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ABSTRACT

To our knowledge, it is the first time that a project creates a
set of high level tools allowing to program different kind of
reconfigurable units assembled in a System on Chip. This
paper explains the general ideas followed to provide a soft-
ware centric execution model, and techniques used to build
a new framework open to various languages and technolo-
gies. Assessment of the framework will be achieved on a
set of state of the art tools from industry and academy, ap-
plied to an heterogeneous multi-purpose reconfigurable cir-
cuit (MORPHEUS Project).

1. INTRODUCTION

Systems on chip are commonly built using off the shelf com-
ponents: networks, processors, IPs and memories. Recon-
figurable components are now emerging as a new alterna-
tive, with the choice of fine grain technologies (eFPGA), or
coarse grain micro-architectures (data paths).

These components are useful for several reasons. They
can provide a better match to some computational require-
ments, as it is the case of eFPGA for finite state machines,
encoding and decoding data and non standard processing.
Data paths also generally demonstrate a high level of con-
currency in specific computations, providing speed-up and
efficiency gains as compared to general purpose processors.

There are several known difficulties in using reconfig-
urable computing such as the absence of standard for specifi-
cation, the technical difficulties in code generation and code
management at execution, and moreover, the lack of crite-
ria to measure the application performance inside the sys-
tem. Another concern is the difficulties for general purpose
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programming language (GPPL) to address efficiently such
weak architectures.

The MORPHEUS Integrated Project1 is working to ad-
dress several of these problems at the same time. One ob-
jective of the project is to produce a consistent, reproducible
set of tools allowing us to program a complex heterogeneous
architecture from high level methodologies, ensuring effi-
ciency of the execution and portability of the created de-
velopment environments. The project is currently at mid-
life and this paper will mainly relate the advances achieved
in the execution model (section 2), and software synthe-
sis techniques (section 3), in relation with architecture sup-
port. The objective of the execution model is to fix how data
can be shared and exchanged between the GPPL working
on data structures, stored in main memory, and accelerators
working on data subsets stored in local memories. Synthe-
sis techniques are based on an intermediate format for Con-
trol Data Flow Graph (CDFG) in which the accelerator al-
gorithms are represented by high level compilers or method-
ologies. These CDFG are analyzed in correspondence with a
model of the architecture to produce computation mappings
for the target reconfigurable technologies. This framework
is open and take benefits from APIs generated in various
syntax to ease further developments.

The authors are mainly involved, with other actors2, in
the definition and development ofSpatial Designprocess
organization and associated synthesis. This work also in-
cludes an extrapolation of the previous Madeo software for
fine grain architecture modeling and synthesis (section 5),
presenting recent advances achieved in this framework, and
its contributions to the MORPHEUS efforts.

1http://www.morpheus-ist.org/
2Thales Research & Technology Embedded System Lab at Palaiseau

and Critical Blue group at Edinburgh



2. EXECUTION MODEL

2.1. Execution principle

One of the principles followed for the platform integration
was that CPU and accelerators should share high level data
transparently. The approach of execution issoftware centric,
meaning that data rearrangements, communication, schedul-
ing of execution, return to the high level program must be
handled in a very simple way (to keep the explanations sim-
ple, we do not consider the case of computations spread over
several reconfigurable units). Two key points in the soft-
ware to hardware computation migration (figure 1) will be
the structure of the configured function call (figure 4), and
the delegation of main memory to local memories mappings
to a communication device.

An accelerator-based execution is based on three con-
ceptual process groups arranged as a pipeline where data are
passed by buffers:

1. (MR) Memory reads, packing a set of high level data
into buffers. These buffers are sent to the accelerator
where they appear in local memories,

2. (X) Executing a computation step on a set of local
data and storing data locally. Data can survive several
steps locally, if necessary,

3. (MW) Memory write, from a set of buffers produced
by the accelerator, to (possibly sparse) locations in
main memory.

Buffer in comm. mechanism

Data being processed

MRead

eXecute

MWrite

Fig. 1. Three stage micro-tasks pipeline partly running on
a communication engine (CE), partly running on a reconfig-
urable unit (RU).

This pipeline fulfills the obvious interest to overlap com-
munications and execution, with the guarantee of local data
availability due to the prefetch of operands. The process
pipeline is expected to be stable during a number of steps.

At each step the behavior of the three process groups can
change, reflecting the computation’s progress. Two evident
motivations are the management of pipeline setup and fin-
ishing conditions. The process groups stand for several pro-
cesses executing memory accesses, or execution level sub-
processes. Step boundaries are synchronization barriers de-
tected in the accelerator hardware.

A preliminary observation on this execution model is the
large grain of operands (chunk of data associated to matrix
or image subsets as example), and the nature of the local
code (graphs representing configured fixed or changing loop
kernels).

This machine is a large grain load-execute-store dedi-
cated processor working directly on main memory for the
benefits of a sequential program thread. The mechanism de-
velops a significant level of parallelism in terms of number
of concurrent operations, communications, and local mem-
ory access capabilities.

2.2. Data access, transport and remapping

We are now considering the MR and MW stages merged
as a group of processes. These stages need to extract data
from memory, computing addresses on the fly and possibly
optimizing for the bandwidth on main memory. They also
execute the communications from/to main memory to/from
local memories, possibly distributing data on local buffers
locations.

Two mechanisms are merged in this stage: address com-
putation and transport (over a SoC network, in the MOR-
PHEUS case). Figure 2 show some kind of data distribu-
tions relative to high level constructs to illustrate the needs
for address computations on main memory.

count

offset

width

address

Fig. 2. Mapping of data structures in memory: rows,
columns, blocks, diagonals. . .

Usually the memory access definitions are relative to a
starting address known at run-time. Beside this, other im-
portant information are the count of data to be transferred,
the width of data, and the offset from one element to the next



one. Some DMA are able to support this kind of issue, fetch-
ing linear pattern of data to pack or directly transport them
to distant buffers. Other devices such as dedicated proces-
sors could be designed to process more complex situation,
such as random indexing in an object memory.

2.3. Communication queues

The communication queues role is to define all the trans-
fers and memory operations occurring during an accelerator
call (figure 3), one step in advance of execution for the MR
stage, one step later for the MW stage. An abstract pro-
gram counter pointing to the step number structures a data
oriented program:

1. executed by a communication device

2. synchronized with the local process of the execution

Each step of the program defines a group of tasks for
MR, and another one for MW.

Step 1

inin

Step 2

ininoutininout

Step 3

(to memory)

Communication engine

Fig. 3. Communication queue with 2 merged exchange di-
rections. Groups of descriptors are associated to each step
of the computation.

Practically, in the case of a DMA-based implementa-
tion, the DMA executes the group of task in one step, and
waits for an acknowledgement coming from the computa-
tion barrier controller. Remapping of communication to lo-
cal buffers is dependent from the hardware capability to ad-
dress these buffers in a single memory space, or more sim-
ply, it fills one buffer for each of the activated communica-
tion processes from MR/MW.

The high level data are now available in local buffers, or
will be written back replacing these buffers.

2.4. Structure of the system call

Figure 4 shows the call structure from an high level function
(left) to an accelerated one (right). On the left, the sequen-
tial program thread has decided to stop and to transfer the
activity to an accelerator. This begins by an early schedule
of the reconfiguration (A) generated from the GPPL com-
piler (if necessary), then (second vertical line-B) memory
access and transport activities are defined, still in user mode.

Third, the system is called with a small parameter set char-
acterizing the target device and the location of data defini-
tion in memory (C). Finally the system starts the accelerator
that will progress step by step overlappingcommunication
to and from memorywith local execution(D). The opera-
tion schedule is decided statically during the set-up phase.
This can be implemented in very different ways, either based
on the communication queue structure, or from a dedicated
controller, but it is critical that the communication and com-
putation progresses remain synchronized on pipeline step
boundaries.

The processes involved in the execution are produced as
a composition of CDFG as it is described in section 3.

A

Application

B

System Accelerator

Computation 

Steps

Adapt Data

C

 D

Fig. 4. Accelerator call from the high level compiler, show-
ing the Set-up procedure, a preemptive system call, pipe-
lined communication and execution overlapped steps, and
return to the high level.

2.5. Execution model first assessment

The execution model has been implemented as a set of pro-
cesses representing an high level computation. We have
chosen a matrix product defined in a C program. This pro-
gram includes a set-up phase of the communication queue in
memory by a series of jumps over the data structure to define
queue elements as part of rows or columns in the product
operand and results.

A second process is a thread executing a simulation of
a communication engine [1] written in SystemC. This pro-
cess executes the communication steps as concurrent activ-
ities, transferring data between main memory and an array
of buffers.

The third process was a simple C thread executing inner
products on the array of buffers, synchronized with the com-
munication process. Numbers collected during the simula-



tion had given interesting indicators on the practical interest
of the effective concurrency of the MR/MW activities and
the sequential execution on local buffers. The set-up of the
queue requires much attention, with the possibility to do this
at compile-time.

Another interrogation was related to the possibility to
partition automatically a program to produce the code for
the queue generation and the kernel code for the accelerator.
This was also concluded positively based on PIPS source
to source rewriting[2], at least for program libraries produc-
tion.

2.6. MORPHEUS architectural support

MORPHEUS architecture provides enough support to allow
the implementation of this model. The architecture is a SoC
assembly with communication devices (bus and packet ori-
ented network on chip), and a memory interface.

Reconfigurable units (RU) considered in MORPHEUS
have very different micro-architectures, with two coarse grain
IPs[3, 4], and one fine grain eFPGA[5]. RUs are encap-
sulated in wrappers and connected to the network on chip
(NoC)

The wrappers provide a set of mechanisms to unify the
use of the RUs: presence of local memories addressable by
the NoC and the RUs, local configuration memory and con-
figuration controller handling the set-up of application pro-
cess graphs in the RUs.

The last important hardware devices are the DMA han-
dling communication and memory access under the control
of application processes.

A real time operating system (RTOS) supports the man-
agement of hardware resources, in relation with a C Com-
piler [6].

The MORPHEUS development system described in the
following section will demonstrate how to to address these
components from a high level methodology for signal pro-
cessing.

3. TOOLS ARCHITECTURE

As shown in figure 6, the entry point to present an algo-
rithm as a computation graph is the CDFG representation
model. In this section, we will focus on the software archi-
tecture allowing to translate the computation into an appli-
cation circuit preserving portability and neutrality relatively
to the input languages.

This translation is only one part of the mapping problem.
It must be noticed that bringing data to the local memories
must be achieved consistently with the local synthesis of the
circuit.

As we proceed top-down from high level compilers, or
methodologies, binding operations to local data is feasible if
we track precisely operand locations (see section 2.5).

3.1. Algorithm representation

3.1.1. CDFG structure

The CDFG data organization captures the control, the data
flow, and the program structure due to hierarchical nodes.
The structure of the algorithm is reflected from condition,
loops, replications, function call. Concurrency appears at
two levels : as application process nodes and as a control
structure inside the CDFG. Besides this, a type system can
be used as labels on the graph edges.

In more details, this CDFG gives support for:

• hierarchy: with the ability to define graph hierarchies,

• concurrency: with nodes that contain branches to be
executed concurrently in the application circuit,

• communication: nodes defined to represent data ex-
changes with implicit synchronization.

• computation operation: to cope with the computations
performed by the application.

• control operations: dynamicdo while andwhile,
static loopsfor, testsif then else,

• function calls,

• memory operations: reading and writing data from
and to arrays.

• data manipulation: reordering and data management
in a structure as it will be seen in section 3.3.

It is expected that this intermediate structure will be use-
ful for several purposes. As a target for high level compil-
ers, it can be suitable to represent the common control struc-
tures, labelling edges with types, or having some inference
machine to produce data characterization. The type system
would allow very precise data definition (set of objects), as
well as evasive definition (integers). It is compatible with
previous versions of the Madeo tools (section 5).

A second point is the ability to ensure the transition be-
tween abstract computations and structured execution by cir-
cuits. A set of classes has been designed to support the map-
ping between operations and operators, and objects that are
suitable for hardware devices are available in the CDFG (as
example arrays to be allocated to memories). Concerning
the execution structure, the process level allows to construct
replications of processing elements at the algorithm level.

3.1.2. Simple example

The ping pong example is a variant of the one described in
[7]. It consists of two processes that exchange data through
channels. The receiver behaves differently depending on the
value it picks up from the channel. This example focuses



on issues such as concurrent process execution, channels
send/receive operations, loops, tests and hierarchical orga-
nization of the global application. The goal of this exam-
ple is to provide a full yet simple-to-understand example of
communicating processes expressed in one CDFG.

We go from a high level language specification (Smalltalk[8]
for this example) to generate the CDFG by a compiler:

pingPongLoop
"c1 et c2 represent the channels"
|c1 c2|
c1:= Channel policy: #blocking.
c2:= Channel policy: #blocking.

"This is the process Ping"
[| x |
1 to: 500

do:
[:idx |
x := c2 receiveValue.
x := x < 100 ifTrue:[10 - x]

ifFalse:[10 + x].
c1 sendValue: x]]
fork.

"This is the process Pong"
[| y |
(1 to: 500) inject: 0

into:
[:val :acc |
c2 sendValue: 10.
y := c1 receiveValue.
(acc + y) \\ 345]]
fork

. . . and we automatically end up with the CDFG repre-
sentation shown in figure 5.

The first box namedsystemcorresponds to the global hi-
erarchical CDFG containing the Smalltalk method CDFG.
Both processes of the method correspond to two blocks to
which the fork message is sent. Those processes are de-
picted as two separate hierarchical nodes in the method’s
CDFG: ProcessNode3 (P1) and ProcessNode38 (P2). They
communicate via the channels channel1234 and channel201
named c1 and c2 in the method.

• The first process (P1) is composed of one loop (Fixed-
LoopNodeNode8) which behavior is to wait for a
data on the c2 channel (ReceiveNodeNode21), ex-
ecute a test (TestNode) which chooses the data to send
(MergeNode33) and send them (SendNodeNode16)
on the c1 channel of the process P2.

• The new thing in P2 is the Accumulator node that
models the inject: into: Smalltalk method.

Fig. 5. Ping-pong CDFG automatically produced from an
high level language. Each hierarchical node is represented
by a box and can be composed in its turn of other hierarchi-
cal nodes or atomic nodes. The latter are represented by an
ellipse.



3.2. CDFG mapping description

The MORPHEUSSpatial design[9] framework ensures the
translation between an algorithm description, presented as
a CDFG, and an implementation description in formats re-
quired by reconfigurable targets.

• The former format is dependent on a choice of ex-
pression capabilities found in different high level lan-
guages or tools (sequential or parallel computation de-
pendencies, loops, calls,. . . )

• The later format is dependent on the hardware ele-
mentary components (LUTs, operators, memories) and
organization (connectivity, tiling). Architecture or-
ganizations are also described following a common
model close to EDIF (extrapolated from a previous
tool in Madeo).

The components are organized in a hierarchy of classes
following high level functions, with attributes repre-
senting hardware characteristics.

This is an extrapolation of Madeo representation for
FPGAs (still existing in figure 6 on the left).

Figure 6 shows a global view of the framework. The
upper layer (input common format) is specified as an in-
stance of an Express model, allowing front-end compilers
from different programming languages to address the frame-
work. The left part of the figure shows formal description of
target architectures. The bottom blocks in the figure shows
input programs mapped to target architectures as a network
of components still associated to high level constructs.

The spatial design tools allow to check the semantic in-
formation on a CDFG. It also possible to check the feasi-
bility of a CDFG on a given architecture model so that it
can be translated into a mapped graph based on a particular
architecture description. Those tools can interact to com-
plete and improve translations. It is finally possible to check
the consistency of the output graph and to manage the corre-
spondence between the two CDFG and synthesize feed back
information to upper layers tools.

3.3. Level of concurrency and synthesis

Two types of concurrency have been dissociated:

• System concurrency between processes:

– many processes represented by CDFG can be is-
sued and executed in parallel. Those processes
interact explicitly at the system level, which be-
havior must be managed in the communication
schedule. Those processes can embed graph of
operators, arrays, and access to arrays. They
are assembled by point to point synchronization

High Level
Language1

HLL2 HLL3

CDFG HLL

Archi 1

Archi 2

Archi 3

CDFG LL

open
framework

Transformations

Validation

compilation

synthesis

capture

eg : NML EDIF eg: Griffy-C

rewriting

eg: Java eg: Smalltalk

API

eg: C++

API

STEP

Fig. 6. The spatial design framework

mechanisms denoting rendez-vous, coordination
on stream oriented data exchanges, or other so-
lutions that synthesis would be able to handle.

– in complement with these processes, system co-
ordination generated by the architecture synthe-
sis framework will appear to enable step bound-
ary barriers to occur, as well as data buffer switch-
ing (reallocation) to take place.

• Concurrency inside processes: this is taken into con-
sideration at the level of CDFG in which we can de-
fine parallel nodes that can communicate and synchro-
nize via channels.

To implement circuits, basic synthesis tools sweep si-
multaneously the concurrent CDFG from their starting point,
always at system pipeline barriers. Once resource allocation
becomes effective, each node is evaluated in terms of de-
lays. The synchronisation points between CDFG processes
are solved by delaying transfer operations until the partners
are ready.

Another important issue in synchronisation is the inter-
change of memories between processes. This task is achieved
by the controller process at barrier boundaries.

3.4. Portability and exchange

CDFG graph model enables program specification exchanges
between the different tools in the Spatial Design activity,
as well as the means to refine program structures for tar-
get reconfigurable architectures. The CDFG can come from
different programming environment using a common API
(Application Programming Interface) that insures portabil-
ity. This portability is obtained from the ISO 10303 STEP
/Express tools, and an API generator called Platypus [10].



The reference model for the CDFG is an Express model de-
scribing data structures and relationships organization.Platy-
pus analyzes this model and automatically produces a set
of APIs to build and exchange CDFG instances conform-
ing to this model. Furthermore, the STEP file format is also
automatically accessible from this set of APIs to guarantee
accurate exchanges between different environments. This
way, the CDFG can evolve quickly and interoperability is
obtained between common development tools (C++, Java,
Smalltalk...).

4. MORPHEUS INPUT TOOLS

4.1. SPEAR

The SPEAR DE tool [11] is at the top-level of the Spatial
Design flow. SPEAR is a methodology for description of
signal processing (data flow, array oriented) algorithms. Us-
ing SPEAR, the designer can compose and synchronize pro-
cesses. SPEAR aims to manage for a data streaming applica-
tion all that concern communications between processes and
scheduling, except the processes cores. SPEAR can gener-
ate a model ofconnectorsassembling processes to be im-
plemented on reconfigurable units. Due to the model built
in SPEAR, these connectors are presented to the synthesis
framework in the form of a CDFG that defines order and
index used to access a particular array (to be mapped on a
local memory).

Another interesting point is that the source and target
arrays for signal samples, located in main memory, can be
addressed uniformly with local arrays. The difference is that
in this case the transport mechanism will remap samples to
local memories (or the inverse) consistently with the sig-
nal processing flow. The transport mechanism implies asyn-
chrony while the local processing will use synchronized ex-
changes with the processing functions.

4.2. CASCADE

CASCADE [12] takes as an input a binary ARM program
and performs an analysis on this program. The purpose of
this analysis is to extract operation sub-graphs that couldbe
executed faster using a dedicated coprocessor. After mak-
ing a choice on the set of functions to be accelerated, CAS-
CADE normally synthesizes a dedicated coprocessor that a
normal CPU (i.e. the ARM processor) can call, and gener-
ates micro-coded VLIW instructions to be executed by the
coprocessor. The coprocessor can access directly the data
space of the program, as well as its stack. The original pro-
gram is transformed automatically to call the coprocessor to
perform the accelerated functions.

In the case of MORPHEUS, CASCADE is used to pro-
duce a CDFG representing a function for SPEAR. There-
fore the two tools are complementary and allow to define

the structure a2nd the behaviours in a processing chain.
In relation with the framework, this chain is an assem-

bly of processes that read/write memories (SPEAR connec-
tors) and compute transformations on the data flow (CAS-
CADE behaviours for functions). The assembly is based on
a stream of values exchanged at a rate decided by the syn-
thesis tools.

4.3. Interaction between tools

Figure 7 shows how the tools interact around the CDFG
models. Each connector in the figure is a process that defines
how data are accessed in memories (arrays), in terms of or-
der and indexes.). The two processes are SPEAR functions
specified in C, and translated into CDFG by the CASCADE
work. Assembling all these processes is achieved by archi-
tecture synthesis software that schedules transfers according
to the graph mapping on a target architecture.

On the left side of the figure, one can see the memories
interfaced by the SPEAR connectors.

memory
local 

local 

local 

local 

memory

memory

memory

local 
memory

HRE

SPEAR half connector

SPEAR Connector

CASCADE Process 2

CASCADE Process 1

SPEAR half connector

Fig. 7. Interaction between tools involved in the spatial de-
sign

5. MADEO CONTRIBUTION AND EVOLUTIONS

Madeo is initially a physical and logic synthesis tool chain
targeting FPGAs. The specification is based on independent
descriptions for arithmetic (implemented into system or user
classes), high-level algorithms operating on these classes,
architectural description of processing (processor networks,



operators), and description of the target architecture organi-
zation. Each of the description can be seen as a parameter in
the synthesis process.

As an example, an algorithm designer can define one
function using a general purpose object oriented language
(Smalltalk-80, and varies the arithmetic support for data,ob-
serving the impact on hardware cost, efficiency, numeric is-
sues. As an other example, a choice of architectures can be
tested for a constant elementary or complex function, pro-
vided that this architecture is described in the Madeo frame-
work.

Madeo is currently being integrated in the MORPHEUS
platform with significant evolutions to bring its scope to sys-
tem level activities. This section shows the integration be-
tween high-level algorithmic description, architecturesde-
scription, and low level configurations or code for the hard-
ware target, as well as the necessary interfacing components.

5.1. Status of Madeo

Madeo ([13], [14]) is divided in two parts: logical synthe-
sis, and physical synthesis. Madeo compiles an algorithm
by building a DAG (direct acyclic graph) of it, type edges
with the arithmetic, propagate and evaluate the types along
the DAG, and apply a chain of optimisations before the logi-
cal synthesis. The input is an algorithm written in Smalltalk
and typed arguments, and the output is a optimised compu-
tational graph where every node is a look-up table carrying
objects. The physical synthesis is done according to an ar-
chitecture model and hardware interface. Madeo is used to:

• Model architectures and use them as target in its com-
pilation or logic synthesis.

• Build libraries of components, targeted to one of the
architecture modeled.

• Build generators.

• Compile to a coarse grain reconfigurable fabric (data-
path).

• Do logic synthesis for a fine grain reconfigurable com-
ponent (FPGA).

5.2. Recent results

Our recent development with Madeo is on block turbo codes
decoding ([15], [16]) and the search for a software archi-
tecture adapted to this platform. Some elements of a block
turbo decoder have already been synthesized on eFPGA with
good results ([17], [18]), and our objective is to optimise it
for the heterogeneous platform described above. Our ap-
proach is to use a functional abstract model, written at high-
level in Smalltalk without any hardware dependency or arith-
metic dependency, and to make our way down to the im-

plementation as a set of coarse and fine grain components
interfaced on the target system (see figure 8).

Abstract Model

Trace

Compilation context

Datapath Fine Grain FPGA

Integration

Fig. 8. From an Abstract Model to a compiled program on
an heterogeneous reconfigurable platform: example of block
turbo decoding

By so doing, we have been able to maintain an abstract
model which is close to the mathematical description of turbo-
decoding, while being able to estimate and optimise its map-
ping on this system. Madeo logic synthesis brings here very
good results when handling finite field arithmetic in decod-
ing, and Madeo physical synthesis allows us to map on dif-
ferent targets at will. The following process is applied:

• The first step is an abstract functional model of a block
turbo decoder, very close to the algorithm described
in [15]. It allows validation and testing of the applica-
tion, and exploration of some of the domain parame-
ters (arithmetic encoding, choice of block code).

• The algorithm is matched with inputs and an arith-
metic (embedded in the inputs classes and types), to
be executable and simulated. Here, the inputs define
the block code used and the encoding of the received
words of data to be decoded, the number of decoding
iterations and a few others.

• The code is instrumented, and run to collect a trace
of the operations, the types and their values, and the
execution path. From that information, we are able to:
dimension parts of the algorithm in terms of I/O and
memory bandwidth, and number of operations. An
additional possibility offered by the trace is to sched-
ule the recorded operations on different targets, such
as vector operations expressed by loop iterations on a
data-path, and so explore the effect of different map-
pings of the code.



• Once partitioned, the algorithm components are spe-
cialised and given as input to Madeo, which will pro-
duce a configuration for fine grain reconfigurable units,
linked with the necessary support logic extracted from
a library. Madeo is also considered for targeting data-
path-type units; its internal structure is well suited for
that mapping.

• Additional tools, based on the trace, are used to gen-
erate the high-level program to control the execution
and prepare the data transfers between the units and
the memory.

The capabilities of Madeo are best illustrated with the
synthesis of the syndrome calculation for a vector encoded
with a block codeBCH(128, 120, 4). The original code
uses directlyGF (27) arithmetic; the operators (nodes of the
graph) have all their outputs inGF (27), and the input is a
127 elements binary vector. The DAG created by Madeo is
initially large, with 654 operators, and is reduced through
optimisations before logical and physical synthesis. The re-
sulting graph (Figure 9) has finally 30 operators, with an av-
erage input size of 5 variables and one output variable, and
synthesize to a small, but dense, circuit.
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Fig. 9. Syndrome logical synthesis: the left graph is the ini-
tial DAG of the computation, the right is the reduced graph
after Madeo logic synthesis

The result is an algorithm architecture well suited for
execution on an heterogeneous reconfigurable architecture,
with highly optimised processing components mapped to a
fine grain reconfigurable unit, and highly parallel vector op-
erations mapped to a coarse grain reconfigurable unit. This

mapping match the I/O capabilities of each reconfigurable
unit: large, vector intensive operations on the large I/O ca-
pability of the data-path, while compact, bit vectors, finite
field arithmetic is processed by the narrower fine grain unit.

6. PERSPECTIVES

An important objective of MORPHEUS is to keep applica-
tion design as a software related activity. To reach this ob-
jective it has been decided to use a shared memory execution
model.

A second important decision was to overlap communi-
cation and computation activities in fixed sequences. In ad-
dition to an expected immediate availability of data for the
accelerator, this choice also rejects address computations to
an external mechanism that could be optimized in relation
with the network on chip, and the memory interfaces. This
data exchange sequenced loop is also en excellent basis to
match resource allocation with real data bandwidth during
accelerator synthesis.

The application execution is split between a general pur-
pose program and anintelligentaccelerator/processor, shar-
ing a queue that defines data location, and accelerator se-
quencing.

The queue is close to a message passing interface be-
tween processor and coprocessor, offering possibilites for
more parallelism.

Technically, it is expected that the proposition of a lan-
guage neutral standard for CDFG will encourage more soft-
ware compiler developpers to address reconfigurable Sys-
tem On Chip in a uniform way, and from different languages,
including object-oriented languages.
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tion aux turbo décodeurs et nano-fabriques. InTSI,
2006.


