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CONTEXT - AWARE TASK OFFLOADING mitting the command to the bridge device , which then 
AMONG MULTIPLE DEVICES transmits the command to the cloud service . 

Cloud services typically receive a command from a user 
CROSS - REFERENCE TO RELATED device with data identifying the user device or a group of 

APPLICATIONS 5 user devices that are the source of the command . After the 
cloud service finishes processing the command and gener 

This application is a continuation of co - pending U . S . ates a response , the cloud service can either send the 
patent application Ser . No . 15 / 017 , 399 , filed Feb . 5 , 2016 . response to the specific requesting device or the group of 
The aforementioned related patent application is herein devices . 
incorporated by reference in its entirety . 

SUMMARY 
BACKGROUND 

One embodiment disclosed herein includes a method for 
The present invention relates to offloading computing selecting one or more devices in a network to transmit a 

tasks from a connected device ( e . g . , mobile phones , tablets , command to a cloud service . The method generally includes 
wearable devices , and so on ) , and more specifically to generating , based on user input , a command for processing 
selecting a number of devices to transmit commands to a by the cloud service . The user device ranks the user device 
cloud service for processing . and one or more peer devices in a network based on at least 

For various reasons , computing systems may offload 20 one of information about the user device and one or more 
computational tasks for processing on a cloud service , or a peer devices and information about the generated command 
remote system ( or cluster of systems ) that provides compu - from the user device and the one or more peer devices , and 
tational services to requesting user devices . Typically , tasks the user device selects one or more of the user device and the 
offloaded to a remote system are computationally expensive peer devices to transmit the command based on the ranking 
( e . g . , parsing a vocal input for an executable command or a 25 information . Upon determining that the user device is one of 
query , facial / image recognition , authentication , and so on ) the selected devices , the user device transmits the command 
and may need connectivity to multiple information sources . to the cloud service . If the user device is not one of the 
Offloading such tasks from a client system to a cloud service selected devices , the user device discards the generated 
may reduce power usage at the client system , increase command . 
battery life for mobile user devices , and provide for higher 30 Another embodiment includes a computer - readable stor 
performance by performing tasks on a system with greater age medium having instructions , which , when executed on processing capabilities . a processor , performs an operation for selecting one or more In a typical device environment , multiple devices may be devices in a network to transmit a command to a cloud able to obtain input that can be used to generate a command service . The operations generally include generating , based to be offloaded to a cloud system . For example , a tablet , 35 on user input , a command for processing by the cloud smartphone , and a wearable device ( e . g . , a smartwatch ) that service . The user device ranks the user device and one or are collocated with each other may each be able to obtain 
voice input to be processed by a cloud service . Some devices more peer devices in a network based on at least one of 
may be connected to a cloud service through an external information about the user device and one or more peer 
network connection , while other devices may only be able to 40 devices and information about the generated command from 
transmit a command through another device with an external the user device and the one or more peer devices , and the 
network condition . user device selects one or more of the user device and the 

In some cases , devices may activate when a user says a peer devices to transmit the command based on the ranking 
predetermined command ( e . g . , " Hey Siri ” ) . A number of information . Upon determining that the user device is one of 
collocated devices can activate when the user says the 45 the selected devices , the user device transmits the command 
predetermined command and generate a query for process to the cloud service . If the user device is not one of the 
ing by the cloud service . However , not all of the collocated selected devices , the user device discards the generated 
devices may need to process the query and offload the query command . 
to the cloud service . Still another embodiment includes a processor and a 

Users often have multiple devices that can transmit a 50 memory storing a program , which , when executed on the 
command to be offloaded to a cloud service . Each device processor , performs an operation for selecting one or more 
generally has its own display and feedback capabilities ( e . g . , devices in a network to transmit a command to a cloud haptic feedback , audio feedback , and so on ) . Additionally , service . The operations generally include generating , based each device may have a different form factor that can on user input , a command for processing by the cloud perform certain tasks ( e . g . , notifying a user ) for a given 55 
context , which may be determined from sensor data , imag service . The user device ranks the user device and one or 

more peer devices in a network based on at least one of ing devices , and / or other information gathered at the device . information about the user device and one or more peer For example , a tablet may be suited for displaying video to 
a user , while a wearable device may be suited for providing devices and information about the generated command from 

the user device and the one or more peer devices , and the haptic feedback to a user . 
Generally , multiple user devices can associate with the user device selects one or more of the user device and the 

same local network to allow for coordination of services peer devices to transmit the command based on the ranking 
across the multiple devices . In some cases , some devices information . Upon determining that the user device is one of 
may not be able to connect to an external network itself , but the selected devices , the user device transmits the command 
may use a bridge ( e . g . , a cellular phone or cellular data - 65 to the cloud service . If the user device is not one of the 
enabled tablet ) to connect to an external network . These selected devices , the user device discards the generated 
devices can offload commands to a cloud service by trans - command . 

sn 

60 
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spondingly a 

BRIEF DESCRIPTION OF THE SEVERAL websites in response to a query for a demonstration of a 
VIEWS OF THE DRAWINGS particular yoga pose , a personal organizer service in 

response to a query for events scheduled on a user ' s calendar 
FIG . 1 illustrates an example computing system in which for a given day , and so on . Upon receiving or generating a 

commands are offloaded from a user device to a cloud 5 response , cloud service 120 can transmit the response to one 
service , according to one embodiment . or more user devices 140 for presentation to a user . 

FIG . 2 illustrates an example policy engine for selecting User devices 140 are generally user - controlled devices 
one or more devices to offload a command to a cloud service that can generate one or more commands ( e . g . , in voice files ) 
for processing , according to one embodiment . and offload the commands for processing by cloud service 

FIG . 3 illustrates example operations that may be per - 10 120 . As illustrated , user devices 140 generally include one or 
formed by a user device to determine whether the device is more context information devices 142 , policy engine 144 , 
to offload a command to a cloud service for processing and I / O interface 146 . In some cases , user devices 140 may 
based , at least in part , on context information associated each be connected to the same network ; in other cases , some 
with the device , according to one embodiment . user devices 140 ( e . g . , smartwatches ) may not have its own 

FIG . 4 illustrates example operations that may be per - 15 network adapter for connecting to internal network 130 and 
formed by a user device to offload a command to a cloud thus may depend on another user device ( e . g . , a mobile 
service for processing through a designated master device , phone ) for access to the external network 110 ( and corre 
according to one embodiment . spondingly , access to cloud service 120 ) via internal network 

FIG . 5 illustrates an example system in which context 130 . 
information is used to determine whether the system offload 20 User devices 140 may have a variety of form factors , and , 
commands to a cloud service for processing , according to as discussed above , each user device 140 may be an optimal 
one embodiment . device for offloading certain tasks and receiving feedback 

from a cloud service 120 in certain contexts . For example , 
DETAILED DESCRIPTION a wearable device that provides haptic feedback may be a 

25 good device to use for indicating , during exercise , when a 
Embodiments presented herein describe techniques for user should transition from one portion of a workout to 

selecting one or more devices in a network to offload another portion of the workout , but may not be a good device 
commands to a cloud service for processing based on to use for displaying instructional videos for the workout . In 
context information associated with each device . By using another example , a tablet or phone may be a good device to 
context information for a device to select one or more 30 use for displaying instructional videos for the workout , but 
devices to transmit a command to a cloud service , a group may not be as effective in informing a user when to 
of devices can transmit commands from , for example , a transition to different portions of a workout . 
device with the highest audio quality , a device the user is Context information devices 142 generally provide infor 
actively using or focused on , and so on . Additionally , by mation about the context of a user device 140 . For example , 
selecting a subset of user devices to transmit commands to 35 the context information devices 142 can provide information 
a cloud service , the devices can reduce traffic loads on a about remaining battery life , charging state ( e . g . , discharg 
local network and the number of redundant requests to be ing , charging from a secondary battery , or charging from 
processed by the cloud service . mains power ) , whether the device is moving ( e . g . , through 

FIG . 1 illustrates an example computing environment in accelerometers and / or gyroscopes ) , and so on . In some 
which peer devices in a local network selectively offload 40 cases , context information devices 142 may additionally 
commands to a cloud service , according to an embodiment include user - facing cameras , which user device 140 can use 
As illustrated , the computing environment includes a cloud to determine if a user is looking at the device when the 
service 120 and a plurality of user devices 140 . The plurality device records a command to offload to cloud service 120 for 
of user devices 140 are connected to internal network 130 , processing . Context information devices 142 may also pro 
and cloud service 120 and internal network 130 are con - 45 vide , for example , audio quality metrics that user device 140 
nected to an external network 110 . can use to determine if an audio sample obtained at user 

Cloud service 120 generally receives user commands device 140 is of sufficient quality ( e . g . , sufficient volume 
from one or more user devices 140 for processing and with distortion or clipping below a threshold value ) to be 
provides a response to the one or more user devices 140 . transmitted to cloud service 120 for additional processing . 
Cloud service 120 may be implemented as a distributed 50 Policy engine 144 generally processes information from 
system in which multiple computing systems cooperate to context information devices 142 at the user device 140 and 
parse a received command and generate a response . For peer user devices 140 to determine which user devices in 
example , cloud service 120 may receive an audio file ( e . g . , internal network 130 are to transmit a command to cloud 
a WAV file ) from a user device 140 , perform voice recog - service 120 . Policy engine 144 can select a number of user 
nition on the audio file to obtain a parseable string , and 55 devices to transmit commands to cloud service 120 , for 
generate a query for further processing from the parseable example , based on a combination of values from the one or 
string more context information devices 142 present on each user 

Based on the query , cloud service 120 can direct the query device 140 . For example , policy engine 144 can generate a 
to execute on one or more other services . For example , cloud score for each of the user devices 140 in internal network 
service 120 can search the web generally in response to a 60 130 to determine which user devices 140 can transmit a 
query asking " what is the meaning of life , the universe , and command to cloud service 120 . To calculate the score , policy 
everything ? ” In contrast , cloud service 120 can direct more engine 144 can apply a weighting to the values obtained 
specialized queries to specialized search engines . For from each of the context information devices 142 ( e . g . , via 
example , cloud service 120 may search a set of food an application programming interface ( API ) that exposes 
websites in response to a query for a recipe for spaghetti 65 data from each of the context information devices 142 to 
carbonara , a set of travel web sites in response to a query for policy engine 144 ) associated with a user device 140 . For 
airline ticket prices to a given destination , a set of exercise example , policy engine 144 may assign a high weighting to 
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remaining battery life and whether or not a user device is FIG . 2 illustrates a block diagram of an example policy 
connected to mains power , while assigning a lesser weight engine 144 , according to one embodiment . As illustrated , 
ing to signal strength ( e . g . , in a wireless local area network policy engine 144 includes a context analyzer 210 and a 
where user devices 120 are connected to the same access response partitioner 220 . 
point ) . Additionally , policy engine 144 can use data from 5 Context analyzer 210 , as discussed above , generally 
devices such as accelerometers , gyroscopes , GPS data , and receives information from one or more user devices 140 to 
so on to determine if a particular device is a suitable select one or more devices to transmit commands to a cloud 
candidate for offloading a command to a cloud service 120 . service 120 for further processing . In one embodiment , 
For example , accelerometers in a wearable device may context analyzer 210 can receive an initial report from each 
indicate when a user has raised the user ' s arm to use the user device 140 when the user device 140 connects to 
wearable device , and thus may additionally indicate that a internal network 130 . The initial report may include , for 
user is speaking into a microphone incorporated into the example , absolute values for battery life and signal strength 
wearable device . In another case , GPS data can indicate that and information indicating one or more device capabilities 
a user is driving , and thus may indicate that a watch would 15 ( e . g . , audio recording , visual monitoring , haptic feedback , 
not be a suitable candidate for offloading commands to or and so on ) . Over time , as conditions and the context of a peer 
presenting data from a cloud service 120 . user device 140 change , the peer user device 140 updates 

In some cases , policy engine 144 at a local user device context analyzer 210 to reflect the updated conditions and 
140 may use data from the local user device 140 and peer context at the user device 140 . For example , a peer user 
user devices 140 to select a master device in local network 20 device can transmit a report to context analyzer 210 indi 
130 . The designated master device in local network 130 may cating changes in remaining battery life and signal strength , 
be the sole device in local network 130 that transmits as well as changes in state ( e . g . , that the peer user device has 
commands to cloud service 120 for processing . For example , started drawing power from electrical mains , that a user is 
policy engine 144 may request network connectivity data looking directly at the peer user device , and so on ) . 
( e . g . , signal strength , access to external networks , band - 25 Using the contextual data obtained from one or more user 
width , and so on ) and power information ( e . g . , remaining devices 140 , context analyzer 210 , as discussed above , 
battery life , charging status , and so on ) from each of the user determines which of the one or more user devices 140 are to 
devices 140 . Upon selecting a master device ( e . g . , a device transmit one or more commands to a cloud service 120 for 
with high signal strength and bandwidth that draws power processing . As discussed above , context analyzer 210 can 
from electrical mains ) , each of the user devices 140 receive 30 generate a score based on weighted data points ( e . g . , avail 
information indicating that the user devices 140 are to able power , signal strength , charging state , contextual infor 
transmit commands to the designated master device to be mation indicating user action ( s ) with respect to the user 
offloaded to cloud service 120 . device , quality of a recorded audio command , and so on ) . 

In some cases , the designated master device may periodi Context analyzer 210 can subsequently examine the list of 
cally request context information from each of the user 35 scores to determine if the user device 140 on which context 
devices 140 in local network 130 . Using the context infor - analyzer 210 executes is associated with the highest score . 
mation , the master device can determine how to partition a If the user device 140 has the highest score of the group of 
response from cloud service 120 into one or more portions peer user devices , the user device 140 can transmit the 
to be output on different user devices 140 . For example , the command to the cloud service 120 . In some cases , the 
designated master device could partition a guided workout 40 transmitting user device 140 may additionally transmit con 
video into three portions : a video portion , an audio portion , text information for each of the user devices 140 in internal 
and a haptic portion . The master device can use the context network 130 to the cloud service 120 , which cloud service 
information provided from each of the user devices to 120 can , in some cases , use to partition a response into 
determine which device ( s ) a user is looking at , which multiple discrete parts . 
device ( s ) are connected to an audio output device ( e . g . , 45 In one embodiment , as discussed above , context analyzer 
headphones ) , and , if present , whether a user is wearing a 210 may additionally select a master device to interface with 
device that provides haptic feedback . Subsequently , the cloud service 120 . For example , a master device may , in one 
master device can transmit the video portion to a first device case , have a high signal strength and bandwidth and either 
( e . g . , a tablet ) , the audio portion to a second device ( e . g . , a a large amount of remaining battery life or be connected to 
smartphone connected to a pair of headphones ) , and the 50 mains power . When context analyzer 210 selects a master 
haptic portion to a third device ( e . g . , a wearable device ) . In device from the group of user devices 140 in internal 
some cases , the master device can transmit the same portion network 130 , context analyzer 210 can instruct each of the 
to multiple devices , which may allow multiple devices to user devices 140 to transmit any commands to be processed 
present the same data to a user . at cloud service 120 to the designated master device . 

I / O interface 146 generally allows a user device 140 to 55 In some cases , context analyzer 210 may be used to select 
transmit commands to a cloud service 120 ( e . g . , through a or limit output of a response to a subset of the user devices 
designated master device ) , receive response from cloud 140 in internal network 130 . For example , if satellite posi 
service 120 , and inform peer user devices 140 in internal tioning system data ( e . g . , from GPS , GLONASS , Galileo , or 
network 130 of device capabilities and contextual informa - similar systems ) indicates that a user is driving , context 
tion that can be used to select one or more devices to 60 analyzer 210 may exclude certain devices from presenting 
transmit and receive data from cloud service 120 , as dis - visual information to a user ( e . g . , on cellular phones ) and 
cussed above . In an example , a first I / O interface 146 ( e . g . , transmit visual data to other devices in the network ( e . g . , a 
a Bluetooth interface ) can be used to share device capabili - head - mounted display ) . In another case , context analyzer 
ties and contextual information between user devices 140 . A 210 can limit audio output to devices connected to an 
second I / O interface 146 ( e . g . , a Wi - Fi interface ) can be used 65 automobile media interface or a wireless audio device ( e . g . , 
to transmit commands from user devices 140 to a designated a Bluetooth headset ) . In some cases , context analyzer 210 
master device and / or cloud service 120 . can block the user devices 140 in internal network 130 from 
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processing certain types of outputs based on contextual whether the score for the user device is the highest score 
information ( e . g . , haptic feedback while a user is driving ) . among the group of devices . If so , at step 340 , the user 
Response partitioner 220 is generally configured to device transmits the command to the cloud service . Other 

receive a response from a cloud service 120 and divide the wise , operations 300 end . 
response into a plurality of discrete parts to be output on one 5 FIG . 4 illustrates example operations 400 that may be 
or more user devices 140 . In some cases , response parti - performed by a user device to transmit a command to a cloud 
tioner 220 may be a pass - through entity in a designated service via a designated master device , according to one 
master device which routes a pre - partitioned response to embodiment . As illustrated , operations 400 begin at step 
designated user devices 140 according to information pro - 410 , where the user device elects a master device from the 
vided from cloud service 120 . In another case , response 10 group of peer devices and the user device ( e . g . , the devices 
partitioner 220 receives an unpartitioned response from a connected to internal network 130 ) . As discussed above , the 
cloud service and divides the response into a plurality of user device can elect a master device in a network based on , 
parts to be routed to different user devices 140 . For example , for example , power level and signal strength information . 
as discussed above , a response could be partitioned into a At step 420 , the user device generates one or more 
video portion , an audio portion , and a haptic portion . 15 commands to be transmitted to a cloud service . In some 
Response partitioner 220 can use the context information cases , the command may be an audio or video file that the 
provided to policy engine 144 to select different devices to cloud service can parse to generate a textual command that 
output the partitioned response . For example , if the context can be further processed to generate a result . In some cases , 
information indicates that a user is looking at a particular the command may include contextual information that the 
user device 140 , response partitioner 220 can transmit the 20 master device and / or cloud service can use to determine 
video portion of the response to the particular user device for which command to transmit to the cloud service and which 
display . Likewise , if an audio output device ( e . g . , head - devices are to output a portion of the response to a user . 
phones ) is connected to another user device 140 , the audio At step 430 , the user device determines if the user device 
portion of the response can be routed to the user device 140 is the designated master device . If so , at step 440 , the user 
with the connected output device . 25 device transmits the generated command to the cloud ser 
As discussed above , context analyzer 210 can limit v ice . In some cases , the user device can additionally transmit 

response output to certain devices based on the context of capability and context information for the device and the 
the devices in internal network 130 ( e . g . , if a user is driving ) . peer devices to the cloud service , which , as discussed above , 
Based on restrictions imposed by context analyzer 210 on the cloud service can use to partition a response into a 
response output devices , response partitioner 220 can exam - 30 plurality of discrete portions for output by a plurality of the 
ine the subset of allowable response output devices to select devices in internal network 130 . In some cases , for example , 
one or more of the allowable output devices to output , to a the designated master device may not be selected to offload 
user , at least a portion of the response . a command to the cloud service . In such a case , the desig 

FIG . 3 illustrates example operations 300 that may be nated master device can generate a command to be offloaded 
performed by a user device to determine whether to transmit 35 to the cloud service . Another user device ( selected for 
a command to a cloud service , according to one embodi - offloading based on , for example , signal strength ) can 
ment . As illustrated , operations 300 begin at step 310 , where receive the generated command from the master device and 
a user device obtains data about device capabilities and instructions to offload generated command to the cloud 
context from one or more peer devices . As discussed above , service . 
a user device can obtain an initial report from a peer user 40 Otherwise , the user device is not the designated master 
device when the peer user device connects to the same device , and at step 450 , the user device transmits the 
network . The initial report may include , for example , infor - generated command and device context information to the 
mation about the peer device ' s remaining battery life , signal master device . In some cases , the user device can use the 
strength , charging / discharging state , and device capabilities . weighting scores discussed above to determine whether or 
As conditions and the context in which the peer device 45 not to transmit a generated command to the master device . 
operates change , the peer device can transmit updated capa . For example , if the weighting score indicates that the user 
bility and context information to the user device , for device generates or has a high likelihood of generating poor 
example , as a difference report that the user device uses to quality output ( e . g . , a distorted audio stream ) , the user 
modify locally stored device capability and context infor - device need not transmit the generated command to the 
mation or as a full report that replaces previously stored 50 master device . 
data . FIG . 5 illustrates an example user device 500 that coop 
At step 320 , the user device generates a weighting score erates with other peer devices ( e . g . , connected to the same 

for the device and each of the one or more peer devices . As network ) to select one or more device to offload a command 
discussed above , the weighting score generally indicates for processing by a cloud service , according to an embodi 
which device ( s ) can generate a command of a sufficient 55 ment . As shown , the server includes , without limitation , a 
quality ( e . g . , for a voice command , that the sound level of central processing unit 502 , one or more I / O device inter 
the voice command is sufficient for the cloud service to parse faces 504 , which may allow for the connection of various 
and that a level of distortion is below a threshold value ) . In I / O devices 514 ( e . g . , keyboards , displays , mouse devices , 
some cases , the user device may additionally generate the pen input , etc . ) to the computing system 500 , network 
weighting score based on , for example , device metrics ( e . g . , 60 interface 506 , a memory 508 , storage 510 , and an intercon 
power level , signal strength , and so on ) and user activity n ect 512 . 
detected by one or more sensors ( e . g . , accelerometer data CPU 502 may retrieve and execute programming instruc 
indicating that a user is actively handling the device , loca tions stored in the memory 508 . Similarly , the CPU 502 may 
tion information data indicating that the user is driving , and retrieve and store application residing in the memory 508 . 
so on ) . 65 The interconnect 512 transmits programming instructions 

At step 330 , the user device examines the scores for the and application data among the CPU 502 , I / O device inter 
device and each of the one or more peer devices to determine face 504 , network interface 506 , memory 508 , and storage 
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510 . CPU 502 is included to be representative of a single or computer program product . Accordingly , aspects of the 
CPU , multiple CPUs , a single CPU having multiple pro - present invention may take the form of an entirely hardware 
cessing cores , and the like . Additionally , the memory 508 is embodiment , an entirely software embodiment ( including 
included to be representative of a random access memory firmware , resident software , micro - code , etc . ) or an embodi 
Furthermore , the storage 510 may be a disk drive . Although 5 ment combining software and hardware aspects that may all 
shown as a single unit , the storage 510 may be a combination generally be referred to herein as a “ circuit , ” “ module ” or 
of fixed and / or removable storage devices , such as fixed disc “ system . ” Furthermore , aspects of the present invention may 
drives , removable memory cards or optical storage , network take the form of a computer program product embodied in 
attached storage ( NAS ) , or a storage area - network ( SAN ) . one or more computer readable medium ( s ) having computer 
As shown , memory 508 includes a policy engine 520 . 10 readable program code embodied thereon . 

Policy engine 520 , as discussed above , is generally config - Any combination of one or more computer readable 
ured to examine device capability and context information medium ( s ) may be utilized . The computer readable medium 
from one or more peer devices and the user device to select may be a computer readable signal medium or a computer 
one or more devices to transmit commands to a cloud service readable storage medium . A computer readable storage 
for processing . Context analyzer 522 , as discussed above , 15 medium may be , for example , but not limited to , an elec 
generally calculates weighting scores for user device 500 tronic , magnetic , optical , electromagnetic , infrared , or semi 
and peer devices in the network . Context analyzer 522 may conductor system , apparatus , or device , or any suitable 
generate the weighting scores , for example , based on device combination of the foregoing . More specific examples ( a 
state and information obtained from one or more sensors non - exhaustive list ) of the computer readable storage 
indicating that a user is actively manipulating a device . 20 medium would include the following : an electrical connec 
Based on the calculated weighting scores , context analyzer tion having one or more wires , a portable computer diskette , 
522 can determine whether or not user device 500 can a hard disk , a random access memory ( RAM ) , a read - only 
transmit commands ( e . g . , voice files ) to a cloud service for memory ( ROM ) , an erasable programmable read - only 
further processing . memory ( EPROM or Flash memory ) , an optical fiber , a 

In some cases , as discussed above , context analyzer 522 25 portable compact disc read - only memory ( CD - ROM ) , an 
may additionally select a master device from the user device optical storage device , a magnetic storage device , or any 
500 and the one or more peer devices to serve as the sole suitable combination of the foregoing . In the context of this 
point of contact in a network with a cloud service . Context document , a computer readable storage medium may be any 
analyzer 522 can select the master device based on , for tangible medium that can contain , or store a program for use 
example , information about remaining battery life at a 30 by or in connection with an instruction execution system , 
device , whether the device is drawing power from a battery apparatus , or device . 
or mains power , signal strength , and so on . When context computer readable signal medium may include a propa 
analyzer 522 selects a master device , context analyzer 522 gated data signal with computer readable program code 
can generate a message identifying the master device and embodied therein , for example , in baseband or as part of a 
transmit the message to each of the peer devices in the 35 carrier wave . Such a propagated signal may take any of a 
network ( e . g . , via network interface 506 ) . variety of forms , including , but not limited to , electro 

Response partitioner 524 , as discussed above , generally magnetic , optical , or any suitable combination thereof . A 
receives a response to a command from a cloud service and computer readable signal medium may be any computer 
can use information about peer device capabilities and readable medium that is not a computer readable storage 
context to divide the response into a plurality of discrete 40 medium and that can communicate , propagate , or transport 
portions to be output by different devices in the network . In a program for use by or in connection with an instruction 
some cases , response partitioner can use the device weight - execution system , apparatus , or device . 
ings calculated by context analyzer 522 to determine which Program code embodied on a computer readable medium 
devices in the network are suitable devices for outputting may be transmitted using any appropriate medium , includ 
different types of data to a user ( e . g . , audio , visual , and / or 45 ing but not limited to wireless , wireline , optical fiber cable , 
haptic feedback ) . After partitioning a response into a plu - RF , etc . , or any suitable combination of the foregoing . 
rality of portions , response partitioner can transmit different Computer program code for carrying out operations for 
portions of the response to the appropriate device ( e . g . , aspects of the present invention may be written in any 
transmitting a visual portion of the response to a tablet or combination of one or more programming languages , 
monitor that a user is looking at , an audio portion of the 50 including an object oriented programming language such as 
response to a device with a connected audio output device , Java , Smalltalk , C + + or the like and conventional procedural 
a haptic portion of the response to a wearable device , and so programming languages , such as the “ C ” programming 
on ) . language or similar programming languages . The program 

The descriptions of the various embodiments of the code may execute entirely on the user ' s computer , partly on 
present invention have been presented for purposes of 55 the user ' s computer , as a stand - alone software package , 
illustration , but are not intended to be exhaustive or limited partly on the user ' s computer and partly on a remote 
to the embodiments disclosed . Many modifications and computer or entirely on the remote computer or server . In the 
variations will be apparent to those of ordinary skill in the latter scenario , the remote computer may be connected to the 
art without departing from the scope and spirit of the user ' s computer through any type of network , including a 
described embodiments . The terminology used herein was 60 local area network ( LAN ) or a wide area network ( WAN ) , or 
chosen to best explain the principles of the embodiments , the the connection may be made to an external computer ( for 
practical application or technical improvement over tech - example , through the Internet using an Internet Service 
nologies found in the marketplace , or to enable others of Provider ) . 
ordinary skill in the art to understand the embodiments Aspects of the present invention are described below with 
disclosed herein . 65 reference to flowchart illustrations and / or block diagrams of 

As will be appreciated by one skilled in the art , aspects of methods , apparatus ( systems ) and computer program prod 
the present invention may be embodied as a system , method ucts according to embodiments of the invention . It will be 
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understood that each block of the flowchart illustrations electronic storage device , a magnetic storage device , an 
and / or block diagrams , and combinations of blocks in the optical storage device , an electromagnetic storage device , a 
flowchart illustrations and / or block diagrams , can be imple - semiconductor storage device , or any suitable combination 
mented by computer program instructions . These computer of the foregoing . A non - exhaustive list of more specific 
program instructions may be provided to a processor of a 5 examples of the computer readable storage medium includes 
general purpose computer , special purpose computer , or the following : a portable computer diskette , a hard disk , a 
other programmable data processing apparatus to produce a random access memory ( RAM ) , a read - only memory 
machine , such that the instructions , which execute via the ( ROM ) , an erasable programmable read - only memory 
processor of the computer or other programmable data ( EPROM or Flash memory ) , a static random access memory 
processing apparatus , create means for implementing the 10 ( SRAM ) , a portable compact disc read - only memory ( CD 
functions / acts specified in the flowchart and / or block dia - ROM ) , a digital versatile disk ( DVD ) , a memory stick , a 
gram block or blocks . floppy disk , a mechanically encoded device such as punch 

These computer program instructions may also be stored cards or raised structures in a groove having instructions 
in a computer readable medium that can direct a computer , recorded thereon , and any suitable combination of the fore 
other programmable data processing apparatus , or other 15 going . A computer readable storage medium , as used herein , 
devices to function in a particular manner , such that the is not to be construed as being transitory signals per se , such 
instructions stored in the computer readable medium pro as radio waves or other freely propagating electromagnetic 
duce an article of manufacture including instructions which waves , electromagnetic waves propagating through a wave 
implement the function / act specified in the flowchart and / or guide or other transmission media ( e . g . , light pulses passing 
block diagram block or blocks . 20 through a fiber - optic cable ) , or electrical signals transmitted 

Embodiments of the invention may be provided to end through a wire . 
users through a cloud computing infrastructure . Cloud com Computer readable program instructions described herein 
puting generally refers to the provision of scalable comput - can be downloaded to respective computing processing 
ing resources as a service over a network . More formally , devices from a computer readable storage medium or to an 
cloud computing may be defined as a computing capability 25 external computer or external storage device via a network , 
that provides an abstraction between the computing resource for example , the Internet , a local area network , a wide area 
and its underlying technical architecture ( e . g . , servers , stor - network and / or a wireless network . The network may com 
age , networks ) , enabling convenient , on - demand network prise copper transmission cables , optical transmission fibers , 
access to a shared pool of configurable computing resources wireless transmission , routers , firewalls , switches , gateway 
that can be rapidly provisioned and released with minimal 30 computers and / or edge servers . A network adapter card or 
management effort or service provider interaction . Thus , network interface in each computing / processing device 
cloud computing allows a user to access virtual computing receives computer readable program instructions from the 
resources ( e . g . , storage , data , applications , and even com - network and forwards the computer readable program 
plete virtualized computing systems ) in “ the cloud , ” without instructions for storage in a computer readable storage 
regard for the underlying physical systems ( or locations of 35 medium within the respective computing / processing device . 
those systems ) used to provide the computing resources . Computer readable program instructions for carrying out 

Typically , cloud computing resources are provided to a operations of the present invention may be assembler 
user on a pay - per - use basis , where users are charged only for instructions , instruction - set - architecture ( ISA ) instructions , 
the computing resources actually used ( e . g . an amount of machine instructions , machine dependent instructions , 
storage space consumed by a user or a number of virtualized 40 microcode , firmware instructions , state - setting data , or 
systems instantiated by the user ) . A user can access any of either source code or object code written in any combination 
the resources that reside in the cloud at any time , and from of one or more programming languages , including an object 
anywhere across the Internet . In context of the present oriented programming language such as Java , Smalltalk , 
invention , a user may access applications ( e . g . , the entity C + + or the like , and conventional procedural programming 
analytics system ) or related data available in the cloud . For 45 languages , such as the “ C ” programming language or similar 
example , the entity analytics system could execute on a programming languages . The computer readable program 
computing system in the cloud and determine relationships instructions may execute entirely on the user ' s computer , 
between different entities stored in the entity analytics partly on the user ' s computer , as a stand - alone software 
system , for example , based on determining relationships package , partly on the user ' s computer and partly on a 
between sub - entities . In such a case , the entity analytics 50 remote computer or entirely on the remote computer or 
system could receive an input specifying parameters for the server . In the latter scenario , the remote computer may be 
entity analytics system to search for and determine relation connected to the user ' s computer through any type of 
ships between entities and store information about the network , including a local area network ( LAN ) or a wide 
determined relationships at a storage location in the cloud . area network ( WAN ) , or the connection may be made to an 
Doing so allows a user to access this information from any 55 external computer ( for example , through the Internet using 
computing system attached to a network connected to the an Internet Service Provider ) . In some embodiments , elec 
cloud ( e . g . , the Internet ) . tronic circuitry including , for example , programmable logic 

The present invention may be a system , a method , and / or circuitry , field - programmable gate arrays ( FPGA ) , or pro 
a computer program product . The computer program prod . grammable logic arrays ( PLA ) may execute the computer 
uct may include a computer readable storage medium ( or 60 readable program instructions by utilizing state information 
media ) having computer readable program instructions of the computer readable program instructions to personalize 
thereon for causing a processor to carry out aspects of the the electronic circuitry , in order to perform aspects of the 
present invention . present invention . 

The computer readable storage medium can be a tangible Aspects of the present invention are described herein with 
device that can retain and store instructions for use by an 65 reference to flowchart illustrations and / or block diagrams of 
instruction execution device . The computer readable storage methods , apparatus ( systems ) , and computer program prod 
medium may be , for example , but is not limited to , an ucts according to embodiments of the invention . It will be 
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understood that each block of the flowchart illustrations invention may be devised without departing from the basic 
and / or block diagrams , and combinations of blocks in the scope thereof , and the scope thereof is determined by the 
flowchart illustrations and / or block diagrams , can be imple claims that follow . 
mented by computer readable program instructions . What is claimed is : 

These computer readable program instructions may be 5 5 1 . A method for a user device to offload computing tasks 
to a cloud service , the method comprising : provided to a processor of a general purpose computer , generating , based on user input , a command for process special purpose computer , or other programmable data pro ing by the cloud service ; 

cessing apparatus to produce a machine , such that the based on at least one of information about the user device 
instructions , which execute via the processor of the com and one or more peer devices and information about the 
puter or other programmable data processing apparatus , generated command from the user device and the one 
create means for implementing the functions / acts specified or more peer devices , ranking the user device and the 
in the flowchart and / or block diagram block or blocks . These one or more peer devices , wherein the ranking com 
computer readable program instructions may also be stored prises generating a score for each of the user device and 
in a computer readable storage medium that can direct a 15 the one or more peer devices based on a weighting of 

one or more characteristics of the user device and the computer , a programmable data processing apparatus , and / 
one or more peer devices ; or other devices to function in a particular manner , such that selecting one or more of the user device and the peer 

the computer readable storage medium having instructions devices to transmit the command to the cloud service 
stored therein comprises an article of manufacture including for processing based on the ranking information ; 
instructions which implement aspects of the function / act 20 upon determining that the user device is one of the 
specified in the flowchart and / or block diagram block or selected devices , transmitting the command to the 
blocks . cloud service ; and 

The computer readable program instructions may also be upon determining that the user device is not one of the 
loaded onto a computer , other programmable data process selected devices , discarding the generated command . 
ing apparatus , or other device to cause a series of operational 25 nal 25 2 . The method of claim 1 , wherein the selecting one or 
steps to be performed on the computer , other programmable more of the user device and the one or more peer devices 
apparatus or other device to produce a computer imple comprises designating a master device to communicate with 
mented process , such that the instructions which execute on the cloud service . 

3 . The method of claim 2 , further comprising : the computer , other programmable apparatus , or other 
device implement the functions / acts specified in the flow - 30 upon determining that the user device is not the master 

device : chart and / or block diagram block or blocks . 
The flowchart and block diagrams in the Figures illustrate transmitting the command to the master device ; or 

the architecture , functionality , and operation of possible transmitting the command to a selected device other 
than the master device for offloading to the cloud implementations of systems , methods , and computer pro 

gram products according to various embodiments of the 35 service . 
4 . The method of claim 1 , further comprising : present invention . In this regard , each block in the flowchart 

or block diagrams may represent a module , segment , or receiving a response from the cloud service . 
5 . The method of claim 4 , further comprising : portion of instructions , which comprises one or more 

executable instructions for implementing the specified logi based on partitioning information in the response , output 
cal function ( s ) . In some alternative implementations , the 40 ting at least a portion of the response on the user device . 
functions noted in the block may occur out of the order noted 6 . The method of claim 4 , further comprising : 

in the figures . For example , two blocks shown in succession partitioning the response into a plurality of discrete parts ; 
may , in fact , be executed substantially concurrently , or the and 
blocks may sometimes be executed in the reverse order , based on the information about the user device and the 
depending upon the functionality involved . It will also be 45 one or more peer devices , selecting one or more of the 
noted that each block of the block diagrams and / or flowchart parts to output on the user device . 

7 . The method of claim illustration , and combinations of blocks in the block dia 1 , wherein the information 
includes data from one or more sensors indicating that a user grams and / or flowchart illustration , can be implemented by 

special purpose hardware - based systems that perform the is actively manipulating the user device . 
specified functions or acts or carry out combinations of 50 50 8 . The method of claim 1 , wherein the command includes 

the information about the user device and the one or more special purpose hardware and computer instructions . 
While the foregoing is directed to embodiments of the peer devices . 

present invention , other and further embodiments of the * * * * * 


