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Selecting Operating Systems Based on a Computing Device Maode

BACKGROUND

{6061} A notebook is a portable personal computer with a clamshefl form factor
suitable for mobile or stationary use. A notebook may have a display mermber and a
base member that includes a keyboard. A tablet computer is a one-picce mobile
computer. A tablet may have a touchscreen to enable interaction with a finger or
stylus. Due to #s lack of a physical toput device, such as a physical keyboard, a tablet
may be well suited for content consumption. Counversely, a notebook may be better

suited for content creating due (o the inclusion of physical input devices.

BRIEF DESCRIPTION OF THE DRAWINGS

{8002} Some examples of the present application are described with respect to the

following figures:

{8003 FIG. 1 illustrates an example of a2 computing device including first and

second operating systems and a controller to select an operating systems;

18004} FIG. 2 tllustrates ancther example of a computing device meluding first
and second operating systems and a controller to select an operating system based on

a mode of the computing device;

REEIRY, FIG. 3 is an example flowchart iltustrating a method for selecting between

first and second operating systems based on a roode of a computing device;

{8006} FIG. 4 is another example of a flowchart itlustrating a method for
selecting between first and second operating systems based on a mode of a computing

device: and

{8047} FIG. 5 illustrates an example of a controler including a computer-readable
medium having fnstructions 1o select between first and second operating systerms

based on a mode of the computing device.
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DETAILED DESCRIPTION

16008} Hybrid devices that can covert between a tablet mode and a notebook
mode are becoming increasingly popular. In the notebook mode, at least a touch
sensitive pointing device or physical keyboard can be accessibie to the user. In the
tablet mode, one or more of these input devices {i.¢., touch sensitive pointing device
or physical kevboard) are rendered inaccessible by the user o render the device more

suitable for other purposes.

{8049} Certain operating systems function better with a particular form factor (or
mode) and present a better case of use for a user. For example, some operating
systems are better suited for the tablet mode and are better designed {or touch input,
and somme other operating systems are better suited for the notebook mode and are
hetter designed for the traditional kevboard and mouse mput. It would be beneficial
1o a user of a hybrid coroputmg device to have multiple operating systerns that
executes on the same processor and seamlessly transition from one operaling system
to the other depending on whether the computing device s in the tablet mode or the
notebook mode. Further, the nwidtiple operating systems can share the resources of
the computing device (e.g., CPLI, memory, VO, power supply, etc.). Thus,
applications from both operating syster can execute concurrently on a graphical user
interface (GUT) of a selected (5.¢., selected based on the current form factor of the
device) operating systern. Such a device would improve user experience, and reduce
the cost and complexity of running muliiple operating systems since the operating
systems will use the same hardware architecture. For example, the multiple operating
systems can execute on the single architecture by using bardware and/or software
virtuahization or enuilation. 1t should be noted that in some examples, the multiple
pperating systems may be loaded to the processor (i.e., the same processor} from a
memory of the computing device. For example, a {irst operating system and a second
operating system may be stored on non-volatile memory of the computing device and
loaded from the non-volatile to the system memory where they are executed by the

ProCessor.

(HHU In certamn examples, the hardware architecture may be based on reduced

nstruction set compuating (RISCY and/or complex instruction set computing (CISC).
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Accordingly, the processor may be optimized for RISC and/or CISC, for example.
Some example operating systems comunonly available include Android®, Berkeley
Software Distribution (BSD) or Berkeley Unix®, 108®, Linux®, Microsoft Windows

{6011} In one example, a hybrid computing device includes a first operating
system and a second operating system. The device also includes a communication
channel to exchange data between the first and second operating systems, and a
controller o select one of the first and second operating systems based on a mode of
the computing device, where the first and second operating systems execute

substantially mn parallel on a processor of the computing device.

[6G12) In another example, a method for selecting operating systems includes
selecting one of a first operating system and a second operating system as a control
operating system executing on a processor of a computing device based on a mode of
the computing device. The method inchudes selecting another of the first and sccond
operating system as a background operating system executing substantially m parallel
on the processor. The method includes establishing a communication chanmel
between the control operating system and the background operating system, the
communication channel o exchange data between the control operating system and
the hackground operating systern. The method also includes executing at least one
apphication of the background operating system on a graphical user interface {GUT) of
the conirol operating system while executing applications of the control operating

system on the GUL

{8013 In another example, a non-transitory computer-readable storage mediom
imchudes instructions that if executed cause a controlier of a computing device to
select one of a first operating syster and a second operating sysiem as a control
operating system executing on a processor of the computing device based on whether
the computing device is in a tablet mode or a notebook mode. The instructions cause
the controller to select another of the first and second operating systems as a
background operating sysiem executing substantially concurrently on the processo
based on whether the computing device is in the tablet mode or the notebook mode.
The instructions cause the controller to communicate data between the control
operating system and the background operating system, and fo launch and execute at

Teast one application of the background operating system on a graphical user interface
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(GUI) of the control operating system substantially concurrently with execution of

applications of the control operating system on the GUI.

{6014} Referring now to the figures, FIG. 118 an example of a computing device
inchiding first and second operating systems and a controller to select the operating
systems. Computing device 100 can be a hybrid portable computing device that can
operate in a tablet mode or a notebook mode. Accordingly, computing device 100 can
nclude a base member (not shown} and a display member {not shown) that may be
detached. The display member may be a metal, plastic, fiber resin, or another
material. The display member may coclose a display such as an LCD (liquid crystal
display), OLED {organic light emitting display), or another type of display. The
display may be a touch screen display that can recognize a user interacting with the
display, for example via touching the display. The base member may be metal,
plastic, fiber, resin, or another moaterial. The base member roay include input devices
such as a keyboard, a touch sensitive pointing device, or other input devices. In some
examples, the base member is a docking station for docking the tablet and may
include input devices and/or ports. Inthe tablet mode, the display member is
detached from the base member. In the notebook mode, the display member is
atlached to the base member. In some examples, the display member may inclode
components of the comaputing device 100 such as processor 120, controller 130,

memory, mass storage, printed circuit board, batiery, or other corgponents.

{881 5] Processor 120 can be hardware and/or software that includes a first
operating system 122 and a second operating systero 124, First operating system 122
and second operating system 124 may load and execute applications. In some

1
i

examples, processor 120 includes 8 memory, where the first operating system 122 and
second operating system 124 are stored. For example, the first operating system 122
and the second operating system 124 may be loaded to the processor 120 from a

5
H
1

memory of the computing device (or of the processor 120). The memory may be a
non-volatile memory, and the first and second operating systems 122 and 124 may be
loaded from the non-volatile memory to the processor 120 where they are executed.
Thus, the roemory can be internal to or external to the processor 120, Processor 120

can be a single core processor, a multi-core processor, or any other type of processor.

{8016} The first operating system 122 and the second operating system 124 can

establish a commmunication channel 126 {o communicate and exchange data. fn some



WO 2015/047416 PCT/US2013/062727

examples, the communication chanmel 126 is a driver or remote desktop software for
example. In certain examples, the processor 120 facilitates compmunication between
the first operating systern 122 and the second operating system 124 based on the
driver or software being executed by the operating systems. In some examples,
commuynication channel 126 may emulate hardware connections (i.e,, USH, HDMI,
Ethernet, etc} in order to pass input/output between the first operating system 122 and
the second operating systern 124, o other examples, the conmmunication channel 126
may ermulate an Internet protocol such that one operating system hosts a server and
the other operating system is a client, and data is passed back and forth {c.g., similar

to a remote deskiop software).

{8017} Controler 130 1s any general purpose for selecting one of {irst operating
system 122 and second operating system 124 based on the mode of the computing
device 100, Controller 130 can be, for example, a processor, a semdconductor-hased
microprocessor, an mtegrated circuit (IC), or any other device suitable for selecting an

operating system based on the mode 132 of the computing device 100

{60138} {n response to detecting a mode 132 of the computing device 100,
controller 130 selects one of the first operating system 122 and the second operating
system 124 as a control operating system of the computing device 106, For example,
if the device 100 15 in the tablet mode (e.g., by detaching the display member fromthe
base member}, controller 130 may load and exccute either the first operating system
122 or the second operating system 122 as the control operating system. Accordingly,
the other of the first operating system 122 and second operating systern 124 4sa
background operating system executing substantially in paraliel {e.g., stsmubtaneously

or concurrenily) on the processor 120,

6019} The control operating system controls input and output of the computing
device 100. For example, the control operating system may countrol the display
member of the computing device and accept input from the user and generate output
for the user via a graphical user interface. Although the controf operating systent is in
countrol of the coraputing device 100 in a current form factor/mode, applications of the
background operating system can be launched and executed on the control operating
system in parallel {or simultancously/concurrently) with applications of the control
operating system, because the control operating system and background operating

system can communicate and exchange data via the communication channel 126. For
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example, one or more applications of the background operating system can be
faunched on a GUI of the conirol operating system, whereby the user can interact with
the application (i.¢., provide input and recetve output). Thus, the background
operating system is able to generate input/output events on the control operating

system.

[B326] For example, i’ a user mput is recerved for a background applcation on
the GUI of the control application, the user input 1s passed to the background
operating system via the coramunication channel 126, Because the background
operating system is still executing on the processor (i.c., hardware architecture), the
background operating systemn can generale an output in response to the user mput.
The generated output is passed from the bcukgmuﬂd operating system to the control
operating system via the conununication channel 126, and the output is displayed to
the user on the GUL Thus, to the user, it would seem like the control operating

system was executing the apphications from the background operating system.

16023 if the mode 132 of the device 100 is changed, the controller seamlessly
switches {rom one operating system to the other, changing the operating system that
becomes the control operating system and the background operating system. In some
examples, the user may be provided with the option of sclecting which operating

system 1o select for a particular mode,

{8022} FIG. 2 is another example of a computing device including first and
second operating systerns and a controller to sclect an operating systern based on a
mode of the computing device. In the example of FIG. 2, computing device 100
imchides processor 120, controller 130, shared compulting resources 150, and sensor

260.

{6023] Processor 120 includes control operating system 222 and background
operating system 224, Control operating system 222 can be one of first operating
system 122 and second operating system 124 of FIG. 1, and background operating
systemn 224 can be the other of the first operating system 122 and second operating
systern 124. Control operating system 222 and background operating system 224 are
selected based on a current mode {i.c., tablet mode or notebook mode} of the device

100, Further, control operating system 222 and background operating systera 224
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comrmumnicate data (e.g., commands, messages, input, oulput, content, elc) via

communication channel 126.

16024} Sensor 264 can be, for example, an activation sensor, an electrical sensor,
a mechanical sensor, or another type of sensor that can detect when the display
member is separated from the base member or attached to the base member (e, ina
tablet meode or a notebook mode). For example, the sensor 264 can detect when a
release {e.g., a butlon, a slide switch, or another type of release) is activated to
separate the display member from the base menber. The sensor 260 can send an
indication of the mode 267 1o the coniroller. Based on the mode 262 of the device
180, controller 130 selects which of the first and second operating systems is the
control operating system 222 and which other of the first and second operating

systems is the background operating system 224,

[B025] Control operating system 222 can operate one or more GUlIs 240, GQUI
240 allows users to interact with the device 100 through graphical icons and visual
indicators, for example. Conirol operating system 222 can faunch and execute
applications 2472 designed for or assoctated with the control operating system 222
{i.c., one of first and second operating systems) and applications 244 designed or
associated with the background operating system 224 (i.¢., the other of first and
second operating systems), and allow the user interact with the applications via the

GUI 240, GUT 244 4s present to the user on a display device of the display member.

18026} When the background operating system application 244 is launched on the
GUT 240, the user may provide mput and receive nput over the GUI 240, The input
is forwarded to the backgroound operating system 224 via the communication channel
126, and corresponding output is passed from the background operating system 224 to
the control operating system 222 via the communication channel 125 for display on

the GUT 240.

{6027} Further, control operating system 222 and background operating system
224 share computing resources 250. Computing resources 250 may include, for

example, a mass storage device (e.g., HDD, SDD, ete), mput/output controller,

memory, {ile storage system, ete. In some exaropics, the control operating system 222
and the background operating system 224 can access the same file using a different

path. To llustrate, if the background operating system 224 stores personal files {e.g.,
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photos, documents, ete.) in a different location than the control operating system 222,
the file locations can be mapped such that the personal fifes stored by the background
operating system 224 can be scen on the control operating system’s personal file

Bibrary.

{8028} FIG. 3 is an cxample flowchart iflustrating a method for selecting between
first and second operating systems based on a mode of a computing device. Mothod
300 may be implemented, for example, in the form of executable instructions stored
on a non-iransitory computer-readable storage medium and/or in the form of

electronic circuiiry,

{8029} Method 300 includes selecting one of a first operating system and a
second operating systen as a conirol operating system executing on a processor of a
computing device based on a2 mode of the computing device, at 310, For example,
controller 130 can sclect either one of the first operating system 122 and the second
operating system 124 as the control operating system 222 based on whether the device

100 13 11 a tablet mode or a notebook mode.

{8036} Method 300 includes selecting another of the first operating system and
the second operating system as a background operating system cxecuting substantiaily
in paraliel on the processor, at 320, For example, controller 130 can select either one
of the first operating system 122 and the second operating system 124 as the
background operating system 223 based on the mode 262 {(tablet or notebook) of the

device 100.

{66313 Method 300 includes establishing a communication channel between the
control operating system and the background operating system, the communication
chanuel to exchange data between the control operating system and the background
operating system, at 330, For example, control operating system 222 and background
operating system 224 can exchange user npul, cutput, commands, messages, and

other daia via communication channel 126.

{8032} Method 300 includes exccuting at least one apphication of the background
operating system on a graphical user interface (GUD) of the control operating system
while executing applications of the control operating system, using the
communication channel, at 340, For example, background operating system

applications 244 can be loaded, launched and executed on the GUT 240 of the control
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operating systemy, whereby user input/output are exchanged via the communication
channel. In some examples, the method 300 of FIG. 3 includes additional steps in

addition to and/or in lieu of those depicted n FIG. 3.

{8033 FIG. 4 is another example of' a flowchart iHfustrating a method for
selecting between first and sccond operating systems based on a mode of a computing
device. Method 400 may be implemented, for exarople, in the form of executable
nsiructions stored on a non-transitory computer-readable storage medivm and/or in

the form of electronic circuitry.

{8034} Method 400 includes detecting a change in mode of a computing device,
where the mode includes at icast one of a tablet mode and a notebook mode, at 410,
For example, sensor 260 can determine when the device 100 is one of a tablet mode

and a notehook mode and notify the controfler 130,

RHERRY, Method 400 includes selecting one of a first operating system and a
second operating sysiem as a control operating system, and selecting another of the
first operating system and sccond operating system as a background operating system

executing substantially i parallel on a processor of the computing device, at 420.

18036} Method 400 meludes executing at least one apphcation of the background
operating system on a graphical user interface {GUT) of the control operating system

while executing appiications of the control operating system on the GUI, at 430.

{6037} Method 400 includes receiving input related to the at least one apphication
of the background operating system on the GUI of the control operating system, at
440. Methed 409 includes sending the fnput to the background operating system via a
communication chanuel established between the control operating systera and the
background operating system, at 450. Method 400 includes receiving an output from
the background operating system in response to the nput via the communication

channel, at 460. Method 400 also includes displaying the output on the GUL

{8038} For example, the user can interact with the application of the background
operating systern 224 via the GUI 240, Input can be passed from the GUI 240 to the
background operating system 224 via the communication channel 126, and output can
be passed from the background operating system 224 to the GUT 240 via the
comrnumcation channel 126, In some examples, the method 400 of FIG. 4 includes

additional steps in addition to and/or in licu of those depicted in FIG. 4,
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[B039] FIG. 5 iflustrates an example of a controler including a computer-readable
edium having instructions to select between first and second operating systems
hased on a mode of the computing device. Controller 130 can include a non-
iransitory computer-readable mediom 520, The non-transitory computer-readable
medivm 328 can include instructions 521-524 that if executed by a processor 510 can

cause the controfler 130 to perform the functionality described below.

{8040} For example, control operating system selecting instructions 521 are
exccutable to select one of a first operating system and a second operating system as a
countrol operating system excceuting on a processor of the computing device hased on
whether the computing device 1s in a tablet mode or a notebook mede. Background
operating system selecting mstructions 522 are executable to select another of the {irst
operating system and the second operating sysiem as a background operating system
executing substantially in parallel on the processor, based on whether the computing
fevice 18 in the tablet mode or the notebook mode. Data communicating instructions
523 arc executable to communicate data between the control operating system and the
background operating system. Application executing instructions 524 are executable
to faunch and execute at least one application of the background operating system on
a graphical user interface (GUT) of the control operating system in parallel with

execution of application of the control operating system on the GUL

[B041] The technigues described above may be embodied in a computer-readable
medium for configuring a coraputing syster to cxecute the method. The computer-
readable media may include, for example and without lmitation, any number of the
following non-transitive medinms: magnetic storage media meluding disk and tape
storage media; optical storage media such as compact disk media (e.g., CD-ROM,
CD-R, eic.) and digital video disk storage media; holographic memory: nonvelatile
memory storage media mchiding semiconductor-based memory units such as FLASH
memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; volatile storage
media inchuding registers, buffers or caches, main memory, RAM, etc.; and the
Internet, just to name a few. Other new and obvious types of computer-readable
media may be used to store the sofiware modules discussed herem. Computing
systerns may be found in many forms chuding but not limited to mainframes,

minicomputers, servers, workstations, personal computers, notepads, personal digital
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assistants, tablets, smartphones, various wireless devices and embedded systems, just

to name a few,

16042} in the foregoing description, numerous details are set forth to provide an
understanding of the present disclosure. However, it will be understood by those
skilled in the art that the present disclosure may be practiced without these details,
While the present disclosure has been disclosed with respect o a Iimited number of
examples, those skilled in the art will appreciate nomerous modifications and
variations therefrom. It is intended that the appended claims cover such medifications

and variations as fall within the true spitit and scope of the present disclosure.
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Claims

What is claimed is:

I. A hybrid computing device comprising:

a first operating systeny

a second operating syster;

a communication channel to exchange data between the first and second
operating systems; and

a controlier to select one of the first and sccond operating systems based on a
mode of the computing device, wherein the first and second operating
systems are executed substantially in parallel on a processor of the

computing device.

2. The computing device of claim 1, wherein based on the mode, the
controller selects one of the first and second operating sysiems as a control operating
system and another of the first and second operating systerns as a background

operating system.

3. The computing device of claim 2, wherein the control operating system
controls input and output operations of the corputing device n a first wode, and
wherein the background operating system controls the foput and output operations in a

second mode.

4. The computing device of claim 3, wherein the control operating system
executes applications of the background operating system on multiple graphical user
mierfaces {(GUIS) of the control operating system substantially in paralic] with

apphications of the control operating system.

5. The computing device of claim 4, wherein the control operating system
communicates user input to the background operating system and receives data from
the background operating system via the commumnication channel, wherein the user

nput and data are related to the applications of the background operating system.
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6. The computing device of claim 1, wherein the first operating system and
the second operating sysiem share computing resources of the computing device,
wherein the coraputing resources include memory, file storage, input/ouiput

controller, and a central processing unit {CPU}.

7. The computing device of claim 1, wheremn the mode includes at least one of

a tablet compuier mode and a notebook computer mode.

8. The computing device of claim 7, further comprising a sensor o detect
when the computing device switches between the tablet computer mode and the
notcbook computer mode, the controller to switch between the {irst and second

operating systems based on the detection,

9. The computing device of claim &, wherein the sensor comprises an
activation sensor, and wherein the activation sensor comprises at least one of an

electrical sensor and a mechanical sensor.

16. A metheod for selecting operating systems, comprising:

sclecting one of a first operating system and a second operating system as a
coutrol operating system executing on a processor of a computing
device based on a mode of the computing device;

selecting another of the first operating system and the second operating system
as a background operating system executing substantially in parallel on
the processor; and

establishing a communication channel between the control operating system
and the background operating system, the communication channel to
exchange data between the control operating systern and the
background operating systern; and

executing at least one application of the background operating system on a
graphical user interface {GUT) of the conirol operating system while

executing applications of the control operating systero on the GUL
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;

11, The method of claim 10, wherein the control operating system controls a
display member of the computing device and receives tnput {rom a user of the
computing device, the method further comprising:

receiving mput related to the at least one application of the background

operating system on the GUI of the control operating system, wherein
the GUT displayed on the display member;

sending the input to the background operating system via the coronwumication

channel;

receiving an output from the background operating system in response to the

nput via the comomunication channel; and

displaying the output on the GUL

74

12. The method of claim 10, wherein the first and second operating system

share resources of the computing device, wherein the resources include file storage,

memory, processing resources, and mput/output coniroller

13. The method of claim 10, comprising switching between the first and
second operating systems responsive to detecting a change in the mode of the
computing device, wherein the mode includes at least one of a tablet computing mode

and a notebook computing mode.

14. A non-transitory computer-readable storage medium coroprising
mstructions that if executed cause a controller of a computing device to:

select one of a first operating system and a sccond operating sysiem as a
control operating systom executing on a processor of the computing
device based on whether the computing device is in a tablet mode or a
notebook mode;

select another of the first operating system and the second operating system as
a background operating sysiern executing substantially concurrently on
the processor based on whether the computing device 1s in the tablet
maode or the notebook mode;

comnmunicate data between the control operating system and the background
operating system; and

launch and execute at least one apphication of the background operating
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systern on a graphical user mterface (GUT) of the control operating
systern substantially concurrently with execution of applications of the

control operating system on the GUL

15, The non-transitory computer-readable medium of claim 14, further
comprising instractions executable to:

switch from one of the first operating system and second operating sysiem to
another of the first operating system and second operating system 1o
response to detecting a change from one of the tablet mode and
notebook mode to another of the tablet mode and notebook mode,

wherein the first and second operating systems share resources of the
computing device, wherein the computing resources include file

storage, memory, processing resources, and imput/ouiput controllers.
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300
e

310

Select one of a first operating system and a second operaling system as
a control operating system executing on a processor of a computing
device based on a modes of the computing device

l - 320

Select another of the first operaiing sysiem and the second operating
system as a background operating system execuling substantially in
parailel on the processor

l o 330

Establish a communication channel between the control operating
system and the background operating system, the communication
channel! fo exchange data belween the control operating system and the
background operating system

l - 340

Execute at least one application of the background operating system on
a graphical user inferface (GUI) of the cantrol operating system while
exacuting applications of the conirol operaling system on the GUI

FIG. 3
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415

s 400
410

Detect a change in mode of a computing device, wherein the mode
includes at least one of a tablet mode and a nolebook mode

420

seleci one of a first operating system (U%) and a second O5 as a
control O8 and another of the first OS and second GS a background 08
executing substantially in parallel on a processor of the computing
device

430

Execuie at least one application of the background OS5 on a GUl of the
control OS while executing applications of the control OF on the GUI

l e 444

Receive inpul related {o the at least one application of the background
085 on the GUI of the conirol operating system

l e 450

Send the input to the background OF via a communication channel
established between the control OF and the background OS

¢ s 450

Receive an ouiput from the background operaling system in response fo
the input via the communication channel

J P 470

Display the output on the GLH

FiG. 4
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