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(57) ABSTRACT

An apparatus and method for a power-efficient framework to
maintain data synchronization of a mobile personal computer
(MPC) are described. In one embodiment, the method
includes the detection of a data synchronization wakeup event
while the MPC is operating according to a sleep state. Sub-
sequent to wakeup event, at least one system resource is
disabled to provide a minimum number of system resources
required to re-establish a network connection. In one embodi-
ment, user data from a network server is synchronized on the
MPC without user intervention; the mobile platform system
resumes operation according to the sleep state. In one
embodiment, a wakeup alarm is programmed according to a
user history profile regarding received e-mails. In a further
embodiment, data synchronizing involves disabling a display,
and throttling the system processor to operate at a reduced
frequency. Other embodiments are described and claimed.
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METHOD AND APPARATUS FOR A
POWER-EFFICIENT FRAMEWORK TO
MAINTAIN DATA SYNCHRONIZATION OF A
MOBILE PERSONAL COMPUTER TO
SIMULATE A CONNECTED SCENARIO

RELATED APPLICATION

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/230,585, filed Sep. 12, 2011,
entitled “Method and Apparatus for a Power-Efficient Frame-
work to Maintain Data Synchronization of a Mobile Personal
Computer to Simulate A Connected Scenario”, issued as U.S.
Pat. No. 8,224,402, which is a continuation of U.S. patent
application Ser. No. 12/786,299, filed May 24, 2010, entitled
“Method and Apparatus for a Power-Efficient Framework to
Maintain Data Synchronization of a Mobile Personal Com-
puter to Simulate A Connected Scenario”, issued as U.S. Pat.
No. 8,019,370, which is a Continuation Application of U.S.
patent application Ser. No. 11/393.207, filed Mar. 29, 2006,
entitled “Method and Apparatus for a Power-Efficient Frame-
work to Maintain Data Synchronization of a Mobile Personal
Computer to Simulate A Connected Scenario”, issued as U.S.
Pat. No. 7,725,093, and priority is claimed thereof.

FIELD

[0002] One or more embodiments relate generally to the
field of integrated circuit and computer system design. More
particularly, one or more of the embodiments relate to a
method and apparatus for a power-efficient framework to
maintain data synchronization of a mobile personal computer
to simulate a connected scenario.

BACKGROUND

[0003] E-mails are steadily becoming a mainstream mode
of communication, between friends, family and especially
work colleagues. With this increasing reliance on e-mails, it is
important to remain constantly up-to-date with e-mails/on-
line alerts. Today, users of devices such as Blackberry® and
Palm Treo® can get e-mail continuously on their devices
through a technique called “push e-mail.” However, push
e-mail, currently, does not work on notebook computers and
many other mobile devices because it requires a specialized
always-on wireless communication sub-system. To stay up-
to-date, users of notebooks and other web-enabled mobile
devices have to manually establish connection with their
application servers (web and/or enterprise) and download
e-mails, weather, news and entertainment items one by one.
Unlike push e-mail, where the servers push content to the
user’s mobile devices, users of notebook PC have to pull
information off the respective servers.

[0004] Conventionally, a corporate executive is required to
pick-up his/her laptop, establish a connection to the Internet,
take care of security/passwords, etc., and then synchronize
information one by one. Unless he/she does all of this, he/she
is unaware of any important e-mails/critical updates, such as
flights delays, meeting changes, etc. Also, when he/she tries
to do this, he/she needs to have Internet connectivity at his/her
current location.

[0005] Keeping a laptop constantly powered on and con-
nected wirelessly is not feasible because of power limitations
of'today’s devices. A typical laptop’s battery lasts about five
hours. However, almost all mobile devices today are capable
of'entering a lower power “Sleep/Standby/Hibernate” state to
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conserve battery power when not in active use. To conserve
battery power, an individual either would places his/her
mobile device in the “Standby/Hibernate” state, or the device
itself, if left idle, enters the state. Unfortunately, during such
low power states, the device powers down much of the
resources of the computer system, generally resulting in the
loss of network connections. As a result, data on the mobile
device does not remain synchronized with subsequently
receive data by a network server.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The various embodiments of the present invention
are illustrated by way of example, and not by way of limita-
tion, in the figures of the accompanying drawings and in
which:

[0007] FIG. 1 is a block diagram illustrating a mobile per-
sonal computer (MPC) system including data synchroniza-
tion logic to enable a power efficient framework to maintain
data synchronization of an MPC to simulate a connected
scenario, in accordance with one embodiment.

[0008] FIG. 2 is a block diagram further illustrating data
synch logic of FIG. 1, in accordance with one embodiment.
[0009] FIG. 3isauser interfaceillustrating implementation
of'a fixed wakeup schedule for performing data synchroniza-
tion, in accordance with one embodiment.

[0010] FIG. 4 is a user interface for implementing an adap-
tive wakeup schedule for performing data synchronization
according to one embodiment.

[0011] FIG. 5 is a graph illustrating an average number of
e-mails received per hour, according to one embodiment.
[0012] FIG. 6 is a chart showing an average number of
e-mails and scheduled wakeups of an MPC system based on
e-mail history, according to one embodiment.

[0013] FIG. 7 is a block diagram illustrating an adaptive
wakeup schedule, in accordance with one embodiment.
[0014] FIGS. 8A and 8B provide a power consumption
comparison of a throttled CPU to compare adaptive wakeup
scheduling to fixed wakeup scheduling, according to one
embodiment.

[0015] FIG. 9 is a flowchart illustrating a method for pro-
viding a power-efficient framework, while maintaining data
synchronization of MPC to simulate a connected scenario,
according to one embodiment.

[0016] FIG. 10 is a flowchart illustrating a method for con-
necting with a wireless network, according to one embodi-
ment.

[0017] FIG. 11 is a flowchart illustrating a method for
improving power performance for a data synchronization
scheme based on user e-mail history, according to one
embodiment.

[0018] FIG. 12 is a block diagram illustrating a mobile
platform architecture to provide a power efficient framework
to maintain data synchronization of a mobile platform com-
puter to simulate a connected scenario, according to one
embodiment.

[0019] FIG. 13 is a block diagram illustrating various
design representations or formats for simulation, emulation
and fabrication of a design using the disclosed techniques.

DETAILED DESCRIPTION

[0020] A method and apparatus for a power-efficient
framework to maintain data synchronization of a mobile per-
sonal computer (MPC) in a connected scenario are described.
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In one embodiment, the method includes the detection of a
data synchronization wakeup event while a mobile platform
(MPC) is operating according to a sleep state. Subsequent to
the wakeup event, at least one system resource is disabled to
provide a minimum number of system resources required to
re-establish a network connection.

[0021] Inone embodiment, user data from a network server
is synchronized on the MPC system without user intervention
and in a low power state, to provide the appearance to the user
that the MPC system is connected. Once data synchronization
is complete, the MPC system resumes operation according to
the sleep state. In one embodiment, the data synchronization
wakeup event is periodically invoked by programming a real-
time clock according to a user history profile regarding
received e-mails. In a further embodiment, synchronizing of
system data in the low power state involves disabling one or
more resources of the mobile platform system, including a
display, and optionally throttling the system processor to
operate at a reduced frequency.

[0022] In the following description, numerous specific
details such as logic implementations, sizes and names of
signals and buses, types and interrelationships of system
components, and logic partitioning/integration choices are
set forth in order to provide a more thorough understanding.
It will be appreciated, however, by one skilled in the art that
the invention may be practiced without such specific details.
In other instances, control structures and gate level circuits
have not been shown in detail to avoid obscuring the inven-
tion. Those of ordinary skill in the art, with the included
descriptions, will be able to implement appropriate logic
circuits without undue experimentation.

[0023] In the following description, certain terminology is
used to describe features of the invention. For example, the
term “logic” is representative of hardware and/or software
configured to perform one or more functions. For instance,
examples of “hardware” include, but are not limited or
restricted to, an integrated circuit, a finite state machine or
even combinatorial logic. The integrated circuit may take the
form of a processor such as a microprocessor, application
specific integrated circuit, a digital signal processor, a micro-
controller, or the like.

System

[0024] FIG. 1 is a block diagram illustrating mobile per-
sonal computer (PC) (MPC) system 100 including data syn-
chronization logic 200 to enable a power-efficient framework
to maintain data synchronization of MPC system 100 to simu-
late a connected scenario, in accordance with one embodi-
ment. As described herein, an “MPC system” may include,
but is not limited to, laptop computers, notebook computers,
handheld devices (e.g., personal digital assistants, cell
phones, etc.), or other like battery powered devices.

[0025] Representatively, MPC system 100 comprises inter-
connect 104 for communicating information between proces-
sor (CPU) 102 and chipset 110. In one embodiment, CPU 102
may be a multi-core processor to provide a symmetric mul-
tiprocessor system (SMP). As described herein, the term
“chipset” is used in a manner to collectively describe the
various devices coupled to CPU 102 to perform desired sys-
tem functionality.

[0026] Representatively, display 130, wireless communi-
cation device 120, hard drive devices (HDD) 125, main
memory 115, clock 112 and power source (battery) 127 may
be coupled to chipset 110. In one embodiment, chipset 110 is
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configured to include a memory controller hub (MCH) and/or
an input/output (I/O) controller hub (ICH) to communicate
with I/O devices, such as wireless communications device
120. In an alternate embodiment, chipset 110 is or may be
configured to incorporate a graphics controller and operate as
a graphics memory controller hub (GMCH). In one embodi-
ment, chipset 110 may be incorporated into CPU 102 to
provide a system on chip.

[0027] Inoneembodiment, main memory 115 may include,
butis not limited to, random access memory (RAM), dynamic
RAM (DRAM), static RAM (SRAM), synchronous DRAM
(SDRAM), double data rate (DDR) SDRAM (DDR-
SDRAM), Rambus DRAM (RDRAM) or any device capable
of supporting high-speed buffering of data. Representatively,
computer system 100 further includes non-volatile (e.g.,
Flash) memory 150. In one embodiment, flash memory 150
may be referred to as a “firmware hub” or FWH, which may
include a basic input/output system (BIOS) that is modified to
perform, in addition to initialization of computer system 100,
initialization of data sync logic 200 to enable a power-effi-
cient framework to maintain data synchronization of MPC
system 100 to simulate a connected scenario, according to
one embodiment.

[0028] MPC systems, such as MPC system 100, laptop
computers, notebook computers, handheld devices (e.g., per-
sonal digital assistants, cell phones, etc.) are often battery
powered; and, as such, power consumption is a matter of
concern. Typically, the less power consumed by a mobile
computing system, the longer the life of the battery that
powers the computing system. Often, mobile computing sys-
tems are built with a “standby mode” and/or a “hibernation
mode,” which are collectively referred to herein as “sleep
modes/states.” Either of these modes substantially shut down
the activity of the computing system so that battery power is
conserved.

[0029] In “standby mode,” the computing system’s
“appendages” outside processor core 102 (e.g., its display
unit 130, wireless communications device 120, HDD 125) are
shut down in response to a corresponding POWER DOWN
SIGNAL, while volatile memory within processing core 102
(e.g., external cache (not shown) system memory 115, etc.) is
kept awake (e.g., by continuing to clock/refresh and/or oth-
erwise apply power to external cache and system memory
115). In one embodiment, CPU 102 may also shut down
various internal units so that the processing of application
software effectively ceases. Standby mode allows the system
to conserve battery power consumption (because of the shut
down of the appendages and internal CPU units) and also
allows the computing system to rapidly awake because its
volatile memory was not shut down.

[0030] In “hibernation mode,” the contents of the volatile
memory (e.g., cache system memory 115) are first stored to
non-volatile memory (e.g., HDD 125); and then, the entire
system is effectively shut down. Here, typically, greater
power savings are realized as compared to the sleep mode
because the volatile memory units are shut down. However, it
takes longer for the system to return from hibernation mode to
its original, normal, active state because the “state” of the
system software at the time hibernation mode was entered (as
represented by the matter that was transferred from volatile to
non-volatile memory) needs to be “reloaded” back into vola-
tile memory (e.g., by reading the state data from the disk drive
and re-storing it back to its original locations in cache and
system memory 115.)
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[0031] Unfortunately, during either standby mode or hiber-
nation mode, the utility of a mobile computing system is
effectively non-existent because the CPU (being shut down)
lacks the ability to execute a variety of instructions. That is,
useful software routines (such as, e-mail retrieval, download-
ing information from the Internet, etc.) cannot be executed. In
one embodiment, data sync logic 200 periodically makes an
automatic wireless network connection to synchronize MPC
system 100 with any data received by a network server, to
simulate a connected scenario to a user of MPC system 100.
As described herein, “data synchronization” or “synchroni-
zation” may refer to the downloading of all e-mail/critical
information received by a network server to synchronize user
data on MPC system 100 with user data on the network server
without requiring user intervention for access to a network
server via a wireless network connection.

[0032] FIG. 2 is a block diagram further illustrating data
synchronization logic 200 of FIG. 1, in accordance with one
embodiment. Representatively, sync logic 240 operates as a
controller to ensure that data sync logic 200 periodically
makes an automatic wireless network connection to synchro-
nize MPC system 100 with any user data received by a net-
work server. In one embodiment, wakeup schedule logic 258
is responsible for establishing a wakeup schedule when MPC
system 100 is placed into a stand-by/hibernate mode, either
directly (by the user) or due to user inactivity.

[0033] In one embodiment, in response to detection of the
MPC system 100 in a stand-by/hibernate mode, wakeup
schedule logic 258 is set a timer to occasionally wakeup MPC
system 100 for synchronization. In one embodiment, this is
performed by programming wakeup trigger logic 250.
Wakeup trigger logic 250 receives real-time clock input 112
and based on a timer, issues a data synchronization event. In
response to such data synchronization event, resources dis-
able logic 250 disables at least one MPC system resource to
provide a minimum number of resources required to re-es-
tablish a wireless network connection. Once disabled, sync
logic 240 directs wireless network access logic 242 to estab-
lish a wireless network connection. Once established, sync
logic 240 ensures that all user data on MPC system 100 is
synchronized with any newly received user data on a network
server.

[0034] Accordingly, referring again to FIG. 1, wireless
communication device 120 may operate according to a wire-
less network protocol, such as, for example, the Institute of
Electronic Engineers (IEEE) 802.11 Standard (e.g., IEEE
Std. 802.11-1997, 802.11a, 802.11e, 802.11n, etc.). In one
embodiment, wireless communications device may operate
according to an 802.11 Standard for providing a mobile user
with a connection to a local area network (LAN) through an
radio frequency (RF) connection. However, it should be rec-
ognized that access to a wireless local area network (WLAN)
is not limited to the 802.11 Standard, but may include Hyper-
Lan2, as well as future potential standards for any point-to-
point wireless link or network. In one embodiment, wireless
communication device 120 may provide support for a wire-
less network protocol for connection to a wireless wide area
network (WWAN).

[0035] In one embodiment, wireless communications
device 120 may include virtual private network (VPN) logic
244 for automating access to a wireless network without user
intervention. Accordingly, in one embodiment, wireless net-
work access logic 242 (FIG. 2), may be responsible for scan-
ning all possible networks to make the best possible effort to
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establish Internet connectivity without user intervention.
Subsequently, VPN logic 244 may establish a WLAN/
WWAN secure connection to enable synchronization of all
the e-mail/relevant information as specified by a user profile
to simulate that MPC system 100 is connected to a network
server. In one embodiment, a user may also be alerted if so
desired before sending MPC system 100 back into a Standby/
Hibernate mode. Accordingly, returning the MPC system 100
to a sleep mode following data synchronization, and reducing
the periodicy of wakeups for maintaining synchronization,
result in optimized battery lifetime.

[0036] FIGS. 3 and 4 illustrate user interfaces for providing
a fixed wakeup schedule 260 and adaptive wakeup schedule
262, as provided by wakeup schedule code 292 of FIG. 1,
according to one embodiment. As shown in FIG. 3, fixed
wakeup schedule 262 allows the user to select a fixed time for
periodically waking MPC system 100, while in a sleep state,
to perform data synchronization, by activating “Check
E-mail” button 266. However, to optimize battery lifetime, it
is recognized that the periodicy of the wakeup and synchro-
nization plays a critical role in balancing the power consump-
tion versus having continuously synchronized data. In one
embodiment, a scheme is proposed where the periodicy for
determining/performing data synchronization is governed by
e-mail activity.

[0037] Inoneembodiment, as shown in FIG. 4, an adaptive
wakeup schedule user interface 262 is provided. In one
embodiment, a history profile (Create Profile 261) may be
generated based on e-mail usage to create a heuristic for
wakeup times according to when a user is expected to receive
an e-mail message. For example, as shown in FIG. 5, graph
270 illustrates the average number of e-mails received per
hour based on a 24-hour period. Representatively, a user’s
e-mail history may tell us that the user rarely receives e-mail
between 12:00 a.m. and 5:00 a.m. As a result, scheduling a
wakeup of MPC system 100 during such times would result in
wasted battery life. Conversely, between 8:00 a.m. an 11:00
a.m., it is identified that the user receives a high volume of
e-mails. Consequently, it is beneficial to wakeup the MPC
system more frequently during such period of time to main-
tain data synchronization. It should be recognized that the
e-mail activity pattern may be different for different days of
the week and whether or not the user is traveling or in a
different time zone.

[0038] Inone embodiment, adaptive wakeup schedule 262
enables a user to make the wake schedule more adaptive.
Representatively, a user gets to decide whether the wake
schedule is governed more by history or by incoming e-mails.
If the user wants the wakeup schedule to reflect recent activ-
ity, the schedule may be aggressively updated with each
incoming e-mail, using Adaptivity 265. For example, MPC
system 100 is put in standby mode at 12:00 a.m., and wakeup
occurs at 5:00 a.m., less than one e-mail is expected. If during
this duration, four e-mails are received, an adaptive wakeup
schedule may update to reflect this unusual activity.

[0039] In one embodiment, if Adaptivity 265 is set to be
governed more by history, the received e-mails are considered
as an unusual spike or outlier and the schedule is not adjusted.
On the contrary, if the Adaptivity 265 is set to be governed
more by incoming e-mails, the schedule is adapted aggres-
sively and starts waking up more often between 12:00 a.m.
and 5:00 a.m. Hence, Adaptivity 265 allows the user to easily
set attributes like adaptivity coefficient and e-mail threshold
for wakeups.
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[0040] FIG. 6 is a sample of what a user’s schedule 272
might look like on a Monday, according to one embodiment.
Representatively, wakeup times are scheduled to occur for
one e-mail on average. Representatively, between 1:00 a.m.
and 6:00 a.m., negligible e-mails are received, whereas an
average 5.7 e-mails are received between 9:00 a.m. and 9:59
a.m. Hence, wakeups are not scheduled between 12:00 a.m.
and 7:00 a.m., a wakeup is scheduled every 10 minutes
between 9:00 a.m. and 10:00 a.m.

[0041] FIG. 7 is a block diagram illustrating an adaptive
wakeup schedule, in accordance with one embodiment. In
one embodiment, Adaptivity coefficient ‘a’, 0=a=1 is
defined as fraction between completely history-driven (a=0)
and completely present-driven (a=1) scheduling. If the user
sets a=0.1, the schedule adapts very slowly. If a=0.9, it
aggressively adapts the schedule to present e-mail activity, as
indicated by the following equation.

New E-mail Count=[(1-a)*E-mail Count from his-
tory]+[a* E-mail Count from Present] (€8]

[0042] Representatively, as indicated by block 275, MPC
system 100 went in Standby/Hibernate at 12:00 a.m. and
wakeup occurs at 7:36 a.m. From history (see Table 272 (FIG.
6)), we expect one e-mail to arrive by then. Instead, as indi-
cated by block 276, three e-mails are received at 6:10 a.m.,
6:15 a.m. and 6:42 a.m. For the 6:00 a.m.-7:00 a.m. slot, the
E-mail Count from History was 0.2 (see FIG. 6), and the
E-mail Count from Present is 3. In one embodiment, history-
driven scheduling (say a=0.1) changes the E-mail count for 6
amto 0.48 from 0.2, as indicated by block 279. Conversely, as
indicated by block 278, present-driven scheduling (say a=0.
9) changes the E-mail count for 6 am to 2.72 from 0.2.
[0043] Accordingly, in one embodiment, data sync logic
200 of FIG. 2 enables MPC system 100 to periodically make
an Internet/ WLAN/WWAN connection, if available, to per-
form data synchronization without user intervention. In one
embodiment, once MPC system 100 is in place into a
Standby/Hibernate mode, a timer is set to occasionally wake
MPC system 100 for automatic synchronization. As a result,
power is saved by primarily keeping the MPC system 100 in
low power sleep mode, while synchronization is performed
by waking up MPC system 100 occasionally. Accordingly,
subsequent to placing MPC system 100 into a sleep mode,
when the user returns to awaken the MPC system 100 from
sleep mode, the user will discover that all e-mail/critical
information is synchronized on MPC system 100 without
having to make an Internet connection, even in a place where
Internet connectivity is unavailable to simulate the connected
scenario.

[0044] In one embodiment, the time for which a mobile
device can remain active is extended by reducing its power
consumption while it is being powered-on. The power con-
sumption of a mobile device is proportional to the operating
frequency of its processor. Hence, a processor operating at a
higher frequency consumes more battery power than a pro-
cessor ata lower frequency. Most of the newer processors are
capable of changing their operating frequency and allow the
system BIOS or operating system (OS) 116 (FIG. 1) to con-
trol the operating frequency. However, by default an OS
forces the processor to operate at or near full frequency to get
better performance and user experience. Therefore, the user
does not benefit from the processor’s in-built capabilities.
[0045] Retrieving e-mail messages is a very computation-
ally simple application, one which does not require the device
to operate at full power. Also, the operational speed of the
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processor is not the primary bottle neck for e-mail retrieval
from a remote server because factors like network bandwidth,
network latency and server availability play a far more sig-
nificant role. Accordingly, in one embodiment, MPC system
100, which is being automatically powered-on to retrieve
e-mail messages, is caused to run at the lowest possible pro-
cessor speed to achieve improved power utilization.

[0046] Referringagainto FIG.1, MPC system 100 includes
speedstep logic 104, according to one embodiment. In one
embodiment, speedstep logic 104 enables MPC system to
further conserve battery life by providing various processor
operating frequencies, as well as voltages referred to herein as
“power state conditions.” Accordingly, in one embodiment,
speedstep logic 104 may direct CPU 102 to reduce the oper-
ating speed, as well as lower system voltage, to provide a
battery-optimized mode, referred to herein as “CPU throt-
tling.” In contrast to conventional processors, speedstep logic
enables the throttling of CPU 102 following wakeup from a
standby C3 state.

[0047] The second major drain on battery power in mobile
devices is the liquid crystal display (LCD) screen. If the
process of retrieving e-mail messages can be done without
any user interaction, then the LCD screen does not need to be
switched on during the retrieval process. This, in turn, would
lead to an improvement in battery performance.

[0048] Inoneembodiment, when the user puts the device in
alow power ‘Sleep/Hibernate’ state to indicate that the device
will no longer be actively used, the device is periodically
brought up from the low power state to retrieve e-mail mes-
sages. In one embodiment, the processor’s speed is forced to
remain at the lowest possible level while the application uses
an automated e-mail retrieval process, referred to herein as
“CPU throttling,” which may be activated by “Throttle CPU”
button 268 of Ul 260/262 of FIGS. 3 and 4. In a further
embodiment, the display 130 (FIG. 1) is also forced to remain
off during this process. The device is then put back into the
low power state until the user resumes normal operation or
until the next automatic synchronization window opens.
[0049] FIGS. 8A and 8B illustrate graphs 280/286 for com-
paring power consumption based on regular intervals with
CPU throttling and synchronization based on adaptive sched-
uling with CPU throttling. As shown in FIG. 8A, synchroni-
zation is performed at regular intervals, such as, for example,
every ten minutes. Based on a wakeup interval of ten minutes,
atotal of 144 wakeups are performed in one day. Conversely,
by scheduling wakeups according to e-mail activity, a number
of wakeups may be determined as a minimum of 144 wakeups
per day versus a sum of the number of e-mails per day.
[0050] Representatively, throttling of the CPU provides a
ten percent power reduction over non-throttled embodiments.
Furthermore, disabling of an LCD 130 (FIG. 1) saves
approximately thirty percent power consumption over
embodiments where the LCD remains on. Adaptive schedul-
ing saves approximately 55 percent to 62 percent power sav-
ings versus periodic synchronization performed every 10
minutes.

[0051] Accordingly, in one embodiment, data synchroniza-
tion logic 200 maintains synchronization of user critical
information and does so in a power efficient manner, to simu-
late a connected scenario for MPC system 100. In one
embodiment, the data synchronization logic 200 brings push-
style e-mail functionality in a PC architecture-based plat-
form. Conventionally, this feature is only available in hand-
held devices that have an always on communications



US 2013/0013948 Al

subsystem. Procedural methods for implementing one or
more of the above-described embodiments are now provided.

Operation

[0052] Turning now to FIG. 9, the particular methods asso-
ciated with various embodiments are described in terms of
computer software and hardware with reference to a flow-
chart. The methods to be performed by a computing device
(e.g., an MPC system) may constitute state machines or com-
puter programs made up of computer-executable instructions.
The computer-executable instructions may be written in a
computer program and programming language or embodied
in firmware logic. If written in a programming language con-
forming to a recognized standard, such instructions can be
executed in a variety of hardware platforms and for interface
to a variety of operating systems.

[0053] In addition, embodiments are not described with
reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement embodiments as described herein. Further-
more, it is common in the art to speak of software, in one form
or another (e.g., program, procedure, process, application,
etc.), as taking an action or causing a result. Such expressions
are merely a shorthand way of saying that execution of the
software by a computing device causes the device to perform
an action or produce a result.

[0054] FIG. 9 is a flowchart illustrating a method 300 for a
power-efficient framework to maintain data synchronization
of a mobile personal computer to simulate the connected
scenario, in accordance with one embodiment. In the embodi-
ments described, examples of the described embodiments are
made with reference to FIGS. 1-8B. However, the described
embodiments should not be limited to the examples provided
to limit the scope provided by the appended claims.

[0055] Referring again to FIG. 9, at process block 302, it is
determined whether an MPC system, such as MPC system
100 as shown in FIG. 1, has gone into a standby/hibernate
mode. In one embodiment, such functionality may be per-
formed by data synchronization code 290 in combination
with operating system 116. Conventionally, OS 116 broad-
casts a message to applications if either the user or inactivity
has caused MPC system 100 to go into a standby/hibernate
mode. When such event occurs, OS 116 (FIG. 1) may broad-
cast a message to all applications. Accordingly, in one
embodiment, data sync code 290 (FIG. 1) remains dormant
until a message is broadcast that the system will go into a
standby/hibernate mode.

[0056] Referring again to FIG. 9, at process block 304, in
response to standby/hibernate detection, data sync code 209
may set up a system wakeup timer according to e-mail activity
and allow MPC system 100 to go to sleep. Assuming the user
does not cause MPC system 100 to wakeup, at process block
306, a wakeup alarm may be detected. Once detected, at least
one resource of MPC system 100 is disabled/altered. For
example, in one embodiment, display 130 of MPC system
100 may be disabled. In addition, data sync code 200 may
cause CPU 102 to operate according to a reduced frequency,
such as, for example, a minimum frequency by using speed-
step logic 104.

[0057] Referring again to FIG. 9, at process block 308,
MPC system 100 loads OS 116 with a throttled CPU. At
process block 310, MPC system 100 may attempt to establish
a wireless network connection through a wireless wide area
network (WWAN) or a wireless local area network (WLAN)
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at process block 320. At process block 320, failure to connect
to a WWAN will cause MPC system to establish a WLAN
connection. Accordingly, MPC system 100 may establish
either a WWAN connection or a WLAN connection.

[0058] Based on such connection, using, for example, VPN
logic 244, at process block 322, MPC system 100 may estab-
lish a hands-free connection to a VPN. Once established, at
process block 330, e-mails, calendars and other files may be
downloaded on MPC system 100 to enable synchronization
between the MPC system 100 and a network server. At pro-
cess block 332, the user may be optionally notified if unread
e-mails are detected. Subsequently, a next wakeup alarm is set
atprocess block 340 and MPC system 100 is allowed to return
to the standby/hibernate state at process block 342.

[0059] FIG. 10 is a flowchart for a method 400 for perform-
ing a wireless network connection without user intervention,
according to one embodiment. At process block 401, control
resumes to process block 402, where a wait state is encoun-
tered. At process block 410, it is determined whether a virtual
private network (VPN) is available. If the VPN is available,
data synchronization is automatically performed at process
block 440. Conversely, if the VPN is not available, at process
block 420, a wireless local area network connection is estab-
lished. If established successfully, at process block 422, a
VPN connection is attempted by using a soft identification.
[0060] Subsequently, at process block 424, it is determined
whether a VPN connection is successfully established. When
such is established, control flow transitions to process block
440. Otherwise, access via an wireless wide area network
(WWAN) is performed at process block 426. Subsequently, at
process block 430, if a WWAN connection is established,
connection to a VPN is performed at process blocks 432 and
434. Subsequent to data synchronization, at process block
440, control flow branches to process block 450, where the
MPC system is allowed to return to a sleep mode.

[0061] Accordingly, as shown in FIG. 10, twenty seconds
should be allowed to establish the WLLAN connection at pro-
cess block 428 to check if WLAN is connected and if the
wireless card is catching a service set identifier (SSID) for the
WLAN, which is determined at process block 426. If the
connection is still not made, the WLAN may be dialed up.
Accordingly, checks are made to determine if a network con-
nection is available by scanning all network devices for an
Internet protocol (IP) addresses and using, for example, Win-
dows Management Instrumentation (WMI) service. If a net-
work connection is unavailable, MPC system 100 may be sent
back to sleep.

[0062] In one embodiment, once a connection is estab-
lished, a VPN client may be loaded. In one embodiment, the
VPN client waits for a “secure ID authentication” window
and throws the soft ID keystrokes at process block 422. Once
the VPN connection has been established, data synchroniza-
tion may be performed by identitying, for example, any new
messages without launching, for example, an e-mail inter-
face. In one embodiment, this process is performed while the
user is inactive and the display is shut down with the CPU
throttled to a lowest frequency mode to save power and avoid
thermal issues. In one embodiment, VPN configuration is
performed by activating the “HandsFree VPN button 264 of
UI260/262 of FIGS. 3 and 4.

[0063] FIG. 11 is a flowchart illustrating a method 500 for
combining data synchronization according to e-mail activity
with further power saving techniques, according to one
embodiment. Accordingly, at process block 502, it is deter-
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mined whether a system wakeup is detected. In one embodi-
ment, system wakeup, according to programming of a timer
based on real-time clock 112 may be performed by wakeup
schedule code 292, which may be referred to herein as a “data
synchronization wakeup event.” Accordingly, at process
block 510, it is determined whether a data synchronization
wakeup event is detected. When such is detected, for
example, by the detection of the alarm, data synchronization
logic 200 may disable a display 130 (FIG. 1) at process block
512.

[0064] Referring again to FIG. 11, at process block 514,
CPU 102 may be throttled to a lowest possible frequency
using, for example, speedstep logic 104. At process block
520, an Internet connection may be established, for example,
as shown in FIG. 10. At process block 530, synchronization of
e-mails is performed and a next wakeup time is computed. At
process block 540, a determination may be made as to the
battery level and whether the battery life is above a predeter-
mined threshold. In one embodiment, if the battery life is
below the predetermined threshold, MPC system 100 may be
returned to the hibernate and the automatic synchronization
terminated. Conversely, if the battery level is above the pre-
determined threshold, the MPC system is returned to the
sleep/hibernate state with the next wakeup time programmed
according to the clock 112, as shown in FIG. 1.

[0065] Inoneembodiment, when the system wakes up from
a sleep state, it starts the connection and e-mail download
process for e-mail synchronization; however, MPC system
may keep track of the system temperature using, for example,
a skin temperature sensor. There could be cases where the
MPC system wakes up inside a laptop bag where there is poor
ventilation, causing the MPC system to heat up. In one
embodiment, the MPC system sets a future wake-up notifi-
cation and promptly puts the MPC system back to the sleep
state to protect the MPC system from overheating.

[0066] FIG. 12 illustrates a block diagram of an example
computer system that may use an embodiment of a power-
efficient framework to maintain data synchronization of a
mobile personal computer to simulate a connected scenario,
according to one embodiment. In one embodiment, computer
system 600 comprises a communication mechanism or bus
608 for communicating information, and an integrated circuit
component such as a main processing unit 602 coupled with
bus 608 for processing information. One or more of the com-
ponents or devices in the computer system 600 such as the
main processing unit 602 or a chipset 610 may use an embodi-
ment of the data synchronization logic (DSL) 200. The main
processing unit 602 may consist of one or more processor
cores working together as a unit.

[0067] Computer system 600 further comprises a random
access memory (RAM) or other dynamic storage device 615
(referred to as main memory) coupled to bus 608 for storing
information and instructions to be executed by main process-
ing unit 602. Main memory 615 also may be used for storing
temporary variables or other intermediate information during
execution of instructions by main processing unit 602.

[0068] Firmware 619 may be a combination of software
and hardware, such as Electronically Programmable Read-
Only Memory (EPROM) that has the operations for the rou-
tine recorded on the EPROM. The firmware 619 may embed
foundation code, basic input/output system code (BIOS), or
other similar code. The firmware 619 may make it possible for
the computer system 600 to boot itself.
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[0069] Computer system 600 also comprises a read-only
memory (ROM) and/or other static storage device 618
coupled to bus 608 for storing static information and instruc-
tions for main processing unit 602. The static storage device
618 may store OS level and application level software.
[0070] Computer system 600 may further be coupled to or
have an integral display device 630, such as a cathode ray tube
(CRT) orliquid crystal display (LLCD), coupled to bus 608 for
displaying information to a computer user. A chipset may
interface with the display device 630.

[0071] An alphanumeric input device (keyboard) 632,
including alphanumeric and other keys, may also be coupled
to bus 608 for communicating information and command
selections to main processing unit 602. An additional user
input device is cursor control device 633, such as a mouse,
trackball, trackpad, stylus, or cursor direction keys, coupled
to bus 608 for communicating direction information and
command selections to main processing unit 602, and for
controlling cursor movement on a display device 630. A
Chipset may interface with the input/output devices.

[0072] Another device that may be coupled to bus 608 is a
power supply such as a battery and Alternating Current
adapter circuit. Furthermore, a sound recording and playback
device, such as a speaker and/or microphone (not shown) may
optionally be coupled to bus 608 for audio interfacing with
computer system 600. Another device that may be coupled to
bus 608 is a wireless communication module 620. The wire-
less communication module 620 may employ a Wireless
Application Protocol to establish a wireless communication
channel. The wireless communication module 620 may
implement a wireless networking standard, such as the 802.
11 Standard.

[0073] In one embodiment, the software used to facilitate
the routine can be embedded onto a machine-readable
medium. A machine-readable medium includes any mecha-
nism that provides (i.e., stores and/or transmits information in
a form accessible by a machine (e.g., a computer, network
device, personal digital assistant, manufacturing tool, any
device with a set of one or more processors, etc.). For
example, a machine-readable medium includes recordable/
non-recordable media (e.g., read only memory (ROM)
including firmware; random access memory (RAM); mag-
netic disk storage media; optical storage media; flash memory
devices; etc.), as well as electrical, optical, acoustical or other
form of propagated signals (e.g., carrier waves, infrared sig-
nals, digital signals, etc.); etc.

[0074] FIG. 13 is a block diagram illustrating various rep-
resentations or formats for simulation, emulation and fabri-
cation of a design using the disclosed techniques. Data rep-
resenting a design may represent the design in a number of
manners. First, as is useful in simulations, the hardware may
be represented using a hardware description language, or
another functional description language, which essentially
provides a computerized model of how the designed hard-
ware is expected to perform. The hardware model 710 may be
stored in a storage medium 700, such as a computer memory,
so that the model may be simulated using simulation software
720 that applies a particular test suite 730 to the hardware
model to determine if it indeed functions as intended. In some
embodiments, the simulation software is not recorded, cap-
tured or contained in the medium.

[0075] Inany representation of the design, the data may be
stored in any form of a machine readable medium. An optical
or electrical wave 760 modulated or otherwise generated to
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transport such information, a memory 750 or a magnetic or
optical storage 640, such as a disk, may be the machine
readable medium. Any of these mediums may carry the
design information. The term “carry” (e.g., a machine read-
able medium carrying information) thus covers information
stored on a storage device or information encoded or modu-
lated into or onto a carrier wave. The set of bits describing the
design or a particular of the design are (when embodied in a
machine readable medium, such as a carrier or storage
medium) an article that may be sealed in and out of itself, or
used by others for further design or fabrication.

Alternate Embodiments

[0076] Itwill be appreciated that, for other embodiments, a
different system configuration may be used. For example,
while the system 100 includes a single CPU 102, for other
embodiments, a multiprocessor system (where one or more
processors may be similar in configuration and operation to
the CPU 102 described above) may benefit from the power-
efficient framework to maintain data synchronization of a
mobile personal computer (MPC) in a connected scenario of
various embodiments. Further different type of system or
different type of computer system such as, for example, a
server, a workstation, a desktop computer system, a gaming
system, an embedded computer system, a blade server, etc.,
may be used for other embodiments.

[0077] Elements of the described embodiments of the
present invention may also be provided as a machine-read-
able medium for storing the machine-executable instructions.
The machine-readable medium may include, but is not lim-
ited to, flash memory, optical disks, compact disks-read only
memory (CD-ROM), digital versatile/video disks (DVD)
ROM, random access memory (RAM), erasable program-
mable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM), magnetic or
optical cards, propagation media or other type of machine-
readable media suitable for storing electronic instructions.
For example, embodiments described may be downloaded as
a computer program which may be transferred from a remote
computer (e.g., a server) to a requesting computer (e.g., a
client) by way of data signals embodied in a carrier wave or
other propagation medium via a communication link (e.g., a
modem or network connection).

[0078] It should be appreciated that reference throughout
this specification to “one embodiment™ or “an embodiment™
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at
least one embodiment of the present invention. Therefore, itis
emphasized and should be appreciated that two or more ref-
erences to “an embodiment” or “one embodiment” or “an
alternative embodiment” in various portions of this specifi-
cation are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures or char-
acteristics may be combined as suitable in one or more
embodiments.

[0079] Inthe above detailed description of various embodi-
ments, reference is made to the accompanying drawings,
which form a part hereof, and in which are shown by way of
illustration, and not of limitation, specific embodiments that
may be practiced. In the drawings, like numerals describe
substantially similar components throughout the several
views. The embodiments illustrated are described in suffi-
cient detail to enable those skilled in to the art to practice the
teachings disclosed herein. Other embodiments may be uti-

Jan. 10, 2013

lized and derived therefrom, such that structural and logical
substitutions and changes may be made without departing
from the scope of this disclosure. The following detailed
description, therefore, is not to be taken in a limiting sense,
and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to
which such claims are entitled.
[0080] Having disclosed embodiments and the best mode,
modifications and variations may be made to the disclosed
embodiments while remaining within the scope of the
embodiments as defined by the following claims.
1-7. (canceled)
8. A method comprising:
detecting a wakeup notification according to a timer,
wherein the timer is set to periodically wakeup a system
according to a user history profile;
re-establishing a wireless network connection without user
intervention;
synchronizing user data from a network server according to
a user profile; and
returning to a previous sleep state.
9. The method of claim 8, wherein prior to detecting
wakeup notification, the method further comprises:
creating a user history profile regarding e-mails received
by the user; and
generating a computer wakeup schedule to synchronize
system wakeup according to receive e-mail messages.
10. The method of claim 8, further comprising:
programming a real time clock to periodically wakeup a
mobile platform system according to a user history pro-
file.
11. The method of claim 8, further comprising:
programming a next wakeup alarm according to atleast the
user history profile.
12. The method of claim 8, wherein detecting wakeup
notification further comprises:
disabling at least one system resource to provide a mini-
mum number of system resources required to re-estab-
lish a network connection without user intervention in a
low power state.
13. The method of claim 12, wherein disabling the at least
one system resource further comprises:
disabling a display for operation in the low power state; and
throttling a system processor to operate at a reduced fre-
quency according to a selected operating mode corre-
sponding to the low power state.
14. The method of claim 8, wherein detecting wake-up
notification further comprises:
checking a current battery life;
canceling future wake-up notification if the battery life is
below a predetermined threshold; and
resuming sleep state.
15. The method of claim 8, wherein re-establishing the
wireless network connection further comprises:
tracking a temperature of the MPC system;
setting a future wake-up notification if the temperature of
the MPC system is above a predetermined threshold; and
returning the MPC system to the sleep state.
16-18. (canceled)
19. A system comprising:
a clock to trigger a wakeup alarm;
a battery power source;
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a processor coupled to the battery, the processor having at
least one power state condition to cause the processor to
perform a selectable operating mode;

a chipset coupled to the processor, the chipset including
logic to disabling at least one system resource to provide
aminimum number of system resources to re-establish a
wireless network connection when a data synchroniza-
tion wakeup event is detected in response to a wakeup a
communications interface to re-establish the wireless
network logic to synchronize system data with a net-
work server without user intervention and to resume the
sleep state.

20. The system of claim 19, further comprising:

adisplay, the display to be disabled in response to detection

of the data synchronization wakeup event.

21. The system of claim 19, wherein the logic is further to
throttle the processor to operate at a reduced frequency
according to a selected operating mode corresponding to a
low power state.

22. The system of claim 19, further comprising:

wakeup logic, the wakeup logic to detect a wakeup notifi-
cation according to a timer, when the timer is set to
periodically wakeup the system according to a user his-
tory profile, the wakeup logic further to create a user
history profile regarding e-mails received by the user
and to generate a computer wakeup schedule to synchro-
nize system wakeup according to received e-mail mes-
sages.

23. An article of manufacture having a machine accessible
medium including associated data, wherein the data, when
accessed by a machine, results in the machine performing
operations comprising:

detecting a wakeup notification according to a timer,

wherein the timer is set to periodically wakeup a system
according to a user history profile;

re-establishing a wireless network connection without user

intervention;

synchronizing user data from a network server according to

a user profile; and

returning to a previous sleep state.
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24. The article of manufacture of claim 23, wherein prior to
detecting wakeup notification, the machine is further caused
to perform operations comprising:

creating a user history profile regarding e-mails received

by the user; and

generating a computer wakeup schedule to synchronize

system wakeup according to receive e-mail messages.

25. The article of manufacture of claim 23, wherein the
machine is further caused to perform operations comprising:

programming a real time clock to periodically wakeup a

mobile platform system according to a user history pro-
file.

26. The article of manufacture of claim 23, wherein the
machine is further caused to perform operations comprising:

programming a next wakeup alarm according to atleast the

user history profile.

27. The article of manufacture of claim 23, wherein detect-
ing wakeup notification further causes the machine to per-
form operations comprising:

disabling at least one system resource to provide a mini-

mum number of system resources required to re-estab-
lish a network connection without user intervention in a
low power state.

28. The article of manufacture of claim 27, wherein dis-
abling the at least one system resource further causes the
machine to perform operations comprising:

disabling a display for operation in the low power state; and

throttling a system processor to operate at a reduced fre-

quency.

29. The article of manufacture of claim 23, wherein detect-
ing wake-up notification further causes the machine to per-
form operations comprising:

checking a current battery life;

canceling future wake-up notification if the battery life is

below a predetermined threshold; and

resuming sleep state.

30. The article of manufacture of claim 23, wherein re-
establishing the wireless network connection further causes
the machine to perform operations comprising:

tracking a temperature of the MPC system;

setting a future wake-up notification if the temperature of

the MPC system is above a predetermined threshold; and
returning the MPC system to the sleep state.

#* #* #* #* #*



