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Abstract - Quality-of-Service (QoS) management
is becoming an important part of Consumer Electronics
systems. The complexity of recent multimedia applications
and their requirements on the system throughput ask for a
parallel programming model which enables parallel task
execution. In this paper, we describe a hierarchical QoS
model for managing multimedia applications running on
a multiprocessor Systems-on-Chip (SoC). We focus on an
MPEG-4 shape-texture decoder that is fully object based,
using arbitrary object shapes. We specify the QoS problem
within the given application domain. First, we explore the
possible application scalability. The obtained results save
up to 26% of resources. Second, and in contrast with many
existing systems, we employ a novel prediction technique
for the execution time of video-object decoding in a group
of frames, where the actual execution is spent only on data
that have a guarantee to be presented.1 .
Index Terms - MPEG-4 coding, QoS, multiprocessor
architecture, prediction based systems.
I. I NTRODUCTION
Parallel execution of advanced multimedia applications is
becoming a popular trend in realizing embedded systems.
The complexity of recent multimedia applications and their
requirements on the system throughput ask for a parallel
programming model which enables parallel task execution.
For cost efficient (embedded) systems, the platform cost and
its resources are bounded, so that quality control among
applications and inside applications is inevitable. Qualityof-Service (QoS) management for Systems-on-Chip (SoCs)
has been extensively studied, e.g. for MPEG-4 3D graphics,
wavelet coding, and related applications [2]. The proposed
QoS management approach computes the resource utilization
as an algebraic function of the quality settings, for instance
the number of graphical triangles to be processed.
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In our work we consider a class of QoS systems that relies
on predicting the execution times of the application at runtime, while also taking into account the data dependencies.
Similar to the work of Bavier [3], we parse for each video
frame a set of parameters, characterizing the complexity of
processing of the given frame. We propose a control mechanism based on a linear prediction model of computation
that interacts with a hierarchical QoS management unit. The
negotiation between higher and lower level QoS results in a
reserved amount of resources for the application.
We focus on an MPEG-4 shape-texture decoder application that is fully object based, using arbitrary object
shapes. This application has very dynamic execution time
characteristics per frame because of large variation in object
size and behavior. Furthermore, when several objects occur
in the picture, an equal number of decoding instantiations
can be executed in parallel. Each instantiation involves a set
of stream-oriented decoding tasks.
The primary contribution of this work is on two issues.
First, we explore scalable object-oriented decoding by selectively activating and deactivating tasks. The selection of
tasks considers both the shape-texture coding and the temporal resolution of the object. Second, we employ prediction of
the execution time for video-object decoding in a group of
frames, in order to achieve the maximum decoding quality
for predetermined and limited resources.
The paper is organized as follows. Section II states the
problem in the context of dynamic multimedia applications
mapped on a multiprocessor NoC. Section III outlines our
QoS model. Application details are given in Section IV.
Section V presents the adaptation of resources based on
the task skipping technique. In Section VI, the skipping
algorithm based on the accurate resource estimation is given.
Section VII presents conclusions.
II. P ROBLEM S TATEMENT
We focus on a complex state-of-the-art multimedia application (MPEG-4 shape-texture decoding for individual
objects) that has very dynamic execution time characteristics
per frame, and of which several instantiations can be executed in parallel. Each instantiation is internally composed
of several pipelined tasks. It is possible that a set of objects
have to be decoded in parallel where each object has its
own characteristics and behavior. In our previous work we

motivated the use of a multiprocessor system-on-chip (MPSoC) as a target platform for such advanced applications [1].
The efficient mapping of multiple object decoding onto such
an architecture poses a management problem, requiring QoS
control of the platform resources.
We propose to use a hierarchical QoS model that is
discussed in the next section. The model distinguishes
both details within an application and interaction between
applications, because of multiple instantiations of objects
and other applications running simultaneously in the same
system. The main focus of this paper is providing the QoS
model for individual instantiations.
One of the problems we also address is the possible
scalability of shape-texture decoding for an individual object.
In order to free resources in the platform for other objects
or applications, we allow skipping of some of the decoding
tasks at the cost of slightly reduced quality of the decoding
process.
Most of the existing multimedia implementations on
reconfigurable platforms under the condition of resource
limitations sacrifice not fully decoded information at the
moment of reaching a frame deadline. The result is that
computation effort is put in decoding tasks that are never
completed and used for the final reconstruction. For this
reason, we propose a novel technique for skipping frames
based on the predictive parsing of video headers (current
techniques are based on resource adaptation after decoding
of the full frame). As a consequence, we decide to perform
only those decoding tasks that can meet their deadlines and
thereby contribute to an increased video quality.
III. Q O S M ODEL FOR A PPLICATIONS ON MP-N O C
The architecture of our QoS concept is based on two
negotiating managers, instead of the conventional single
resource manager. We distinguish the Global QoS manager
that controls the total system performance involving all
applications, and the Local QoS manager that controls an
individual application within the assigned resources (see
Fig. 1). Since the responsibilities of both managers are
essentially different, it becomes apparent that a negotiation
protocol for the overall system control will be needed.

complete application. A job is split into different tasks, e.g.
the MPEG-4 header parsing, the inverse quantization, IDCT,
etc. In order to execute a job on a multiprocessor system,
tasks are mapped onto processors and other resources.
The value of the above QoS architecture model for system
quality control increases if an accurate execution model
for the application mapping can be provided. In previous
work, we reported on a reasonably accurate prediction model
based on a linear parametrical equation at task level [1].
Unfortunately, not all of the required parameters are a
priori available when the task starts its execution. In [4],
we proposed a prediction technique that estimates resource
usage based on a set of parameters available from video
headers and a complementary set of parameters from the
decoding of previous frames. The resulting task level model
offers continuous control of the decoding process, hence at
a finer granularity than current frame-based QoS systems.
The previously mentioned prediction supports the predictable behavior of our architecture and therefor enables a
deterministic Quality-of-Service (QoS) from each job, independent of other jobs. To achieve this, we reserve resources
for each particular job in the form of virtual processors and
virtual connections. These virtual processors and connections are run-time assigned to the existing resources of the
platform. This abstraction is important to obtain the worstcase model for the resource distribution in the case that each
task is mapped onto a different processor of the platform, to
obtain fully independent jobs execution.
IV. A PPLICATION OF Q O S FOR A RBITRARY S HAPED
V IDEO O BJECT D ECODING
We have studied object-oriented MPEG-4 coding for the
new proposed QoS concept. In MPEG-4, every Video Object
(VO) is represented in several information layers, with the
Video Object Plane (VOP) at the base layer. This VOP is
a rectangular frame containing hierarchically lower units,
called Macroblocks (MB).
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Each application is divided in jobs and the platform should
support the execution of each job for implementation of the
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Figure 2 outlines a distributed version of a computation
model for an arbitrary-shaped video object decoder. In our
previous work [1] we presented a model for the shapetexture decoding at the finest granularity (MB level). This
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Fig. 3. Resulting quality after task skipping for the ”singer” sequence. (A) original VOP, (B) enlarged view without deblocking, deringing and
padding tasks, (C) enlarged view without deblocking and deringing tasks, (D) fully decoded.

timing model is useful if mapping requires usage of different
processors even at the MB level. We present here the
graph for the complete decoding that starts with parsing
the bitstream syntax and coded data and ends with the
completely reconstructed scene. The graph was simplified
for presentation reasons. The final visual scene can be
composed of several VOs. In the presented graph, each task
starts its execution when it has data on all inputs (as in
Homogeneous Synchronous Dataflow Graphs).
The decoding starts with the Shape & Texture Processing,
followed by Repetitive & Boundary Padding, then applying
the Deblocking & Deringing Filter and providing the final
shape and texture data to the Frame renderer. The renderer is
a shared task and composes the original scene from the video
background sprite and several VOs superimposed on it. The
background sprite decoder and QoS for it is not discussed in
this paper; the reader is referred to [5], [6] for more details.
For the individual arbitrary-shaped VO, the complete task
graph is instantiated. These independent instantiations output
their results to the shared Frame Renderer.
V. S CALABILITY OF THE VOP DECODER
Figure 1 portrays the Local QoS connected to the functional part of the actual job. A runtime steering mechanism
periodically observes the difference between the estimated
resource requirements and the actually used resources. Based
on the estimation error and input data characteristics, Local
QoS handles two types of situations. First, short-term variations of the resource utilization may occur. To compensate
for this in the case that some of the tasks are scalable, the
Local QoS manager can change their local quality settings.
If this step does not sufficiently reduce the resource needs,
it can disable some steps of the decoding process (e.g.
a deblocking filter). Second, when the change in required
resources has a long-term nature that needs control, e.g.
the size of an object changes significantly, Local QoS can
request the Global QoS management unit for reconfiguration
of the task mapping and new reservation of resources.
For object-based video, the shape of a VO is the dominant information needed for the correct rendering of the
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final scene. If we have several objects, the correct shape
information of a few objects can already help in the scene
reconstruction. In the compressed data format, the shape
is lossless encoded in the VOP bitstream, but is alternated
with the texture information. For a scalable decoding with
minimum amount of resources, we therefore propose at least
the full decoding of the shape and the parsing of the texture
coefficients without DCT decoding.
When decoded, the texture information is obtained by
applying Inverse Quantization (IQ) and Inverse Discrete
Cosine Transformation (IDCT). The second large block,
Repetitive and Boundary Padding, combines the shape and
the texture data and constructs the texture information for
pixels that are transparent in the current VOP. This step can
be skipped if the current frame is not a reference frame
for consecutive frames. Furthermore, we can skip this task
in case of low available resources. The effect of skipping
Padding is portrayed in Figure 3(B).
The frame postprocessing consists of two steps: the
deblocking filter and the deringing filter (see details in
[5]). Either one or both of them can be turned off or on.
Figure 3(C) and (D) illustrate the resulting quality of these
filters. It can be noted that the degradation in quality is
much smaller then the degradation due to deactivation of
the Padding step. Table I shows the distribution of task
complexities in percentage of the computation resources for
different video sequences.

TABLE I
D ISTRIBUTION OF TASK COMPLEXITY OF VOP

Sequence

DECODING TASKS .

Shape & Texture
Repetitive &
Deblocking &
Decoding
Boundary Padding Deringing

Singer
Dancer
News
Fish

72%
78%
81%
76%

17%
16%
13%
16%

11%
8%
6%
8%

Average

76.75%

15.5%

8.25%

VI. Q O S CONCEPT BASED ON PREDICTION
In this section we define an objective function for measuring the decoder quality. Afterwards, we provide an
estimation-based algorithm for prediction of the skipping of
frames when resources are limited. The algorithm explores
the all possible combinations of VOP decoding tasks, for the
given amount of resources. We choose the combination that
yields the highest decoding quality based on the objective
quality function.
In case that the task-skipping techniques described in
Section V do not lower sufficiently the requested resources,
the frame-skipping QoS technique has to take place. First,
we follow the strategy of skipping B-VOPs. There is no
further dependency on B-VOPs and the cost of decoding is
high. Since this is obvious, we do not discuss this further.
In the remainder of this paper we focus on the skipping of
I-/P-VOPs. There is usually a set of VOPs depending on I/P-VOPs (each P-VOP depends on an I-VOP or an earlier
P-VOP, and each B-VOP on two I-/P-VOPs). Therefore,
the skipping of these frames degrades the quality more
drastically than the skipping of B-VOPs. This motivates us
to exploit the algorithm for skipping I-/P-VOPs.
To evaluate the performance of QoS management, the
performance is modeled into an objective function based on
quality settings and deadline miss rate. If the Local QoS
estimates a deadline miss for presentation, but the next frame
depending on the decoded frame will meet the deadline,
the decision unit of the Local-QoS manager executes the
decoding and omits the presentation. The objective function
for performance estimation is
f = 1 − (Mr + Sr ) − Nr + 0.5Nr1 + 0.25Nr2 ...,

(1)

where Mr stands for the rate of frames that were decoded but never presented, Sr is the rate of frames skipped
completely and Nr represents the rate of frames that were
presented but not on time. We can extend our function with
a more detailed focus on frames displayed only one frame
after the deadline (denoted as Nr1 ), or two frames after
the deadline (Nr2 ), etc., to make our objective function
more robust. For our experiments, the evaluation of our QoS
concept is based on Equation (1). In the next subsection
we provide our algorithm for frame skipping based on the
timing-model prediction.
A. Estimation based algorithm for frame skipping
In this subsection we describe the algorithm used to
investigate the option of quality adaptation by skipping some
VOPs. It is not a straightforward decision how many and
which VOPs should be skipped. On one hand, skipping more
VOPs decreases the objective function f (the number of
skipped frames S increases). On the other hand, it releases
resources so that next VOPs can start decoding earlier and
have higher chances to be presented earlier (M decreases).
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The algorithm is presented below in the form of
pseudocode. It returns the (sub-)optimal Boolean skipping
vector s which has one element per upcoming VOP. We
assign an element to be ‘true’ if the VOP is skipped. The
initial settings with all frames set to be skipped is named
s*. The length of the vector is determined by the extent
of the allowed look-ahead window. The input argument,
called progress, is the current time remaining to the next
VOP deadline. This parameter can be reported to the LQoS
manager by the functional part of the job.

Algorithm Decision on frame skipping.
Let us explain the algorithm in detail. In Line 1, the
estimation (or prediction) of execution times ET for the
look-ahead VOPs is obtained. The details of the corresponding procedure PREDICT ET is out of scope of this paper,
but one can predict execution times based on the resource
allocation, previous history and a priori-information obtained
from the video headers.
In Line 2, we initialize the data structure specifying the
current solution, containing the increase ∆ of the objective
function f from Equation (1), the number of frames presented on time N0 and the skipping vector s. We start with
the simplest candidate solution to skip all frames (so the
skipping vector contains all ‘1’s).
Lines 3-8 contain an iterative procedure that tries to
improve the current solution. First another candidate skip
vector is selected in Line 4. Only a feasible candidate may
be selected: if it decides to skip a given VOP e.g. an P-VOP
it skips also all VOPs depending on that VOP e.g. all the
subsequent P-VOPs until the next I-VOP.
Then, given the skip vector s and execution time estimates
ET, the absolute completion times are computed. Function
F OBJ compares the completion times with the deadlines.
It determines the position of the deadlines from the current
progress. F OBJ computes the contribution to the objective
function yielded by the candidate solution as well as the
number of frames presented on time.
Line 6 compares the current skip vector with the candidate
skip vector and chooses the one with the higher quality.
If candidates are equal, the decision is taken based on the
following ranking: a higher number of N0 , the value ∆f and
the number of skipped frames. We observed that putting N0

at the highest priority makes the algorithm more stable in
terms of frame skipping behavior.
Note that the current version of procedure COMPL in
Line 5 ignores the fact that the memory buffer for output
VOPs has bounded size and can get an overflow, which may
result in postponing the completion of some VOPs.
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VII. E XPERIMENTAL RESULTS OF THE SKIPPING
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ALGORITHM
4

We evaluated the algorithm from the previous section with
the ”singer” sequence from the MPEG-4 standard group.
The Figure 4 gives the actual execution of the MPEG-4
VOP decoder for the test sequence. The straight horizontal
bottom line in the figure indicates the allocated resources.
The varying solid curve above shows the actually needed
computations, of which the average is clearly exceeding the
available resources. Consequently, some of the frames of
a group of frames (GOPs) are skipped for decoding. The
dotted columns above the solid curve indicate the simulated
value of the prediction error.
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Fig. 4.

Real execution of the VOP decoder in ”singer” sequence.

Figure 5 outlines the number of the skipped frames per
GOP. We set the available resources to 50% of the required
resources. The frame skipping algorithm initializes without
prediction and performs a look ahead strategy to select the
frames to be skipped. At the start, it adopts a very low
resource level and therefore all frames in the GOP are
skipped. After some GOPs, the curve reflects the varying
demand for resources, but the average is about six skipped
frames, which is exactly half of the GOP size (12 frames).
This matches with the 50% of the resources being available.
The prediction error is influencing the behavior of our
algorithm. With the growing prediction error, the value of the
objective function becomes more broadly distributed (larger
variance). This means that the number of skipped frames per
GOPs fluctuates more.
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Results of the algorithm under limited resources.

VIII. C ONCLUSIONS
We have studied the mapping of object-oriented MPEG-4
decoding on a multiprocessor NoC. Since the amount
of objects is unknown in advance and the decoding
characteristics are highly variable, the guaranteed execution
of all decoding tasks cannot be ensured. For this reason,
we have proposed a new hierarchical QoS management
system, featuring both intra and inter application control.
Furthermore, it allows limitations in resources, thereby
offering a scalable decoder implementation, provided that
the decoder is designed with sufficiently fine-grained tasks.
We have presented a performance estimation algorithm that
predicts the actual decoding timing requirements and selects
the combination of decoding tasks that yields the highest
decoding quality, using an objective quality function. A
novel element here is the focus on tasks that can meet
their deadlines, instead of aborting uncompleted tasks and
wasting the involved computations. We have shown that
by task (de)activation we can gain in average up to 24%
of resources. Summarizing, the proposed techniques drive
to fine-grained usage of resources allocated to applications
and simultaneously hide the dynamics in resource usage of
those applications, while offering a scalable framework for
execution.
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