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ABSTRACT

In perspectives offered by multi-channel SDR sajtal
signal processors (DSP) need to simultaneously utgec
several radio physical layer (PHY) components. @agor
challenge in integrating together such DSP apjitinatis
the real time requirements that must be satisfiedrder to
satisfy these real time requirements, specific sexdeal
time scheduling analysis arise because of simuitame
executions on the DSP platform.

In this paper, we propose a design approach, wddiokws
the real time scheduling analysis of tasks on DSReal-
time scheduling simulation tool is also presentechélp
SDR applications designers; it is able to testfdasibility
of tasks whose execution times, deadlines, andnmoimi
separation times are different from one phase tuthen.
The tool is also able to verify (by simulation) treal-time

functional aspects of the waveform applications are
specified with their times constraints.

In a second phase the platform architecture isifépedn
terms of hardware capabilities, real-time operatipgtems

to be used etc.

In a last phase, functional specification is mappedto
platform architecture, and then the tool perforne t
scheduling analysis.

Too often, current tools are aiming at directly ypding
code generation after a very limited modeling, dodnot
take into account real time scheduling analysis. tBm
other hand it is important for the designers of SDR
applications to know as soon as possible the riesd t
scheduling of waveform applications. This allows
undertaking early on the correct implementatiomtohs.

behavior of tasks implemented in DSP and scheduled The remainder of this paper is organized as folldwshe

according to dynamic priority scheduling. We alsscdss
the impact of the study on the capabilities of SDR
equipments.

1. INTRODUCTION

The development of several communication standards
the same piece of hardware highly increase the feed
testing the feasibility (in terms of real time sdbkng) of
the application, when implementing the new standard
update an existing one.

Designers of such SDR applications have resordtthac
methods and perform pre-runtime real-time schedudin
DSP by hand. Since the complexity, due to the wiffe
combinatorial of waveforms, keeps growing, ad had a
manual methods will prone to errors, time consunang
will often fail to find a feasible schedule evenemshone
exists.

Indeed waveform applications, like other real tisgstems,
have a dual notion of correctness: logical and taalplt is
not sufficient to only produce the correct outputise
correct outputs should be produced within the abriiene
interval. We propose to integrate the analysis imadel
driven architecture (MDA) approach. In a first phathe

next section backgrounds and related work are ptede
Section 3 describes our design approach proposl- R
time scheduling issues are discussed in secti@edtion 5
provided MDE design environment. The impact of the
study on the capabilities of SDR equipments is jol@d in
section 6. Conclusions are provided in section 7.

2. BACKGROUNDS AND RELATED WORK

Much work has been carried out to model SDR
applications, in a SCA context in particular. Zetiff CE
tool developed by the company Zeligsoft and Spetctoh
developed by Primstech allow code generation féwsoe
components in software radio application [1] [2heBe
works do not offer capabilities to investigate rtiade
constraints for real-time scheduling.

Concerning MDA approaches for SDR design, the UML
profile A3S [9] was a first attempt for the desighSDR
systems. A few verification means were also adécss
this research work.

MDA modeling for real-time embedded equipments sagh
SDR is also addressed in current research project
MOPCOM. MOPCOM aims at automatically generating
simulation code (SystemC for instance) and impleaten
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code (CatapultC or VHDL) based on a MDA design
methodology [10]. It uses in particular MARTE ptefi

The UML profile MARTE [3] has been standardizedrat
OMG, to provide real time extension for specifioatiand

(platform independent model). Figure 1 represenBIM
view of two radio waveforms, one with three modudesl
the other with four modules.

A functional module belonging to the MAC (Medium
Access Control) layer, a functional module beloggdim the

design of embedded systems. Thus a plug-in has beerphysical layer and a transceiver sub-system, coenplios

developed for the modeling tool Rational Software
Architecture to integrate MARTE profile; hence adige
has been developed to export the model to the sthgd
analysis tool Cheddar developed by the Univerditgrest
[4]. Another bridge has been developed to expaintiodel
for the scheduling analysis tool Rapid RMA develby
the company Tri Pacific Software. These last apgiea
are too generic and not consider, modular constmuetnd
reuse of signal processing functions, technicalises such
as connectivity, operating systems, time management
services etc.

3. A DESIGN APPROACH PROPOSAL
3.1 SDR design context

Let us consider two radio waveforms (possibly @} timust

be executed on several hardware platforms. Radio
processing is nothing else than some signal proggsso
that it can be done by a processor instead of AG$one

in the past, as soon as the processor is powearbugh to
execute the signal processing in real-time. Let has
interested in the execution feasibility on a preoesof
interest.

3.2 PIM modelling

PIM

Waveform A

MAC Functional
Module A

PHY Functional  XCVR Functional
Sub-systemA

Module A

Waveform B

Figure 1 — PIM top view model for two radio
waveforms

In a MDA design approach, the first design phasesists
in realizing a model independent from any platfofhiv

“waveform A”.

A functional module belonging to the MAC layer, two
functional modules belonging to the physical laysand a
transceiver sub-system, compose the “waveform B& W
can also see on this PIM the various connectiothwdsn
the functional modules. A functional module is defl as a
module taking part to a waveform functional decosifion
and participating to the realization of the coneern
waveform capability.

The PIM represents only the business functionaaciips
(here radio) and the behavior of the system, withou
deterioration due to technological consideratiofitie
clarity of this model allows experts of the domdm
understand much better than an implementation model
They can verify more easily that the PIM is complahd
correct.

Once the PIM is detailed enough, the second stagsists
in mapping this model towards a specific platfof@8M
(platform specific model). To obtain a specific mbdt is
necessary to choose one or several execution ptatfo
(several platforms can be compared to implementémee
model).

3.3 PSM maodelling

The transceiver sub-system of the PIM model is
transformed into two parts at PSM level as showRigure

2. The first one, which serves as facade, alloamfDSP,

to pilot the second part, which corresponds todbee of

the transceiver and is situated on a FPGA. Facadegarts
of the functional environment.

Inside a given execution unit, the functional eomment is
the platform support software specifically presentthe
execution unit to provide functional support. Fuimacal
support completes the waveform with the processing
radio domain contributing directly to the implemetign of
waveform capability.

In the PSM model appears new software servicegeuffe
by the platform. The reconfiguration infrastructuie
defined as the software sub-system of the radiovbigth is
undertaking the management of a reconfiguratiorcgss,
ensuring the transition towards the physical camfiion
state decided by decision making.

From components model point of view, inner conmétgti
represents connectivity solution between software
components residing in the same address space.
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PSM

Processor of interest

Reconfiguration
infrastructure

Figure 2 — PSM top view model of the two radio waverms

Cross connectivity represents connectivity solutm@iween
software components residing in different addresacss.
These software services can be grouped togettesttcalled
“execution environment”(EE).

3.4 From modelling to real-time scheduling

The PIM model can integrate architectural and tewpo
aspects but always without specific details dependin an

Consider that the waveform A corresponds to a rugkir
implementation of a modulation scheme. The SDRiegibn
can serve multiple users/services through diffefiames size
handling. Video frame usually takes much more pssice
time than the voice frame, that implies for a tagkhe DSP
processor to have different execution times, deedliand
minimum separation times, depending on the typethef
frame. Typically, the PHY resource module A (ofuiig 2) is
composed of a flexible decoding function for whitifferent

implementation platform. These models can contain f execution times are due to different parametersfatio and

example deadlines, which should be met in transmgithnd
receiving steps. At the PIM level one “functional
configuration state” can be selected. A

configuration state is characterizing a state thatplatform
may reconfigure into.

Then, one “physical configuration state” must bedmaA
physical configuration state is defined as the nrappf
functional modules on the various execution units.

The projection on platform of the PIM models of wérms
is made with the addition of characteristics of twafe
services supplied by the platform (times transfee do the
connectivity used etc.), plus the worst-case exagutme of
the different functional modules.

Hence, we propose to determine the real time sdinedaf
tasks on the DSP processor.

4. REAL-TIME SCHEDULING ISSUE

4.1. Context

video frame.

functionalThe closest task model from real-time schedulitegdiure, is

the generalized multiframe (GMF) task model [5], endn
execution time, deadline and minimum separatiore tiamne
changed periodically according to a specify pattern

The main difference between the GMF task model ted
task model we face in our design context comes ftmfact
that there is no activation pattern. This is beeaframes
sequences are random in both directions (transigitind
receiving sides) and we cannot presuppose an bsegaence
(user A makes an audio call while user B watchesdao
broadcast). Thus known algorithms,
feasibility test of GMF tasks cannot be appliedcsithere is
no cycle. We call this new task model: non-cyclidiGtask.

Figure 3 presents two tasks models. In the topiottee GMF
task model for which a scheduling feasibility tegists. The
bottom scenario is the one we consider in this papke
difference is that the succession of frames do¢dallow a
pattern.
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the condition is not satisfied, no answer can beemi

Cij , Dij’ pii represent the maximum execution time of the j_concerning the schedulability of non-cyclic GMFk®sTo

th frame of the task i, the relative deadline of frame, and
the minimum separation time between the frame dm t
following one, respectively.

GMF task i

cycle

Figure 3 — Execution comparison between GMF taskand
non-cyclic GMF task i

In the following section we discuss the scheduighdf the
non-cyclic GMF tasks set.

4.2. Feasibility test

The analysis on this paper considersidependent non-cyclic
GMF tasks executing on a uniprocessor accordingh&o
preemptive earliest deadline first (EDF) schedulpaicy.
We consider that the tasks satisfy frame Separatior{FS)
property [6]. A GMF task is defined to satisfy th8 property,
when the absolute deadline of each frame is no thtn the
arrival time of the following frame.

We have been deriving the following formula fronr study:
m-1

2

]
max (C—‘.) <1
0<j<N-1 DiJ

When this formula is true then the non-cyclic GMEK set is

schedulable under EDF scheduling. The idea behivisl t

formula is that, if we can schedule a set of tagken taking

for each task the scenario where the task deatstgt frame,
cl

which generates the maximal criticality—fT ), then the set of
D;

tasks will be schedulable whatever the arrival seqa of

frame is. Please note that this is a sufficientd@im, when

solve this last issue we provide a real-time sclieglu
simulation tool

4.3 Real-time scheduling simulation tool for eventlriven
SDR system

The tool is based on finite state automata. Thennta is to
associate each state of the automata to the sfatheo
processor (for example: idle, run, deadline mismd a
transition to either the arrival of a frame or aafion in the
ready queue.

A random frame list is generated and distributedhi time.
There is a clock representing the time progresaidinenever
a task is released due to the presence of datatess, it will
be put in a ready queue to be executed.

When the clock steps, we decrease the execution dinthe
task in the first position of the ready queue, #rel deadline
of all tasks in the queue. A task instance wilkreémoved from
the queue when its execution time becomes 0. Tlwrata
will reach the state “deadline miss” when the exiecutime
of a task instance in the ready queue becomesegreetn its
relative deadline. The state “idle” is reached whies ready
queue is empty.

The Figure 4 illustrates a model of such automata.

(1,001

data

deadline missed

Ready queue
[(2.3)]-> [(1,2)]-> [(0,1)]

|

[(4.6)]->[(3,5)]->[(2.4)]->[(1,3)]->[(0,2)]

|
[(1,4):(4,6)]->[(0.3):(4.9)]->[(3.4)]->[(2.3)]->[(12)]->[(0,1)]

Figure 4 — A model of automata scheduler with ready
qgueue

In the following section, we describe the overa#sign
environment used in our case study for the dematistr.

5. MDE DESIGN ENVIRONMENT

The UML modeler tool used is Rational Systems Devet
with the UML profile MARTE.
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Eclipse Modeling Framework (EMF)
Ecore.ecore

Conforms ¢ Conforms to
UML +MARTE source metamodel Real-time Simulation Tlotarget metamode

l ATL

/

Model transformation
WE1l.ecore in ATL W F1l_realtimeproperties.ecore

Figure 5 - MARTE to Real time Simulation tool trandormation using ATL

5.1. MARTE profile

The UML profile MARTE replaces the former Schedglin
Performance and Time (SPT) profile [3]. It is OMG
compliant with other standards in the domain, sash
SysML, SAE AADL, EAST-ADL2 and ARINC 653. The
profile implementation for Rational Systems Develojs
currently available in open source.

MARTE profile implementation allows expressing real
time properties on the models. We matched MARTE
concepts to the real-time scheduling simulationl too
concepts, and used Atlas Transformation Language
(ATL)[7] in order to transform MARTE model to theal-
time simulation tool model.

5.2 MARTE to real-time
transformation using ATL

simulation  tool

ATL is a model transformation language. In thedielf
Model-Driven Engineering, ATL provides ways to
produce a set of target models from a set of source
models. In order to achieve the transformationstamwvn

in figure 5, we need to provide:

=  UML and MARTE source metamodel

= Real-time simulation tool target metamodel
= A waveform model

= A transformation model in ATL

When the ATL transformation is executed, we obtain
target model conforming to the real-time simulationl
metamodel. The tool to perform the analysis cad th&s
target model.

5.3 Project organization

As shown in figure 6, the project is composed g&¢h
packages: application, deployment and platformthia
application package, there are different levels thod
various waveforms PIM. These waveforms PIM are
represented in the form of class diagrams. For each
waveform we have six levels of PIM. Then, in the
platform package, there is a diagram, which dessribe
architecture of the platform. Finally, in the depglent
package, there is a diagram, which represents Hupgpimg

of a set of waveforms on the various executionsunit
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Figure 6 - Project explorer
5.4. The results of the real-time scheduling tool

The tool first verifies if the schedulability comtidn
presented in section 4.2 is respected. If it isthetcase a
real-time simulation is launched, based on a laagelom
frames list. The designer can watch the differésies of
the processor, and at the same time the buffaeatidn
(please note that we associate to each task arbuffe
requirement).

When a deadline is missed the processor passeasggthro
the state “deadline missed”, the simulation stopbalog
file contains the sequence of frames which brotgimiss

a deadline, with the tasks present on the readyeque

The following section discusses about the impacthef
study on the capabilities of SDR equipments.

6. IMPACT OF THE STUDY ON THE
CAPABILITIES OF SDR EQUIPMENTS

The EDF dynamic scheduling policy, chosen in thislg,
allows more flexibility in reconfiguration use case
Indeed, after verifying the feasibility (in termkreal-time
scheduling) of the state we want to reconfigure,imto
changes need to be made on previous tasks of jfsécph
layer on the DSP processor. This is because in EDF
scheduling, tasks are placed in a queue and whereve
scheduling event occurs (tasks finishes, new talgased,
etc.) the queue will be searched for the processest to
its deadline. Hence, we do not have to modify [isior
values of previous tasks, as it would have beeweihad
used fixed priority scheduling.

The real-time scheduling simulation tool ensures the
new standard to be implemented on the platfornsfaedi
real-time requirements. It then increases the byiikya of
SDR equipments. The buffer utilization represetitethe
scheduling tool, allows a better management of nmgmo
usage as well. This contributes to increase pedaoa of
SDR equipments.

7. CONCLUSIONS AND FUTURE WORK

An important step in the development of embedded re
time SDR systems is “schedulability analysis” onFDS
processor. The goal is to check whether all tagks e
executed within the given deadlines in all possible
scenarios. In this paper, we present a design appyo
which allows determining the real-time schedulinf o
tasks, implementing several physical layers comptne
and executing simultaneously on a DSP processoe. Th
real-time scheduling simulation tool presented fs t
paper provides useful analysis (feasibility tesgcgssor
trace, buffer utilization) to the designer of evdriven
SDR system. This minimal time spent to ensure the
feasibility of the implementation at the very begirg of

the design phase, is a valuable time saving in sigde
process that requires months. This ensures theraesi
that the way in which he engages will meet his terap
requirements in the final product. As future wonsle plan

to extend the analysis to DSP multi-core processor.
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