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(57) ABSTRACT 

Methods, systems, and apparatus, including computer pro 
grams encoded on a computer storage medium, for Switching 
display modes based on connections between devices. In one 
aspect, it is determined that an external display has been 
connected to or disconnected from a mobile device. Based on 
the determining, an application executing on the mobile 
device is switched between a first display mode and a second 
display mode. In the first display mode, a single user interface 
is displayed on the touch screen of the mobile device. In the 
second display mode, a first user interface is displayed on the 
external display and a second user interface, for receiving 
user inputs, is displayed on the touch screen of the mobile 
device. 
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SWITCHING DISPLAY MODES BASED ON 
CONNECTION STATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Application 
Ser. No. 61/377,673 filed on Aug. 27, 2010 and entitled 
“Switching Display Modes Based on Connection State the 
entire contents of which are incorporated herein by reference. 

BACKGROUND 

0002 This specification relates to mobile devices. 
0003 Mobile devices, such as smart phones, personal 
digital assistants (PDAs), and the like, typically include touch 
screen displays that can display information to a user. 
Through a touch screen display of a mobile device, a user can 
provide input to the mobile device, in response to which the 
mobile device can display information. In several situations, 
the mobile device simultaneously displays information on 
and enables users to provide inputs through the touch screen 
display. 
0004 Mobile devices are often sized to fit in a user's palm. 
Consequently, the size of the touch screen display that a 
mobile device includes is small relative to, for example, a 
computer monitor or a television screen. Also, in some situ 
ations, there may be limitations on the display characteristics 
of the touch screen display due to constraints on a number 
and/or size of components that can be installed in the mobile 
device. The small size of mobile device touchscreen displays 
makes it difficult to simultaneously display information and 
receive user inputs. 

SUMMARY 

0005. In general, one innovative aspect of the subject mat 
ter described in this specification can be embodied in pro 
cesses for Switching display modes of a mobile device (or of 
an application running on the mobile device), based on the 
state of a connection between the mobile device and an exter 
nal display. When the mobile device and the external display 
are disconnected, the mobile device can display a single user 
interface on, and can receive inputs through, its touch screen. 
When the mobile device and the external display are con 
nected, the mobile device can display a user interface on, and 
can receive inputs through, its touchscreen, and can display a 
different, user interface on the external display. When con 
nected, the user interface on the touch screen can display 
controls which help the user to provide inputs, while user 
interface on the external display can be the primary user 
interface for the application. 
0006. In general, another innovative aspect of the subject 
matter described in this specification can be embodied in 
methods that include the actions of determining that an exter 
nal display has been connected to or disconnected from a 
mobile device, and based on determining that the external 
display has been connected to or disconnected from the 
mobile device, Switching an application executing on the 
mobile device between a first display mode in which the 
application generates a single user interface for display on a 
touchscreen of the mobile device, and a second display mode 
in which the application generates a first user interface for 
display on the external display and a different, second user 
interface for display on, and for receiving user inputs through, 
the touch screen of the mobile device. 

Mar. 1, 2012 

0007. Other embodiments of these aspects include corre 
sponding Systems, apparatus, and computer programs, con 
figured to perform the actions of the methods, encoded on 
computer storage devices. 
0008. These and other embodiments can each optionally 
include one or more of the following features. In various 
examples, determining that an external display has been con 
nected to or disconnected from a mobile device further com 
prises determining that the external display has been con 
nected to the mobile device, and Switching an application 
further comprises Switching the application from the first 
display mode to the second display mode; determining that 
the external display has been connected to or disconnected 
from the mobile device further comprises determining that 
the external display has been disconnected from the mobile 
device, and Switching an application further comprises 
Switching the application from the second display mode to the 
first display mode; displaying, on the touch screen of the 
mobile device in the first display mode, a visual element and 
a first set of controls for receiving user inputs to control the 
visual element, displaying, on the external display in the 
second display mode, the visual element, and displaying, on 
the touch screen of the mobile device in the second display 
mode, a second set of controls for receiving the user inputs to 
control the visual element; the second set of controls includes 
controls that are not included in the first set of controls; the 
second set of controls includes all controls of the first set of 
controls and additional controls; and/or the actions include, in 
the first display mode, displaying a control in a first size, and 
in the second display mode, displaying the controlina second 
size that is larger than the first size. 
0009 Particular implementations of the subject matter 
described in this specification can be implemented so as to 
realize one or more of the following advantages. A mobile 
device can display a user interface on its touch screen for the 
purpose of aiding or encouraging user input. At the same time, 
a different user interface can be displayed on an external 
display, as the primary user interface for an application run 
ning on the mobile device. Because the external display can 
be larger or can include different display characteristics than 
the touch screen, the user can have a better experience when 
running the application with a connected external display, 
than they would by running the application on the mobile 
device alone. Controls displayed on the touch screen can 
guide or otherwise inform the user when interacting with the 
touch screen. 

0010 Furthermore, a user does not need to restart an appli 
cation in order to display the user interface of a mobile device 
application on the external display. Rather, by connecting the 
mobile device and the external display, not only can the user 
view a user interface on the external display, but the user can 
also control the user interface displayed on the larger external 
display through interactions with the touch screen of the 
mobile device. Because the mobile device can be designed to 
be held in a user's hand, the user can find it easier to provide 
inputs through the touch screen of the mobile device than 
through some other input mechanism. All of these advantages 
can enhance the user experience when the user invokesgam 
ing, navigation, media playing, or other types of applications. 
0011. The details of one or more implementations of the 
subject matter described in this specification are set forth in 
the accompanying drawings and the description below. Other 
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potential features, aspects, and advantages of the Subject mat 
ter will become apparent from the description, the drawings, 
and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIGS. 1A-B, 3A-B, 4A-B, 5 and 6 illustrate 
example mobile devices. 
0013 FIG. 2 is a flowchart of an example process. 
0014. Like reference numbers and designations in the 
various drawings indicate like elements. 

DETAILED DESCRIPTION 

0015 FIG. 1A illustrates an example mobile device 105. 
Among other components, the mobile device 105 includes a 
touchscreen 117 and one or more processors 180 that execute 
a computer application 182. In some implementations, the 
mobile device 105 can additionally include a hardware con 
troller 124 (e.g., trackball, a track pad, a keyboard, or a 
mouse). The mobile device 105 can be, for example, a per 
Sonal digital assistant (PDA), Smart phone, navigation sys 
tem, music player, tablet computer, e-book reader, or any 
other type of computing device. 
0016. As used by this specification, a “touch screen” (or 
“touchscreen,” or “touch screen display') is an electronic 
visual display that can detect the presence and location of a 
touch within the display area. The touch, which defines a user 
input, can occur using a finger, hand, stylus lightpen, or other 
object. The touch can represent a single touch at a particular 
location on the touch screen 117, or the touch can representa 
movement, or 'Swipe across multiple locations on the touch 
screen 117. The usercantouch the touchscreen 117 to control 
the application. 
0017 Although the touchscreen 117 and the external dis 
play 110 are both output devices for displaying visual infor 
mation, the external display 110 is different from the touch 
screen 117 because it is a peripheral device that is connected 
to the mobile device 105 through an outside or outer part of 
the mobile device 105. For example, the external display 110 
can be connected to the mobile device 105 through an exter 
nal interface orport 129, while the touchscreen 117 is built in 
to the mobile device 105. Because the external display 110 is 
not constrained internal to the mobile device 105 and is there 
fore not constrained by the size of the mobile device 105, the 
external display 110 can be larger than, or can include 
improved display characteristics over, the touch screen 117. 
0018. The application can be, for example, a media play 
ing application, a gaming application, a navigation applica 
tion, a text editor, or any other application. The application 
can generate and display one or more user interfaces on the 
touchscreen 117. When the mobile device 105 is connected to 
the external display 110, the application can display one or 
more user interfaces on each of the touch screen 117 and/or 
the external display 110. Each user interface is made up of one 
or more graphical or textual elements, which are referred to 
collectively by this specification as “visual elements'). 
0019. The application running on the mobile device 105 
(or the mobile device 105 itself) is capable of operating in two 
or more different display modes (e.g., first display mode 100 
and second display mode 200), which are manually or auto 
matically selected based at least upon whether the mobile 
device 105 is connected to or disconnected from the external 
display 110. Depending upon which mode is selected, the 
application can output a single user interface for display on 
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the touch screen 117, or the application can output a user 
interface for display on the touch screen 117 for receiving 
user inputs, and can output another, different user interface 
for display on the external display 110 as the primary user 
interface for the application. The application receives user 
inputs through the touchscreen 117 and/or hardware control 
lers 124. The primary user interface is a user interface within 
which the application displays the outputs (e.g., visual ele 
ments) generated in response to the user inputs. 
0020. The application can run in the first display mode 100 
when the mobile device 105 is not connected to the external 
display 110, i.e., when the mobile device 105 is disconnected 
from the external display 110. The application can determine 
that the mobile device 105 is not connected to the external 
display 110 based on receiving a signal that indicates that no 
external display 110 is connected or that a port through which 
the external display 110 would be connected is not being 
used, or based on not receiving a signal that would indicate 
that an external display 110 is connected or that a port 129 
through which the external display would be connected is 
being used. Alternatively, the application can prompt the user 
to specify whether the mobile device is or is not connected to 
the external display 110. 
0021. In the first display mode 100, the application gener 
ates a single user interface 120, and displays the user interface 
120 on the touch screen 117. The user interface 120 includes 
one or more visual elements 121, which can include video, 
still and/or animated images, graphics, game components, 
interactive street maps, text, or combinations thereof. Gener 
ating a single user interface can include generating one or 
more user interfaces for display on a single display, but does 
not include generating a user interface for display on multiple 
displays, or generating different user interfaces for display in 
multiple displays. 
0022. Among the many visual elements displayed in the 
user interface 120, the application displays a set of controls 
(for example, controls 122) that, along with hardware con 
troller 124, can be used to receive user inputs. In this situation, 
because the application is a media playing application, the set 
of controls 122 can include a “START/PAUSE' button 126, a 
“FORWARD button 127, and a “REWIND button 128. 
Other applications can use different types of controls. 
0023 The mobile device 105 transitions from the first 
display mode 101 to the second display mode 102 when the 
external monitor 110 is connected to the mobile device 105. 
Even after detecting the connection, the application can 
require confirmation from the user of the mobile device 105 
before transitioning from the first display mode 101 to the 
second display mode 102. The connection 115 between the 
mobile device 105 and the external monitor 110 can be a 
wireless connection (e.g., through a Digital Visual Interface 
(DVI) connection) or through a wireless connection (e.g., 
through a BLUETOOTH interface). 
0024. The application can determine that the mobile 
device 105 is connected to the external display 110 based on 
receiving a signal that indicates that the external display 110 
is connected or that a port 129 through which the external 
display 110 would be connected is being used, or based on not 
receiving a signal that would indicate that an external display 
110 is disconnected or that a port 129 through which the 
external display would be connected is not being used. Alter 
natively, the application can prompt the user to specify 
whether the mobile device 105 is or is not connected to the 
external display 110. 
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0025. In the second display mode 102, the application 
generates at least two user interfaces: user interface 130, 
which the mobile device 105 displays on the external display 
110 and user interface 132, which the mobile device displays 
on the touch screen 117. The user interfaces 130 and 132 are 
different from each other, and are each different from the user 
interface 120. 

0026. In the second display mode 102, the application 
displays one or more visual elements (e.g., visual elements 
140), which can include video, still and/or animated images, 
graphics, game components, interactive Street maps, text, or 
combinations thereof. Because the user interface 130 is the 
primary user interface for the application in the second dis 
play mode, the visual elements 140 displayed in the user 
interface 130 in the second display mode 102 can include 
Some or all of the visual elements (e.g., visual elements 121) 
that were displayed in the user interface on the touch screen 
117 in the first display mode 101. When the external display 
110 is larger than the touch screen 117 (or otherwise has 
different, e.g., an improved, display characteristic, relative to 
the touch screen 117), the visual element 140 can be dis 
played in a different, e.g., more visually pleasing, manner in 
the second display mode 102, than the visual element 121. 
0027. In the second display mode 102, the application also 
generates a user interface 132, which the application displays 
on the touchscreen 117. In the second display mode 102, the 
application can receive inputs through a set of controls 135 
that the application displays in the user interface 132, as well 
as through the hardware controller 124. Whereas, in the first 
display mode 101, the application displayed both the visual 
elements and the controls 122 in the touch screen 117, in the 
second display mode 102, the application can display other 
controls (e.g., set of controls 135) in the touch screen 117 
because the application has moved certain visual elements to 
the external display. For example, the set of controls 135 can 
include a “START/PAUSE button 136, a “FORWARD but 
ton 137, and a “REWIND button 138. 
0028 Because the application can display such other con 

trols in the touch screen 117 in the second display mode 102. 
an input to control a visual element 121 that would have been 
received through the hardware controller 124 in the first dis 
play mode 101 can be received, instead, through the touch 
screen 117 in the second display mode 102 using the set of 
controls 135. Further, because the application can display 
other visual elements (e.g., same as or different from visual 
element 140) in the user interface 130 displayed on the exter 
nal display 110, the application can display fewer visual 
elements in the user interface 132. For example, the applica 
tion can display only the “START/PAUSE button” 136, the 
“FORWARD button 137, and the “REWIND button 138 on 
the user interface 132. 

0029. Furthermore, the user interfaces 132 or 140 can 
display a control (or a corresponding set of controls) with a 
size, shape, color, pattern, or other characteristic that is dif 
ferent than a corresponding control from the user interface 
120, which can be larger or smaller than the first size. For 
example, the set of controls 122 and the set of controls 135, 
each include a “START/PAUSE button, a “FORWARD 
button, and a “REWIND' button. However, the “START/ 
PAUSE button” 136 is larger in size than the “START/ 
PAUSE button 126, the “FORWARD button 137 is larger 
than the “FORWARD button 127, and the “REWIND but 
ton 138 is larger than the “REWIND” button 128. In other 
words, in the user interface 132, the set of controls 135 can be 

Mar. 1, 2012 

displayed in a larger size relative to the touch screen 117 
because the application has to display fewer visual elements 
within the touch screen 117. Doing so can make it easier for 
a user to interact with the user interface 132, especially on 
small screen mobile devices. 

0030. The mobile device 105 transitions from the second 
display mode 102 to the first display mode 101 when the 
external monitor 110 is disconnected from the mobile device 
105. Even after detecting the disconnection, the application 
can require confirmation from the user of the mobile device 
105 before transitioning from the second display mode to the 
first display mode. Disconnection can occur by detaching a 
cable (in the context of a wireline connection) or by termi 
nating a BLUETOOTH connection or by disabling a trans 
mitter (in the context of a wireless connection). 
0031. The application can determine that the mobile 
device 105 is disconnected from the external display 110 
based on receiving a signal that indicates that no external 
display is connected or that a port 129 through which the 
external display would be connected is not being used, or 
based on not receiving a signal that would indicate that an 
external display is connected or that a port 129 through which 
the external display would be connected is being used. Once 
transitioned to the first display mode 101, the application 
stops displaying the first user interface 130 on the external 
display 110 and the second user interface 132 on the touch 
screen 117, and displays the single user interface 120 on the 
touch screen 117 instead. 

0032 FIG. 1B illustrates an example mobile device 205. 
In the first display mode 201, a media player application 
executing on the mobile device 205 generates a single user 
interface 220 and displays the user interface 220 on the touch 
screen 217. In addition, the media player application gener 
ates a set of controls 222 that include, for example, a “START/ 
PAUSE button 226, a “FORWARD button 227, and a 
“REWIND” button 228. A user can provide input to view the 
media, for example, video content, using the set of controls 
222 displayed on the touch screen 217. 
0033. When the mobile device 205 is connected to the 
external display 210 over the connection 215, through the port 
229, the application switches the media player application to 
the second display mode 202. In the second display mode 
202, the media player application generates a first user inter 
face 230 which the mobile device 205 displays on the external 
display 210. Within the first user interface 230, the media 
player application displays visual elements (e.g., visual ele 
ment 240) that the media player application displayed in user 
interface 220 in the first display mode 201. Further, the media 
player application generates a second user interface 232 that 
the mobile device 205 displays on the touch screen 217. 
Because the media player application displays visual ele 
ments on the external display 210, the media player applica 
tion is provided with more space to display other visual ele 
ments and controls in the second user interface 232. 
0034. Also, the media player application can generate two 
sets of controls 235 and 245, and display both sets in the 
second user interface 232. Because more space is available on 
the touch screen 217 to the media player application, the 
application can display more controls on the touchscreen 217 
in the second display mode 202 than the application could in 
the first display mode 201. Consequently, the set of controls 
235 can include all controls that are included in the set of 
controls 222 and the set of controls 245 can include additional 
controls. Alternatively, or in addition, in the second display 
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mode 202, the application can generate a single set of controls 
that includes the controls displayed in the first display mode 
201 and additional controls. For example, the set of controls 
235 can include a “START/PAUSE button 236, a “FOR 
WARD button 237, and a “REWIND button 238. Addition 
ally, the set of controls 245 can include, for example, a 
“RECORD button 246, a “SKIP CHAPTER FORWARD 
button 247, and a “SKIP CHAPTER BACKWARD button 
248. 

0035. Thus, in a first display mode 201, space constraints 
can limit a number of controls that can be displayed in the 
touchscreen 217 of the mobile device 205 to display controls 
through which a user can provide inputs to control the visual 
elements. In the second display mode 202, when the mobile 
device 205 is connected to the external display 210, the space 
constraints are relaxed and more space is provided to the 
media player application to display controls. For example, a 
number of controls using which a user can provide inputs to 
the media player application increases when the mobile 
device 205 is connected to the external display 210. Conse 
quently, whereas it was possible to display only a certain 
number of controls while operating the mobile device 205 in 
the first display mode 201, it becomes possible to display 
more controls while operating the mobile device in the second 
display mode 202. 
0036 FIG. 2 is a flowchart of an example process 250. 
Briefly, the process 250, which can be executed by one or 
more computers that are configured to execute computer soft 
ware instructions, includes the actions of determining that an 
external display has been connected to or disconnected from 
a mobile device, and based on determining that the external 
display has been connected to or disconnected from the 
mobile device, Switching an application executing on the 
mobile device between a first display mode in which the 
application generates a single user interface for display on a 
touchscreen of the mobile device, and a second display mode 
in which the application generates a first user interface for 
display on the external display and a different, second user 
interface for display on, and for receiving user inputs through, 
the touch screen of the mobile device. 
0037. When the process 250 begins, it is determined that 
an external display has been connected to a mobile device 
(255). For example, the application receives a signal indicat 
ing that an external display has been connected to the mobile 
device. Alternatively, or in addition, the application executing 
on the mobile device stops receiving a signal that would 
indicate that an external display is disconnected or that a port 
through which the external display would be connected is not 
being used. Further, the application determines that the exter 
nal display has been connected to the mobile device upon 
receiving a signal from the user indicating that the mobile 
device is connected to the external display. 
0038 Based on determining that the external display has 
been connected to the mobile device, an application executing 
on the mobile device is switched from a first display mode in 
which the application generates a single user interface for 
display on a touch screen of the mobile device, to a second 
display mode in which the application generates a first user 
interface for display on the external display and a different, 
second user interface for display on, and for receiving user 
inputs through, the touch screen of the mobile device (260). 
0039. In some implementations, a mobile device can be 
connected to the two external displays. In such implementa 
tions, the application can be Switched from the first display 
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mode to a second display mode in which the application 
displays two second user interfaces on the two external dis 
plays. The two second user interfaces can be identical to each 
other. Alternatively, in Some implementations, the application 
can be switched to a second display mode in which the appli 
cation displays a second user interface in one of the external 
displays and displays a third user interface in the other exter 
nal display. The second user interface and the third user 
interface can each display different visual elements. 
0040. In some implementations, when the application 
determines the connection between the mobile device and the 
external display, the application can receive display charac 
teristics of the external display, e.g., Screen resolution, Screen 
size, and the like. In response, the application can generate a 
second user interface that the application determines as being 
optimal for an external display having the received display 
characteristics. For example, if the screen size of the external 
display is larger than that of the touch screen, then the appli 
cation can generate controls that are larger than the controls 
displayed in the touch screen of the mobile device. 
0041. In some implementations, when the application 
determines the connection between the mobile device and the 
external display, the application can additionally determine if 
the external display is configured to receive user inputs. For 
example, the application can receive one or more signals from 
the external display indicating that the external display 
includes a touch screen through which the external display 
can receive inputs. In response, the application can generate 
visual elements and controls for display in the second user 
interface. For example, the application can display a first set 
of controls on the touch screen of the mobile device and a 
second, additional set of controls on the touch screen of the 
external display. 
0042. It is determined that the external display has been 
disconnected from the mobile device (265). For example, the 
application can determine that the mobile device is discon 
nected from the external display based on receiving a signal 
that indicates that no external display is connected or that a 
port 229 through which the external display would be con 
nected is not being used, or based on not receiving a signal 
that would indicate that an external display is connected or 
that a port 229 through which the external display would be 
connected is being used. 
0043 Based on determining that the external display has 
been disconnected from the mobile device, the application is 
switched from the second display mode to the first display 
mode (270), thereby ending the process 250. For example, the 
mobile device can detect that a signal that previously indi 
cated that a connection was established now has been lost. 
Specifically, the application can detect that a Bluetooth con 
nection through which the mobile device and the external 
display were paired has been terminated. Alternatively, the 
application can detect that a signal received through the cable 
that connected the port 229 of the mobile device to the exter 
nal display is no longer received. Further, when power to the 
external display is turned off in a second display mode, the 
application can automatically Switch the application to the 
first display mode. 
0044 FIGS. 3A-B illustrate an example mobile device 
300. In the first display mode 301, a navigation application 
generates a single user interface 305 that the mobile device 
displays on the touch screen of the mobile device 300. Fur 
ther, the navigation application generates and displays one or 
more visual elements, for example, visual element 320, 
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within the user interface 305. For example, the visual element 
320 represents an interactive street map. The navigation 
application displays the interactive street map in the user 
interface 305. 
0045. Further, the navigation application generates a set of 
controls (controls 315,325, 330) that the mobile device 300 
displays in the user interface 305. A user can use the set of 
controls to provide input to interact with the visual element 
320. For example, the set of controls include a keyboard 
control 315. A user can input text using the keyboard control 
315. In the context of a navigation application, the user can 
use the keyboard control 315 to input addresses. 
0046. The navigation application can identify the location 
specified by the address and display an identifier marking the 
location on the visual element 320 corresponding to the inter 
active street map. In some implementations, the mobile 
device 300 includes a touch screen configured to receive user 
inputs Such as a finger Swipe. By Swiping a finger across the 
visual element 320 representing the interactive street map, the 
user can navigate the Street map. In some implementations, 
the set of controls can include a directionality control 325 that 
can include, for example, controls representing arrows. The 
mobile device 300 can receive user inputs through the direc 
tionality controls 325 to navigate the interactive street map. In 
Some implementations, the navigation application can gener 
ate and display in the user interface 305, another visual ele 
ment 330 representing a text box. The address that the user 
inputs through the keyboard control 315 can be displayed in 
the visual element 330 representing the text box. 
0047. When the mobile device 300 is connected to the 
external display 335, the navigation application switches to a 
second display mode 302. In the second display mode 302, 
the navigation application generates and displays a first user 
interface 342 on the external display 335. Further, the navi 
gation application generates and displays a second user inter 
face 344 on the touchscreen of the mobile device 300. In the 
first user interface 342, the navigation application displays a 
visual element 346 representing the interactive street map. 
Further, the navigation application displays a visual element 
354 representing a text box in which the navigation applica 
tion displays the address that the user has provided. 
0048. In the second user interface 344, the navigation 
application displays a set of controls (controls 348,350,352). 
The control 352 is a keyboard control similar to the control 
315 displayed in the first display mode 301. The controls 348 
and 350 represent sliding bars using which the user can inter 
act with the visual element 346 representing the interactive 
street map, for example, in lieu of the finger Swiping input 
with which the user interacted with the interactive street map 
in the first display mode 301. Thus, in some implementations, 
the controls in the second set of controls in the second display 
mode 302 can include controls that are not included among 
the set of controls in the first display mode 301. In alternative 
implementations, as shown in FIG. 3B, the navigation appli 
cation can display the visual element 354 representing the text 
box in the second user interface 344 displayed on the touch 
Screen of the mobile device 300. 
0049 Further, in some implementations, the navigation 
application can display the user interface, the visual elements, 
and the controls in a portrait orientation in the first display 
mode 301. In such implementations, in the second display 
mode 302, the navigation application can display the user 
interface, the visual elements, and the controls in a landscape 
orientation. 
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0050. In this manner, the mobile device 300 can be used to 
control an interactive street map displayed on the external 
display 335 to which the mobile device 300 is connected. For 
example, a user can execute the navigation application on the 
mobile device 300 that is not connected to any external dis 
play. In Such a situation, the user can input an address using 
the controls 315, for example, and view an interactive street 
map 320 on the touch screen of the mobile device 300. 
0051. When the user connects the mobile device 300 to the 
external display 335, for example, a display screen of an 
in-car navigation system, the display Screen of the in-car 
navigation system displays the interactive Street map and the 
mobile device 300 displays controls to input an address on the 
touch screen of the mobile device 300. Thus, by connecting 
the mobile device 300 to the in-car navigation system, the 
user can use the mobile device 300 to control and interact with 
the Street map. 
0052 FIGS. 4A-B illustrate an example mobile device 
400. Similar to the second display mode 302 described with 
reference to FIGS. 3A-B, the mobile device 400 detects a 
connection 430 between the mobile device 400 and an exter 
nal display 435. The mobile device 400 switches the display 
mode of a navigation application from a first display mode to 
a second display mode 402 in which the navigation applica 
tion displays a visual element 445 representing an interactive 
street map in the user interface 440 on the external display 
435. 

0053. In some implementations, the visual elements and 
controls that the navigation application displays in a user 
interface on the touch screen 405 can be similar to those that 
the navigation application displays in the user interface on the 
touch screen 405 in the first display mode. Therefore, for 
example, in both the first and second display modes, the 
navigation application can display a keyboard control 415. 
and a visual element 420 representing a textbox. In addition, 
in the second display mode 402, the navigation application 
can display scroll bar controls 422 and 424. 
0054. In some implementations, when the navigation 
application Switches the navigation application from the first 
display mode to the second display mode 402, the navigation 
application generates and displays a set of controls on the 
touch screen of the mobile device 400 that are entirely differ 
ent from the set of controls that the navigation application 
generates and the mobile device displays in the first display 
mode. For example, as described with reference to FIG. 4B, 
the navigation application displays multiple controls in the 
user interface 450 on the touch screen 405. 

0055. The multiple controls can include a "SAT" button 
456 through which the mobile device 405 receives input to 
display a visual element 445 representing a satellite image of 
the interactive street map in the external display 435. The 
controls can also include a "STREET" button 458 through 
which the mobile device 405 receives input to display another 
visual element representing a street view of a location on the 
interactive street map. The controls can further include a 
"MAP button that can return the display on the external 
display 445 to a map view from a street view. 
0056. In some scenarios, the mobile device 400 can 
include voice functionalities through which input to control 
the navigation application can be received. The controls can 
include a “VOICE' button and a “MUTE' button, through 
which the user can provide input to activate and de-activate 
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the voice functionalities, respectively. Further, the controls 
can include Zoom buttons 452 and 454, an "EXIT button 
466, and the like. 
0057 FIG. 5 illustrates an example mobile device 500. 
The mobile device 500 can execute a gaming application in a 
first display mode 501 and a second display mode 502. In the 
first display mode 501, the gaming application generates a 
single user interface 510 that the mobile device 500 displays 
on the touch screen 505. Further, the gaming application 
generates a set of controls 512 through which inputs are 
received to control a visual element 514 that the gaming 
application generates. 
0058. In some implementations, as an alternative or in 
addition to the set of controls 512, a user can control the visual 
element 514 directly by touching the visual element 514 or 
other portions of the user interface 510. Thus, in the first 
display mode 501, the gaming application generates and dis 
plays a video game interface on the touch screen 505. 
0059. When connected to an external display 515, the 
gaming application determines that a connection 520 to the 
external display 515 exists, and switches from the first display 
mode 501 to the second display mode 502. In the second 
display mode 502, the gaming application generates and dis 
plays a first user interface 525 on the external display 515. In 
this user interface 525, the gaming application displays the 
video game interface that the mobile device 500 displayed on 
the touchscreen 505 in the first display mode 501. Further, the 
gaming application generates and displays a second user 
interface 535 on the touch screen 505. 
0060. In the second display mode 502, the gaming appli 
cation can generate display a set of controls 540 that include 
multiple control buttons and visual elements representing 
arrows pointing in different directions. Because the video 
game interface is displayed in the external display 515, the 
visual elements that are to be controlled as part of the gaming 
experience need no longer be displayed on the touchscreen of 
the mobile device 500. 
0061 Instead, the set of controls 540 that the mobile 
device 500 displays on the touch screen 505 of the mobile 
device 500 can be used to control the visual elements 530 
displayed in the external display 515. Thus, when the mobile 
device 500 executes a gaming application and the mobile 
device 500 is connected to an external display 515, the mobile 
device 500 can be used as a controller to control visual ele 
ments displayed in a video game interface displayed in the 
external display 515. 
0062 FIG. 6 illustrates an example mobile device 600. An 
application executing on the mobile device 600 requests per 
mission to Switch from a first display mode to a second 
display mode 602. In some situations, the mobile device 600 
can be in an environment of one or more external displays 
with which the mobile device 600 can automatically be 
paired, e.g., through a BLUETOOTH connection. However, 
the user may not always desire Such a pairing, but rather may 
desire to continue to operate the mobile device 600 in a first 
display mode even when the mobile device 600 can be oper 
ated in the second display mode. In Such situations, the appli 
cation requests permission to Switch from the first display 
mode to the second display mode to ensure that the user 
desires such a Switch. 

0063. The mobile device 600 can include a touch screen 
605 and hardware controllers 620 through which input can be 
received to control visual elements displayed on the touch 
screen 605. The application can detect a connection 615 to an 
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external display 610. To request permission, the application 
can display a message on the touchscreen 605 indicating that 
the mobile device 600 detects a connection to an external 
display, and can display another message asking the user to 
provide input indicating whether the application should 
switch from the first display mode to the second display 
mode. 
0064. For example, the application can display the mes 
sage, “SWITCH2, and display a “YES” button 607 and a 
“NO’ button 609 in the user interface 605. The user can select 
the “YES” button 607, e.g., by touching the touch screen of 
the mobile device 600, thereby providing permission to 
Switch. Upon receiving permission to Switch, the mobile 
device 600 can switch the application from the first display 
mode to the second display mode. If the user selects the “NO” 
button 609 instead, the application can determine that the user 
has denied permission to Switch display modes. In response, 
the mobile device 600 can continue to execute the application 
in the first display mode. 
0065 Implementations of the subject matter and the 
operations described in this specification can be implemented 
in digital electronic circuitry, or in computer Software, firm 
ware, or hardware, including the structures disclosed in this 
specification and their structural equivalents, or in combina 
tions of one or more of them. Implementations of the subject 
matter described in this specification can be implemented as 
one or more computer programs, i.e., one or more modules of 
computer program instructions, encoded on computer storage 
medium for execution by, or to control the operation of data 
processing apparatus. Alternatively or in addition, the pro 
gram instructions can be encoded on an artificially-generated 
propagated signal, for example, a machine-generated electri 
cal, optical, or electromagnetic signal, which is generated to 
encode information for transmission to Suitable receiver 
apparatus for execution by a data processing apparatus. 
0066. A computer storage medium (similar to the com 
puter readable medium 184 shown in FIG. 1A) can be, or be 
included in, a computer-readable storage device, a computer 
readable storage Substrate, a random or serial access memory 
array or device, or a combination of one or more of them. 
Moreover, while a computer storage medium is not a propa 
gated signal, a computer storage medium can be a source or 
destination of computer program instructions encoded in an 
artificially-generated propagated signal. The computer Stor 
age medium can also be, or be included in, one or more 
separate physical components or media (for example, mul 
tiple CDs, disks, or other storage devices). 
0067. The operations described in this specification can be 
implemented as operations performed by a data processing 
apparatus on data stored on one or more computer-readable 
storage devices or received from other sources. For example, 
the mobile device can include one or more computer-readable 
storage devices that store the computer Software instructions. 
The mobile device can further include one or more data 
processing apparatuses that can read the computer Software 
instructions from the computer-readable storage devices and 
execute them. 
0068. The term “data processing apparatus' encompasses 
all kinds of apparatus, devices, and machines for processing 
data, including by way of example a programmable proces 
Sor, a computer, a system on a chip, or multiple ones, or 
combinations, of the them. The apparatus can include special 
purpose logic circuitry, for example, an FPGA (field pro 
grammable gate array) or an ASIC (application-specific inte 
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grated circuit). The apparatus can also include, in addition to 
hardware, code that creates an execution environment for the 
computer program in question, for example, code that con 
stitutes processor firmware, a protocol stack, a database man 
agement system, an operating system, a cross-platform runt 
ime environment, a virtual machine, or a combination of one 
or more of them. 
0069. A computer program (also known as a program, 
Software, Software application, Script, or code) can be written 
in any form of programming language, including compiled or 
interpreted languages, declarative or procedural languages, 
and it can be deployed in any form, including as a stand-alone 
program or as a module, component, Subroutine, object, or 
other unit Suitable for use in a computing environment. A 
computer program can, but need not, correspond to a file in a 
file system. A program can be stored in a portion of a file, in 
a single file dedicated to the program in question, or in mul 
tiple coordinated files (for example, files that store one or 
more modules, Sub-programs, or portions of code). A com 
puter program can be deployed to be executed on one com 
puter or on multiple computers that are located at one site or 
distributed across multiple sites and interconnected by a com 
munication network. 
0070 The processes and logic flows described in this 
specification can be performed by one or more programmable 
processors executing one or more computer programs to per 
form actions by operating on input data and generating out 
put. The processes and logic flows can also be performed by, 
and apparatus can also be implemented as, special purpose 
logic circuitry, for example, an FPGA (field programmable 
gate array) or an ASIC (application-specific integrated cir 
cuit). 
0071 Processors suitable for the execution of a computer 
program include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read-only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for performing actions in accor 
dance with instructions and one or more memory devices for 
storing instructions and data. Generally, a computer will also 
include, or be operatively coupled to receive data from or 
transfer data to, or both, one or more mass storage devices for 
storing data, for example, magnetic, magneto-optical disks, 
or optical disks. 
0072 However, a computer need not have such devices. 
Moreover, a computer can be embedded in another device, for 
example, a mobile telephone, a personal digital assistant 
(PDA), a mobile audio or video player, a game console, a 
Global Positioning System (GPS) receiver, or a portable stor 
age device (for example, a universal serial bus (USB) flash 
drive), to name just a few. 
0073. Devices suitable for storing computer program 
instructions and data include all forms of non-volatile 
memory, media and memory devices, including by way of 
example semiconductor memory devices, for example, 
EPROM, EEPROM, and flash memory devices; magnetic 
disks, for example, internal hard disks or removable disks; 
magneto-optical disks; and SD cards, CD-ROM and DVD 
ROM disks. The processor and the memory can be supple 
mented by, or incorporated in, special purpose logic circuitry. 
0074. While this specification contains many specific 
implementation details, these should not be construed as limi 
tations on the scope of any disclosures or of what can be 
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claimed, but rather as descriptions of features specific to 
particular implementations of particular disclosures. Certain 
features that are described in this specification in the context 
of separate implementations can also be implemented incom 
bination in a single implementation. Conversely, various fea 
tures that are described in the context of a single implemen 
tation can also be implemented in multiple implementations 
separately or in any suitable Subcombination. Moreover, 
although features can be described above as acting in certain 
combinations and even initially claimed as Such, one or more 
features from a claimed combination can in some cases be 
excised from the combination, and the claimed combination 
can be directed to a Subcombination or variation of a Subcom 
bination. 

0075 Similarly, while operations are depicted in the draw 
ings in a particular order, this should not be understood as 
requiring that such operations be performed in the particular 
order shown or in sequential order, or that all illustrated 
operations be performed, to achieve desirable results. In cer 
tain circumstances, multitasking and parallel processing can 
be advantageous. Moreover, the separation of various system 
components in the implementations described above should 
not be understood as requiring Such separation in all imple 
mentations, and it should be understood that the described 
program components and systems can generally be integrated 
together in a single software product or packaged into mul 
tiple software products. 
0076. Thus, particular implementations of the subject 
matter have been described. Other implementations are 
within the scope of the following claims. In some cases, the 
actions recited in the claims can be performed in a different 
order and still achieve desirable results. In addition, the pro 
cesses depicted in the accompanying figures do not necessar 
ily require the particular order shown, or sequential order, to 
achieve desirable results. In certain implementations, multi 
tasking and parallel processing can be advantageous. 
0077. In the examples described above, the application 
executing on the mobile device is described as performing the 
operations such as detecting that the external display has been 
connected to or disconnected from the mobile device, and 
Switching display modes based on the detecting. The opera 
tions can alternatively, or in addition, be performed by the 
mobile device on which the application is executing. 
0078. In other words, the mobile device can detect that the 
external display has been connected to the mobile device. 
Based on the detecting, the mobile device can switch the 
application executing on the mobile device from the first 
display mode to the second display mode. Subsequently, the 
mobile device can detect that the external display has been 
disconnected from the mobile device. In response, the mobile 
device can switch the application back to the first display 
mode. 

0079. In some implementations, when a user changes an 
orientation of the mobile device in a second display mode, for 
example, from portrait to landscape, the orientation of the 
visual elements displayed in the external display also corre 
spondingly change, i.e., from portrait to landscape. In some 
implementations, if the mobile device is held in a portrait 
mode and the external display displays a visual element in a 
landscape mode, and the user changes the orientation of the 
mobile device from the portrait mode to a landscape mode, 
then the orientation of the visual element in the external 
display is changed from a landscape mode to a portrait mode. 
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In Such implementations, black boxes are displayed around 
the images displayed in the external display. 
What is claimed is: 
1. A method comprising: 
determining that an external display has been connected to 

or disconnected from a mobile device; and 
based on determining that the external display has been 

connected to or disconnected from the mobile device, 
Switching an application executing on the mobile device 
between a first display mode in which the application 
generates a single user interface for display on a touch 
Screen of the mobile device, and a second display mode 
in which the application generates a first user interface 
for display on the external display and a different, sec 
ond user interface for display on, and for receiving user 
inputs through, the touch screen of the mobile device. 

2. The method of claim 1, wherein: 
determining that an external display has been connected to 

or disconnected from a mobile device further comprises 
determining that the external display has been connected 
to the mobile device, and 

Switching an application further comprises Switching the 
application from the first display mode to the second 
display mode. 

3. The method of claim 1, wherein: 
determining that the external display has been connected to 

or disconnected from the mobile device further com 
prises determining that the external display has been 
disconnected from the mobile device, and 

Switching an application further comprises Switching the 
application from the second display mode to the first 
display mode. 

4. The method of claim 1, further comprising: 
displaying, on the touch screen of the mobile device in the 

first display mode, a visual element and a first set of 
controls for receiving user inputs to control the visual 
element; 

displaying, on the external display in the second display 
mode, the visual element; and 

displaying, on the touch screen of the mobile device in the 
second display mode, a second set of controls for receiv 
ing the user inputs to control the visual element. 

5. The method of claim 4, wherein the second set of con 
trols includes controls that are not included in the first set of 
controls. 

6. The method of claim 4, wherein the second set of con 
trols includes all controls of the first set of controls and 
additional controls. 

7. The method of claim 1, further comprising: 
in the first display mode, displaying a control in a first size; 

and 
in the second display mode, displaying the control in a 

second size that is larger than the first size. 
8. A computer-readable storage medium storing computer 

Software instructions executable by one or more data process 
ing apparatus to perform operations comprising: 

determining that an external display has been connected to 
or disconnected from a mobile device; and 

based on determining that the external display has been 
connected to or disconnected from the mobile device, 
Switching an application executing on the mobile device 
between a first display mode in which the application 
generates a single user interface for display on a touch 
Screen of the mobile device, and a second display mode 
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in which the application generates a first user interface 
for display on the external display and a different, sec 
ond user interface for display on, and for receiving user 
inputs, through the touch screen of the mobile device. 

9. The medium of claim 8, wherein: 
determining that an external display has been connected to 

or disconnected from a mobile device further comprises 
determining that the external display has been connected 
to the mobile device, and 

Switching an application further comprises Switching the 
application from the first display mode to the second 
display mode. 

10. The medium of claim 8, wherein determining that the 
external display has been connected to or disconnected from 
the mobile device further comprises determining that the 
external display has been disconnected from the mobile 
device, and 

Switching an application further comprises Switching the 
application from the second display mode to the first 
display mode. 

11. The medium of claim 8, the operations further com 
prising: 

displaying, on the touch screen of the mobile device in the 
first display mode, a visual element and a first set of 
controls for receiving user inputs to control the visual 
element; 

displaying, on the external display in the second display 
mode, the visual element; and 

displaying, on the touch screen of the mobile device in the 
second display mode, a second set of controls for receiv 
ing the user inputs to control the visual element. 

12. The medium of claim 11, wherein the second set of 
controls includes controls that are not included in the first set 
of controls. 

13. The medium of claim 11, wherein the second set of 
controls includes all controls of the first set of controls and 
additional controls. 

14. The medium of claim 8, the operations further com 
prising: 

in the first display mode, displaying a control in a first size; 
and 

in the second display mode, displaying the control in a 
second size that is larger than the first size. 

15. A system comprising: one or more computers; and a 
computer-readable storage medium storing computer soft 
ware instructions executable by the one or more computers to 
perform operations comprising: 

determining that an external display has been connected to 
or disconnected from a mobile device; and 

based on determining that the external display has been 
connected to or disconnected from the mobile device, 
Switching an application executing on the mobile device 
between a first display mode in which the application 
generates a single user interface for display on a touch 
Screen of the mobile device, and a second display mode 
in which the application generates a first user interface 
for display on the external display and a different, sec 
ond user interface for display on, and for receiving user 
inputs, through the touch screen of the mobile device. 

16. The system of claim 15, wherein: 
determining that an external display has been connected to 

or disconnected from a mobile device further comprises 
determining that the external display has been connected 
to the mobile device, and 
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Switching an application further comprises Switching the 
application from the first display mode to the second 
display mode. 

17. The system of claim 15, wherein determining that the 
external display has been connected to or disconnected from 
the mobile device further comprises determining that the 
external display has been disconnected from the mobile 
device, and 

Switching an application further comprises Switching the 
application from the second display mode to the first 
display mode. 

18. The system of claim 15, the operations further com 
prising: 

displaying, on the touch screen of the mobile device in the 
first display mode, a visual element and a first set of 
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controls for receiving user inputs to control the visual 
element; 

displaying, on the external display in the second display 
mode, the visual element; and 

displaying, on the touch screen of the mobile device in the 
second display mode, a second set of controls for receiv 
ing the user inputs to control the visual element. 

19. The system of claim 18, wherein the second set of 
controls includes controls that are not included in the first set 
of controls. 

20. The system of claim 18, wherein the second set of 
controls includes all controls of the first set of controls and 
additional controls. 


