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ABSTRACT in terms of processing power (up to hundreds of GQd#
SDR for instance). Thanks to the ever-increasing

In this paper we propose a co-design methodologsedbon  performance of digital electronics, an embeddetesysan
a UML and Model Driven Architecture approach, inl@rto  be integrated on a single chip: a System on ChgC{Sr a
design embedded reconfigurable systems. We paatlgul System on Programmable Component (SoPC) inside FPGA
focus on the design of software radio and cognitaio  reconfigurable components. Thus the design of systems
equipments. A potential hardware target is System omust take into account new challenges.
Programmable Chip (SoPC), like FPGA componentsngak To understand and define the behavior of such
into account the specific capability of partial equipments, it appears necessary to model cogniside®
reconfiguration. A  reconfiguration and cognitive features at a high level of abstraction. Moreover a
management architecture (HDCRAM for Hierarchicatl an enhancement of software/hardware design facilith a
Distributed Cognitive Radio Architecture Managemeist reliable process is required to fill the produdtivigap.
used in addition to the device’'s radio applicatidrhe  Several approaches have been promoted by Electronic
system (functional architecture and hardware agchite) is System Level Design (ESL) such as IP reuse [4}{b§ih-
modeled in UML using MARTE. Going through Model-to- Level Synthesis (HLS) [6], platform based-desigih §nd
Model transformation the cognitive radio equipmisnfirst ~ Model Driven Architecture (MDA) [8][9] (which offexr a
modeled at a high abstraction level first, based omommon design framework whatever the design phade a
HDCRAM metamodel, and then modeled at a lower ledel actors).
abstraction in SystemC, which enables to simulatd a But there still remains a lot of improvement todukeled
validate the system at transfer level (TLM). Wastrate the to design tools in order to answer engineering design
proposed concepts with a cognitive radio case studghallenges and especially for adaptive system énSBR
involving reconfigurable radio signal processinge@xted and CR context. This is the scope of this papgrropose
on a dynamic reconfigurable target. solutions to the issue.

1. INTRODUCTION 2. RELATED WORKS

Real Time Embedded (RTE) systems, such as radim [10], the Oldenburg System Synthesis Subset +
communications systems, integrate more and morReconfigurable (OSSS+R) extensions, based on OSSS
functionalities. Reconfigurability or versatilitysi of modeling approach, which used an extension of 8yGtéas
particular interest since it may contribute to manyerging one of the main approaches to model an adaptivierays
and desirable features of future systems, suchoagemp This approach is based on polymorphism concept of
consumption mitigation, quality of service improwvamn  Oriented object features.

processing resource use optimization, etc, thawksart In [11], the authors use UML sequence diagrams to
optimal adaptation of the hardware resources dt gmtant. model the dynamic reconfiguration. Each call in the
These are features that can be met in the radicaiiofor ~ Sequence diagram is stereotyped with a configuratidiich
instance (Software Defined Radio (SDR) [1] and Gipigm  Starts a reconfiguration procedure. But the hardwar
Radio (CR) [2]), as well as the video processingndim  platform is not modeled in this approach. Moreovie
(Reconfigurable Video Coding [3] standardizationtargeted platform, composed of a processor anddwase
initiative). The suggested solution to answer theaccelerator (FPGA), is only considering a statiocpssing
reconfigurability challenges is the sharing andptida of  inside the FPGA (i.e. not implying partial reconfigtion,
hardware resources since these domains are vergndémg SO fixed at run-time).
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In [12], the authors model the dynamic Partialobjects sharing a general base object type (as rshow
Reconfiguration (PR) with a model of the hardwaedfprm  Figure 1).
using an extension based on MARTE profile for the Demapper
necessary stereotypes, specific to the design gmobr his
approach is implemented in GASPARD 2 environmeaol to

In [13], the authors extended the SystemC kernel in
order to simulate the dynamic reconfiguration afyatem. Inheritance link
They use a dedicated channel to control the diftere ‘
configurations of a function.

Compared to previous works, our approach propased i
this paper covers all the cases of reconfiguradtomn-time:
software functions (typically inside a processomda + run(data_in:int):int | |+ run(data_in:int):int| |+ run(data_in:int):int
hardware reconfiguration (typically inside a FPGAhe Figure 1. Example to model reconfigurable function with
goal is also to use a standard language at higH (&ML polymor phism without management of reconfiguration.
and SystemC) whatever the target nature ("softwarédr
processors — or "hardware" — for FPGASs). This ésrdason  The classDemapper is abstract and its methadin() is
why we call it a high level language as it is naddified  virtual (without implementation). The three classesich
depending on the target nature. Based on the MOPCOMbherit of this one, implement this methogh() (either the
methodology [14], an extension can be proposedddein algorithm, or by a different set of parameters).etc
reconfigurable systems. This point is presenteth@ next This static representation, of reconfigurable fiorgt
section. In section 4 is detailed the simulation ofmust be completed by adding elements to manage the
reconfigurable system in SystemC. A simple cogeitizdio  dynamic of the system. The system must manage the
use case shows this extension in section 5 as af pfo  reconfiguration according to the context. For tihet design

Run():void

DemapperBPSK DemapperQPSK Demapperl 6QAM

concept. Finally, we conclude. pattern Strategy [15] is well adapted. However \wted for
a dedicated architecture in order to cope with -tieag
3. MODELING RECONFIGURABILITY constraints of reconfiguration. So [16] and [17dposed to

use a reconfiguration management. As showHRigare 2 a
In a reconfigurability context, which means in SB8main  functional architecture of reconfiguration manageme
for instance that the same hardware platform capa@i called Hierarchical and Distributed Reconfiguration
several radio applications, systems can be classifi three Management (HDReM) adapted to a SDR context is
categories: proposed, as SDR is intrinsically including vedgsti It

» Non-reconfigurable systems: execution of anproposes a distribution of the tasks of managermetiiree
application without change of mode, and thelevels of hierarchy1 ReM, L2 ReMU andL3 ReMU.
hardware target is static during the life of theteyn;

* Functional reconfiguration: the functionality ofeth
system can change, evolve during the life of the
system but the hardware target is static;

» Hardware reconfiguration: an area of the hardware L1 ReM
target is dynamically reconfigurable. -

In order to model reconfigurable systems the necgss
concepts have been added to the proposed desigesgro *\/ owned
L2 ReMU

ReM

Application level

—_

owner

Task or group
of tasks level

3.1. Functional reconfiguration

owner

Like used in the OSSS+R approach [10], in the BMaif + owned
Independent Model (PIM) of the higher abstraction L3_ReMU | Operator level
modeling level of MOPCOM (described in [14]) the 0.1 T reconfigured

polymorphism semantic of object oriented prograngrim

) . . |
used to model a reconfigurable function (equivalémt

operator). For example, in a radio communicationtext, Operator
when a system switches from a standard to anotiertbe . . . )
characteristics of modulation of the signal canngea So Figure 2. An overview of the reconfiguration management

the different implementations of modulation have game architecture (HDReM).

interfaces, same basic methods and they can beledobig

Proceedings of the SDR '10 Technical Conference and Product Exposition, Copyright © 2010 Wireless Innovation Forum, Inc. All Rights Reserved

43



This type of architecture, deployed in a heterogese
processing context (i.e. DSP, FPGA, etc.), makpsssible

«HwChip»,.«HwPLD»
Programmable Component

to satisfy the needs for management of reconfigurato «er:merarion»
. . C s ty
multiple granularities within the system. Indeeylnheans of | ———— . / \ 1
this architecture, we can handle real-time recamfijons |pynamickecont
. .y . «HwCi » «HwCi 3
on the scale of a complete change of applicatidriofwwill [ Rk R
TN «Tagn» \
be taken care py L1_ReM level), down to reconflgurm arcatype Areatype- DynamicReconfig —
of less granularity as the change (or update)fafation. In )
the latter case, this corresponds to make a loce e ComputinaResour a )
) A X «HwComputingResource» | | «HwMemory»
reconfiguration of an implanted operator on any ReconfigManagedEny BitstreamMemory
technological target deployed on the platform. Aweot
important point of this architecture of reconfigiima ! I 1
management |S that |t |S part|CU|ar|y adapted taGAP c(le’rc)ces.surnE «H\\*CompulingR:sources»j «Hv.-'Cc)rnputingResourcesnj
components reconfiguration management, in the sefse Frocessor HwiCap || 1cAP Controller
dynamic and partial reconfiguration at run-time. rigtover,
this architecture is formalized in a metamodel [f@&t can Figure 3. Partial dynamic reconfiguration hardware
use UML/MARTE models. architecture description for FPGA.

This reconfiguration management architecture is 14 yse this technology, a dedicated primitive, réme
integrated in the MOPCOM methodology using the HMRe |cap, is implemented into the FPGA, as well as@cpssor
metamodel. So, when the designers use the MOPCOM, manage the reconfiguration. Moreover a memory is
methodology to model their system, and when th&ecessary to store the bitstream (binary codepttegrams
specifications of this one requires reconfiguratitiey must e FPGA). So the concepts added to UML and MARTE

use the polymorphism representation for the regondible  ,rofile in this paper are specific for this caseit Bre can
function, and associate a dedicated implementatfothe 550 propose a generic modeling or any kind of \ward

HDReM architecture. reconfiguration.

With these two elements (polymorphism and  Figyre 3 shows different components used for madeli
reconfiguration manager architecture) a reconfigi&a ihe internal architecture of a FPGA component \gidintial
system can be modeled, at a high-level of abstmacti dynamic reconfiguration technology.
independently of the target platform. However it is A programmable component can have only one static
imperative to validate this level of modeling inder t0  p5rgware resourceHWSR) and one or several partial
verify the functionalities of the system and to etve the  gynamic reconfigurable hardware resourg@VPRR). If the
impacts of the reconfiguration. As UML models canbe  architecture of the FPGA has at least biéPRR, the model
simulated, we opted for a SystemC simulation (#Mguage contains a reconfiguration management —environment
allows to make software/hardware co-modeling detiht (ReconfigManagedEny). If the programmable component is
Ieve!s of abstraction). SystemC modeling is ex@din the 5 FpGA from Xilinx, theReconfigManagedEnv component
section 4. _ _ _ is composed of a processor, a computing resourdehwh
_ In this sub-sectlon,fynctlonal architecture of system manages the reconfiguratiorHWiCAP) associated to a
is modeled at high-level independently of targetfprm. Of  controller and a memory (to store the different
course, the type of target platform also has aragnpn the  configurations of an operator, i.e. their bitstreamTo
behavior of the system. Thus it is needed to take i jfferentiateHWSR andHWPRR the resource is tagged with
account these elements during the modeling phasteof e dynamic type of area BynamicReconfig.
hardware platform. Moreover, specific stereotypes from MARTE Profile

) are used to describe hardware platform (Figure 3).
3.2. Hardware modeling

. . . 4. MODELING IN SYSTEMC
We particularly focus on the challenging issue aftial

dynamic reconfiguration of FPGA components manageme ag explained in sub-section 3.1, the SystemC lages a
This technological breakthrough is available witilink good candidate to simulate and to validate the iofithe

FPGAs Virtex Families [18]. FPGA reconfiguration gystem. A manual coding of SystemC model, equitadén
capabiliies have been used for years at desiga, fmt this  ymL model in the higher-level of abstraction of MOBM

new feature brings it at run-time. This introdu@<ew  pethodology (named Abstract Modeling Level), was

paradigm: hardware processing power efficiency doe  geyeloped. Due to SystemC constraints, the modeiatebe
with the same flexibility as software [19]. exactly equivalent to the UML model.
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In fact, in the SystemC language a modwdannot be
destroyed during execution as it is the case foented-
objects languages such as C++ or Java (the creatidrthe
destruction of modules must be done during theoetion
of deployed architecture step and during the end-of
simulation step).

To bypass this constraint, a generic module for
reconfigurable operator nam@&perator Reconfig (as shown
in Figure 4), which inherits of the abstract cl@gerator of
the metamodel of HDReM, was created.

In this dedicated module, all the possible configions
of an operator (function) are created (during tlab@ration
of architecture). But only one is active at a giveoment
following the context in which is the system. Whte
L3 _ReMU, associated to this reconfigurable operatends
an order to reconfigure it with the right implemegian, the
OperatorReconfig deactivates the current configuration and
activates the new configuration which correspormighe
new context. The reconfiguration order and the new
configuration (represented by an ID) are sent thnoa
channel between the L3_ReMU level and its assatiate
reconfigurable operator. This last one has a mettmod
activate the good implementation of the functionriBg the
reconfiguration step, the reconfigurable operatannot
receive a new order. In this high level of modeling time
constraint is specified. It is just to observe aatidate the
functionalities of the system. But this could beded at
lower level of modeling as specified in MOPCOM [[14]
But this is out of the scope of this paper.

For example, Figure 4 shows Remapper operator
which has three operation modes (configurationshfig_1
(BPSK), Config_2 (QPSK) and Config_3 (16QAM).

5. USE CASE

In order to illustrate the modeling concepts obrdigurable
systems presented previously, a simple CR casey stud
presented here. Figure 5 shows the functional &atoire of
a transceiver. It is composed of a transmitter amdceiver
sub-divided in two functions:

* A Mapper/Demapper: this function converts binary
data into symbols according to the format of wished
modulation.  Within the framework of our
application, three types of Quadrature Amplitude
Modulation are implemented: BPSK, QPSK or
16QAM;

* A Filter: this function is a Finite Impulse Response
(FIR) filter which filters the signal. Within the

p_data in

[v]

L1 ReM

reconfigure

@
FHEB

L2 ReMU

reconfigure

L3 ReMU Demapper

reconfigure

p_data config

Caption:

EI port

module

= method
@ channel

OperatorReconfig|
Demapper

Config 2
Demapper QPSK

Config_3
Demapper 16QAM
[l

p_data_out

ot Figure4. SystemC representation of a reconfigurable function
framework of our CR application two sets of
bp with HDReM manager, extract of the SystemC model of the

coefficients are available for two

responses.

frequency

1 A module in SystemC is the equivalent of classhject-oriented
programming.

CR use case.
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. . . . . . M- - 16QAM || Ma 246QAM B
A binary signal representing picture is modulatedhie fopperlEQANM Appesds

Mapper, shaped by thd-ilter and sent through a Radio
Frequency (RF) channel to the receiver. Figure 6. Class diagram of functional ar chitecture of the

In reception, the received signal is filtered and Transmitter.
demodulated by th®emapper. Finally, the picture and an In this case study, thilapper and theFilter functions
IQ constellation are displayed in a PC window (withhave several operating modes (configurations). Ttnes
OpencCV library). model of the functional architecture integrates an

The system user can change the modulation or/and thinstantiation of HDReM architecture to manage the
set of coefficients of the filter during the simtidm while  reconfiguration. Each function has a dedicated L&MB
sending an order to the system. In a second stBfRef  unit which manages the reconfiguration process ref t
has been extended for CR management (HDCRAMorresponding operatoMapper andFilter). As the system
presented in [16]), in order to be able to captaegrics (for is simple, only one instance of L2_ReMU unit marsatie
example, a SNR value in our CR use case) and t@ rak two specific L3_ReMU units. As in any system the ReEM
decision (analyze the SNR level) for reconfigunatio unitis unique and is the general reconfiguratiamager of
(according to the level of the SNR). the system.

A hardware implantation, on a Xilinx ML506
prototyping board, based on a Virtex V-SX50 FPGAs h 5.2. Simulation and emulation in SystemC
been developed and succeeded in showing the FPBA su

& run(_data:int): int B runi_data:intyint

part implementation pertinence. An equivalent of the UML model previously presentet
been developed with SystemC in Programmer Viewlleve
5.1. Modeling with UM L (highest level of abstraction in SystemC). As eix@d in

section 4, an adaptation was necessary (as showigime

The modeling of the system respects the MOPCOM). In a first step, a simulation on a single cotepuwithout
methodology and integrates the elements presented RF transmission, has been tested successfully. decand
section 3.1. This sub-section focuses only on fanat  step, a complete CR demonstrator was implementéd wi
modeling. The result of the modeling of the hardwar SystemC transmitter and receiver, and two USRPscfard
platform (FPGA board of prototyping) is not presehtin  radio frequency transmission. A more detailed dpson of
this article. this scenario is proposed on the Demonstratiork toeiche

At the highest level of modeling in the MOPCOM conference. This represents some kind of emulatiothe
methodology, the Platform Independent Model (PIM) i system, at a high level of description (so not-teaé) but
modeled, i.e. functional model of the system. Fégliishows  through realistic constraints such as RF and clanedia.
an outline of the functional model (only for thansmitter).
This one is independent of a target platform.
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6. CONCLUSION

In this paper an extension of MOPCOM co-design

methodology for cognitive radio system has beesgnted.

[7] A. Sangiovanni-Vincentelli, L. Carloni, D. Bernadinand
M. Sgroi, “Benefit and challenges for platform-baskesign”,
In proceedings of the &annual Design Automation
Conference (DAC), ACM, pp. 409-414, New-York, USA,
2004.

Polymorphism semantic and a generic architecture of

reconfiguration management, for all types of reurhtion
on heterogeneous target, are employed
reconfigurable system.

The future work also, consists in validating the UM
modeling in Execution Modeling Level with System@-P
execution in order to analyze the impact
reconfiguration time on the scheduling of the gsystéfter

that, we would like to go to the implementation in
reconfigurable FPGA after his modeling through HLS

synthesis [20]. Another work consists in improvitige
integration between UML flow and SystemC simulatiath
a code generator from UML to SystemC.
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