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Abstract— This paper presents a mapping approach
targeting a distributed-memory on-chip multiprocesor
platform. A differentiating factor of our approach is that
we drive to ensure predictable performance The
approach is biased towards video-deaoding application
domain, and we a use the M PEG-4 shape-texture decoder
job of [3] as a case study. We map that job to three
procesors and obtain the job worst-case execution time
(JWCET) for predictable performance However, highly
dynamic data-dependent behavior of this benchmark can
lead to huge overestimations of JWCET even when
employing the approach of [1], which uses run-time
knowledge of input data parameters. We improve this
approach, by introducing scenarios, similar to [4]. For
some referenceinput data stream, the use of scenarios has
reduced JWCET overestimation from 1774 to 55%.

Keywords— performance evaluation; network-on-chip;
data flow graph; job scheduling

[. INTRODUCTION

In order to run red-time multimedia gplicaions on
an onchip multi processor system, techniques have to be
developed for the mapping of those gplicaions on the
multiprocessor  platform, eg.[4].  Furthermore,
multimedia goplicaions shoud yield high visual/audio
quality at low cost. The aithors believe that, in order to
med the red-time constraints at low cost, predictable
hardware and predictable behavior of applicaions are
necessry. Therefore, predictability is a maor
requirement in ou research.

To tadkle the interadivity and dynamism of
applicaions, a dynamic red-time scheduler is required
for coordinate multiple jobs on the aray of processors.
Informally, a job is a task that has to produce known
amourts of output data samples at ead adivation. It is
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important to mention that a job can run on multiple
procesors and that it has a deadline. The multi-job
scheduler must ensure that the schedule meds all the
deallinesif possble.

To reducethe complexity of mapping multiple jobs on
the multi processor, the mapping problem is lit into
two levels [1]. At Levell, intra-job mapping is
performed, producing a configuration and an exeaution-
time estimation for ead job separately and
independently. At Level Il, the dynamic red-time multi-
job scheduler coordinates the job set, sticking to a
limited set of choices produced at Level I.

In this paper, we study the intra-job mapping of an
MPEG-based multimedia gplicaion. More particularly,
we oncentrate on the decoding of MPEG-4 non
redangular shaped video objeds. Arbitrary shapes can
lead to dynamic aspeds in the mapping of such
applicdions on a dosen patform. The problem to be
solved isto distribute the deaoding job efficiently over a
set of processors and predict its total exeaution time. A
differentiating fador of our approac is that we ensure
predictable performance of every job, despite the data
dependent dynamic exeaution times, and despite a
pipelined implementation d the job’'s main loop, spread
over multi ple proces9ors.

In previous work [1], avery similar intra-job mapping
approach has been applied for a JPEG deaoder job. In
this paper, we use an MPEG-4 shape-texture decoder job
of [3], which possesss a higher degree of dynamism
due to data dependency and hence @nstitutes a greder
challenge for the prediction d the exeautiontime.

This paper is organized as follows. Sedion Il gives
badkground information about the target platform and
the gplicaion model. In Sedionlll, we present our
intrasjob mapping approad, leaving some iswues dill
open, because this approach is under development. We
show how this approad can be gpplied for our MPEG-4



case study. As will be shown, the method d [1] for
deding with data dependency can yield a huge
overestimation d the total job exeaution time. In
Sedion |V, we extend this method ly scenarios, similar
to [4], based on some gplicaion-spedfic knowledge.
For that purpose, we briefly consider the basics of the
shape-texture decoding algorithm. Sedion V concludes
this paper and mentions future work.

II. BACKGROUND

A. Target platform

We target a distributed-memory multiprocesor
system-on-chip with message-pasing communicaion
through an onchip network. The main perts of the
system are the array of processng til es and the network.
Different processng tiles, particularly suited for
different application-spedfic subtasks, may have
different types. For eadh type, a sub-array of the tiles of
that type is defined. The sub-arrays may overlap.

The wre of eadtileisits processor, being a master of
the locd memory system of the tile. Further, the tile
contains a ommunicaion assst, the second master
device that loads/stores multiple concurrent streans of
messages going to/coming from different point-to-point
network conredions, that are set up and maintained for
communicaion between the given tile and remote til es.

There ae afew asaumptions we make for the sake of
predictable hardware behavior:

1. Processors do nd use cadies when red-time jobs
are runnng. Accesses to remote memory controllers
may be performed via explicit messge passng
through the communicaion asdgst. Previous work,

g., [10], indicaes that a-priori knowledge of
access patterns of the gplicaion can be used to
insert explicit copying of data from the remote
memories to the loca memory.

2. Locd memory arbitration between the processor and
the communicaion asdst feaures tightly bounced
accessdelays for bath.

3. Network communicaion delays are tightly bounced.

These asaumptions are essential, because they alow
to ofer predictable worst-case performance in a red-
time system, instead of optimized average performance
that general-purpase systems offer. More considerations
onthetarget platform can be foundin [1] and [3].

In the aurrent case study, we ame RISC processor
tiles (using ARM7) with a flat memory model with a
singlecycle memory access delay. As the
interconredion retwork, we further assume that the
Athered network-on-chip is employed [5]. It is built

from multiple network routers, and it fedures as a
reconfigurable set of point-to-point connedions Cy with
guarantead bandwidth By. The implementation wses a
kind & TDMA scheme, and layout has been synthesized
for anetwork router [6].

Note that, for simplicity, in the sequel, we often refer
to the processng tiles as * procesrs'.

B. Jobsandresource estimation

In ou application model, the gplicaion dynamicaly
adivates a sequence of applicaion jobs, eg., for
deading a sequence of frames for avideo oljed on the
display. Each job can use multiple procesdng tiles in
parallel. Multiple jobs can run concurrently.

The resource etimation is a front-end d
multi procesors mapping [7]. It involves estimation d
computation resources, namely, the processng time and
the size of the locd memories that hold the instructions
and the locd data. In this paper, we take into acournt
only the estimation d exeaition time, learing the locd
instruction and data memory management for future
work. Of course, limited memory sizes can result in
some extra processng load (to copy the data from/to
remote memories), bu we believe that we can extend
our approach later to include that load into our models
aswell.

With the video-deding applicaion damain in mind,
we see ajob as a ‘for’ loop, taking J iterations to
produce J samples of output data, where J is known at
the arival time of the job. In video decoding, J can be
determined by the number of maaoblocks to be decoded
in a single video frame for a single video oljed. In the
sequel, we index the loop iterations with variable j,
wherej=0..J-1.

The body of the ‘for’ loopcan be described by a set of
subtasks, cdled actors, and the dependencies between
them. We denate the set of adors as V={v;}. An ador
can be described as a function in a programming
language like C/C++, representing an atomic unit of
computation that can be asdgned to aprocesdng tile.

Asin [3], within a cetain degreeof error acceptance,
we asaime that the exeaution time of an ador v; can be
expresed as alinea functiont;. The functiont; has a set
of arguments, cdled inpu data parameters, with fixed
coefficients that depend onthe achitedure of thetile to
which the subtask is assgned and the implementation
detail s of the algorithm:

(2.2).

ti(Pwis P2y -] = Coi + CrilPuili] + C2ilB2i[j] + ...

The sguare bradkets dencote that both the individual
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Figure 1: Computation graph for MPEG-4 intra-frame
shape-texture decoding.

timing functions and the parameters py;[j] may change
in ead iteration j, because the inpu data dhanges at
ead iteration.

Within the job loop bod, the dependencies between
the adors (and hence the data paralelism) can be
expresed uwsing a data flow graph mode of
computation. We use a particular class of dataflow
models, cdled homogeneous synchronous data flow
graphs (HSDF) , introduced by Dennis [8].

We use HSDF graphs within o mapping trajedory
in two places. First, they are used as a spedficaion d
job computations, in which case we refer to them as
computation graphs. Second, we use them as -cdled
inter-processor communication (IPC) graphs to model a
particular configuration d the job, which includes not
only computation, bu communicdion as well. We
discussIPC graphsin the next subsedion.

Figure 1 shows the computation graph o an MPEG-4
shape-texture deading job, introduced in [3] (It is an
intra-frame deooder, which means that it does not
demde ay motion information, bu only shape and
texture [2]). The nodes of the mmputation graph are
adors. The elges of the graph represent the
dependencies between ador exeadtions. There ae
sequence and data edges. In a computation graph, a
sequence ealge represents the fad that adors dare
common locd state, and the destination ador may not
start until the source ator has updated its locd state and
finished. A data elge represents the passng of data
churks, or data tokens. The size of these data churksin

bytes, or token size, may also be dynamic and spedfied
by a linea function oninpu data parameters. Edges
may also cary initial tokens that are available & time
zero.

Each ador can start exeaution only when at least one
token is available & ead incoming edge. It consumes
one inpu token per incoming edge, and, after a time
delay equal to ador’s exeaution time (as approximated
by (2.12)), it produces one output token onead ougoing
edge.

One iteration d the job loop involves one exeaution
of al adors. Iterations of the HSDF graph may overlap
intime. We asume that after J iterations, the acdors are
blocked and the graph eventually comes into its initial
State.

For aimost all computation adors in Figure 1, ador-
timing models have been oltained in [3], and we use
these models here. In experiments [3] the average eror
of these models was below 10%. We have refined the
computation graph by introdwcing data reading adors,
Ry and Ryyy, that copy the output data to some memory
storage. The ador aconyms (like CAD, CBP, etc.) are
explained in Appendix I. The ador timing models and
token sizes of the data elges are dl colleded in

Appendix II.

llI. MAPANG APPROACH

The purpose of this sdion is to introduce our
mapping tragedory, leasing the multi-job scheduler
mostly outside the scope of this paper. We demonstrate
mapping of the MPEG-4 shape-texture decoding job d
Figure 1. In ore of the mapping steps the job-level
timing analysis introduced in [1] is applied. We show
that, when applied dredly, this timing analysis yields
nonsatisfadory results. We ded with this problem in
the next sedion.

A. Problem description

To reduce the complexity of the dynamic multi-job
scheduling problem, the mapping of the mmputation
graphs of ead job can be dore withou reconsidering
the mapping of other jobs, thus focusing only on the
internals of ead separate job. We cdl this kind d
mapping the intra-job mapping, and the resulting set of
mapping dedsionsis cdled job configuration.

Many existing techniques for mapping HSDF graphs
to multi processors asume static exeaution times of the
adors. These techniques can be re-applied also when the
exeaution times change dynamicdly if the dynamic
exeaution times are gpproximated with worst-case static
times and the gproximation remains valid and tight



enough for al Jiterations of the job. Unfortunately, this
doesn’'t hdd for applicaions like shape-texture
deading. In the next sedion we generali ze this method
of static goproximation by splitting the set of job
iterations into multi ple scenarios. In this edion, we till
asuume that static worst-case ador exeadtion time
values are used for all J iterations, and we obtain them
by using aworst-case parameter set in equation (2.1).

We aaume that for every ador only one procesor
type is chosen. The ador can be mapped to any
procesr in the sub-array of processors correspondng
to that type. Instead of mapping to a particular processor
in the sub-array, the mapping is dore to a virtual
processor, whase pasitionin the sub-array is not known.
The data mmunicaion is mapped to virtua
conredions, defined orly in terms of bandwidth and
propagation dHlay. Virtual conredions and processors
together congtitute avirtual platform. The mapping to
the red physicd platform is dore & runtime by the
multi-job scheduler.

A goodexplanation d the required mapping dedsions
that fits our purposes can be foundin [7], where the
mapping is organized as a design flow consisting of
several steps.

We will refer to ou case study as an example to
ill ustrate the mapping steps. In this paper, due to current
limitations of our experimental set-up, we aume that
the token sizes are fixed to the worst-case values, both
in the implementation and the timing models. The

exeaution time of the data-copying adors, namely, Rq
and Ryyy, are fixed acoordingly (seeAppendix Il).

B. Mapping steps
Step 1. Processor Assignment

In [7], this dep involves a partitioning of the HSDF
between processors and gdacement of the partitions on
the physicd processors. In the cae of mapping to a
virtual platform, only partitioning needs to be dore, and
the placement is dore by the multi-job scheduler later.
The partitioning has two obectives. First, load
balancing shodd be dore, so that the sum of ador
exeaution times per virtual procesor, or processng
loads, are balanced. A balanced load is more likely to
result in an optimal performance The seond oljedive
is minimization of communication. Every data edge
conreding different processors contributes to
communicaion. S0, it can be favorable to “hide” the
data elges inside the partitions.

An extra anstraint to the processor assgnment is that
the computation adors joined by sequence alges $houd

be asdgned to the same processor, because they share
common locd state.

It is due to that constraint that we adgn in ou
example adors CAD, CBP, VLD and IP to a single
procesor, named Procl. Because CAD ador is very
computationally expensive in the worst case, this
assgnment already puts most of the load onProcl.

Further, let us assume that only a cetain processor

type can accessthe off-chip memory. We asdgn Ry and

Ryuv to a separate virtual processor Proc2 of that type
and dona put anymore load onit to save it for other
jobs wanting to accessthe off-chip memory. Findly, to
offload Procl, we adgn the other adors, i.e., 1Q and
IDCT to Proc3, hiding the data edge between them.

Step 2. Routing

In [7], this gep implicitly includes bandwidth
allocation for communicaion and physicd network
routing. In a virtua platform, the topdogy of physicd
network and paitions of the routing sources and sinks
are not known yet, so only the bandwidth allocation is
dore for the data edges crossng the partition boundries
(seethe previous gep), and the routing is dore later by
the multi-job scheduler.

In ou example, we have three data elges that cross
the partition boundries, namely: (CAD, Ry), (IP, 1Q),
and (IDCT, Ryuy). So, three independent virtual
conredions are required; we cdl them Cq, Cpcr, and
Cyuv. The bandwidth alocaed to these mnredions
shoud be high enowgh to keep the transfer delays of the
conredions low enowgh so that communicaion will not
bemme aperformance bottlenedk [1].

An upper bound onthe transfer delay on a given
conredion depends on the data token size of the elge.
For the TDMA scheme of the Athered network, the
transfer delay tr in clock cyclesis given by:

Otoken size O

tr(token_size [5
i )= %Eﬂlnk rateD

where B is an integer bandwidth allocaed for the
conredion,with B< S Sand link_rate are fixed integer
parameters of the router (we asume S = 256, which is
the size of the TDMA frame in time slots, and link _rate
= 6 bytes per clock cycle). The worst-case token sizes
are given in Appendix Il. In ou case study, we a&sdime
the smallest bandwidth assgnment B= 1 to all three
conredions. Applying equation (3.1), we obtain the
worst-case delays for three @nnedions defined above &
follows: tt o = 2.8K cycles; tr per = tryuv = 33K cycles.
These numbers are used in the IPC graph later on.

(3.1)



Step 3. Scheduling (Actor Ordering)

This step decides for each virtual processor the order
in which actors assigned to it execute within the
software loop running on that processor. To avoid
deadlock, the ordering should be consistent with the
dependencies between actors.

For virtual processor Procl, the order has been
adready defined by the sequence edges of the
computation graph (see Figure1l). The sequence edge
holding the initial token precedes the first actor in that
order (CAD). Similarly for Proc3, the data precedence
requires that 1Q must be executed first and then IDCT

can start. For Proc2, we intuitively see that actor Ry will
always receive input data earlier than Ryyy, so we put

Ry asthefirst.

Step 4. Buffer Sizing

Every connection uses two communication FIFO
buffers, namely, the input buffer at the processing tile
that sends the data and the output buffer at the tile that
receives the data. The buffer size is the number of
tokens that fit in the buffer. Note that buffer storage is
allocated for the worst-case sizes of the data tokens.

Within our approach, some ideas on finding optimal
buffer sizes have been presented in [1]. In our example,
we assume by default that the input and output buffer
sizeis 1 token.

Step 5. Construction of IPC Graph

At this point, the configuration of the job on the
virtual platform is complete. For the subsequent timing
analysis step, it has been proposed in [1] to use IPC
Graphs as timing models of the job configurations. A
basic assumption taken in [1], and also in this paper, is
that all virtual processors assigned to the job are fully
available to that job during the execution time (no
processor sharing). This is a valid assumption if so-
called gang scheduling is used at the of multi-job
scheduling level [9]. However, we will reconsider this
assumption in our future work to incorporate processor
sharing into the timing models.

Figure 2 shows the IPC graph for the configuration
generated in Steps1-4. All actors of Figurel can be
found back here. Each set of actors belonging to the
same processor, is joined by a sequence edge cycle,
putting the actors in the order chosen in Step 3. Figure 2
explicitly indicates a three-actor cycle for Procl, a
single-actor cycle for Proc2 and a two-actor cycle for
Proc3.

We decided to merge some actors together, because
this way they can reuse the same space and data in the

1Q ) Tyuv Rvuv
IDCT 33K 4,7K

g
*, Q U
, U K

*

Figure 2: IPC graph of MPEG-4 shape-texture
decoder.

communication memory (see [1] for a detailed
explanation of modeling communication buffers). For
the actors which have static execution times both in the
model and in the implementation (due to fixed token
sizes), Figure2 shows execution time annotations (in
clock cycles).

The figure indicates explicitly the parts of the graph
corresponding to virtual connections. Each virtual
connection is modeled by a transfer actor, that transfers
the data token input buffer into the network and has
delay given by equation (3.1). Each transfer actor is

involved in three cycles. Let us take connection Cy as an

example. One-actor cycle (Tq)* models the fact that
transfers of different tokens cannot overlap in time.
Cycles (Ty,CAD)* and (Tq, ARy, A)* model the input
and the output FIFO buffer correspondingly. They both
contain two edges, one of them modeling data, and the
other one modeling the space in the FIFO and carrying
the number of initial tokens equal to the size of the
buffer. Both edges of the output buffer are marked with
the sign A to denote that they pass the tokens with some
small delay, modeling the propagation delay of the
network connection. See [1] for information on the
modeling of virtual connectionsin general.

Step 6. Timing analysis

To make the scheduling decisions, the multi-job
scheduler may use an estimation of the workload of the
job in terms of its worst-case execution time (JWCET).
This estimation is performed by the timing analysis step
based on the IPC graph.

For static actor execution times, one may expect a
linear growth of IWCET with the number of iterations J.
For any IPC graphs with some general properties, in [1]



it has been shown that if J is large enough, the linea
upper bound d the exeautiontime indead exists, and can
be defined hy:

JWCET () =pJ-1) +0, (3.2)
where p and ¢ are parameters that are functions of the
static ador exeaution times. For p this function can be
computed in pdynomia time on the number of adors,
for oaheuristic can be used [1].

In ou case study, we have derived parameters p and o
from an IPC graphs with worst-case ador exeaution
times obtained from (2.1) by using the worst-case values
of every parameter in ore of the benchmark inpu bit-
streams for MPEG-4 decoder. The resulting JWCET
value, which we cd parametrical JWCET [1], is
roughly 36M cycles.

We have dso oltained estimation d the exeaution
time of the jobin the red implementation, by simulating
the exeaution d the IPC graph with dynamic ador
exealution times using the adual values of parametersin
every iteration The red exeaution time estimation
yielded roughly 13M cycles. We can observe 17776
overestimation d the red exeaution time by the
parametricd JWCET in this case. In the next sedion,
we refine this method, in oder to oltain a better
estimation.

IV. SCENARIOS FOR THE SHAPE-TEXTURE DECODER

Due to the variation d the inpu data parameters and,
as a anseguence, awide range of ador exeaution times
in dfferent iterations of our MPEG-4 dewding job
benchmark, we have observed a huge overestimation d
worst-case exeaution time. So, some etra gplication
spedfic knowledge shoud be gplied to improve that
result. We start this ssdion with a brief excursion to the
algorithm of the part of MPEG-4 standard that has
adualy been implemented in ou case study. Then,
based onthis knowledge, we improve the exeautiontime
prediction by introducing a scenario approach, similar to
the oneintroduced by [4] for another mapping approacd.

A. Relevant application-specific information

MPEG-4 uses the concept of video oljeds (VOs) to
enable interadive multimedia goplicaions. Every VO is
represented by a sequence of different video frames at
different paints in time. These frames are cdled Video
Objea Planes (VOPs). This video oljed plane is
redangular, and it is composed from small er units cdled
maaoblocks (MB). An MB is a 16x16 pxel block that
isthe small est data unit of avideo ohjed.

Boundary MB

VOP )
\ S j
™~
N Transparent MB
(
/

Opaque MB \ S \

P el

Figure 3: Arbitrarily shaped VOP representation.

Figure 3 depicts a typicd composition d MBs within
a VOP, representing an arbitrarily shaped video ofjed.
As is visible from Figure 3, even an arbitrarily shaped
(sometimes referred to as nonredangular) VO is
covered with a grid of maaoblocks. The standard
distinguishes for intracoded VO three types of
maaoblocks: boundry, opaque, and transparent. The
boundry maaoblock is defined as a maaoblock that
contains bath transparent pixels and opague pixels (see
Figure 3).

Our applicdion job case study of Figures 1 and 2
adualy represents a decoder of an intra-frame VOP.
Such a VOP contains only video texture and shape
information. In ore iteration d the job, ore maaoblock
is demded, so, J is adualy the total number of
maaoblocksin the VOP.

Transparent MBs contain just a few bits of
information wsed to deted them. They require very littl e
processng. Opagque MBs require only the texture
information to be decoded. Boundary MBs contain bah
texture and shape, and require the most computation [3].
For that reason, the required amourt of computations
can change drasticdly from one iteration d the job to
ancther.

Note that the texture is represented in the YUV color
plane. The shape is represented as a so-cdled “binary a-
plane”. This, by the way, explains me underscore
notations we have used for the a¢ors and conredions of
the job.

B. Scenario approach

Here we define ascenario as a set of (or a logicd
predicae on) inpu data parameter values, within which
the IPC graph ador exeaution times remain in a cetain
range. Here we focus in particular on two parameters:
and ¢s (see Appendix Il). Their values determine the
maaoblock type & dhownin Table 1.



Table 1: Timing model parameters and semantics.

MU s MB type
0 0 Transparent
0 1 Opaque

1 1 Boundary

We introduce three orrespondent scenarios: the
‘transparent’, the ‘opaque’ and the ‘boundry’. For
every iteration, it is true that one of these scenarios
hads.

Scenario A is said to cover scenario B if scenario A
asumes a worse values of the parameter set than
scenario B. For example, ‘boundiry’ scenario covers the
other two scenarios.

We say that a ontinuous iteration interval jq, j1+1...
j2, Where 0< jy, jo< J-1 can be covered by scenario A, if
it holds for al iterations in the interval or covers a
scenario that holds there.

Obviously, the ‘boundry’ scenario can cover the
complete iteration interva 0..J-1. Becaise our
reference bitstrean contains boundary blocks, it can be
said that the parametricd worst-case gproad, as
defined in Sedion II-D, uses the ‘boundary’ scenario for
all iterations, because it takes the worst-case values of
every parameter in the interva 0..J-1.. By
distinguishing the other two scenarios, we want to
reduce the overestimation d exeaution time obtained
there.

Figure 4 ill ustrates the method that we have gplied.
Figure 4(a) shows, for some job example, a horizontal
axis of iterations and the scenario that holds for eadh
iteration (asuming that the scenarios are numbered).
Figure 4(b) shows with solid line the exeaution times of
some IPC graph ador and with a dashed line the
parametricd worst-case bound for that ador in that
scenario. Figure 4(c) shows a set of intervals and
scenarios that cover them. Note dso that in this
example, to reduce the number of intervals, it has been
chosen in this cese to merge three intervals of
Figure 4(a) into oreinterval in Figure 4(c).

Given the sequence of intervals, the job exeaution can
beill ustrated with a correspondng sequence of so-cdled
time shapes, as sown in Figure 4(d). Time shapes show
which processors are busy at which moment of time. It
can be seen that, becaise the exeaution d multiple
iterations of the job can overlap in time, the time shapes
also overlap.

We asaume that the multi-job scheduler of the video
deader, when cdculating the JWCET, can quickly
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Figure 4: Obtaining IWCET estimation.

() scenarios; (b) adtor exeaution time;
(c) intervals (d) scenario time shapes,
(e) addingthetimeintervals of the shapes.

apply equation (3.2) to compute exeaution time of every
time shape, bu that it is computationally expensive to
compute the overlapping of all shapes (seeFigure 4(c)).
The scheduler will rather add uptheir exeaution times,
and oliain a pessmistic estimation d job WCET (see
Figure 4(e)). By adding up JWCET expresdons of (3.2)
for all time shapes and grouping them by the scenario,
we obtain the foll owing expresson:

JWCET = z (ps @Ds + Lsdos—ps) ),
S

where Js is the total number of iterations in all intervals
of scenario s, L is the total number of intervals of
scenario s, ps and os ae the @rrespondng
charaderistics of the IPC graph with static ador
exeaution times obtained from the worst case set of
parametersin all intervals of scenario s.

Based onthe parameter values, the video encoder can
deted a set of intervals and the scenarios that cover
those intervals (see Figure 4(c)). To suppat exeaution
time estimation, the encoder can provide the scenario
information in an extension d the image healer. It is
enough to provide per ead scenario the values Ji. and L.

(4.1)



and the set of worst-case values of all parameters in the
scenario, which can be used to oltain p; and o.. This
way, the anount of information to be alded in the
header can be kept small.

We have gplied this method to ou reference bit-
stream, using three scenarios defined above. We have
deteded and merged the scenario intervals manually.
Our method estimated job WCET as roughly 20 milli on
cycles, which is only 55% overestimation over 13
milli on cycles of the red exeaution time, which is a
clea improvement compared to 17®% of the estimation
that does nat distinguish between scenarios.

V. CONCLUSIONS AND FUTURE WORK

To manage the resources in an interadive video
deadng applicaion, d/namic multi-job scheduling is
needed, with every job pasbly running on multiple
procesors. In this paper, we have studied a
multi processor mapping that can be gplied in such
scheduling. The main contribution d our reseach isin
detailed description d the mapping steps, applicable to
highly dynamic systems. To demonstrate our conceptsin
pradice we have presented a cae study of mapping of
an MPEG-4 shape-texture deaoding job d [3] to three
processors of the platform. We have tuned the timing
analysis part of our mapping approach to this
applicaion. This resulted in introdwing ‘scenario’
method, similar to [4]. This method enabled to reduce
the overestimation d the run-time worst-case exeaution
time analysis from 1776 to 5%% when decoding an
intra-frame of one of the test bitstreams.

In ou future work, we will reuse this case study in the
multi-job scheduler for profiles of MPEG-4 coding that
adlow manipuation d multiple abitrarily shaped
objeds by managing the multiple virtual platforms of
the mrrespondng jobs onasingle physicd platform. To
achieve this, we extend our applicaion with motion
compensation.

Our  approach  suppats only  predictable
multi procesors, and, for that resson, we do nd allow
cading of instructiorvdata memory during the exeaution
of the jobs. We will try to manage and model mapping
of large locd-state data structures to remote memories
using the same kind d communicaion as for the data
tokens.
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APPENDIX | ACTOR ACRONYMS

CAD - context-based arithmetic deooder; this ador
deaodes the binary shape of aboundiry maaoblock;

CBP — coded block pattern; this ador deteds which of
the four luminance blocks of the maaoblock are non
transparent and have mded AC coefficients,

VLD —variable length decoder; this ador decodes DCT
coefficients of al nontransparent luminance and
chrominance blocks of one maaoblock;

IP — inverse prediction; updates the DCT coefficients
based on the prediction information from arealy
deaded neighba maaoblocks;

IQ — inverse quantization; multiplicaion o DCT
coefficients by coefficients from a quantization matrix;

IDCT — inverse msine transform; if maaoblock is not
transparent, translates it from DCT domain into the pixel
color-spacedomain.



APFENDIX Il TIMING MODELS AND TOKEN SIZES'

Timing M odels
tecap = 8.21K + 14874K [ + 240Dl + 27 0yt + 21 0Mlpitea.
tegp = 15+ 966 + 13260+ 13Mempry-pix
typ = 62719 + 74Dl p.pyes + L07BIpc + 87Mlpcs + 297Macne
+621MNacer + 619Nace2 + 921Naces
tp = 2859 + 746y
tio = 1.39K 9 + 44Mac
tipcr = 78+ 41.31K g5

tr= 328+ 5.75{bken_size (appliesto Rg and Ryyy)

Token Sizes
token_sizey = 64bytesil ; the worst caseis 64 bytes.
token_sizepct = 4bytes + 128hytesig; the worst case is 772
bytes
token_sizeyyy = 1byte + 768hyteslps; the worst case is 769
bytes

Table 2: Timing model parameters and semantics.

u 1,if the maaoblock isof type ‘boundry’
0, atherwise.

Npisi-3 | Number of bits of type 1,2,3(as defined in
the standard) used to code shape

é 1,if the maaoblock is not transparent;
0, aherwise.

w 1, if &=1 and at least one 8x8 Hock in the
BAB is completely transparent;
0, aherwise.

Nempty- | Total number of first empty pixels in all
8x8 BAB sub-blocks (if pixels are thedked

pix
in the scanning  order), hence
Nefnp[y_p| X< 16)( l 6 .

1) Number of nontransparent sub-blocks in

the maaoblock, hence ¢ < 6.

Nvip- | Number of the bit streamn bytes sifted into

bytes the 64-bit locd buffer, while reading VLD

coded hits; here we caxna give abound.

Npc Number of the nonzero DC DCT

coefficients in the maaoblock, thus

NDCS 6

Npc+ | Number of the nonzero DC DCT

coefficients coded by more than 1 kit,
Npc+ < Npc.

Nac.ne | Number of nonzero AC coefficients coded

by a‘normal’ VLC code.

Nac- Number of AC coefficients coded by an

£1-3 ESC code, using types 1, 2, o 3.

" Most of information hereis taken from [3]

1, if the maaoblock uses AC prediction
0, aherwise.

Nac

Number of nonzero AC coefficients in the
maaoblock,

Nac = Nacne + Nacer + Nacez + Naces,
Nac < 6 X 63.

¢s

1,if >0,
0, aherwise.




