
Prompting Transition

!

414

Apply Properties
to Active Clone

!

416

Transition Active
Clone and inactive Clone

~ 410

;

~ 418

[

Active Clone on
Target Screen (Entering)

[

:

i ~ 420

inactive Clone on

Previous Screen {Exiling)

422

Display Active Clone

424

Updated inactive Clone

FIG. 6

US 2010/0251178 Al



Patent Application Publication  Sep. 30,2010 Sheet 6 of 8 US 2010/0251178 A1

517
L

rd AY
Active Inactive

o THet | | THet |
\504 \506

[5?7
" Active Inactive 5Q6 ~ 7310
o [ Tte2 |t Tilet |
\504 \506
\508
FIG.7B
517
P ""/ N 510 514
Active Inactive 506 ~504
R LA A
o | Tee2 | i Tiet | L Tle 1]} The2]:
\B0O4 \B06
\508
FIG.7C
[‘5?7
IActive Enactive;
ty ] Te2 | | Tiet |
\504 \506
FIG.7D
517
L
P N 514
Active inactive 504 ™ \\ !
o [ Tez | 0 [ Tiez |
\504 \506
\508

FIG. 7E



US 2010/0251178 Al

Sep. 30,2010 Sheet 7 of 8

Patent Application Publication

£

BUON \ / HN-NUSH
BLON A+ A UBBIDG ||N4-¥D0D
SUON apis Auordey obueyny | 9SRIMOUS NSy
aped BPON ape 4 SOl JeraD),
Ayoedo abueyn BUOHN JSuikerd mon,
ape SLON apeqi ing-puncifaioy
SUIS BUON 3PS :E,ﬂ%gmﬁmm,
SUON :E,scmﬁ,
BUON, HeH-Nuspy
pelelly! UeRIog |Ind | esEoMOYS Buifely N4 41 End
nuapy w0 |, nuey | mojden00, | moN | -punciBeiod |-puncifiyorg [-nusiy |, iem-nuepy [\ ssejo usalog
- 7 R 00
¥i9 200~ 29—
" 009




Patent Application Publication  Sep. 30,2010 Sheet 8 of 8 US 2010/0251178 A1

700y
7035 -
\Text"i 702
705 ™, -T04
Text?
707K ~706
Text 3 708
710
% Teiétéi S A
714~ N 711
FIG. 9
BOO 802
List View
________________________________________________ 2826 ...,
-804 :
List Child View
805 ~806 ~506 810
\{ Layout 1 Layout 2 Layout3{ eee flayoullN
: )"’"""‘"""”’E"””"””’"“! r“""”"""j"”"""”’”‘! 812
Text View Bitmap Text View Text View Bitmap

514 816 518 ~820 532



US 2010/0251178 Al

LIST ITEM LAYOUTS SYSTEM AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/899,027 entitled “List Item Layouts
System and Method”, filed Sep. 4, 2007, which is herein
incorporated by reference in its entirety for all purposes.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to graphical
user interfaces and more particularly to a graphical user inter-
face for a portable electronic device.

[0004] 2. Description of the Related Art

[0005] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0006] The graphical user interface (“GUI”) of an elec-
tronic device may accomplish a variety of tasks and present a
variety of information to a user. The user sees and interacts
with the GU], so it is beneficial if the GUI presents informa-
tion and choices to auser in a way that is not only pleasing and
natural to the eye but conducive to efficient use of the under-
lying application and hardware. For example, a user may
expect a certain amount of performance and responsiveness,
in addition to a pleasing and natural interface.

[0007] One particular area that may greatly affect how a
user perceives the interface is special effects, such as transi-
tions, that may be used between different screens. A transition
that is too jarring or abrupt may result in an unpleasant inter-
face. Alternatively, a transition that is inefficient or poorly
designed may be interpreted by the user as a slow or unre-
sponsive user interface. Many special effects may be used as
transitions to avoid these problems, such as fading screens in
and out (changing opacity), sliding or moving screens in and
out, scaling or resizing screens, etc.

[0008] However, as the demand for smaller portable elec-
tronic devices with a wide range of functionality increases,
processing and memory resources may not be available and
may constrain the ability of a device to provide these special
effects. In addition, providing these special effects should not
result in an accompanying decrease in speed or responsive-
ness of the user interface.

SUMMARY

[0009] Certain aspects of embodiments disclosed herein by
way of example are summarized below. It should be under-
stood that these aspects are presented merely to provide the
reader with a brief summary of certain forms an invention
disclosed and/or claimed herein might take and that these
aspects are not intended to limit the scope of any invention
disclosed and/or claimed herein. Indeed, any invention dis-
closed and/or claimed herein may encompass a variety of
aspects that may not be set forth below.

[0010] A portable electronic device having a user interface
is provided. In one embodiment, one or more graphics layers
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of the user interface may dynamically attach or detach to or
from hardware layers. A graphics layer may also attach or
detach to or from a software renderer. For various special
effects, such as transitions between graphics layers, a graph-
ics layer may attach to a specific hardware layer to facilitate
execution of the special effect. In response to a user input or
other input prompting a transition, a graphics layer may
detach from a software renderer, attach to a hardware layer,
execute the transition, and then detach from the hardware
layer and attach to the software renderer.

[0011] In one embodiment, the user interface may include
screens, templates, and Ul components, such that a screen
may include one or more templates, and a template may
include one or more UI components. In addition, transitions
may occur between screens sharing the same template. To
allow Ul components on a template to be displayed at the
same time during the transition, each Ul component may be
cloned in memory such that identical clones having unique
identifiers exist. An active clone may be updated with the
properties of the entering or target screen of the transition, and
an inactive clone may be displayed on the exiting or previous
screen of the transition.

[0012] In another embodiment, screens may be classified
into different screen classes. A transition between screens
may be selected based on the classification of the entering or
target screen and the exiting or previous screen.

[0013] Inanother embodiment, a menu having one or more
list items is provided. Each list item may include different
elements, such as text, graphics, or dynamic items. Each list
item may include a layout that specifies properties for the
elements of the list items, such as size, position, etc. All
possible list item layouts are classified and stored in a fly-
weight object in memory, allowing list items to share layout
information instead of storing a layout for each list item.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features, aspects, and advantages of
the present invention will become better understood when the
following detailed description of certain exemplary embodi-
ments is read with reference to the accompanying drawings in
which like characters represent like parts throughout the
drawings, wherein:

[0015] FIG.1isaperspective view illustrating an electronic
device, such as a portable media player, in accordance with
one embodiment of the present invention;

[0016] FIG. 2 is a simplified block diagram of the portable
media player of FIG. 1 in accordance with one embodiment of
the present invention;

[0017] FIG. 3 is a flowchart depicting dynamically recon-
figurable graphics layers in accordance with an embodiment
of the present invention;

[0018] FIGS. 4A-D depict a simplified series of screens of
a user interface illustrating a dynamically reconfigurable
graphics layer according to an embodiment of the present
invention.

[0019] FIG. 5 is a block diagram depicting a hierarchy of
components of one embodiment of a user interface in accor-
dance with an embodiment of the present invention;

[0020] FIG. 61isaflowchart of one embodiment ofa process
for a transition between clones of a user interface element in
accordance with an embodiment of the present invention;
[0021] FIGS. 7A-E depict simplified diagrams of a transi-
tion between clones of a user interface element in accordance
with an embodiment of the present invention;
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[0022] FIG. 8 depicts a selection matrix that may be used to
select a specific transition for a combination of screen classes
of a user interface in accordance with an embodiment of the
present invention;

[0023] FIG. 9 depicts a simplified menu screen of a user
interface depicting a list of items in accordance with an
embodiment of the present invention; and

[0024] FIG.10is block diagram illustrating a classification
of list item layouts and corresponding flyweight object in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0025] One or more specific embodiments of the present
invention will be described below. These described embodi-
ments are only exemplary of the present invention. Addition-
ally, in an effort to provide a concise description of these
exemplary embodiments, all features of an actual implemen-
tation may not be described in the specification. It should be
appreciated that in the development of any such actual imple-
mentation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be
appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those
of ordinary skill having the benefit of this disclosure.

[0026] Turning now to the figures, FIG. 1 depicts an elec-
tronic device 10 in accordance with one embodiment of the
present invention. In some embodiments, the electronic
device 10 may be a media player for playing music and/or
video, a cellular phone, a personal data organizer, or any
combination thereof. Thus, the electronic device 10 may be a
unified device providing any one of or a combination of the
functionality of a media player, a cellular phone, a personal
data organizer, and so forth. In addition, the electronic device
10 may allow a user to connect to and communicate through
the Internet or through other networks, such as local or wide
area networks. For example, the electronic device 10 may
allow a user to communicate using e-mail, text messaging,
instant messaging, or using other forms of electronic commu-
nication. By way of example, the electronic device 10 may be
a model of an iPod® having a display screen or an iPhone®
available from Apple Inc.

[0027] In certain embodiments the electronic device 10
may be powered by a rechargeable or replaceable battery.
Such battery-powered implementations may be highly por-
table, allowing a user to carry the electronic device 10 while
traveling, working, exercising, and so forth. In this manner, a
user of the electronic device 10, depending on the function-
alities provided by the electronic device 10, may listen to
music, play games or video, record video or take pictures,
place and take telephone calls, communicate with others,
control other devices (e.g., the device 10 may include remote
control and/or Bluetooth functionality, for example), and so
forth while moving freely with the device 10. In addition, in
certain embodiments the device 10 may be sized such that it
fits relatively easily into a pocket or hand of the user. In such
embodiments, the device 10 is relatively small and easily
handled and utilized by its user and thus may be taken prac-
tically anywhere the user travels. While the present discus-
sion and examples described herein generally reference an
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electronic device 10 which is portable, such as that depicted in
FIG. 1, it should be understood that the techniques discussed
herein may be applicable to any electronic device having a
display, regardless of the portability of the device.

[0028] In the depicted embodiment, the electronic device
10 includes an enclosure 12, a display 14, user input struc-
tures 16, and input/output connectors 18. The enclosure 12
may be formed from plastic, metal, composite materials, or
other suitable materials or any combination thereof. The
enclosure 12 may protect the interior components of the elec-
tronic device 10 from physical damage, and may also shield
the interior components from electromagnetic interference
(EMD).

[0029] The display 14 may be a liquid crystal display
(LCD) or may be a light emitting diode (LED) based display,
an organic light emitting diode (OLED) based display, or
other suitable display. In accordance with certain embodi-
ments of the present technique, the display 14 may display a
user interface as well as various images 15, such as logos,
avatars, photos, album art, and so forth. Additionally, in one
embodiment the display 14 may be a touch screen through
which a user may interact with the user interface. The display
14 may also display various function and/or system indicators
to provide feedback to a user, such as power status, call status,
memory status, etc. These indicators may be in incorporated
into the user interface displayed on the display 14.

[0030] In one embodiment, one or more of the user input
structures 16 are configured to control the device 10, such as
by controlling a mode of operation, an output level, an output
type, etc. For instance, the user input structures 16 may
include a button to turn the device 10 on or off. In general,
embodiments of the electronic device 10 may include any
number of user input structures 16, including buttons,
switches, a control pad, keys, knobs, a scroll wheel, or any
other suitable input structures. The input structures 16 may
work with a user interface displayed on the device 10 to
control functions of the device 10 or of other devices con-
nected to or used by the device 10. For example, the user input
structures 16 may allow a user to navigate a displayed user
interface or to return such a displayed user interface to a
default or home screen.

[0031] The electronic device 10 may also include various
input and output ports 18 to allow connection of additional
devices. For example, a port 18 may be a headphone jack that
provides for connection of headphones. Additionally, a port
18 may have both input/output capabilities to provide for
connection of a headset (e.g. a headphone and microphone
combination). Embodiments of the present invention may
include any number of input and/or output ports, including
headphone and headset jacks, universal serial bus (USB)
ports, Firewire or IEEE-1394 ports, and AC and/or DC power
connectors. Further, the device 10 may use the input and
output ports to connect to and send or receive data with any
other device, such as other portable electronic devices, per-
sonal computers, printers, etc. For example, in one embodi-
ment the electronic device 10 may connect to a personal
computer via a Firewire or IEEE-1394 connection to send and
receive data files, such as media files.

[0032] Turning now to FIG. 2, a block diagram of compo-
nents of an illustrative electronic device 10 is shown. The
block diagram includes the display 14 and /O ports 18 dis-
cussed above. In addition, the block diagram illustrates the
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user interface 20, one or more processors 22, a memory 24,
storage 26, card interface(s) 28, networking device 30, and
power source 32.

[0033] As discussed herein, in certain embodiments the
user interface 20 may be displayed on the display 14, and may
provide a means for a user to interact with the electronic
device 10. The user interface may be a textual user interface,
a graphical user interface (GUI), or any combination thereof,
and may include various layers, windows, screens, templates,
elements or other components that may be displayed in all of
or areas of the display 14.

[0034] The user interface 20 may, in certain embodiments,
allow a user to interface with displayed interface elements via
the one or more user input structures 16 and/or via a touch
sensitive implementation of the display 14. In such embodi-
ments, the user interface provides interactive functionality,
allowing a user to select, by touch screen or other input
structure, from among options displayed on the display 14.
Thus the user can operate the device 10 by appropriate inter-
action with the user interface 20.

[0035] The processor(s) 22 may provide the processing
capability required to execute the operating system, pro-
grams, user interface 20, and any other functions of the device
10. The processor(s) 22 may include one or more micropro-
cessors, such as one or more “general-purpose” microproces-
sors, a combination of general and special purpose micropro-
cessors, and/or ASICS. For example, the processor(s) 22 may
include one or more reduced instruction set (RISC) proces-
sors, such as a RISC processor manufactured by Samsung, as
well as graphics processors, video processors, and/or related
chip sets.

[0036] Embodiments of the electronic device 10 may also
include a memory 24. The memory 24 may include a volatile
memory, such as RAM, and a non-volatile memory, such as
ROM. The memory 24 may store a variety of information and
may be used for a variety of purposes. For example, the
memory 24 may store the firmware for the device 10, such as
an operating system for the device 10 and/or any other pro-
grams or executable code necessary for the device 10 to
function. In addition, the memory 24 may be used for buft-
ering or caching during operation of the device 10.

[0037] The device 10 in FIG. 2 may also include non-
volatile storage 26, such as ROM, flash memory, a hard drive,
any other suitable optical, magnetic, or solid-state storage
medium, or a combination thereof. The storage 26 may store
data files such as media (e.g., music and video files), software
(e.g., for implementing functions on device 10), preference
information (e.g., media playback preferences), lifestyle
information (e.g., food preferences), exercise information
(e.g., information obtained by exercise monitoring equip-
ment), transaction information (e.g., information such as
credit card information), wireless connection information
(e.g., information that may enable media device to establish a
wireless connection such as a telephone connection), sub-
scription information (e.g., information that maintains a
record of podcasts or television shows or other media a user
subscribes to), telephone information (e.g., telephone num-
bers), and any other suitable data.

[0038] Theembodimentin FIG. 2 also includes one or more
card slots 28. The card slots 28 may receive expansion cards
that may be used to add functionality to the device 10, such as
additional memory, I/O functionality, or networking capabil-
ity. The expansion card may connect to the device 10 through
any type of connector and may be accessed internally or
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externally to the enclosure 12. For example, in one embodi-
ment the card may be a flash memory card, such as a
SecureDigital (SD) card, mini- or microSD, CompactFlash
card, Multimedia card (MMC), etc. Additionally, in some
embodiments a card slot 28 may receive a Subscriber Identity
Module (SIM) card, for use with an embodiment of the elec-
tronic device 10 that provides mobile phone capability.
[0039] The device 10 depicted in FIG. 2 also includes a
network device 30, such as a network controller or a network
interface card (NIC). In one embodiment, the network device
30 may be a wireless NIC providing wireless connectivity
over any 802.11 standard or any other suitable wireless net-
working standard. The network device 30 may allow the
device 10 to communicate over a network, such as a LAN,
WAN, MAN, or the Internet. Further, the device 10 may
connect to and send or receive data with any device on the
network, such as other portable electronic devices, personal
computers, printers, etc. For example, in one embodiment,
the electronic device 10 may connect to a personal computer
via the network device 30 to send and receive data files, such
as media files. Alternatively, in some embodiments the elec-
tronic device may not include a network device 30. In such an
embodiment, a NIC may be added into card slot 28 to provide
similar networking capability as described above.

[0040] Thedevice 10 may also include or be connected to a
power source 32. In one embodiment, the power source 32
may be a battery, such as a Li-lon battery. In such embodi-
ments, the battery may be rechargeable, removable, and/or
attached to other components of the device 10. Additionally,
in certain embodiments the power source 32 may be an exter-
nal power source, such as a connection to AC power and the
device 10 may be connected to the power source 32 via the [/O
ports 18.

[0041] Turning now in more detail to the user interface 20,
the user interface 20 may of any suitable design to allow
interaction between a user and the device 10. Thus, the user
interface 20 may provide windows, menus, graphics, text,
keyboards or numeric keypads, scrolling devices, or any other
elements. In one embodiment, the user interface 20 may
include screens, templates, and Ul components, and may
include or be divided into any number of these or other
elements. The arrangement of the elements of user interface
20 may be hierarchical, such that a screen includes one or
more templates, a template includes one or Ul components. It
should be appreciated that other embodiments may arrange
user interface elements in any hierarchical or non-hierarchi-
cal structure and still utilize the techniques discussed herein.

[0042] A screen may be displayed on all or a portion of the
display 20 and, thus, may comprise the entire user interface
20 or only a portion of the user interface 20. The user interface
20 may include any number of screens of the same or different
configurations and/or sizes. According to an embodiment
using a hierarchical arrangement of elements, a screen may
include one or more templates. Templates may be reused by
different screens and may have properties associated with
each template that affect the use and display of that template.
Further, a screen may affect display of a template by overrid-
ing such properties and customizing a template for a particu-
lar use.

[0043] A template may include several user interface (UI)
components, and a set of Ul components may collectively
form a template. Each UI component may also include prop-
erties that define how that component is displayed, such as the
model from which data for the component is collected, the
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property identification of data, position, width, height, back-
ground color, etc. A Ul component may be any type of ele-
ment useful for display on the user interface 20, such as single
or multi-line text fields, progress bars, bitmaps or any other
image, power status indicator, lists, etc.

[0044] Inconjunction with such a hierarchical arrangement
of user interface elements, elements may be divided into
classes. For example, in one embodiment, screens may be
classified into screen classes, wherein each screen class rep-
resents a general layout of the templates that comprise the
screen. For example, the screen classes may include a menu-
half screen, a menu-full screen, a background-full screen, a
foreground-full screen, a “Now Playing” screen, a “cover
flow” screen, a menu showcase screen, a clock-full screen, a
menu clock, and so forth, each of which have different layouts
of templates.

[0045] As the user interface 20 in such an embodiment may
include any number of screens, templates, and Ul compo-
nents, various elements can be added or removed from the
user interface as needed. For example, selection of an item
from a menu screen may prompt display of another screen, or
selection of a different function may prompt removal of one
screen and insertion of another. Such actions may be referred
to as transitions, and such transitions may be a subset of a
larger category of user interface actions known as special
effects.

[0046] Special effects may include any number of visual or
non-visual actions on a user interface, such as fading or
changing opacity, sliding or moving, resizing or scaling, blur-
ring, rotating, pseudo-coloring, etc. Thus a transition may be
a special effect in which these actions of changing opacity,
resizing, moving, etc., are used to facilitate the addition and
removal of screens, templates, Ul components or any other
element to or from the user interface 20. In one embodiment,
a transition may include moving one screen, template, or Ul
component oftf of the user interface 20 and moving another
screen, window, template, or Ul component onto the user
interface 20. In such a transition between screens, for
example, the entering screen may be referred to as the “target”
screen, and the exiting screen may be referred to as the “pre-
vious” screen.

[0047] To facilitate execution and display of the user inter-
face 20, the user interface may be abstracted into different
graphics layers. Graphics layers may be defined such that a
graphics layer includes one or more elements of the user
interface 20. A graphics layer may include properties to con-
trol how the graphics layer and the elements included in that
graphics layer are used in the user interface 20 and/or dis-
played on the display 22. Further, as discussed further below,
the graphics layer abstraction may advantageously provide
for utilization of the software or hardware included in the
device 10 for display of the user interface 20.

[0048] Turning now to the processor(s) 22, one or more of
the processor(s) 22 may provide various features for use by
the user interface 20. For example, a processor 22 may pro-
vide a plurality of hardware layers that may be used to display
screens, templates, and/or Ul components of the user inter-
face 20. According to an embodiment using the graphics layer
abstraction discussed above, each hardware layer may be
utilized by one or more graphics layer in the user interface 20.
Alternatively, instead of utilizing the features provided by the
processor(s) 22, the graphics layers may utilize a software
renderer to display the screens, templates, and Ul compo-
nents of the user interface 20.
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[0049] Insomeembodiments, the hardware layers and soft-
ware renderer may each provide different advantages to the
user interface 20, such as by providing different or faster
execution of special effects for manipulating the screens,
templates, and elements that comprise the user interface 20.
For example, in one embodiment, the hardware layers may
include a set of LCD controller registers that can be used to
specify various parameters for a user interface component. In
such an embodiment, the parameters may include the position
on the display 14, the location in the memory 16, and the
stride, i.e. the width of each line. The hardware layers may
also provide a global opacity parameter that affects an entire
layer, and may include a setting to determine if a layer is
active (visible). However, in certain implementations, use of
the hardware layers provided by the processor(s) 22 may
result in increased power consumption by the device 10.
Thus, in such implementations, use of the software renderer
may be preferred to extend battery life of a device 10.
[0050] In one embodiment, the hardware layers may
include a set of layers referred to as layers G0, G1, ... Gn. In
such an embodiment, different layers may include different
functions and/or properties. In an embodiment having layers
(G0-G3 and video, for example, layers G0 and G1 may include
90-degree hardware rotators providing for rotation of a layer
when the device 10 and display 14 are rotated from a “por-
trait” to a “landscape” orientation. Layers G2 and G3 may not
have hardware rotators, but may provide other properties or
functions to provide for faster special effects in the user
interface 20, such as opacity change or transitional move-
ments for example. Different hardware layers may also utilize
different pixel formats. For example, in one embodiment, a
video layer may utilize Y CbCr color format while the G0, G1,
(2, and G3 layers may utilize a RGB pixel format.

[0051] Dueto the different advantages of the different hard-
ware layers and of the software renderer, the various special
effects, such as transitions, and other functions implemented
by the portable electronic device 10 may be provided or
executed faster or more efficiently by one or more of the
hardware layers or by software renderer. For example, for
certain images or transitions, the hardware layers may pro-
vide faster resizing, moving, opacity changes, scaling, blur-
ring, and/or pseudo-coloring for images, screens, templates,
UI components, or other elements of the user interface 20.
However, in such implementations, for other effects or
images, such as for images below a certain size threshold, the
software renderer may provide faster or more efficient execu-
tion.

[0052] As the hardware layers and software renderer may
each provide different advantages, one embodiment of the
present technique provides a dynamically reconfigurable
graphics layer abstraction to better utilize these advantages.
FIG. 3 illustrates one example of a process 100 in which one
or more graphics layers of a user interface 20 dynamically
attaches and detaches to one or more hardware layers and/or
to a software renderer. In this example, a graphics layer of the
user interface 20 is first initialized (block 102), such as if the
device 10 is switched on from an off state, or if the device 10
is activated after a suspended or hibernating state.

[0053] As discussed above, a user interface 20 may include
multiple graphics layers, and while the process 100 depicts
the process for a single graphics layer for the purpose of
explanation, the process may be applied to multiple graphics
layers of a user interface 20. In the depicted example, the
graphics layer is attached to a software renderer (block 104)
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such that the graphics is not utilizing any of the hardware
layers. In one embodiment, the software renderer is a soft-
ware compositing pipeline, such as implemented in an iPod®
or an iPhone® available from Apple Inc. In such an embodi-
ment, the software compositing pipeline facilitates display of
the graphics layer on the display 14.

[0054] The process 100 may receive an input 105 that
invokes (block 106) the use of a special effect, such as a
transition. The input 105 may be in response to an interaction
between a user and the user interface 20, such as selection of
a menu item from the user interface 20. Alternatively, the
input 105 may be in response to a non-user initiated action,
such as an incoming call, text message, network message or
alert, power message or alert, or any other action.

[0055] The invoked special effects may include transitions,
display of images, videos, or any other effect displayed in the
user interface 20. To facilitate execution of a special effect by
utilizing one or more hardware layers, the graphics layer may
be detached from the software renderer (block 108). The
graphics layer is then attached to one or more of the hardware
layers (block 110). In other words, one or more the hardware
layers G0, G1, G2, G3 and video are utilized to perform the
special effect and, once the effect is performed, control of the
graphics layers returns to the software renderer.

[0056] Insomeembodiments, the attachment of the graph-
ics layer to the hardware layer may require additional conver-
sions, calculations, or other transformations so that the graph-
ics layer displays consistently on the user interface 20. For
example, the attachment may require a color format conver-
sion if the hardware layer or layers being attached to uses a
YCbCr color format and the software renderer uses an RGB
color format. Additionally, recalculation of coordinates may
be required if the software renderer and the one or more
respective hardware layers represent position on the display
14 using different coordinate schemes.

[0057] Once the graphics layer is attached to one or more
hardware layers, the special effect, such as a transition, may
be performed (block 112) and is facilitated by the specific
functionality provided by the hardware layer, such as
increased speed, decreased memory utilization, hardware
enhanced effects such as opacity, rotation, and so forth. For
example, if the transition includes fading in and out, such as
by changing opacity of various user interface screens, then the
hardware layer may execute such a transition faster than the
software renderer.

[0058] As discussed above, hardware layers provided by
the microprocessor(s) 22 may provide various features, such
as rotators, scalars, etc. Thus, it may be advantageous to use
a specific hardware layer for a specific type of special effect.
In one embodiment, the hardware layer selected for a specific
special effect may be preselected during the design of the user
interface 20. Thus, for a specific special effect, a lookup table
or other stored association may be used to select the appro-
priate hardware layer for that special effect. Alternatively, in
other embodiments, the hardware layers may be dynamically
allocated by software. For example, for a specific special
effect, the first available hardware layer capable of executing
the special effect may be allocated by software to a graphics
layer, such that hardware layers are allocated as needed.
[0059] Once the special effect is completed, such as by the
completion of a transition from one user interface screen to
another, the graphics layer can then detach from the hardware
layer (block 114) and then attach to the software renderer
(block 116) and return to using software rendering to display
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the user interface 20. In such an implementation, detaching
the graphics layer from the hardware layer and reattaching the
graphics layer to the software renderer may free the hardware
layer and/or the processor(s) 22 for other purposes and may
minimize the power consumption of the device 10.

[0060] With the foregoing discussion in mind, FIG. 4A
depicts a series of simplified screen depictions of a user
interface 20 illustrating a dynamically reconfigurable graph-
ics layer according to an embodiment of the present inven-
tion. In FIG. 4A, the user interface 20 is split into two screens,
the left screen 202 depicting a list of menu items 204, and the
right screen 206 depicting an image 208. The graphics layers
displaying the screens 202, 206 are initially attached to the
software renderer. A user may initiate a transition in the user
interface by, for example, selecting a menu item from the list
of'menu items 204. After receiving this selection, the graphics
layers providing the two screens 202 and 206 may attach to
one or more hardware layers to utilize the features of those
hardware layers while executing a transition.

[0061] For example, referring now to FIG. 4B, in an
embodiment that includes hardware layers G0, G1, G2, G3
and Video, the graphics layer associated with left screen 202
may attach to hardware layer G1 and the graphics layer asso-
ciated with right screen 206 may attach to hardware layer G2.
These hardware layers may provide features that facilitate,
enhance, or accelerate the specific transition that will occur.
Further, as discussed above, the selection of the transition
may be predetermined or the selection may occur “on-the-
fly” via software allocation. As part of the transition, a third
screen 210 associated with its own graphics layer may be
attached to yet another hardware layer, such as the Video
layer, as seen in FIGS. 4C and 4D.

[0062] Afterthe graphics layers have attached to respective
hardware layers, the transition, such as a sliding transition,
occurs as depicted in FIG. 4C. Current screens 202 and 206
“slide out” in direction of arrows revealing screen 210 that is
a “background” screen or video layer. As can been seen in
FIG. 4C, athird screen 210 that includes image 214 appears as
the screens 202 and 206 slide out of the user interface 20.
Display of the third screen 210 is facilitated by the Video
hardware layer, which may be allocated to the graphics layer
of screen 210 as discussed above.

[0063] As depicted in FIG. 4D, the transition is complete
when screens 202 and 206 are no longer displayed on user
interface 20 and when the third screen 210 is fully displayed
on user interface 20. At this point, the graphics layers of
screens 202, 206, and 210 may detach from hardware layers
G1, G2, and Video respectively. The graphics layers of third
screen 210 may attach to the software renderer; alternatively,
if further special effects will occur that may utilize the fea-
tures of hardware layer Video, the graphics layer of screens
210 may remain attached to the hardware layer Video to
facilitate faster execution of those special effects.

[0064] Turning now to other aspects of a user interface 20
for use with a portable electronic device 10, FIG. 5 depicts a
block diagram 300 of a hierarchy of elements of one embodi-
ment of a user interface 20. As mentioned above, other
embodiments may arrange user interface elements in any
hierarchical or non-hierarchical structure. Further, the dia-
gram depicted in FIG. 5 is a simplified diagram illustrating
only some elements of an embodiment of a user interface 20,
and other elements may be included or excluded.

[0065] The top level of the block diagram of FIG. 5 is a
screen 302. In one embodiment, a screen 302 may include one
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or more templates 304, such as a menu template 306, a status
bar template 308, and an image template 310. The templates
304 may be reused by different screens, and may have prop-
erties associated with each template that affect the use and
display of that template. Further, as illustrated in FIG. 5, a
template may include one or more Ul components 312. For
example, in FIG. 5, the status bar template 308 is depicted as
including UI components 312 such as a bitmap 314, a title
316, and a power status indicator 318.

[0066] As will be discussed below in FIGS. 6 and 7, to
facilitate transitions between screens, templates, and other
elements, each Ul component 312 may be cloned such that
two identical clones of each Ul component 312 exist in the
memory of the device 10, each with a unique identifier. For
example, in FIG. 5 each Ul component 312 is divided into two
identical clones. Thus, bitmap 314 is divided into two clones
320 and 322, title 316 is divided into two clones 324 and 326,
and the power status indicator 318 is divided into clones 328
and 330.

[0067] As each Ul component 312 has two clones, one
clone may be designated as an “active” clone, and the other
clone may be designated as an “inactive” clone. The active
clone is the Ul component that is modified and drawn on an
entering or target screen during a transition, while the inactive
clone is the Ul component previously displayed on the exiting
or previous screen of a transition.

[0068] For example, a user may enter an input from a first
screen that results in a second screen being transitioned into
the user interface 20. Because the second screen may also use
the status bar template 308 and the corresponding UI compo-
nents, the transition between the two screens may require the
UI components comprising the status bar template 308 to be
displayed at the same time, both for the entering or target
screen and for the exiting or previous screen. Thus, cloning of
the UI components 312 allows for two Ul components to be
displayed at the same time. Further, because two Ul compo-
nents 312 are available in memory, one Ul component clone
may be modified based on the entering or target screen by
changing the properties discussed above, in preparation for
the transition, yet the other clone may remain unchanged on
the display.

[0069] FIG. 6 depicts a flowchart of one embodiment of a
cloning Ul components process 400. Turning now to the
flowchart, the user interface may be initialized (block 402),
such as by turning on the portable electronic device 10. A Ul
component for a template, such as the bitmap 314, title 316,
and power status indicator 318 components shown in FIG. 5
is copied to create identical clones each having unique iden-
tifiers (block 404), i.e., active clone 406 and inactive clone
408. One or more screens using a template and corresponding
Ul components are displayed (block 410) in the display of the
device 10, and the inactive clone 408 of a UI component is
displayed. Next, the user interface may receive an input, such
as a user selection of a menu item, prompting a transition to a
target screen (block 412). Alternatively, the input may be a
non-user initiated item, such as an incoming phone call, text
message, email, network message or alert, etc.

[0070] Upon receiving the input that prompts a transition,
the properties for the UI component for the target screen are
applied to the active clone 406 (block 414), while the inactive
clone 508 remains on the exiting or previous screen. The
transition between the exiting or previous screen and the
entering or target screen then occurs (block 416) and includes
the transition between the inactive clone 408 and the active
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clone 406. During the transition, the active clone 406 and
inactive clone 408 are displayed on the target screen and
previous screen respectively (blocks 418 and 420). After the
transition is complete, the active clone 406 with the updated
properties for the target screen is displayed on the user inter-
face (block 422). The inactive clone 408 is then updated by
applying the properties of the active clone 406 to the inactive
clone 408 (block 424), such that both clones of the UI com-
ponent are once again identical. As shown by line 426, the
process then returns to the original state of two identical
clones in memory, one active and one inactive, and is ready
for the further screen transitions.

[0071] To further illustrate the process depicted in FIG. 6, a
simplified transition between clones of an element of a user
interface is depicted in FIGS. 7A-7E. The left column illus-
trates the properties of the clones in memory, and the right
column is the user interface 20 as displayed on a display 14.
For illustrative purposes, the transition is divided into steps,
and each step in the transition is identified as t0, t1, 12, etc.
Beginning with t0 in FIG. 7A, two clones 504 and 506 of a
“title” UI component 507 are depicted in column 500. Each
clone is stored in memory with a unique identifier, so that
each clone may be identified and manipulated separately. In
one implementation, the first clone 504 may be designated as
the active clone, while the second clone 506 may be desig-
nated as the inactive clone. Initially, each clone is identical, as
illustrated by the value “TITLE1,” indicative of the value of a
property for each clone.

[0072] At t0, right column 502 displays a simplified user
interface 508 having two screens 510 and 512. The first screen
410 includes the title component, and thus may be a template
that includes a title component, such as the status bar template
308. Other Ul components may be included in screen 510 but
are not shown in the simplified illustration of FIG. 6. The
second screen 512 may also include any number of templates
and Ul components. At t0 of the transition, the screen 510
displays the inactive clone 506.

[0073] Turning to FIG. 7B, att1, the user interface 508 may
receive input, such as a selection from a user, prompting a
transition to occur. The transition may utilize a target screen
using the same status bar template 306 and the title compo-
nent 507. However, as discussed above, the new incoming
screen may include components of the status bar template 306
having different properties. Thus, the properties of the title
component 507 may be modified on the target screen for
display in the user interface 508. As illustrated in FIG. 7B,
these modifications are applied to the active clone 504. Thus,
attl in FIG. 7B, the active clone 504 has been updated to have
value “TITLE2” The inactive clone retains the value
“TITLE1,” as the screen 510 displaying the inactive clone 506
is still viewable on the user interface 508.

[0074] Att2inFIG. 7C, the transition between the previous
screen 510 and the target screen 514 occurs. The screen 510,
the exiting screen, is transitioned off of the user interface 508,
and the incoming screen 514 is entering the user interface
508. As seen in the user interface 508, both the active clone
504 and the inactive clone 506 are visible at the same time
during the transition. Further, because active clone 504 has
already been modified, the transition shows the incoming
screen 514 with the updated value “TITLE2.” while the exit-
ing screen 510 displays the value “TITLE1.”

[0075] Referring now to FIG. 7D, at t3 the transition is
complete and the target screen 514 is now fully displayed on
the user interface 508. The target screen 514 is displayed with
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the updated Ul components, such as the active clone 504 of
the title component 507 with the updated value “TITLE2.” At
13, the active clone 504 and inactive clone 506 are in memory
with the property values “TITLE2” and “TITLE1” respec-
tively.

[0076] Finally, referring to FIG. 7E, at t4 the properties of
the active clone 504 are applied to the inactive clone 506.
Thus, inactive clone 506 now has the property value
“TITLE2,” thus returning the title component 507 to exist as
two identical clones in memory. Further transitions may uti-
lize the same technique shown in FIG. 6, with the formerly
inactive clone 506 becoming the active clone and receiving
the updated properties in preparation for a transition. Alter-
natively, the designations of active and inactive may simply
be switched after completion of the transition such that the
previously active clone is now inactive and the previously
inactive clone is now active. Further, in some embodiments
the application of the properties to each clone may occur
simultaneously, such as during the execution of the transition.
[0077] To facilitate selection of a transition, an embodi-
ment of the present technique may use the classification of
user interface components for transition selection. For
example, in an embodiment having the screen classifications
discussed above, a transition may be determine based the
screen classes of the target and/or previous screens. For each
possible combination of target screen class and previous
screen class, there are a number of possible transitions.
[0078] For example, FIG. 8 depicts a selection matrix 600
that may be used to select or designate a specific transition for
any combination of screen class in accordance with an
embodiment of the present invention. The row 602 and the
column 604 of the matrix 600 depict the nine screen classes
discussed above as included in one embodiment of the present
invention. The cells of row 602 may represent an entering or
target screen, and the cells of column 604 may represent an
exiting or previous screen. Each cell in the matrix 600 where
a screen class from row 602 and a screen class from column
604 intersect indicate the specific transition that may be used.
Thus, for those cells in the matrix 600 that are at the intersec-
tion of identical screen classes, such as cell 608, no transition
is present as there is no need to transition between identical
screen classes.

[0079] Thus, different combinations of screen classes may
have specified transition effects and types. For example, if the
exiting or previous screen is classified background-full, as in
block 610, and the entering screen is classified as menu-half,
such as block 612, the transition selected is a slide. Thus, the
entering screen, classified as a menu-half screen, will slide
into the exiting screen, classified as a background-full screen.
In another example, if the entering screen is a menu show-
case, as in block 614, and exiting screen is classified as a
foreground-full class, as in block 616, then the selected tran-
sition is a fade. Thus, for that transition, a menu showcase
screen will fade in over a fading out foreground-full screen.
Further, a pair of screen classes may have different transitions
designated for the pair, depending on the direction of the
transition. For example transitioning from a foreground-full
screen class to a menu showcase screen class may be accom-
plished with a fade transition however, transitioning from the
menu showcase screen class to the foreground-full screen
class may be accomplished with a sliding transition.

[0080] For some possible transitions in the matrix 600, no
specific transition may be specified, such as in cells 618. In
these particular cases, a default transition may be used. If
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during the selection process, no transition is found in the
selection matrix 600, the default or fallback transition will be
used. The matrix 600 may be pre-populated during the design
of the user interface or the matrix 600 may be populated or
changed according to user preferences, allowing users to
specify their preferred transitions. Alternatively, multiple
selection matrices may be used, such as one for pre-populated
selections, one for user preferred selections, one for further
subclasses of screens, etc.

[0081] As mentioned above in discussion of the user inter-
face 20, menus may be one of the possible elements displayed
in the user interface 20. For example, according to one
embodiment of the user interface 20, screens displayed in the
user interface 20 may include menus, in which each menu
may comprise a list of items. Each list item may have a
particular layout associated with that item, such that the lay-
out specifies the position, size, and other properties of those
components of the list item. For example, FIG. 9 depicts a
simplified menu screen 700 of a user interface 20 showing a
list of items. These list items may represent items selectable
by the user or may also be items used to display information
that are not selectable. Additionally, as will be discussed
below, the items may include static or dynamic components.
Beginning with the first item 702, this item includes text 706
shown as “TEXT1.” The second item 704 in the list of the
menu screen 700 includes text 705 displayed as “TEXT2.”
Thus, both items 702 and 704 include only text items, and a
stored layout for those items need only store the layout of the
text. The third item 706 includes both the text 707, displayed
as “TEXT3,” and a graphic 708, such as a bitmap, as illus-
trated by the arrow. Thus, the layout for item 706 may store
the position, size, and other properties of the text and the
graphic 708. The fourth item 710 in the list includes the text
711 (“TEXT4”), a graphic 712 represented by the arrow, and
a dynamic, i.e. known only at runtime, item 714. Therefore,
the layout for the item 710 may need to include the position,
size, and other properties of the text 711, the graphic 712, and
the dynamic item 714.

[0082] Because each item in a list may be different than
other items, storing individualized layouts for each list item
may result in increasing memory usage as the menus options
increase. Such memory usage may be disadvantageously
large in some embodiments of a portable electronic device 10
in which memory may be constrained due to the size of the
device 10. FIG. 10 depicts a block diagram 800 showing a
classification of list item layouts in accordance with an
embodiment of the present technique that minimizes the
memory usage of those list item layouts. The top of the block
diagram 800 is a list view 802. Underneath the list view 802
is a list child view 804 that contains the list item layouts 805.
All the possible list item layouts may be determined, and
these are identified in FIG. 10 as layout1 806, layout2 808,
layout3 810, and so on through layout “n” 812.

[0083] Eachlist item layout includes layout information for
list item elements. For example, layoutl 806 may include
layout information for a text view 814 and a bitmap 816.
Layout2 808 may include layout information for text view
818 only, whereas layout3 810 may include that information
for a text view 820 and a bitmap 822. Thus, layouts may be
specified for various elements of the list items, so that the list
items may be displayed such as in the embodiment depicted in
FIG. 9.

[0084] Additionally, list items may be associated with lay-
outs dynamically at the time a list item is rendered. For
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example, the renderer for alist item can request a layout from
software, such as from a model. The model can return a layout
to the renderer, and the list item will use that layout. Thus, in
some embodiments, the layout can be dynamically based on
a status, condition, or other data. For example, if a media file
stored on the device 10 has not been played by a user, at the
time the list item is rendered a list item may use layout1 806.
If the media file stored on the device 10 has already been
played by a user, then at the time the list item is rendered, the
same list item may use layout3 810.

[0085] In accordance with an embodiment of the present
invention, list item layouts may be defined inside an object
826. In one implementation, the object may be a flyweight
object, wherein the flyweight object is shared among multiple
contexts simultaneously. In each context, the flyweight object
acts as an independent object, may be used the same as an
instance of an independent object. The flyweight object 826
minimizes the total memory usage of storing a layout, and
allows any number of items with the same layout to share the
memory cost of the layout. Further, dynamic list items may be
displayed, next to static list items.

[0086] For example, a menu list item that includes a text
view and a bitmap may refer to the layoutl 806 for layout
information. A second menu list item that includes a text view
and a bitmap may also refer to layoutl 806 for layout infor-
mation. Thus, instead of storing a list item layout for each list
item, list items may refer to the same layout information
stored in the flyweight object 826. Further, because all pos-
sible list item layouts for the device 10 may be determined
and stored in the flyweight object 826, any list item may refer
to the layouts in the flyweight object to obtain layout infor-
mation.

[0087] While the invention may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to coverall
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the following
appended claims.

What is claimed is:
1. A method of displaying list items, comprising:
defining a plurality of list items;
defining a plurality of layouts; and
linking each list item to a layout, wherein each layout can
be linked to one or more list items, wherein each of the
plurality of layouts comprises properties of the one or
more list items.
2. The method of claim 1, comprising displaying the plu-
rality of list items based on the linked layout.
3. The method of claim 1, wherein the plurality of list items
comprises one or more dynamic list items.
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4. The method of claim 3, comprising displaying the one or
more dynamic list items based on the linked layout.

5. The method of claim 1, comprising wherein one or more
of the plurality of layouts are selected by a user.

6. The method of claim 1, wherein the properties comprise
properties for displaying text, graphics, or any combination
thereof.

7. The method of claim 1, comprising storing the plurality
of'layouts in a flyweight object.

8. An electronic device, comprising:

a display; and

a user interface configured to display one or more lists on

the display, wherein a plurality of items of the lists are
formatted based on a limited number of layout types
such that the items having similar components share a
common layout type, wherein each of the limited num-
ber of layout types define properties of components of
the one or more items of the plurality of items.

9. The electronic device of claim 8, wherein the each of the
plurality of items comprises a graphic, text, or any combina-
tion thereof.

10. The electronic device of claim 9, wherein the graphic
comprises a bitmap.

11. The electronic device of claim 8, wherein the one or
more lists comprise a menu.

12. The electronic device of claim 8, wherein a layout type
comprises a position and a size of one or more of the plurality
of list items.

13. The electronic device of claim 8, wherein the electronic
device comprises at least one of a media player, a cellular
phone, or a personal data organizer, or any combination
thereof.

14. The electronic device of claim 8, comprising a memory,
wherein the user interface is stored in the memory.

15. A user interface for an electronic device, comprising:

a plurality of list items, where properties for each list item

are defined by a layout, wherein each layout defines the
properties for one or more of the plurality of list items,
wherein a plurality of layouts is stored in an object.

16. The user interface of claim 15, wherein the properties
comprise a position and a size of one of more of the plurality
of list items.

17. The user interface of claim 15, wherein the object
comprises a flyweight object.

18. The user interface of claim 15, comprising a menu,
wherein the menu comprises a plurality of list items.

19. The user interface of claim 15, wherein each list item
comprises a graphic, text, a dynamic item, or any combina-
tion thereof.

20. The electronic device of claim 15, wherein the elec-
tronic device comprises at least one of a media player, a
cellular phone, or a personal data organizer, or any combina-
tion thereof.



