On the Automatic Integration of Hardware
Accelerators Into FPGA-Based E

Rationale

» Heterogeneous embedded systems are
becoming very popular to perform one or a
few dedicated functions

» They allow to accelerate different parts of
an applications with general purpose, digital
signal and hardware accelerators (FPGA,
ASIC) interconnected through various
communication mechanisms

» Optimization of such complex embedded
systems is a difficult problem and many error
prone steps of the traditional design flow are

performed manually by the designer

> Integration of the hardware cores

> Rewriting of the software code including
synchronization/ communication directives and
execution coordination

Proposed Flow

» Input:

> Application description annotated with OpenMP
pragmas (C code)

> XML description specifying:
» Processing elements of the target architecture
» HW/SW partitioning

» Platform-Independent Framework:

> Generation of application Task Graph based on
OpenMP annotated code

> Classification and generation of SW and HW
tasks

> Memory allocation

> High Level Synthesis

> Software tasks generation

» Platform-Dependent Framework:
> Generation of core interfaces, drivers and
scheduler directives based on target
architecture description
> Generation of HW and SW specifications
(i.e. Xilinx EDK project)

» Logic and Physical Synthesis Framework:

> Synthesis and bitstream generation using
commercial tools (Xilinx EDK)

» QOutput:
> Bitstream ready to be configured on the
target architecture including the
scheduler code which coordinates the
application execution
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Goals

» Realization of an automatic framework for the seamless
integration of hardware accelerators in an embedded system,
starting from an OpenMP-based application and an XML file
describing the HW/SW partitioning.

» The framework will assist the designer during all the steps of the

traditional flow allowing him /her to automatically:

> Generate HDL description of HW cores

> Wrap HW cores with proper interfaces for system level integration (bus and
memory)

> Generate SW code for GPP processors

> Generate drivers for HW/SW communication and synchronization directives

> Generate a scheduler which coordinates the execution of the resulting
application

» The output of the proposed framework is both HW and SW
specifications of the system ready to be synthesized for the target
device (i.e. Xilinx EDK project along with the software code)

Use Cases

The resulting framework can be used by:

» Architecture designer
> Analysis and comparison of different High Level
Synthesis tools
> Validation of core interfaces

» Application designer:
> Rapid evaluation of HW /SW partitioning solutions
or algorithms through actual execution on the
target platform

» OS level designer
> Comparison and validation of different scheduling
policies

» Ongoing work:
> Support for multiple and concurrent applications
> Integration of dynamic partial reconfiguration
> Support for different architecture topologies
> Integration of Graphical User Interface

Example
int coreA(int x*array, int size); _

. . . . . <architecture>
Y01d coreB.(lnt *a?ray , int size, iInt* max); <system id="fpga 0" type="FPGA">
int coreC(int a, int b); <device id="xc5v1x110t-ff1136"/>
void coreD(int a, int b, int *c); <processing elements>

Application

1 s L

{

int coreE(int x*xa);

#pragma omp parallel sections num_threads (2)

<processing element id="microblaze 0" type="GPP"/>
<processing element id="microblaze 1" type="GPP"/>
<processing element id="IpCore0" type="HWCORE"/>

C cod int _main (int argc, charxx argv){ <processing element id="IpCorel" type="HWCORE"/>
( CO e) int array[ARRAY_SIZE] = {4, 3, 6, 5, 4}; <processing element id="IpCore2" type="HWCORE"/>
int a, b, c, d, e; <processing element id="IpCore3" type="HWCORE"/>

</processing elements>
</system>
</architecture>

#pragma omp section

<application>
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