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(57) ABSTRACT 
Technology is disclosed for utilizing version vector data of 
computing devices to optimize performance of the computing 
devices and/or other computer systems that provide various 
services to the computing devices (“the technology’). One 
embodiment includes analyzing version vectors of the com 
puting devices to determining a user's usage pattern, Such as 
the type of computing device used, the computer applications 
used on the computing device, and the time of day of usage. 
This information about usage pattern and other information 
that can be determined using the version vectors can enable 
system optimizations on both individual user level and a 
group of users level. For example, on the individual user level, 
knowing user's usage pattern may enable automatic file Syn 
chronization between multiple devices without user interven 
tion. On the group level, a service provider may allocate 
resources (servers, bandwidth, etc.) to accommodate the 
group's usage pattern. 
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UTILIZING VERSION VECTORS ACROSS 
SERVER AND CLIENT CHANGESTO 

DETERMINEDEVICE USAGE BYTYPE, APP, 
AND TIME OF DAY 

PRIORITY CLAIM 

0001. This application claims to the benefit of U.S. Provi 
sional Patent Application No. 61/804,134, entitled “OPER 
ATING SYSTEM AND DEVICE INTEGRATED WITH 
CLOUD COMPUTING FUNCTIONALITIES”, filed on 
Mar. 21, 2013. 

FIELD OF THE INVENTION 

0002. At least one embodiment of the present invention 
pertains to system optimization, and more particularly, to 
optimizing system performance according to user's patterns 
of using computing devices and applications. 

BACKGROUND 

0003) People today use a number of computing devices to 
perform various tasks during the course of their day. For 
instance, a user may use a laptop for work, a tablet for enter 
tainment, a Smartphone for phone calls, etc. Further, given the 
convergence of capabilities amongst the various computing 
devices, the user may use any of the computing devices to 
perform many of their tasks. 
0004. It will be appreciated that with the proliferation of 
mobile computing in the form of Smartphones, tablets, and 
laptops, there is a need to help the user manage his or her 
many devices according to the individuals usage habit and 
preferences. An individual user may tend to repeatedly use a 
particular application on a Smartphone at approximately 
6-7pm in a train on his way home. Optimizations may be 
achieved to render a better user experience if information 
Such as the user's preference of device, application, time, and 
location is determined. Similarly, a group of users habits and 
preferences are invaluable information to service providers 
and businesses. 
0005 Version vectors have been used to track causal rela 
tions of updates. Version vectors are a data structure used in 
optimistic replication systems. The form {A1, B3, C6} 
denotes a version vector, where A, B and Care device ids and 
1, 3, and 6 are their respective version numbers. A more 
detailed description of version vectors is provided in Parkeret 
al., “Detection of Mutual Inconsistency in Distributed Sys 
tems.” IEEE Transactions on Software Engineering, Vol. 
SE-9, No. 3, May 1983, pp. 240-247, which is fully incorpo 
rated herein by reference. 

SUMMARY 

0006 Technology introduced herein provides a variety of 
methods, systems and paradigms for generating version vec 
tor, and analyzing the version vector data to determine a 
users usage pattern, and optimizing performance of systems 
at various levels, including system and individual level. Cer 
tain aspects can determine usage patterns of computing 
devices, such as what type of computing device is used, what 
applications are used, at what time of day. This information 
about usage patterns and other information that can be found 
through this data can enable system optimizations on both 
individual user level and service provider level. 
0007 Version vector is a data structure that contains a 
series of coordinates. In some embodiments of this technol 
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ogy, the coordinates may correspond to various factors such 
as the type of computing device being used, the application 
being used, the time at which modifications occurred, etc. 
One aspect of the technology disclosed herein is to analyze 
the raw data contained in the version vectors to determine a 
variety of information associated with the usage pattern of a 
user or a group of users. 
0008 For example, various logs or analytics may be gen 
erated by mining the version vector data. The analytics can 
indicate, among other things, which type of computing device 
is used (e.g. a phone or a tablet), which application is used 
(e.g. the Angry Bird R. game or the Google Maps.(R), at what 
time of the day, at what geographic location, using what type 
of connection (Wi-Fi or 4G LTE network), etc. 
0009 Based on the above various information obtained 
from the analytics, certain usage pattern of an individual user 
can be determined. For example, it may be shown that an 
individual user tends to play the Angry Bird(R) game (the type 
of application) only on a tablet (the preference of device), 
between the hours of 7-9pm (the most likely time of usage). 
0010. Once an individual user's usage pattern is deter 
mined, the technology further enables performance optimi 
Zation of the computing devices in various ways. At least one 
way to achieve optimization is to customize the user's com 
puting devices and applications according to his or her usage 
pattern, thus rendering better user experience, saving power 
consumption, bandwidth, memory space, etc. For example, 
when the user's computing device is low on battery and 
recharging is inconvenient, understanding the users usage 
pattern could help decide which applications are less used and 
should be disabled in order to save battery. 
0011 Similarly, another aspect of this technology is to 
analyze the version vector data of a group of users, thereby 
determining the usage patterns of a group of users. For 
example, this technology may show a pattern that the Netflix 
subscribers tend to use Netflix Internet video streaming ser 
Vice the most on Friday night, with peak hours around 
8-11pm, but they tend to have the least demand on Monday 
night. Thus various methods could be used to conserve 
resources while making streaming Smoother at peak hours, 
Such as caching content in servers, adding servers, or other 
load balancing methods. With the usage patterns of a group of 
users, a service provider can use this technology to optimize 
performance on a system level. For example, a service pro 
vider may analyze it’s Subscribers usage patterns, use those 
patterns to predict Supply and demand for a product or service 
at a certaintime during the day, the week, or any relevant time 
frame, and adjust its systems accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. These and other objects, features and characteristics 
of the present invention will become more apparent to those 
skilled in the art from a study of the following detailed 
description in conjunction with the appended claims and 
drawings, all of which form a part of this specification. In the 
drawings: 
0013 FIG. 1 is an environment of multiple computing 
devices connected to a network. 

0014 FIG. 2 illustrates an environment of multiple com 
puting devices connected to a network and managed via a 
decentralized operating system (“DCOS). 
0015 FIG. 3 is a block diagram illustrating a computing 
device in the network. 
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0016 FIG. 4 is a flow diagram a process for determining 
usage pattern and thereby optimizing performance. 
0017 FIG. 5 is a block diagram illustrating various 
embodiments of the step of generating version vectors. 
0018 FIG. 6 is a block diagram illustrating generation of 
analytics from version vector data. 
0019 FIG. 7 illustrates an example of utilizing analytics to 
optimize systems. 
0020 FIG. 8 is a block diagram of a computer system as 
may be used to implement features of some embodiments of 
the disclosed technology. 

DETAILED DESCRIPTION 

0021 References in this specification to “an embodi 
ment,” “one embodiment, or the like, mean that the particular 
feature, structure, or characteristic being described is 
included in at least one embodiment of the present invention. 
Occurrences of Such phrases in this specification do not all 
necessarily refer to the same embodiment, however. 
0022 FIG. 1 is a block diagram illustrating an environ 
ment 100 of multiple computing devices 102-108 connected 
to a network 110. The computing devices that a user uses may 
vary depending on geographic locations and time of day. The 
computing devices 102-108 can be a desktop computer, a 
laptop computer, a tablet computer, a game console, a Smart 
phone, a personal digital assistant, or other electronic devices 
capable of running computer applications, as contemplated 
by a person having ordinary skill in the art. 
0023 The network 110 can be a local area network (LAN), 
wide area network (WAN) or the Internet. The computing 
devices 102-108 may be connected to the network 110 
through a number of ways, such as Wi-Fi, 4G LTE, LAN, 
WAN, Bluetooth, etc. Network communication hardware and 
network connection logic may be included to receive the 
information from computing devices. The computing devices 
can send data to and receive data from the network. 
0024. In some embodiments, some or all of the computing 
devices 102-108 may be connected to a cloud server (not 
illustrated). The network connections can include Transmis 
sion Control Protocol (TCP) connections, User Datagram 
Protocol (UDP) connections, or other types of network con 
nections based on other protocols. When there are multiple 
computer applications that need network connections to mul 
tiple remote servers (not illustrated), the computing devices 
only need to maintain one network connections with the cloud 
server. The cloud server will in turn maintain multiple con 
nections with the remote servers on behalf of the computer 
applications. 
0025. Although FIG. 1 illustrates four computing devices 
102-108, a person having ordinary skill in the art will readily 
understand that the technology disclosed herein can be 
applied to a single computing device or more than two com 
puting devices connected to the network. 
0026. In one embodiment, the computing devices 102-108 
belong to the same user. A user can upload data files from one 
or more of the computing devices 108 to a remote server (not 
illustrated) via a communication network 110. In another 
embodiment, the computing devices 102-108 belong to a 
group of users. Each user may operate multiple computing 
devices at different time and locations. 
0027 FIG. 2 is a block diagram 200 illustrating a decen 
tralized operating system (“DCOS) 202 managing the mul 
tiple computing devices 102-108 as a single entity. For 
instance, the technology enables the use of the user interface 
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of any of plurality of computing devices to interact with the 
DCOS 202 and to install an application on the DCOS 202. 
The application is installed on an application layer of the 
DCOS 202, where any of the computing devices being man 
aged by the DCOS 202 can invoke the application installed on 
the application layer of the DCOS 202. Thus, a separate 
installation of the application on each of the computing 
devices may not be required to execute the application 
through any of the computing devices if the application is 
installed through the DCOS 202. In one embodiment, version 
vectors can be generated at the DCOS kernel. 
0028 FIG. 3 is a block diagram illustrating a computing 
device 300. The computing device 300 can be any of a desk 
top computer, a laptop computer, a tablet computer, an auto 
mobile computer, a game console, a Smartphone, a personal 
digital assistant, or other computing devices capable of run 
ning computer applications, as contemplated by a person 
having ordinary skill in the art. In some embodiments, the 
computing device 300 can be similar to any of computing 
devices 102-108. 
0029. Typically, the hardware resources of the computing 
device 300 can include central processing units (“CPU”), 
storage devices, graphics processing units (“GPU), network 
communication hardware, a display Screen, a video camera, a 
microphone, etc. The storage devices can include optical disk 
storage, RAM, ROM, EEPROM, flash memory, phase change 
memory, magnetic cassettes, magnetic tapes, magnetic disk 
storage, or any other computer storage medium which can be 
used to store the desired information. 
0030 The computing device 300 may include an operat 
ing system 302 to manage the hardware resources of the 
computing device 300, and to provide services for running 
computer applications 312 (e.g., mobile applications running 
on mobile devices). The operating system 302 facilitates 
execution of the computer applications 312 on the computing 
device 300. The computing device 300 includes at least one 
local storage device 306 to store the computer applications 
312 and/or user data. 
0031. The computer applications 312 stored in the com 
puting device 300 can include applications for general pro 
ductivity and information retrieval, including email, calendar, 
contacts, and stock market and weather information. The 
computer applications 312 can also include applications in 
other categories, such as mobile games, factory automation, 
GPS and location-based services, banking, order-tracking, 
ticket purchases or any other categories as contemplated by a 
person having ordinary skill in the art. 
0032. The computing device 300 can include a version 
vector module 310, which enables generating version vectors. 
The version vectors may be structured in different ways to 
reflect a variety of information regarding how the user tends 
to use the computing device 300 and the computer applica 
tions 312 stored therein. The computing device 300 can fur 
ther include an adjusting module 314, which enables adjust 
ing and optimizing systems according to the user's usage 
pattern. In on embodiment, a version vector can take the form 
{A1, B3, C6}, where A, B and C are device ids and 1, 3, and 
6 are their respective version numbers. 
0033. In some embodiments, some or all of the computing 
devices 300 are managed by a DCOS. Further, version vectors 
may be generated at the DCOS kernel to track updates and 
modifications occurring at the computing devices 300. 
0034. In some embodiments, the computing device 300 
may include other modules for various other functions (not 
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illustrated). For example, a socket redirection module may be 
included to enable connection between computing device 300 
and a remote server via a cloud. The Socket redirection mod 
ule can redirect network messages via a cloud server, so that 
the computer applications and various remote servers (not 
illustrated) may communicate network messages via the 
cloud server. 
0035 FIG. 4 is a flow diagram of a process 400 for deter 
mining usage pattern and thereby optimizing performance. 
The process 400 may be executed in a computing device Such 
as devices 102-108 of FIG.1, or devices 204-210 of FIG. 2, or 
in a remote central server (not illustrated) that receives user 
data from the various computing devices. 
0036. At step 402, the computing device or server receives 
a request to start the process 400. At step 404, version vectors 
are generated at the computing device or server by the version 
vector module 310. At step 406, the processor 304 runs vari 
ous algorithms to mine the version vector data, thereby deter 
mining the user's or the group of users usage patterns. At step 
408, the adjusting module 314 utilizes the usage patterns by 
applying different algorithms to achieve a variety of optimi 
zations. More details of each step will be explained in con 
nection with the following drawings. 
0037 FIG. 5 is a block diagram illustrating various 
embodiments of step 404 generating version vectors. The 
version vectors may be structured in a number of ways. For 
example, a version vector can take the form {A, B, C, D, E, F, 
... N}, where A, B and Care device ids, and the coordinates 
D through N may correspond to other different factors. In one 
embodiment, one of the coordinates may correspond to the 
type of computing device 502 that the user operates (e.g. a 
Smart phone versus a tablet). In another embodiment, the 
coordinates may correspond to each of the computing devices 
and servers in the network. In another embodiment, the ver 
sion vector may bear a time stamp 504, and thus is able to 
indicate the time when an update or modification occurs to a 
certain file in a device. Other examples of version vector data 
may include the specific applications 506 a user used during 
the day, the geographic location 508 where the user used the 
device or application, the type of connection the user used, 
etc. Therefore, the raw data from version vectors may include 
logs or histories of how the user (or a group of users) used the 
computing devices and applications. 
0038 FIG. 6 is a block diagram 600 illustrating generation 
of analytics. After raw data is obtained from version vectors, 
various algorithms may be applied 602 to mine the version 
vector data and generate a series of analytics. 
0039. In one embodiment, one of the analytics that can be 
determined based on the version vector data is a usage pattern 
603, e.g., how frequently a user uses a particular computing 
device. For example, if most of the increments associated 
with an application (e.g. Angry Bird R.) in the version vectors 
come from a particular computing device (e.g. a tablet), then 
it indicates that the user tends to use this application Angry 
Bird R) only on a tablet device rather than on a smartphone. 
0040 Similarly, in other embodiments, a variety of ana 
lytics may be generated by utilizing algorithms to mine ver 
sion vector data. Examples include, but are not limited to: the 
most frequently used computer applications, the geographic 
location of usage, the time of day of usage, the type of com 
munication connection, etc. With these analytics, this tech 
nology enables determination of the usage pattern. In one 
embodiment, the usage pattern is decided on an individual 
user basis. In another embodiment, the usage patterns of a 
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group of users can be determined. For example, a service 
provider, such as Netflix, may use the technology to deter 
mine the usage patterns of its subscribers in a certain region, 
i.e. as a group of users. 
004.1 FIG. 7 is an example 700 of utilizing the analytics of 
FIG. 6 to optimize computing devices. 
0042. After determining the usage pattern, various 
changes can be made to the system configuration in order to 
optimize performance. In one embodiment, optimization 
may be done on an individual user basis. After an analysis has 
been conducted to show how a user tends to use his or her 
computing devices and applications, systems can be opti 
mized according to that usage pattern to better manage 
resources, such as optimizing power consumption, CPU run 
ning time, network component running time, network band 
width, amount of data to be downloaded, when to push data, 
etc 

0043. For example, a certain application may be installed 
on multiple computing devices, such as a desktop computer, 
a tablet, and a Smartphone. Each of the computing devices 
may generate a version vector that reflects updates made via 
the application on that computing device. After analyzing the 
version vector data, it may have been shown that the version 
vector updates regarding that application all or mostly come 
from a particular device. Such as a Smartphone. Then it can be 
predicted that the user only or mostly uses that application on 
a Smartphone. Accordingly, only phone quality pictures, i.e. 
low resolution pictures need to be downloaded, in order to 
save bandwidth, storage space, and battery. 
0044 Similarly, an analysis of the version vector data may 
indicate which computing device a user tends to use when 
running a certain application, e.g. whether this application is 
only used on a phone, or both on a phone and on a tablet. In 
one embodiment, if the usage pattern shows that a particular 
application is mainly used on a phone and a tablet, but rarely 
on a desktop or laptop computer, then the same application 
may be compressed on the desktop and laptop, because it is 
less likely that the user would operate that application on 
those devices. 

0045. In one embodiment, when the user's cell phone is 
low on battery but he/she is at a location where recharging is 
an unrealistic option, information about this user's usage 
pattern can help prioritize tasks, e.g. which applications are 
less important and should be disabled in order to conserve 
battery use, what backup process should be performed to save 
data and progress, when Switching computing devices is nec 
essary because battery outage is about to happen, etc. 
0046. In one embodiment, a users usage pattern can 
facilitate synchronization of file updates among his or her 
multiple computing devices. For example, the information 
associated with the type of computing device being used can 
be obtained from the version vector data. This information 
can help resolve conflicts between file modifications initiated 
on different computing devices. When concurrent modifica 
tions of one file occurred on multiple computing devices, the 
user is often required to make a decision which modification 
on which computing device wins. However, this technology 
may be used to analyze and indicate a preference pattern over 
time (e.g. the user always selects a modification made on a 
cell phone over one made on a desktop). Accordingly, the 
selection can be automatically made, and the file is synchro 
nized without user intervention. 
0047 Another aspect of this technology is to utilize the 
usage patterns of a group of users to optimize performance at 
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a holistic, service provider level. In one embodiment, when 
the version vectors data is generated for a group of users, a 
service provider can mine the data to obtain usage patterns of 
the group, which enables service optimization in many dif 
ferent ways. For example, the service provider can track 
which applications are most downloaded or used at a certain 
geographic location. Based on that information, the service 
provider can make recommendations on useful and interest 
ing applications for users to download when they travel to that 
location. As another example, a company like Netflix can 
keep track of the peak hours and off-peak hours for its Internet 
Video streaming service, so that it can plan services accord 
ingly, Such as caching content in servers, adding servers, or 
other load balancing methods. 
0048 FIG. 8 is a block diagram of a computer system as 
may be used to implement features of some embodiments of 
the disclosed technology. The computing system 800 may be 
used to implement any of the entities, components or services 
depicted in the examples of FIGS. 1-7 (and any other com 
ponents described in this specification). The computing sys 
tem 800 may include one or more central processing units 
(“processors') 805, memory 810, input/output devices 825 
(e.g., keyboard and pointing devices, display devices), Stor 
age devices 820 (e.g., disk drives), and network adapters 830 
(e.g., network interfaces) that are connected to an intercon 
nect 815. The interconnect 815 is illustrated as an abstraction 
that represents any one or more separate physical buses, point 
to point connections, or both connected by appropriate 
bridges, adapters, or controllers. The interconnect 815, there 
fore, may include, for example, a system bus, a Peripheral 
Component Interconnect (PCI) bus or PCI-Express bus, a 
HyperTransport or industry standard architecture (ISA) bus, a 
small computer system interface (SCSI) bus, a universal 
serial bus (USB), IIC (12C) bus, or an Institute of Electrical 
and Electronics Engineers (IEEE) standard 1394 bus, also 
called “Firewire. 
0049. The memory 810 and storage devices 820 are com 
puter-readable storage media that may store instructions that 
implement at least portions of the described technology. In 
addition, the data structures and message structures may be 
stored or transmitted via a data transmission medium, Such as 
a signal on a communications link. Various communications 
links may be used, such as the Internet, a local area network, 
a wide area network, or a point-to-point dial-up connection. 
Thus, computer-readable media can include computer-read 
able storage media (e.g., “non-transitory' media) and com 
puter-readable transmission media. 
0050. The instructions stored in memory 810 can be 
implemented as Software and/or firmware to program the 
processor(s) 805 to carry out actions described above. In 
Some embodiments, such software or firmware may be ini 
tially provided to the processing system 800 by downloading 
it from a remote system through the computing system 800 
(e.g., via network adapter 830). 
0051. The technology introduced herein can be imple 
mented by, for example, programmable circuitry (e.g., one or 
more microprocessors) programmed with Software and/or 
firmware, or entirely in special-purpose hardwired (non-pro 
grammable) circuitry, or in a combination of Such forms. 
Special-purpose hardwired circuitry may be in the form of 
for example, one or more ASICs, PLDs, FPGAs, etc. 
0052. The above description and drawings are illustrative 
and are not to be construed as limiting. Numerous specific 
details are described to provide a thorough understanding of 
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the disclosure. However, in certain instances, well-known 
details are not described in order to avoid obscuring the 
description. Further, various modifications may be made 
without deviating from the scope of the invention. Accord 
ingly, the invention is not limited except as by the appended 
claims. 

0053 Reference in this specification to “one embodiment' 
or “an embodiment’ means that a particular feature, structure, 
or characteristic described in connection with the embodi 
ment is included in at least one embodiment of the disclosure. 
The appearances of the phrase “in one embodiment” in vari 
ous places in the specification are not necessarily all referring 
to the same embodiment, nor are separate or alternative 
embodiments mutually exclusive of other embodiments. 
Moreover, various features are described which may be 
exhibited by some embodiments and not by others. Similarly, 
various requirements are described which may be require 
ments for some embodiments but not for other embodiments. 

0054 The terms used in this specification generally have 
their ordinary meanings in the art, within the context of the 
disclosure, and in the specific context where each term is 
used. Certainterms that are used to describe the disclosure are 
discussed below, or elsewhere in the specification, to provide 
additional guidance to the practitioner regarding the descrip 
tion of the disclosure. For convenience, certain terms may be 
highlighted, for example usingitalics and/or quotation marks. 
The use of highlighting has no influence on the scope and 
meaning of a term; the scope and meaning of a term is the 
same, in the same context, whether or not it is highlighted. It 
will be appreciated that the same thing can be said in more 
than one way. One will recognize that “memory” is one form 
of a “storage' and that the terms may on occasion be used 
interchangeably. 
0055 Consequently, alternative language and synonyms 
may be used for any one or more of the terms discussed 
herein, nor is any special significance to be placed upon 
whether or not a term is elaborated or discussed herein. Syn 
onyms for certain terms are provided. A recital of one or more 
synonyms does not exclude the use of other synonyms. The 
use of examples anywhere in this specification including 
examples of any term discussed herein is illustrative only, and 
is not intended to further limit the scope and meaning of the 
disclosure or of any exemplified term. Likewise, the disclo 
Sure is not limited to various embodiments given in this speci 
fication. 

0056 Those skilled in the art will appreciate that the logic 
illustrated in each of the flow diagrams discussed above, may 
be altered in various ways. For example, the order of the logic 
may be rearranged, Substeps may be performed in parallel, 
illustrated logic may be omitted; other logic may be included, 
etc. 

0057 Without intent to further limit the scope of the dis 
closure, examples of instruments, apparatus, methods and 
their related results according to the embodiments of the 
present disclosure are given below. Note that titles or subtitles 
may be used in the examples for convenience of a reader, 
which in no way should limit the scope of the disclosure. 
Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this disclosure 
pertains. In the case of conflict, the present document, includ 
ing definitions will control. 
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What is claimed is: 
1. A computer-implemented method of optimizing system 

performance, the method comprising: 
generating a version vector, the version vector including a 

plurality of attributes associated with a computing 
device; 

analyzing the attributes from the version vector to deter 
mine a usage pattern of a user of the computing device; 
and 

adjusting a configuration of the computing device based on 
the usage pattern. 

2. The computer-implemented method of claim 1, wherein 
the version vector is generated by one or more of the com 
puting device, a server, or a decentralized operating system 
(“DCOS) in a communication network. 

3. The computer-implemented method of claim 1, wherein 
the attributes associated with the computing device include 
one or more of a type of the computing device, one or more 
computer applications being used by the user, a time of day 
when the user used the computer applications, and a location 
where the user used the computer applications. 

4. The computer-implemented method of claim 1, wherein 
the usage pattern of the user includes one or more of a type of 
computing device used by the user, one or more computer 
applications being used by the user, a time of day when the 
user used the computer applications, and a location where the 
user used the computer applications. 

5. The computer-implemented method of claim 1, wherein 
the adjusting includes adjusting one or more of a power 
consumption, a CPU running time, a network component 
running time, a network bandwidth, an amount of data to be 
downloaded, and a determination of when to push data, 
according to the usage pattern. 

6. The computer-implemented method of claim 1, wherein 
the adjusting includes compressing a plurality of applications 
on a plurality of computing devices when the usage pattern 
indicates that the user is unlikely to use said applications on 
said computing devices. 

7. The computer-implemented method of claim 1, wherein 
the adjusting includes downloading low resolution images for 
a computer application, if the usage pattern indicates that the 
user uses the computer application on a mobile computing 
device, including one or more of Smartphones and tablets. 

8. The computer-implemented method of claim 1, wherein 
the adjusting includes, when the computing device is low on 
battery, prioritizing a plurality of tasks according to the usage 
pattern, wherein the prioritizing comprises: 

performing a backup process to save data and a state of a 
plurality of computer applications; 

disabling a set of the computer applications whose usage is 
less than a specific threshold; and 

notifying, to the user, when to Switch to another computing 
device. 

9. The computer-implemented method of claim 1, wherein 
the adjusting includes synchronizing data between a plurality 
of computing devices, the synchronizing comprising: 

generating a first version vector, the first version vector 
corresponding to updates to a file occurred on a first 
computing device of the computing devices; 

generating a second version vector, the second version 
vector corresponding to updates to the file occurred on 
the second computing device of the computing devices; 

when the updates corresponding to the first computing 
device and the updates corresponding to the second 
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computing device occurred concurrently, selecting, by 
the user, which of the updates are applied to the file in 
order to synchronize the file on the first and second 
computing devices; 

analyzing the first version vector and the second version 
vector to determine a usage pattern of the user's selec 
tion of updates, based on a synchronization attribute, the 
synchronization attributes including one or more of a 
computing device on which the update was selected, a 
time of day the update is selected, or a location of the 
computing device on which the update is selected; and 

automatically select updates to the file when synchroniza 
tion is needed in the future, according to the usage pat 
tern and without the user's intervention. 

10. The computer-implemented method of claim 1, 
wherein the usage pattern is determined for a group of users. 

11. The computer-implemented method of claim 10, fur 
ther comprising: adjusting a server based on the usage pat 
tern, the server providing a service to the computing device. 

12. The computer-implemented method of claim 10, 
wherein the adjusting includes recommending a computer 
application to be downloaded on the computing device, 
according to the usage pattern. 

13. An apparatus comprising: 
a version vector module for generating a plurality of Ver 

sion vectors corresponding to a plurality of attributes of 
the apparatus, the attributes including a computing 
device on which a user accessed particular application, a 
time of the day the user accessed the computing device 
or the application, and a location of the computing 
device at which the user accessed the computing device 
or the application; 

a storage system for storing a plurality of data files related 
to the version vectors; 

a processor for running an operating system and the version 
vector module, and analyzing the attributes from the 
version vectors to determine a usage pattern of a user of 
the computing device; and 

an adjusting module for adjusting a configuration of the 
computing device based on the usage pattern. 

14. The apparatus of claim 13, wherein the apparatus is a 
personal computing device or a server connected to a com 
munication network. 

15. The apparatus of claim 13, wherein the adjusting mod 
ule is further configured to adjust one or more of power 
consumption of the apparatus, a CPU running time of the 
apparatus, a network component running time of the appara 
tus, a network bandwidth, an amount of data to be down 
loaded to the apparatus, and a determination of when to push 
data from the apparatus, according to the usage pattern. 

16. The apparatus of claim 13, wherein the processor is 
further configured to determine the usage pattern for a group 
of users. 

17. The apparatus of claim 13, wherein the adjusting mod 
ule is further configured to compress a plurality of applica 
tions on a plurality of computing devices, when the usage 
pattern indicates that the user is unlikely to use said applica 
tions on said computing devices. 

18. The apparatus of claim 13, wherein the adjusting mod 
ule is further configured to download low resolution pictures 
for a computer application, if the usage pattern indicates that 
the useruses the computer application on a mobile computing 
device, including one or more of Smartphones and tablets. 
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19. The apparatus of claim 13, wherein the adjusting mod 
ule is further configured to, when the computing device is low 
on battery, prioritizing a plurality of tasks according to the 
usage pattern, wherein the prioritizing comprises: 

performing a backup process to save data and a state of a 
plurality of computer applications; 

disabling a set of the computer applications whose usage is 
less than a specific threshold; and 

notifying, to the user, when to Switch to another computing 
device. 

20. A computer-implemented method for synchronizing 
data between a plurality of computing devices, the method 
comprising: 

generating a first version vector, the first version vector 
corresponding to updates to a file occurred on a first 
computing device of the computing devices; 

generating a second version vector, the second version 
vector corresponding to updates to the file occurred on a 
second computing device of the computing devices; 
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when the updates corresponding to the first computing 
device and the updates corresponding to the second 
computing device occurred concurrently, selecting, by 
the user, which of the updates are applied to the file in 
order to synchronize the file on the first and second 
computing devices; 

analyzing the first version vector and the second version 
vector to determine a usage pattern of the user's selec 
tion of the updates, based on a synchronization attribute, 
the synchronization attribute including one or more of a 
computing device on which the update applied to file is 
selected by the user, a time of the day the update is 
Selected, a location of the computing device when the 
update is selected; and 

automatically select an update to the file when synchroni 
Zation is needed in the future, according to the usage 
pattern and without the user's intervention. 
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