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Abstract—Fixed Priority Scheduling with Deferred Preemption
(FPDS) offers a balance between Fixed Priority Non-preemptive
Scheduling (FPNS) and Fixed Priority Preemptive Scheduling
(FPPS), by allowing preemptions only at specified preemption
points. It provides finer grained preemptions than FPNS, improving the schedulability of higher priority tasks, and a coarser grain
preemptions than FPPS, reducing switching overhead incurred
during arbitrary preemptions. In this paper we investigate the
extent of improvement of FPDS with respect to FPPS and qualify
the costs of switching multiple resources under FPPS and FPDS,
and the cost of a preemption point. It forms a starting point for
our research into employing FPDS in an industrial case study,
to improve an existing multimedia processing system from the
surveillance domain. We focus on extending FPDS with optional
preemption points, to guarantee resource provisions to tasks
in spite of fluctuating resource availability, in the context of
reservation-based multi-resource sharing.

I. I NTRODUCTION
On the two sides of the Fixed Priority Scheduling spectrum
we have Fixed Priority Non-preemptive Scheduling (FPNS)
and Fixed Priority Preemptive Scheduling (FPPS) [8]. While
FPNS favors the lower priority tasks, by postponing preemption by higher priority tasks until a lower priority running
task completes, FPPS focuses on the schedulability of higher
priority tasks. However, by allowing preemptions at arbitrary
moments in time, FPPS ignores the cost of such preemptions.
This overhead may become especially significant when tasks
share multiple resources, e.g. cache, local or main memory.
Fixed Priority Scheduling with Deferred Preemption (FPDS)
[4], [5], [7], [6], [3] finds a middle ground between FPNS and
FPPS:
• It aims at reducing the cost of arbitrary preemptions in
FPPS, by allowing them only at times convenient for the
system (referred to as preemption points), e.g. at times
where the context switch overhead due to preemption will
be smallest. If FPDS is used as a guarding mechanism
for critical sections, then there is also no need for
access protocols to the shared resources (other than the
processor), reducing the system overheads.
• It improves on FPNS by allowing shorter non-preemptive
subjobs and thus improves the schedulability of higher
priority tasks.
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FPDS is a generalization of FPPS and FPNS, where FPPS
can be modeled by FPDS with arbitrarily short subjobs (ignoring context switch and scheduling overheads), and FPNS
by FPDS with tasks consisting of a single subjob.
We distinguish two kinds of resources: preemptable and mutually exclusive. When a preemptable resource (e.g. processor)
is preempted, we can store and reload its state, incurring some
bounded overhead. If we were to preempt a mutually exclusive
resource (e.g. access to a shared memory location) then its
integrity could be corrupted.
FPDS can be used to reduce the cost of context switches
of preemptable resources, and provide simple access protocol
to mutually exclusive resources. It promises a simple implementation of critical sections, compared to the intricate priority
inheritance protocols used in FPPS, as [11], [14] reveal wrong
implementation of these protocols in the existing real-time
operating systems. In FPDS, the subjobs simply execute nonpreemptively.
We are interested in employing FPDS in an industrial case,
to improve an existing multimedia processing system from the
surveillance domain. We focus on using FPDS to guarantee
resource provisions to tasks in spite of fluctuating resource
availability, in the context of reservation-based multi-resource
sharing.
A. A surveillance system
There are two main tasks in the system: a video task τv and
a network task τn . These tasks run on a platform containing
two processors with cache and two local memories (LM and
IRAM), communicating with the main memory M via DMA
transfers over a shared system bus, as shown in Figure 1.
A camera monitoring a scene places the captured video
frames in the main memory M. The video task τv loads the raw
frames from the main memory M to local memory LM, does
some video content analysis on them, encodes them and stores
the result back to the main memory M. The main processor is
responsible for scheduling and may offload some operations
of τv and τn to the co-processor.
The network task τn loads the encoded frames from the
main memory M to local memory IRAM, wraps them into
packets and sends them over the network via the EMAC
interface.

useful utilization in the system [7]. On the other hand, a coarse
grain of preemption points will lead to worse schedulability
of higher priority tasks.
FPDS is also referred to as co-operative scheduling [4],
because some control over preemption is moved from the
scheduler towards the application. The real-time problem shifts
from scheduling towards finding the right preemption points
granularity.

Fig. 1.

Architecture of a surveillance system

Both tasks are periodic, with their period determined by the
video stream rate.
Currently the processor is scheduled according to FPNS,
with τn having higher priority than τv , because FPPS is not
feasible due to its large context switch overheads. These are
emphasized in the streaming multimedia domain, where tasks
are computation and data intensive, and where tasks are dependent (producer consumer relation). However, due to fluctuating
network bandwidth and a resource greedy video task, the
network task cannot make optimal use of the processor: it
may be scheduled when the network is congested, or the video
task may hold the processor when the network is available.
We would like to use FPDS in combination with reservations
to guarantee resources to the video task, while optimizing
the use of the available network, by providing finer grained
preemption points.
B. Reservations and FPDS
We can guarantee the processor to the video task in spite
of fluctuating network bandwidth in the current surveillance
system by introducing reservations [9]. We implement the
reservations with two servers: a deferrable server for the
network task, allowing the exploitation of its preservation
strategy [2], and a periodic server for the video task.
We use FPDS to schedule the reservations globally, with
the network reservation having higher priority than the video
reservation. We use FPDS to schedule each reservation locally.
Selecting finer granularity of the preemption points in τv
will allow τn to resume more frequently and transmit when
the network is available. The deferrable server allows τn to
postpone its transmission and release the processor to τv , in
case the network is congested. Setting the preemption points
in τn to packet boundaries can prevent aborting an ongoing
transmission and avoid the cost of later retransmission.
C. Granularity of the preemption points
There is a trade off between the granularity of the preemption points and the overall schedulability of the system.
On the one hand, if preemption points are spaced arbitrarily
close, their cost of invoking the scheduler may lead to more
frequent context switches and the need to execute expensive
locking mechanisms on shared resources, and thus lower the

D. Optional preemption points
It turns out that the additional cost due to preemption points
may imply a too coarse granularity of preemption points,
and thus discourage from using FPDS in certain applications.
We would like to suggest the concept of optional preemption
points, which are easy to implement and incur little overhead,
compared to the traditional preemption points.
The optional preemption points aim at reducing the overhead associated with traditional preemption points through
a tighter co-operation between the scheduler and the tasks.
Traditionally, when a job arrives at a preemption point, it
does a system call to the scheduler indicating it is ready to be
preempted. Such a system call has two drawbacks:
1) The system call itself is expensive, especially when the
preempted job is running in a different memory space
than the scheduler.
2) The preempted job always has to assume that it will be
preempted. If the job knew that it will not be preempted
at the next preemption point it may choose a different
execution path, e.g. initiate a long memory transfer from
the main memory to the shared local memory, which it
would not do if it was to be preempted.
[7] reduce the system call overhead in point 1, by having
the kernel set a flag in a shared structure (we will refer to it as
the preemption flag) when a task arrives with a higher priority
than the running task. The running task checks during its next
preemption point whether it needs to be preempted by reading
the shared flag.
[13] presents a hardware supported solution to avoid a
system call in point 1. When a new task arrives, the scheduler
places it in the ready queue and loads dedicated registers with
the address of the next preemption point. A special hardware
component compares the address of the following executed
instructions with the address of the next preemption point.
When the address matches, then the corresponding switch
routine is performed.
E. Outline of this paper
We would like to extend FPDS to multiple resources and
apply it in reservation based scheduling, focusing on reducing
preemption point granularity to exploit the available network
bandwidth.
In this paper we would like to qualify the extent of improvement of FPDS on FPPS. In Section II we qualify the context
switch overhead when multiple resources have to be switched,
and see how this cost influences the granularity of preemption
points. In section III we qualify the cost of a preemption point
itself, as opposed to regular trap/interrupt mechanisms. We
conclude with future directions in Section IV.

II. C OST QUALIFICATION OF MULTIPLE RESOURCES
SWITCHING UNDER FPPS AND FPDS
The main idea behind FPDS is that the cost of context
switches can be reduced relative to FPPS, if tasks are preempted at convenient times for the system, referred to as
preemption points. For example, it is inefficient to preempt
a task just after it’s program code and data was loaded into
the cache, because the program is likely to be flushed from
the cache before the preempted task resumes.
The literature on FPDS considers a single preemptable
resource (the processor) and focuses on how FPDS can help
reducing the cost of switching the processor [4], [7]. We would
like to extend FPDS to multiple resources, taking into account
the different switching costs of different resources. Depending
on the implementation and the underlying architecture, some
of the following factors may contribute to the context switch
overhead:
1) Registers: During a context switch the register file is
stored (in local or main memory), sometimes with hardware
support. Traditionally all registers are stored and reloaded. [13]
show how at runtime, the preemption is deferred to the next
preemption point, where the kernel invokes a custom context
switch routines (per preemption point), which save and restore
only the affected registers of the preempting and preempted
task. These routines are generated at compile time and execute
at the tasks privilege level, to ensure memory protection.
2) Cache: If the program for the preempting task is not
in the cache, it is first loaded from the main memory. Also
any cached data (especially in data intensive multimedia
applications) is likely to be flushed during the switch or the
execution of the new task.
3) Local memory: Similarly, if the preempting and the
preempted task are sharing the same locations in the local
memory, the local memory is stored to and reloaded from to
the main memory.
4) Main memory: Usually, memory performs best, when
the addresses are accessed in a consecutive manner. If the
main memory needs to be accessed by the scheduler to load
its program code or data during a preemption point, then the
sequence of memory accesses in the preempted task can be
interrupted. In our surveillance application example in Section
I-A, the memory access is a bottleneck.
5) DMA: In systems supporting virtual memory, memory
locations are grouped into a block and blocks are grouped
into pages, with virtual pages being mapped to physical pages.
When DMA is also supported, there is a question of which
addresses it should use: virtual or physical.
In case DMA transfers are setup using virtual addresses,
the processor has to provide the mapping from virtual to
physical addresses for the affected memory locations. In case
of physical addresses, a DMA transfer which spans across
pages will have to be chopped up into smaller pieces, because
the physical pages may not be contiguous. In both cases, there
is a setup overhead for a DMA transfer. Also, the operating
system must not remap the pages involved in the transfer [10].
6) Deep pipelines: Switching a pipelined stream of operations on a VLIW like processor may incur large overhead if
the instruction pipeline has to be flushed. In our surveillance

example, the overhead can be particularly large, when a videostream processing operations pipeline of τv offloaded to the
co-processor, is interrupted by packet encoding operations of
τn .
7) Network: There are two approaches to switching the
network: wait for the pending packet(s) to be sent, or interrupt
the current transmission. In the first case, the context switch
overhead will include the time necessary to complete the
transfer of the pending packets. In the second case, the
switching overhead is moved to retransmitting the aborted
packets the time the preempted task resumes.
The network resource behaves similarly to a hard disk, as it
has a large latency relative to the processor. Just like the disk
can be unavailable due to the seek time, the network availability can fluctuate, due to congestion in the network. However,
since the network congestion is much less predictable, so is
the availability of the network resource.
The surveillance system currently employs busy waiting
approach, with the network task (once scheduled) waiting for
the network to accept all the packets, before it releases the
processor to the video task.
Under FPPS, depending on the architecture, all of these
overheads may be incurred upon a context switch. Traditional
FPDS can be used to reduce one particular overhead. For
example, if saving and reloading the data in the local memory
is the main bottleneck on a particular architecture, then
FPDS can be used to prevent arbitrary preemptions within
instruction sequences which operate on a shared location in
the local memory.
In our surveillance example the two bottlenecks are the main
memory and network access.
III. C OST QUALIFICATION OF A PRE - EMPTION POINT
A preemption point in itself incurs overhead, which can be
modeled as shown in Figure 2.

Fig. 2. Breakdown of a preemption point, when (a) a higher priority task is
ready (b) no higher task is ready

1) While τ2 is executing task τ1 arrives. A corresponding
interrupt is dispatched (timer or external, depending on
task τ1 ) and handled by the kernel. The scheduler in
the kernel places τ1 in the ready queue and stores in a
register that a higher priority task has arrived. The kernel
returns and τ2 is allowed to continue.
2) When τ2 reaches a preemption point, it makes a system
call to the kernel. Here the task can execute a preemption
point specific code, e.g. register specific context switching functions at the kernel for saving and reloading only

3)
4)
5)
6)
7)

the affected registers [13], or make a system call to
lock any mutually exclusive resources in case it will
be preempted [7].
The kernel checks whether a higher priority task is
pending.
The kernel stores the state of τ2 . This can involve
switching any of the resources listed in Section II.
The kernel loads the state of τ1 . This can involve
switching any of the resources listed in Section II.
After task τ1 executes, the kernel saves its state, in case
τ1 needs some of its state for its next invocation.
The kernel loads the state of task τ2 .

IV. F UTURE DIRECTIONS
A. Quantify costs of preemption points and context switching
[7] quantifies the preemption point overhead for a processor.
We would like to quantify the preemption point and switching
costs in a multi-resource setting, based on our multimedia
streaming surveillance application, to gain insight into the
shortcomings of current solutions and serve as a reference
point for our future work.
B. Extract preemption points from code
In order for FPDS to be accepted by system designers,
it has to be easy to use. Rather than manually inserting
preemption points inside the code, we would like the compiler
to extract optimal preemption points, where the overheads are
minimized.
[13] presents a solution where the compiler identifies preemption points (they refer to them as switch points) in the code
with a minimal number of general purpose live registers. We
would like to also include the switching overheads of other
preemptive resources, besides the processor.
C. Reduce preemption point cost
We would like to investigate how optional preemption points
can reduce the overhead of FPDS, compared to the traditional
preemption points.
[13] showes how to reduce the switching overhead by saving
and restoring only the affected registers. We would like to
extend this approach to other resources.
D. Account for race conditions due to optional preemption
points
In Section I-D point 2 we identified the potential of optional
preemption points allowing a task to check the preemption
flag before a preemption point and select an execution path
depending on whether it will be preempted or not during
its next preemption point. However, it gives rise to a race
condition.
Let tp be the next preemption point when the running task
τr can be preempted. For τr to adapt its execution path, it may
need to read the preemption flag at time tr < tp . The longer
the difference between tr and tp , the longer the time when
the flag cannot be changed by the scheduler, or the time when
τr will not take it into account. We would like to investigate
how to account for the race condition in the model of the
computation time of subjobs and the response time analysis.

E. Avoid preemptions when tasks share multiple resources
In systems which exploit multiple resources the cost of
preemptions is not straight forward, as it may depend on
the resources currently used by the running task and those
requested by the preempting task, leading to different costs
at different preemption points. We would like to investigate
finding appropriate preemption points, which take into account
the switching overheads of multiple resources.
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