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(57) ABSTRACT

Computer system, method and computer program product for
scheduling IPC activities are disclosed. In one embodiment,
the computer system includes first processor and second pro-
cessors that communicate with each other via IPC activities.
The second processor may operate in a firstmode in which the
second processoris able to process IPC activities, or a second
mode in which the second processor does not process [PC
activities. Processing apparatus associated with the first pro-
cessor identifies which of the pending IPC activities for com-
municating from the first processor to the second processor
are not real-time sensitive, and schedules the identified IPC
activities for communicating from the first processor to the
second processor by delaying some of the identified IPC
activities to thereby group them together. The grouped IPC
activities are scheduled for communicating to the second
processor during a period in which the second processor is
continuously in the first mode.

20 Claims, 2 Drawing Sheets
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1
POWER-EFFICIENT INTER PROCESSOR
COMMUNICATION SCHEDULING

TECHNICAL FIELD

The disclosure relates to computers and, more specifically,
inter processor communication.

BACKGROUND

The demand for processing power in computer systems is
increasing. Increasing the processing power of a computer
system often results in an increase in the power consumed by
the computer system. However, for computer systems imple-
mented on user devices, such as mobile smart phones and
tablets, it is important to keep the power consumption of the
computer system at a low level because, for example, the
power supply to the user device may be limited. For example,
the user device may be battery-operated, in which case it is
particularly important to prevent the processing power from
becoming too high in order to ensure that the battery life of the
user device is not reduced to an unacceptable level by the
implementation of the processor on the user device.
In orderto address the issue of the trade-off between higher
processing power and lower power consumption, a computer
system may include two (or more) sub systems, which each
implement a separate processor. The multiple processors
operate independently, for example performing specialized
tasks in the computer system. For example, a user device such
as a smart phone or tablet may implement a first subsystem
including a baseband processor and a second subsystem
including an application processor (AP). The baseband pro-
cessor acts as a Radio Frequency (RF) modem thereby pro-
cessing data for communication between the user device and
a radio network. The application processor executes an oper-
ating system of the user device and handles other multimedia
features on the user device, and for example processes data
relating to peripherals of the user device such as a display, a
Wi-Fi module, a GPS module, etc.
Communication between the two sub-systems (i.e.
between the processors of the two subsystems) is referred to
as Inter Processor Communication (IPC). “IPC activities” are
communications between the two processors. The IPC activi-
ties convey various types of information, spread over several
communication channels, including:
control information (e.g. for initiating a voice call between
the user device and another node of the radio network);

data (e.g. Internet Protocol (IP) data for transmission
between the user device and another node of the radio
network);

logging information; and

file system information (e.g. when the baseband file system

is physically located on AP-managed Flash memory).

Each processor may operate in one of a plurality of possible

operational modes. For example, the Application Processor 3

may operate in an awake mode in which it is able to process
IPC activities that it receives from the baseband processor.
The Application Processor may alternatively operate in a
sleep mode in which it does not process IPC activities. Typi-
cally the Application Processor will consume less power
when it operates in the sleep mode compared to when it
operates in the awake mode. Therefore, when no IPC activi-
ties are being communicated between the processors, the
Application Processor may be configured to operate in the
sleep mode to conserve power. Every time a quantum of data
is sent over the IPC from the baseband processor to the
Application Processor, the Application Processor needs to be
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in, or enter into, a state which allows for that communication
to happen. If the Application Processor is in the sleep mode
when the IPC activity is initiated then it is “woken up”, i.e.
switched to operate in an awake mode in order to process the
IPC activity. As an example, the awake mode may have a
power consumption which is greater than that of the sleep
mode by a factor of approximately 50. It is beneficial to
minimize the power consumed by the computer system.

SUMMARY

In one aspect, a computer system is disclosed that includes
a first processor and a second processor, wherein the first and
second processors are configured to communicate with each
other via inter processor communication (IPC) activities,
wherein the second processor is configured to operate in one
ot a plurality of modes including: (i) a first mode in which the
second processor is able to process IPC activities, and (ii) a
second mode in which the second processor does not process
IPC activities. In one embodiment, the computer system is
configured to implement processing apparatus associated
with the first processor, the processing apparatus being con-
figured to: (1) identify which of a plurality of pending IPC
activities for communicating from the first processor to the
second processor are not real-time sensitive and (2) schedule
the identified IPC activities for communicating from the first
processor to the second processor by delaying at least one of
the identified IPC activities to thereby group the identified
IPC activities together into a group, wherein the grouped IPC
activities in the group are scheduled for communicating to the
second processor during a period in which the second proces-
sor is continuously in the first mode.

In another aspect, a method of scheduling inter processor
communication (IPC) activities in a computer system having
a first processor and a second processor is disclosed, wherein
the first and second processors are configured to communi-
cate with each other via the inter processor communication
(IPC) activities, and wherein the second processor is config-
ured to operate in one of a plurality of modes including: (i) a
first mode in which the second processor is able to process
IPC activities, and (ii) a second mode in which the second
processor does not process IPC activities. In one embodi-
ment, the method includes implementing processing appara-
tus associated with the first processor to: (1) identify which of
a plurality of pending IPC activities for communicating from
the first processor to the second processor are not real-time
sensitive and (2) schedule the identified IPC activities for
communicating from the first processor to the second proces-
sor by delaying at least one of the identified IPC activities to
thereby group the identified IPC activities together into a
group, wherein the grouped IPC activities in the group are
scheduled for communicating to the second processor during
aperiod in which the second processor is continuously in the
first mode.

In yet another aspect, a computer program product is dis-
closed that is configured to implement a scheduler for sched-
uling inter processor communication (IPC) activities in a
computer system including a first processor and a second
processor, wherein the first and second processors are con-
figured to communicate with each other via the inter proces-
sor communication (IPC) activities, and wherein the second
processor is configured to operate in one of a plurality of
modes including: (i) a first mode in which the second proces-
sor is able to process IPC activities, and (ii) a second mode in
which the second processor does not process IPC activities. In
one embodiment, the computer program product is embodied
on a non-transitory computer-readable storage medium and
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configured so as when executed on the first processor to
perform the operations of: (1) identifying which of a plurality
of pending IPC activities for communicating from the first
processor to the second processor are not real-time sensitive
and (2) scheduling the identified IPC activities for communi-
cating from the first processor to the second processor by
delaying at least one of the identified IPC activities to thereby
group the identified IPC activities together into a group,
wherein the grouped IPC activities in the group are scheduled
for communicating to the second processor during a period in
which the second processor is continuously in the first mode.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the disclosure and to show
how the same may be put into effect, reference will now be
made, by way of example, to the following drawings in
which:

FIG. 1 shows a schematic illustration of a communication
system;

FIG. 2 is a graph showing the current consumed by a
computer system as a function of time; and

FIG. 3 is a flow chart for an embodiment of a process of
scheduling IPC activities in a computer system according to
the principles of the disclosure.

DETAILED DESCRIPTION

The disclosure recognizes that the overall power consump-
tion associated with IPC activities is dominated by latency,
not by the actual processing of information sent over the IPC.
For many processors, there is significant latency to exit and
enter a sleep mode. For example, it may take tens of millisec-
onds to exit a sleep mode. The magnitude of the latency
associated with entering a sleep mode may depend on the
underlying physical interface which is used for the IPC
between two processors. For example, a Universal Serial Bus
(USB) interface typically requires at least one second of idle
time before switching to a USB suspend state (or “sleep
mode”). Other serial interfaces (e.g. a Mobile Industry Pro-
cessor Interface (MIPI), such as a High-Speed Synchronous
Interface (HSI)) might exhibit lower latencies, for example in
the order of hundreds of milliseconds. In contrast, the pro-
cessing of small quanta of data sent in an IPC activity to a
remote processor may be relatively very fast. For example,
when a local processor sends information on the IPC to notify
the remote processor of a new local processor state, the
remote processor is usually able to handle the information
within tens of milliseconds.

Accordingly, as noted above the disclosure provides acom- 3

puter system that in one embodiment includes: a first proces-
sor; and a second processor, wherein the first and second
processors are configured to communicate with each other via
inter processor communication (IPC) activities, wherein the

second processor is configured to operate in one of a plurality 3

of modes including: (i) a first mode in which the second
processor is able to process IPC activities, and (ii) a second
mode in which the second processor does not process [PC
activities, wherein the computer system is configured to
implement processing apparatus associated with the first pro-
cessor, the processing apparatus being configured to: identify
which of a plurality of pending IPC activities for communi-
cating from the first processorto the second processor are not
real-time sensitive; and schedule the identified IPC activities
for communicating from the first processor to the second
processor by delaying at least one of the identified IPC activi-
ties to thereby group the identified IPC activities together into
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a group, wherein the grouped IPC activities in the group are
scheduled for communicating to the second processor during
aperiod in which the second processor is continuously in the
firstmode. In one example, the processing apparatus is imple-
mented on the first processor.

By grouping the non real-time sensitive IPC activities
together and scheduling them for communicating to the sec-
ond processor during a period in which the second processor
is continuously in the first mode, the number of times that the
second processor enters and exits the second mode (e.g. sleep
mode) is reduced. This reduces the power consumed by the
computer system in handling the IPC activities. As stated
above, the overall power consumption associated with IPC
activities is dominated by latency, not by the actual process-
ing of information sent over the IPC.

Embodiments of the disclosure will now be described by
way of example only.

Reference is first made to FIG. 1, which illustrates a com-
munication system in which a user device 102 operates. The
user device 102 is connected to a radio network 110, such as
a mobile telephone network. The user device 102 may be, for
example, a mobile phone, a tablet, a laptop computer or other
embedded device able to connect to the network 110. The user
device 102 is configured to implement a computer system
including two sub systems, which each implement a separate
processor. FIG. 1 shows the computer system of the user
device 102 including a first sub-system implementing a base-
band processor 104 and a second sub-system implementing
an Application Processor (AP) 106. The two processors 104
and 106 operate independently of each other. The baseband
processor 104 acts as a Radio Frequency (RF) modem to
process data for communication between the user device 102
and the network 110. FIG. 1 shows a link between the base-
band processor 104 and the radio network 110 to indicate that
the baseband processor 104 is implemented at the user device
102 for communicating with the radio network 110. The
application processor 106 executes an operating system of the
user device 102 and handles other multimedia features on the
user device 102. For example, the application processor 106
processes datarelating to peripherals (notshown in FIG. 1) of
the user device 102 such as a display, a Wi-Fi module, a GPS
module, etc. The user device 102 also includes a memory 108
for storing data.

There is a physical interface configured for communicating
IPC activities between the baseband processor 104 and the
application processor 106. The physical interface may, for
example, be one of: (i) a Universal Serial Bus (USB) inter-
face, (ii) a Mobile Industry Processor Interface (MIPI), such
as a High-Speed Synchronous Interface (HSI), (iii) a Serial
Peripheral Interface (SPI), or (iv) a shared memory.

The application processor 106 executes various modules,
such as a telephony manager 112, a flash memory module
114, a logger module 116 and an Internet Protocol (IP) stack
module 118. The telephony manager 112 is configured to
process data relating to calls that the user device 102 has over
the network 110. The flash memory module 114 is configured
to manage data storage and/or retrieval from a flash memory
on the user device 102. The logger module 116 is configured
to process logging information, which may for example,
amongst other things, keep a log of the operating states of the
processors 104 and 106. The IP stack module 118 is config-
ured to process data for communication to and from the
Internet (e.g. via the radio network 110) according to Internet
protocols.

Communication between the two sub-systems (i.e. com-
munication between the processors 104 and 106) is referred
to as Inter Processor Communication (IPC). “IPC activities”
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are communications between the two processors 104 and 106.
The IPC activities convey various types of information,
spread over several communication channels, including:
control information (e.g. for initiating voice calls between
the user device 102 and another node of the radio net-
work 110), which may be processed by the telephony
manager 112;
data (e.g. Internet Protocol (IP) data for transmission
between the user device 102 and another node of the
radio network 110, which may be processed by the IP
stack module 118);

logging information, which may be processed by the log-

ger module 116; and

file system information (e.g. when the baseband file system

is physically located on AP-managed Flash memory),
which may be processed by the flash memory module
114.

Each processor (104 and 106) may operate in one of a
plurality of possible operational modes. For example, the
Application Processor 106 may operate in an awake mode in
which it is able to process IPC activities that it receives from
the baseband processor 104. The Application Processor 106
may alternatively operate in a sleep mode in which it does not
process IPC activities. Typically the Application Processor
106 will consume less power when it operates in the sleep
mode compared to when it operates in the awake mode.
Therefore, when no IPC activities are being communicated
between the processors (104 and 106), the Application Pro-
cessor 106 may be configured to operate in the sleep mode to
conserve power. Every time a quantum of data is sent over the
IPC from the baseband processor 104 to the Application
Processor 106, the Application Processor 106 needs to be in,
or enter into, a state which allows for that communication to
happen. It the Application Processor 106 is in the sleep mode
when the IPC activity is initiated then it is “woken up”, i.e.
switched to operate in an awake mode in order to process the
IPC activity. As an example, the awake mode may have a
power consumption which is greater than that of the sleep
mode by a factor of approximately S0.

From the point-of-view of the baseband sub-system, the
baseband processor 104 can be referred to as a local processor
for the IPC and the application processor 106 can be referred
to as a remote processor for the IPC. However, from the
point-of-view of the application processor sub-system, the
application processor 106 can be referred to as a local pro-
cessor for the IPC and the baseband processor 104 can be
referred to as a remote processor for the IPC.

FIG. 2 is a graph showing the combined current consump-
tion of the Application Processor sub-system and the base-

band sub-system in the computer system as a function of time 3

according to one example. The graph shows two lines. Line
202 shows the measured samples of the combined current
consumed by the two sub-systems, whilst line 204 shows a
moving average of the measured samples averaged over 2000

samples to thereby smooth out the rapid fluctuations of the 3

measured current samples shown by line 202.

In the graph shown in FIG. 2, at around time t=110.8, there
is some baseband activity (e.g. the baseband processor 104
processes data for communication to/from the network 110).
The baseband processor 104 consumes some current in per-
forming the baseband activity, thereby resulting in the small
spike at around t=110.8 shown in FIG. 2. Prior to time t=111.8
the Application Processor 106 is in the sleep mode. The
baseband activity of the baseband processor at time t=110.8
does not cause any IPC activity to the Application Processor
106, and as such the Application Processor 106 is not woken
up from the sleep state. When the application processor 106 is

w

10

20

30

40

60

6

in the sleep mode and there is no baseband activity, it can be
seen in FIG. 2 that the current consumption is approximately
SmA.

At time t=111.8 there is some similar baseband activity.
However, this baseband activity triggers a signal strength
notification to be communicated from the baseband processor
104 to the Application processor 106 via the IPC interface.
This IPC activity causes the application processor 106 to
wake from its sleep mode. The application processor 106
processes the signal strength notification in an awake mode
and then switches back to the sleep mode. There is a latency
involved in exiting the sleep mode related to intrinsic aspects
of the platform (hardware and software) (e.g. of approxi-
mately one second) and there is a latency involved in re-
entering the sleep mode after the signal strength notification
has been processed (e.g. of approximately one second when
the IPC interface is a USB interface). In the example shown in
FIG. 2 the application processor 106 exits the sleep mode at
time t=111.8, the signal strength notification (that is, the IPC
data) is processed by the application processor 106 from time
t=112.7 to time t=112.8 (as shown by the time period 206
indicated in FIG. 2), and then the application processor 106
finishes re-entering the sleep mode at time t=113.75. FIG. 2
shows that the current consumption increases by approxi-
mately 200 mA when the application processor 106 is in the
awake mode (compared to when the application processor
106 is in the sleep mode) between time t=111.8 and time
t=113.75. Although it can only takes a few milliseconds to
process the notification on the Application Processor 106
(indicated by period 206), the latency associated with the
application processor 106 leaving and subsequently re-enter-
ing the sleep mode causes the current to jump up by around
200 mA for about two seconds. The actual processing of the
IPC data is represented by the period 206 and takes approxi-
mately 100 ms (between times t=112.7 and t=112.8).

It can be seen in FIG. 2 that the increase in current con-
sumption corresponding to the baseband activity at about
time t=110.8 (which did not cause any IPC activity) was short
in duration compared to the increase in current consumption
corresponding to the baseband activity at about time t=111.8
(which did cause IPC activity).

Assuming the application processor 106 starts in the sleep
mode and then re-enters the sleep mode following the pro-
cessing of a quantum of IPC data, the energy required to
process one quantum of [PC data, E(1), can be expressed as:

E(1)-P,T,+P,T,+P. T,

where P, T, is the energy (power consumption multiplied by
duration) of the wakeup phase of the application processor
106, P, T, is the energy (power consumption multiplied by
duration) of the processing phase of the IPC data on the
application processor 106, and P, T, is the energy (power
consumption multiplied by duration) consumed when the
application processor 106 is waiting to enter the sleep mode
after processing the IPC data.

In one example of the Application Processor 106, the fol-
lowing values were determined empirically:

P,=P_ =456 mW,

T, =600 ms,

P,=760 ms,

T,=100 ms (for a typical IPC activity), and
T,,=1s (for USB suspend to complete).

With these values, the energy of the processing phase of the
IPC data on the application processor 106 is 76 mJ, and the
total energy consumed, E(1), is 806 mJ. Theretore, the energy
required to process one quantum of IPC data typically repre-
sents about 10% of overall energy consumed.
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Furthermore, the information conveyed over the IPC is
inherently asynchronous, i.e. there is no simple rule that
relates, or can predict, when various communication channels
are active with respect to one another. In the absence of a
centralized IPC scheduler, a lot of power may be wasted if in
the worst case all IPC activities cause the remote processor to
wake up from sleep mode.

However, as shown in FIG. 1, there is a centralized sched-
uler 120 which is associated with the baseband processor 104.
In the example shown in FIG. 1, the scheduler 120 is imple-
mented as a software module on the baseband processor 104.
However, in other embodiments the scheduler 120 may be
implemented by one or more software and/or hardware mod-
ules on the user device 102. The scheduler 120 schedules the
communication of IPC activities between the processors 104
and 106. The scheduler 120 aims to reduce the power con-
sumption associated with the IPC activities by reducing the
number of times that the remote processor enters and exits the
sleep mode. The scheduler 120 may control the scheduling of
IPC activities in both directions between the processors 104
and 106. Alternatively, the scheduler 120 may control the
scheduling only of IPC activities communicated from the
baseband processor 104 to the application processor 106,
whilst a separate scheduler (e.g. implemented on the applica-
tion processor) controls the scheduling of IPC activities com-
municated from the application processor 106 to the base-
band processor 104.

The expected energy required to process N quanta of IPC
data in one period for which the application processor 106 is
continuously in the awake mode is given by:

E(N)=P, T, #N-P,T+P,T.,.

Since the application processor 106 (i.e. the remote pro-
cessor in the examples described herein) performs a plurality
of IPC activities (that is, N IPC activities) during one awake
phase of the application processor 106, energy is conserved
relative to a scenario in which the application processor 106 is
woken up and then sent back to sleep between the processing
of'each of'the N IPC activities. In particular, the fraction given
by the energy required to process N quanta of IPC data in one
continuous awake phase ofthe application processor 106 over
N times the energy required to process 1 quantum of IPC data
is:

EN) 1
N-E()  ED

Py Ty + PesTes
~ + Ppr].

This ratio falls quickly as N increases. Using the empirical

values given above for P,,, T,,, P,, T,, P, and T, the follow- -

ing table shows a summary of the power saving:

N Total Energy (mJ) Energy/N (mJ) Energy Saving (%)
1 205 305 %
2 382 441 45%
3 958 329 60%
4 1033 258 67%
5 1110 222 2%
10 1490 149 81%
20 2250 112 86%

It can be seen from the table that as N increases the energy
consumed per IPC activity reduces.

According to embodiments of the disclosure, the scheduler
120 identifies IPC activities that are not real-time sensitive
and which can be delayed until it is deemed profitable to run
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them. The identified IPC activities are aggregated by a soft-
ware framework that allows registering non-urgent requests
to communicate with the remote processor, (e.g. the applica-
tion processor 106). In some embodiments, the scheduler 120
finds the best possible time to trigger all pending non real-
time sensitive IPC activities.

FIG. 3 shows a flow chart for a process, implemented by the
scheduler 120, of scheduling IPC activities for communicat-
ing from the baseband processor 104 to the application pro-
cessor 106. In step S302 the scheduler 120 identifies which of
a plurality of pending IPC activities for communicating from
the baseband processor 104 to the application processor 106
are not real-time sensitive. Those IPC activities which are not
real-time sensitive can be delayed. IPC activities which are
not real-time sensitive are not urgent. In contrast, IPC activi-
ties which are real-time sensitive are urgent and should not be
delayed. Real-time sensitive [PC activities are communicated
over the IPC interface from the baseband processor 104 to the
application processor 106, without delay.

However, for those IPC activities which are identified as
being not real-time sensitive in step S302, in step S304 the
scheduler 120 schedules the IPC activities for communica-
tion from the baseband processor 104 to the application pro-
cessor 106. In particular, the scheduler 120 delays at least one
of'the identified IPC activities to thereby group the identified
IPC activities together into a group. The grouped IPC activi-
ties in the group are then scheduled for communicating to the
application processor 106 during a single awake phase of the
application processor 106, that is, during a single period in
which the application processor 106 is continuously in the
awake mode.

In step S306 the grouped IPC activities are communicated
from the baseband processor 104 to the application processor
106 in accordance with the scheduling of the identified [PC
activities performed in step S304.

In this way, the non real-time sensitive IPC activities are
aggregated and sent to the application processor 106 during
one awake phase of the application processor 106. This
reduces the number of times that the application processor
106 is woken up from its sleep mode for processing the [PC
activities. The total amount of time spent by the application
processor 106 in the awake mode is reduced. This is because
the amount of time spent in the wake-up phase (T,,) and the
time spent waiting to enter the sleep mode (T.,,), in order to
process N IPC activities, is reduced (because the number of
times that the application processor 106 enters into the wake-
up phase and the number of times that the application proces-
sor 106 waits to enter the sleep mode is reduced).

It can therefore be seen that there is provided a setup
(implemented in one or both of software and hardware) that
optimizes system power consumption by scheduling non
real-time sensitive IPC activities in a way that minimizes the
number of times the remote processor is woken up from a
sleep mode. This can be achieved through:

a software framework that aggregates all software requests
to communicate with the remote processor (i.e. [PC
activities),

a software algorithm that minimizes power consumption
by delaying and grouping IPC activities as much as
possible, and/or

a variety of hardware methods allowing the software
framework to find the best possible time to service
requests for IPC activities.

The scheduler 120 may be implemented in a number of

different ways, which have varying degrees of complexity
and efficiency.
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For example, the scheduler 120 may implement a procras-
tination method. In this example, the scheduler 120 allocates
arespective timer, herein referred to as a “lazy timer”, to each
of the non real-time sensitive IPC activities identified in step
8302. Each IPC activity is sent on the IPC interface when its
respective lazy timer fires. Lazy timers are inaccurate by
design. That is, they are not provided with a time at which
they are supposed to fire. Instead, the lazy timers are provided
with a deadline before which they are expected to fire. Lazy
timers wait until the last possible moment to fire. However
when one of the registered timers fires, all registered timers
expire at the same time, causing all the aggregated IPC activi-
ties to be served at the same time. When one of the lazy timers
fires this causes the respective IPC activity to be communi-
cated on the IPC interface to the application processor 106,
thereby waking up the application processor 106. Therefore,
this is a good time to schedule all the other pending, aggre-
gated IPC activities to be sent to the application processor 106
because the scheduler 120 can deduce that the application
processor 106 is in the awake mode.

In general, each lazy timer is configured to fire in response
to the earlier of: (1) the expiry of a respective deadline pro-
vided to the lazy timer before which it is expected to fire, or
(ii) a determination that the application processor 106 is in the
awake mode. In the simple example, given above, the deter-
mination that the application processor 106 is in the awake
mode is performed by determining that one of the other lazy
timers has fired.

This method is simple to implement and addresses the
problem that IPC activities are asynchronous to each other by
grouping non real-time activities together.

The procrastination property of the scheduler 120 as
described in the example given above helps to synchronize
non real-time sensitive IPC activities, however it does not
synchronize these IPC activities with other IPC activities that
are real-time sensitive, i.e. that can’t wait before being sched-
uled. In step S302 some of the IPC activities are determined as
being real-time sensitive, and those IPC activities are com-
municated to the application processor 106 without delay.
The communication of such real-time sensitive IPC activities
will result in the application processor 106 operating in the
awake mode. In a second example, the scheduler 120 can
deduce that the application processor 106 will be in the awake
mode by determining that real-time sensitive IPC activities
are being sent to the application processor 106, and on that
basis can schedule the non real-time sensitive IPC activities to
be communicated to the application processor 106 to make
use of the awake mode of the application processor 106.

In order to determine that real-time sensitive IPC activities
are being sent to the application processor 106, the scheduler
120 registers to the underlying physical IPC interface in order
to receive notifications of state changes of the IPC interface.
The scheduler 120 can perform the determination that the
application processor 106 is in the awake mode by receiving
a notification that the physical IPC interface is in an active
state. When the IPC interface enters an active state the sched-
uler 120 deems it appropriate to fire all registered lazy timers.
In this way the non real-time sensitive IPC activities are sent
to the application processor 106 at a time when the applica-
tion processor 106 is in the awake mode due to the commu-
nication of a previous real-time sensitive IPC activity.

This is efficient in practice because it allows taking advan-
tage of IPC interface activity to schedule non real-time activi-
ties without waking the remote application processor 106
from its sleep mode (since the application processor 106) is
already awake.
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In another example, the scheduler 120 can be notified when
the remote application processor 106 is active. In this way the
scheduler 120 performs the determination that the application
processor 106 is in the awake mode by receiving a direct
notification of such. This can be achieved through various
means.

A hardware connection (e.g. an Input/Output (1/O) connec-
tion) may exist between the baseband processor 104 and the
application processor 106. The application processor 106
may be configured to control the value on the I/O connection
to indicate whether the application processor 106 is currently
operating in the awake mode or in the sleep mode. The sched-
uler 120 determines the value on the I/O connection to
thereby determine whether the application processor 106 is in
the awake mode. For example, the value of the I/O connection
can be driven high when the application processor 106 leaves
its sleep state and low when the application processor 106
enters its sleep state. On the baseband processor 104 the 1/O
can trigger anon-waking interrupt (i.e. an interrupt that wakes
the baseband processor 104 from an idle mode but does not
wake the baseband processor 104 from a sleep mode), or the
baseband processor 104 (e.g. using the scheduler 120) may
poll the I/O connection when it is not in a sleep mode.

In another design, a shared memory is used as the IPC
interface. In this case, the application processor 106 is con-
figured to maintain a data value (e.g. a dedicated bit) in the
shared memory to indicate whether the application processor
106 is currently operating in the awake mode or in the sleep
mode. The scheduler 120 reads the data value from the shared
memory to thereby determine whether the application pro-
cessor 106 is in the awake mode.

As described above, if the scheduler 120 can determine
whether the application processor 106 is in a sleep mode, IPC
activities may be scheduled without waking the application
processor 106 from sleep mode by scheduling the IPC activi-
ties for times when the application processor 106 is already
awake. Notitying the scheduler 120 of when the application
processor 106 is awake provides a wider range of opportuni-
ties for scheduling the non real-time sensitive IPC activities
than if the scheduler 120 is only notified of when the IPC
interface is active.

The examples given above may be implemented in combi-
nation or separately.

Furthermore, delaying some of the IPC activities to thereby
group them together not only results in fewer transitions
between the sleep and awake modes on the application pro-
cessor 106, but it may also reduce the overall number of IPC
activities that are communicated and therefore processed by
the application processor 106. This can further reduce the
power consumed by the computer system, in particular the
power consumed by the application processor 106. For
example if IPC activities are intended to notify the remote
application processor 106 of a rapidly changing state on the
local baseband processor 104, the delaying of some IPC
activities may mean that an older notification of the state may
be superseded by a newer notification of the state before
either is communicated to the application processor 106. In
this case, the older notification of the state does not need to be,
and is not, communicated to the application processor 106.
This may for example mean that only the last state will be
notified to the remote application processor 106. In other
words, the scheduler 120 may determine that one or more of
the grouped IPC activities are redundant in view of one or
more other [PC activities in the group, and remove the redun-
dant IPC activities from the group such that the redundant IPC
activities are not scheduled for communicating to the appli-
cation processor 106.
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In order to use the lazy timers as described above, the
scheduler 120 makes use of the lazy timer application pro-
gramming interface (API). The lazy timer API has the follow-
ing functions:

Ipc_TimerCreate

This returns a handle to a new Lazy Timer

Ipc_TimerDelete(handle)

This deletes resources for a timer. If the timer is running
it will be stopped prior to deletion.

Ipc_TimerStart(handle, handler, argument, timeout)

This calls the handler with the specified argument after a
maximum of timeout seconds.

Ipc_TimerStop(handle)

This stops a previously started timer.

Ipc_TimerNotifyHifState

This notifies the framework (e.g. the scheduler 120) of
an IPC interface state change.

The timeout provided to Ipc_TimerStart function is
expressed in seconds, which is a voluntarily coarse unit. It
may be more difficult to expose the lazy timer API in the AP
sub-system.

The use of lazy timers to schedule the communication of
IPC activities is particularly suited to IPC activities including
logging information. For example, new logging information
to be conveyed through the IPC interface may be generated
about every second. The logging information is used to keep
track of events occurring on the baseband processor 104 (e.g.
the current state of the baseband processor 104 or any com-
munication between the baseband processor 104 and the net-
work 110). The logging information may be used to track
changes in the state of the baseband processor 104, e.g. for
debugging purposes. If the logging information was sent as
soon as it was determined on the baseband processor 104,
then this may result in a regular communication (e.g. one
piece of logging information each second) of logging infor-
mation on the IPC interface to the application processor 106.
For some IPC interfaces, such as a USB interface, sending
logging information every second would cause the USB inter-
face to remain in an active mode. The application processor
106 would not have time to enter the sleep mode after pro-
cessing the logging information in one IPC activity before
receiving the next piece of logging information in the next
IPC activity. Therefore the application processor 106 would
not enter the low power sleep mode. However, the use of lazy
timers to aggregate the non real-time sensitive IPC activities
(such as those including logging information) together makes
the log data transfers more ‘bursty” and maybe aligned with
other regular IPC activities. In this way, the application pro-
cessor 106 may have time to enter the sleep mode between the
bursts of IPC activity. In this way, the power consumed by the
application processor 106 may be reduced.

The baseband subsystem may rely on the application pro-
cessor 106 for file system accesses. Lazy timers may be used
to cache file write accesses. In other words, some of the file
write accesses may be delayed to thereby aggregate them
together. Inorder to delay file write accesses they are stored in
a cache memory of the baseband subsystem. The scheduler
120 schedules the file write accesses as described above such
that a group of them may be retrieved from the cache memory
of the baseband subsystem together and sent to the applica-
tion processor 106 on the IPC interface as a group. This works
well because the baseband processor 104 frequently updates
files to store information that is specific to the cell it is camp-
ing on. These files may be cached in baseband memory with
no user impact. In the event of a system crash happening
before the file is written to non-volatile memory by the appli-
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cation processor 106, the information can be recovered
through a slightly longer network scan.

Instead of using lazy timers to schedule the communication
of'the IPC activities, buffering may be used in the local (e.g.
baseband) side of the IPC interface driver. A decision may be
made on a per-channel basis as to whether the information is
to be stored in a buffer and as to when the buffered informa-
tion is to be sent to the remote application processor 106. This
method might not be as flexible as the lazy timer method of
scheduling described in detail above because: (i) the IPC
interface application programming interface (API) may not
allow specifying deadlines, (ii) the per-channel granularity
may not be fine enough, and/or (iii) data posted at a given time
may not be valid at the time it is effectively sent, and unlike
with the lazy timer method it may not be possible to reduce
the quantity of data passed over the IPC interface by only
sending the last state.

The buffering may be application-specific. That is, each
module may individually manage how to schedule IPC com-
munication. However this is less efficient than a common
scheduler (such as scheduler 120 described above) because
the common scheduler 120 is able to optimize scheduling by
aggregating all registered requests (e.g. from all applications
executing at the baseband processor 104 and requesting to use
the IPC interface). The scheduler 120 is a centralized IPC
scheduler, which schedules the IPC activities of a plurality of
communication channels. This allows the scheduler 120 to
make best use of the times at which the application processor
106 is in the awake mode by scheduling all pending IPC
activities (irrespective of communication channel of applica-
tion to which the IPC activity relates) when it is determined
that the application processor 106 is in the awake mode. In
this way, the scheduler 120 is configured to delay non real-
time sensitive IPC activities until a time at which it is deemed
profitable to communicate them.

Inthe examples described above, the application processor
(i.e. the remote processor) operates in an awake mode or a
sleep mode. In other examples, the application processor 106
may operate in other (additional or alternative) modes. For the
methods described above to be particularly usetul, the appli-
cation processor 106 should be able to operate in a first mode
in which the application processor 106 is able to process IPC
activities (which in the examples described above is the
awake mode), and in a second mode in which the application
processor 106 does not process IPC activities (which in the
examples described above is the sleep mode).

In the examples described in detail above, the scheduler
120 schedules the IPC activities for communicating from the
baseband processor 104 to the application processor 106. In
that case, the application processor 106 is the remote proces-
sor for the IPC and the baseband processor 104 is the local
processor for the IPC. A scheduler may implement the same
scheduling techniques as those described above, but config-
ured to schedule IPC activities from the application processor
106 to the baseband processor 104. In the same way, as
described above, the scheduler may group non real-time sen-
sitive IPC activities together (e.g. using lazy timers) to
thereby send IPC activities in a group from the application
processor 106 to the baseband processor. The scheduler for
scheduling IPC activities for communicating from the appli-
cation processor 106 to the baseband processor 104 may, or
may not, be the same as the scheduler 120 which schedules
the IPC activities for communicating from the baseband pro-
cessor 14 to the application processor 106 as described above.

In the examples described above the inter processor com-
munication is between the baseband processor 104 and the
application processor 106. However, in other examples, IPC
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activities may be communicated as described above between
any two (or more) processors on the computer system.

The method described above with reference to the flow
chart of FIG. 3 may be implemented by executing a computer
program product on the user device 102. For example, there
may be provided a computer program product configured to
implement the scheduler 120 for scheduling IPC activities in
the computer system. The computer program product may be
embodied on a computer-readable storage medium and con-
figured so as when executed on the baseband processor 104 to
perform the operations performed by the scheduler 120 as
described above.

Generally, any of the functions described herein (e.g. the
functional steps shown in FIG. 3) can be implemented in
modules using software, firmware, hardware (e.g., fixed logic
circuitry), or a combination of these implementations. The
steps shown separately in FIG. 3 may or may not be imple-
mented as separate modules or steps. The term “module” as
used herein generally represents software, firmware, hard-
ware, or a combination thereof. In the case of a software
implementation, the module represents program code that
performs specified tasks when executed on a processor (e.g.
CPU or CPUs). The program code can be stored in one or
more computer readable memory devices. The features of the
techniques described herein are platform-independent, mean-
ing that the techniques may be implemented on a variety of
commercial computing platforms having a variety of proces-
SOrS.

The user device 102 may include a computer-readable
medium that may be configured to maintain instructions that
cause the user device 102, and more particularly the operating
system and associated hardware of the user device 102 to
perform operations. Thus, the instructions function to config-
ure the operating system and associated hardware to perform
the operations and in this way result in transformation of the
operating system and associated hardware to perform func-
tions. The instructions may be provided by the computer-
readable medium to the user devices through a variety of
different configurations. One such configuration of a com-
puter-readable medium is signal bearing medium and thus is
configured to transmit the instructions (e.g. as a carrier wave)
to the computing device, such as via a network. The com-
puter-readable medium may also be configured as a com-
puter-readable storage medium and thus is not a signal bear-
ing medium. Examples of a computer-readable storage
medium include a random-access memory (RAM), read-only
memory (ROM), an optical disc, flash memory, hard disk
memory, and other memory devices that may use magnetic,
optical, and other techniques to store instructions and other
data.

There are described below some examples showing how
the scheduling of the IPC activities can reduce power con-
sumption. The following data were observed on a customer
mobile phone design for a scenario in which, over a 36 hour
period there is 4 hours of talk time, 500 MB of download data
and 100 texts, with the rest of the time being idle, and assum-
ing 0 dBm for voice:

Time to restore state of AP 106 after low power: 1 s

Time to set IPC (USB) interface to sleep mode after last

IPC packet: 1s

Time to process ‘simple’ IPC activity: 100 ms

Battery voltage: 3.7 mA

Typical idle current consumption: 5 mA

Voice call current: 200 mA=>energy for 4 hours of talk

time=4*3600 s*0.2 A*3.7V~=10kJ
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Data download current (screen OFF): 350 mA at 8
mbps=>energy for 500 MB: (500%8/8)*0.35

A*3.7V~=0.65kJ

Text current (screen ON): 200 mA=>energy for 2 hours of
text time: 2* 3600 s*0.2 A*3.7V~=5 kJ

Some disclosed embodiments mostly apply to the idle time
of the application processor 106. In this question we have
approximately 30 hours of idle time.
la. For Logging Information (without the Scheduler 120 as
Described Above)

Assuming a typical DRX7 (1.28 s paging cycle) let us
initially consider that both the application processor (AP) 106
and the baseband processor (BB) 104 are in low power mode.

T=0: first paging activity; BB wakes up to decode paging
block; BB sends logging data out; AP wakes; both AP
and BB are awake; current~=200 mA

T=1 s: AP completes exit from low power

T=1.1 s: AP is done writing logging information to non-
volatile memory, starts 1 s inactivity timer to schedule
USB selective suspend;

T=1.28 s: second paging activity; BB decodes paging
block; BB sends logging data out;

T=1.38 s: AP is done writing logging data to non-volatile
memory, resets inactivity timer to schedule USB selec-
tive suspend;

T=2.38 s: AP inactivity timer fires; USB selective suspend
occurs; both AP and BB enter low power mode; cur-
rent~=5 mA

T=2.56s: same as T=0s.

In this use case, on any 2.56 s period, the current consump-
tion is at 200 mA for 2.38 s, then 5 mA for the remaining 180
ms=>average current is (200 mA*2.38 s+5 mA*180 ms)/
2.56 s~=185 mA.

Therefore the energy for 30 hours: 30%*3600 s*0.185
A*3TV~=T0Kk]

Total: idle+data+voice+text=70 kJ+0.65 kJ+10 kJ+5
kJ=85kJ
1b. For Logging Information (with the Scheduler 120 as
Described Above)

Instead of sending logging data out, the BB logger accu-
mulates data in memory and starts an infinite lazy timer. The
logging buffer is big enough to accommodate more than 2
minutes of logging in idle mode. In the best case, during these
two minutes the IPC will have been used for some other
purpose (text messaging, screen state notifications, . . . ) and
the logging data will be flushed ‘for free’. In the worst case,
the IPC needs to be activated every 2 minutes, causing the AP
to wake up for 2.1 seconds each time (energy over 30 hours:
30*3600 s*(2.1 /120 5)*200 mA*3.7V~=1.5 kJ.

We need to add the energy required to page the network:
30*3600 s*5 mA*3.8V=2 kJ. Overall the idle time energy is
3.5k

Total: idle+data+voice+text=3.5 kJ+0.65 kJ+10 kJ+5
kJ~=20kJ. It is apparent that this is less than the energy used
(85 kJ) when the scheduler 120 is not used.

Beside the energy gain, it also noted that this logging
scheme does make it possible to log data in a much less
intrusive way as most of the logging is done in baseband
memory without waking the AP 106. This is very important
during field testing. It is particularly useful during develop-
ment and testing as it may be necessary to collect logging
information and allow the platform to enter low power mode
at the same time.
2a. Cache File System Write Accesses (without the Scheduler
120 as Described Above)

The baseband subsystem has a file system cache which
allows for file system accesses to happen in baseband
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memory. When a file that was opened for writing is closed, the
contents of the file are sent over the IPC to the AP 106. None
of'the data written by the baseband processor 104 at run time
are critical and therefore the baseband processor 104 can
afford to delay flushing written data to the AP Flash memory
module 114.

In a mobility scenario (driving around Paris) it was shown
that the baseband processor 104 writes files 9 times to the AP
flash memory module 114 (with more than 10 s between any
of'these write accesses) over 86 minutes of testing. That is ~6
AP wake-ups per hour. Every time the AP 106 is woken up,
the platform current consumption is ~200 mA over ~2 sec-
onds. 6 wake-ups per hours incurs additional current con-
sumption of 6*200 mA*2 /3600 s~=650 pA. This is signifi-
cant in the context of an idle scenario, where a typical average
current is 5 mA.
2b. Cache File System Write Accesses (with the Scheduler
120 as Described Above)

By using the scheduler 120 with lazy timers having a
1-hour timeout, the file system client could reduce the amount
of AP wake-ups to 1/hour (less if the IPC is used for other
purpose in the meantime). That would save ~0.5 mA. A
reduction in average current results in a reduction in power
consumption of the computer system.

The apparatuses and methods described herein, or at least
a portion thereof, may be embodied in or performed by vari-
ous conventional digital data processors or computers,
wherein the processors are programmed or store executable
programs of sequences of software instructions to perform
one or more of the steps of the methods or sequences. The
software instructions of such programs may represent algo-
rithms and be encoded in machine-executable form on non-
transitory digital data storage media, e.g., magnetic or optical
disks, random-access memory (RAM), magnetic hard disks,
flash memories, and/or read-only memory (ROM), to enable
various types of digital data processors or computers to per-
form one, multiple or all of the steps of one or more of the
above-described methods, e.g., one or more of the steps of the
method, or functions of the apparatuses described herein.
Additionally, an apparatus, may be designed to include the
necessary circuitry to perform each of or at least some of the
step of the disclosed methods or functions.

Certain embodiments of the disclosure or portions thereof
may further relate to computer storage products with a non-
transitory computer-readable medium that have program
code thereon for performing various computer-implemented
operations that embody the features or carry out the steps of
the methods set forth herein. Non-transitory used herein
refers to all computer-readable media except for transitory,
propagating signals. Examples of non-transitory computer-
readable media include, but are not limited to: magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROM disks; magneto-optical
media such as floptical disks; and hardware devices that are
specially configured to store and execute program code, such
as ROM and RAM devices. Examples of program code
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.
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The invention claimed is:

1. A computer system comprising:

a first processor; and

a second processor, wherein the first and second processors

are configured to communicate with each other via inter
processor communication (IPC) activities, wherein the
second processor is configured to operate in one of a
plurality of modes including: (i) a first mode in which the
second processor is able to process IPC activities, and
(ii) a second mode in which the second processor does
not process IPC activities,

wherein the computer system is configured to implement

processing apparatus associated with the first processor,

the processing apparatus being configured to:

identify which of a plurality of pending IPC activities for
communicating from the first processor to the second
processor are not real-time sensitive; and

schedule the identified IPC activities for communicating
from the first processor to the second processor by
delaying at least one of the identified IPC activities to
thereby group the identified IPC activities together
into a group, wherein said grouped IPC activities in
the group are scheduled for communicating to the
second processor during a period in which the second
processor is continuously in the first mode.

2. The computer system of claim 1 further configured to
communicate said grouped IPC activities in the group to the
second processor in accordance with the scheduling of the
identified IPC activities.

3. The computer system of claim 1 wherein the first mode
is an awake mode of the second processor, and wherein the
second mode is a sleep mode of the second processor.

4. The computer system of claim 1 wherein the computer
system is implemented on a user device configured to com-
municate with a radio network, wherein the first processor is
a baseband processor configured to process data for commu-
nication between the user device and the radio network, and
wherein the second processor is an application processor
configured to execute an operating system of the user device.

5. The computer system of claim 1 wherein the IPC activi-
ties convey information between the first and second proces-
sors, wherein the information conveyed by an IPC activity
comprises one of: (i) control information, (ii) data, (iii) log-
ging information, and (iv) file system information.

6. The computer system of claim 1 further comprising a
physical interface configured for communicating the IPC
activities between the first and second processors, said physi-
cal interface being one of: (i) a Universal Serial Bus (USB)
interface, (ii) a Mobile Industry Processor Interface (MIPI),
such as a High-Speed Synchronous Interface (HSI), (iii) a
Serial Peripheral Interface (SPI), or (iv) a shared memory.

7. The computer system of claim 1 wherein the processing
apparatus comprises at least one of:

(1) one or more software modules implemented on the

computer system, and

(i1) one or more hardware modules implemented on the

computer system.

8. The computer system of claim 1 wherein the processing
apparatus comprises a scheduler configured to implement
said scheduling of the identified IPC activities for communi-
cating from the first processor to the second processor,
wherein the scheduler is a common scheduler configured to
schedule IPC activities for a plurality of application modules
implemented at the user device.

9. The computer system of claim 1 wherein the processing
apparatus is configured to implement a plurality of timers,
wherein said scheduling of the identified IPC activities for
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communicating from the first processor to the second proces-
sor comprises allocating a respective one of said timers to
each of said identified IPC activities, wherein the processing
apparatus is configured to schedule each of the identified IPC
activities for a time at which the corresponding one of said
timers fires, and wherein each timer is configured to fire in
response to the earlier of: (i) the expiry of a respective dead-
line provided to the timer before which it is expected to fire,
or (ii) a determination that the second processor is in the first
mode.

10. The computer system of claim 9 wherein, for one of
said timers, said determination that the second processor is in
the first mode comprises the processing apparatus determin-
ing that another one of the timers has fired.

11. The computer system of claim 9 further comprising a
physical interface configured for communicating the IPC
activities between the first and second processors, wherein
said determination that the second processor is in the first
mode comprises the processing apparatus receiving a notifi-
cation that the physical interface is in an active state.

12. The computer system of claim 9 wherein said determi-
nation that the second processor is in the first mode comprises
the processing apparatus determining the value on a hardware
connection between the first and second processors, wherein
the second processor is configured to control the value on the
hardware connection to indicate whether the second proces-
sor is in the first mode.

13. The computer system of claim 9 wherein said determi-
nation that the second processor is in the first mode comprises
the processing apparatus reading a data value from a shared
memory, wherein the second processor is configured to main-
tain the data value in the shared memory to indicate whether
the second processor is in the first mode.

14. The computer system of claim 1 wherein the processing
apparatus is further configured to:

determine that one or more of the grouped IPC activities in

the group are redundant in view of one or more other IPC
activities in the group;

and remove the redundant IPC activities from the group

such that the redundant IPC activities are not scheduled
for communicating to the second processor.

15. A method of scheduling inter processor communica-
tion (IPC) activities in a computer system comprising a first
processor and a second processor, wherein the first and sec-
ond processors are configured to communicate with each
other via said inter processor communication (IPC) activities,
and wherein the second processor is configured to operate in
one of a plurality of modes including: (i) a first mode in which
the second processor is able to process IPC activities, and (ii)
a second mode in which the second processor does not pro-
cess IPC activities, the method comprising implementing
processing apparatus associated with the first processor to:

identify which of a plurality of pending IPC activities for

communicating from the first processor to the second
processor are not real-time sensitive; and

schedule the identified IPC activities for communicating

from the first processor to the second processor by
delaying at least one of the identified IPC activities to
thereby group the identified IPC activities together into
agroup, wherein said grouped IPC activities in the group
are scheduled for communicating to the second proces-
sor during a period in which the second processor is
continuously in the first mode.

16. The method of claim 15 further comprising communi-
cating said grouped IPC activities in the group to the second
processor in accordance with the scheduling of the identified
IPC activities.
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17. The method of claim 15 wherein the processing appa-
ratus is configured to implement a plurality of timers, wherein
said scheduling of the identified IPC activities for communi-
cating from the first processor to the second processor com-
prises allocating a respective one of said timers to each of said
identified IPC activities, wherein each of the identified IPC
activities is scheduled for a time at which the corresponding
one of said timers fires, and wherein each timer fires in
response to the earlier of: (i) the expiry of a respective dead-
line provided to the timer before which it is expected to fire,
or (ii) a determination that the second processor is in the first
mode.

18. The method of claim 17 further comprising performing
said determination that the second processor is in the first
mode, for one of said timers, by implementing at least one of
the following steps:

(1) determining that another one of the timers has fired;

(i) receiving a notification that a physical interface is in an
active state, wherein the IPC activities are communi-
cated between the first and second processors via the
physical interface;

(ii1) determining a value on a hardware connection between
the first and second processors, wherein the second pro-
cessor is configured to control the value on the hardware
connection to indicate whether the second processor is
in the first mode; and

(iv) reading a data value from a shared memory, wherein
the second processor is configured to maintain the data
value in the shared memory to indicate whether the
second processor is in the first mode.

19. The method of claim 15 further comprising:

determining that one or more of the grouped IPC activities
in the group are redundant in view of one or more other
IPC activities in the group; and

removing the redundant IPC activities from the group such
that the redundant IPC activities are not scheduled for
communicating to the second processor.

20. A computer program product configured to implement
a scheduler for scheduling inter processor communication
(IPC) activities in a computer system comprising a first pro-
cessor and a second processor, wherein the first and second
processors are configured to communicate with each other via
said inter processor communication (IPC) activities, and
wherein the second processor is configured to operate in one
of'a plurality of modes including: (i) a first mode in which the
second processor is able to process IPC activities, and (ii) a
second mode in which the second processor does not process
IPC activities, the computer program product being embod-
ied on a non-transitory computer-readable storage medium
and configured so as when executed on the first processor to
perform the operations of:

identifying which of a plurality of pending IPC activities
for communicating from the first processor to the second
processor are not real-time sensitive; and

scheduling the identified IPC activities for communicating
from the first processor to the second processor by
delaying at least one of the identified IPC activities to
thereby group the identified IPC activities together into
agroup, wherein said grouped IPC activities in the group
are scheduled for communicating to the second proces-
sor during a period in which the second processor is
continuously in the first mode.
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