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Abstract

Since several years, embedded systems are used in an expanding number of domains. Further-

more, their complexity has significantly increased and most embedded systems must respect several de-

sign constraints. Hence, it becomes necessary to introduce major improvements in CAD methodologies

in order to help designers. Hardware-Software codesign attempts to deduce automatically heterogeneous

system solutions from a high level specification. The interface between heterogeneous resources can be-

come critical in time and/or area for telecommunication applications, hence it is important to define tech-

niques that minimize the communication overhead cost. In this paper we present an original method to

synthesize efficient interfaces.
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1. Introduction

Since several years, embedded systems are used in an expanding number of domains, for exam-

ple in medical devices, automobile cruise control, videoconference or wireless applications. Their com-

plexity has also significantly increased due to integration density improvements and sophistication of

digital applications. Furthermore most embedded systems must respect several design constraints (i.e.,

hardware cost, performance, power consumption). Hence, in order to handle these constraints designers

use heterogeneous resources. For example a DSP and an ASIC. Hand-crafted techniques to design hard-

ware-software systems are no longer sufficient due to the high complexity and the time to market pres-

sure. Thus, it becomes necessary to introduce major improvements in CAD methodologies in order to

help designers. For the considered applications the design cycle is generally composed of four main steps:

Specification modelling, Hardware-software partitioning, Architecture refinement and Technology im-

plementation. The hardware-software partitioning step precises, starting from the model of the specifica-

tion, which parts will be handled by the software (DSP or RISC) and which functions will be supported

by the hardware. Several partitioning methods and heuristics have already been published [4], [9], [14],

[11], [17]. The architecture refinement follows the partitioning step and manages three interdependent

tasks: the interface synthesis, the hardware synthesis and the code generation for the software part. These

tasks lead to a RTL level description of the mixed hardware-software architecture which includes the

code for the software entity. Finally the technology implementation step allows to generate the layout of

the application. Each step of this design flow involves complex and sometimes open problems. In the case

of the architecture refinement, the interface synthesis problem can become critical in time and/or area for

applications that deal with an important number of data as in signal processing with spectral methods or

in image processing applications. Hence, it is important to define techniques that allow to minimize the

communication overhead cost. In this paper we present an original method to realize the interface syn-

thesis.

The rest of this paper is organized as follows. First, we present most significant related works

and detail our approach of the interface problem. Then, we describe the methodology that is used to min-

imize the hardware communication overhead cost. In Section 4, we introduce the example of an acoustic

echo canceller to illustrate the considered approach and, finally, in Section 5, we conclude.

2. Related works

Communications between different entities can be considered at several levels of granularity. At

the lowest level, communication primitives can be described with chronograms. These chronograms rep-

resent the behavior of each control signal that supports communications. At a higher level, protocols can

be described with communicating processes using send and receive primitives. In this case the fine level

behavior is not considered.

The method proposed by D.E. Thomas and J.A. Nestor [13] allows to generate hardware struc-

tures that support fine grain protocols. Relations between signals are described with a textual formalism

where designers define behavior and timing constraints. The synthesized hardware architecture is based

on finite state machines. In a same way, studies handled by G. Boriello and R.H. Katz [2] deal with in-

terface synthesis at a fine grain level. The proposed method can manage hardware area minimization as

well as bus bandwidth optimization. The methodology is based on formalized timing diagrams to specify

the interface. The synthesis algorithms transform event graphs derived from the timing diagrams into a

logic specification for the interface. The interface is based on elementary logic cells. In works of A.C.

Parker, S.A. Hayati and J.J. Granacki [10] the description of the interface is also based on graphs. The
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main feature of the method is the wide spectrum of protocols that can be described. For example synchro-

nous and asynchronous protocols can be supported. The method proposed by S. Narayan and D. Gajski

[12] supports the interface synthesis of incompatible protocols. The interface process generated between

the communicating entities can manage different data widths. The method is based on duals of atomic

protocol operations and can minimize the interface hardware area. All these methods deal with descrip-

tions of protocols at a fine grain level. Designers need to have a precise knowledge of requested protocols.

Such knowledge becomes difficult to get if we consider complex systems using heterogeneous resources.

In this case it is important to consider a higher level of abstraction, so designers can concentrate on system

design instead of the interface structure. In works handled by R.W. Brodersen and J.S. Sun [16] the con-

sidered applications are composed of a wide range of components (DSP, ASIC, FPGA or MCM sub-

systems). Generally, all these components have their own communication mechanisms. Thus, in order to

allow data transfers between them it becomes necessary to introduce a hardware interface. The method

is based on a specific formalism that describes the communication protocols with high level primitives.

These primitives are then decomposed in event graphs before generating the interface. In works handled

by J.M. Daveau, T.B. Ismail and A.A. Jerraya [3] the problem of interface synthesis is managed with an

other approach. Designers specify protocols at a high level of description, for example a communication

primitive is defined with a rendez-vous mechanism, maximum and average bandwidth can also be pre-

cised. Furthermore several protocols with their main features are defined in a library. The proposed meth-

od is based on an allocation algorithm: the problem is to find the best interface to support protocols

specified by designers. The solution minimizes the hardware interface cost and respects all the commu-

nication constraints.

The method proposed by J. Gong, D. Gajski and S. Bakshi [8] allows to specify an interface be-

tween processors starting from the specification of the application. The application is decomposed into

local and global variables and functions that realize computations. Four interface models are proposed

that enable designers to explore different communication schemes. The choice of the interface is made

according to design constraints and also depending of the number of local and global variables. When the

specification is refined with interface features, behavioral synthesis and software synthesis permit to gen-

erate the hardware-software design. In this method one of the interesting point is that it relieves the de-

signer from the protocol determination task. In a same way, works proposed by D. Filo, D. Ku, C. Coelho

and G. De Micheli [6] enable to define automatically high level interfaces. In their method, application

specifications are described with graphs where nodes represent computations and edges functional and

temporal dependencies. The considered target architecture is fully synchronous i.e., the same clock signal

is propagated through all the design. To minimize hardware communication costs the method schedules

graph nodes in order to increase the use of synchronous protocols. The cost related to these protocols in

a synchronous architecture is lower than asynchronous protocols. However, synchronous target architec-

tures are not generally best solutions to implement complex application using heterogeneous resources

due to synchronization problems. Furthermore, processor clock periods are mainly lower than hardware

implementations using FPGA or gate arrays structures [15]. Hence, an asynchronous template architec-

ture with concurrent resources timed by local clocks may yield more efficient mixed hardware-software

implementations.

Optimizing the interconnection between units in such heterogeneous architectures suggests the

following properties:

• (i) performing a global optimization of all communications involved by the application and not only

between two entities,

• (ii) a high level of abstraction to model communication features.
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Furthermore, relieving the designers from this time consuming task is one aim of the codesign

paradigm. Above introduced methods are not well convenient for this purpose then we propose a new

approach for the interface synthesis.

3. Interface synthesis

The interface synthesis process takes place after hardware-software partitioning (Fig. 1 •). We

consider that the result of the partitioning step is a direct acyclic graph where nodes Vi represent compu-

tations and edges ei,j functional and temporal dependencies between nodes Vi and Vj. Functional depen-

dency edges represent data transfers. Temporal dependency edges link all nodes that perform their

computations on the same resource even if they are functionally independent. This relation exhibits the

sequentiality of these nodes. Granularity levels of nodes depend on applications and several levels can be

mixed in the graph. For example, modelling of the acoustic echo canceller application requires nodes rep-

resenting addition or FFT operations. Furthermore, all nodes are characterized with a parameter which

indicates whether the considered node represents an operation that will be handled by a software unit or

it will be performed on a hardware resource. Interface synthesis takes into account the underlying target

architecture. In our case this architecture is composed of asynchronous functional units (Fig. 2 •). A func-

tional unit is either a specific cell or a processor core or a synthesized cell. A controller is associated with

each functional unit. This controller ensures the execution of corresponding instructions that are stored

in a local memory. Asynchrony naturally encourages modularity by making functional units independent

of the computation speed of other units, and simplifies hardware and software implementations by avoid-

ing global timing references [15]. Furthermore, this computation model is well adapted to considered ap-
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plications i.e., telecommunication and multimedia which are mainly data flow. For further information

about this target architecture refer to [1]. In the proposed method, interface synthesis is performed before

hardware synthesis and code generation. This approach allows to take into account results of interface

synthesis in following steps. Interface synthesis generally consists in determining for each communica-

tion of the application: the transfer type, the communication support, the protocol and the transfer mode.

This determination of the interface attempts to minimize the hardware communication area and the com-

munication overhead. For the remainder of the interface synthesis presentation, we describe the consid-

ered communication model and how this model is taken into account in order to respect design constraints

and to meet communication goals.

3.1 Communication model
Our communication model is based on (i) bufferized structures when communications are asyn-

chronous, (ii) non bufferized structures when sender and receiver can be synchronized using a rendez-

vous protocol (Fig. 3 •). A bufferized structure allows sender and receiver to emit and receive indepen-

dently data since the communication is performed through a FIFO. This FIFO represents an additional

hardware resource cost dedicated to communications. The shared memory communication model is not

considered, this is due to the execution scheme of our data synchronized architecture which is based on

a FIFO communication model. Using shared memories would impose to introduce local control logic

which leads to the same complexity as a FIFO structure. The complexity of control mechanisms depends

on protocols associated with asynchronous communications i.e., blocking or non blocking. The protocol

is blocking if before reading or writing into a FIFO the corresponding unit respectively check the avail-

abilities of data or verify that the FIFO is not full. With a non blocking protocol no verification needs to

be done before writing or reading data. For communications using non bufferized structures, the hard-

ware resource is a simple bus. Cost due to this transfer type is less important, however synchronization

mechanisms must be introduced. As this solution represents a lower cost the interface synthesis attempts

to minimize the utilization of bufferized structures. Note that performances can be reduced if the receiver

is not ready as soon as the sender is and conversely. The last element in the communication model is the

transfer mode. The selection of the transfer mode depends on capabilities integrated in target processors.

Most recent processors can handle DMA transfers and memory mapped I/O move operations. When us-

ing DMA transfers, computations and communications can overlap. Nevertheless, initialization sequenc-

es are required and efficient overlapping is ensured only if data transfers induced by computation threads

and I/O do not conflict on data buses. Hence, a trade-off must be found between DMA transfers and I/O

memory mapped techniques in order to meet performance constraints.

3.2 Communication synthesis method
Starting from the partitioned specification and according to the communication model the aim

of the interface synthesis is to define for each communication edge, (i) the type of transfer (synchronous

or asynchronous), (ii) the needed hardware support and the associated protocol and (iii) the transfer mode

DSP ASIC

memory memory

DSP ASIC

memory memory

Non Bufferized communication Bufferized communication

FIFO

Fig. 3 • Communication resources
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(DMA or memory mapped I/O). Communication edges are defined as links between hardware and soft-

ware entities, between different software entities or between different hardware entities. Edges between

nodes allocated to the same software or hardware entity are not considered as communication edges since

in that case communications are supported through the local memory associated with the entity. Interface

synthesis flow (Fig. 4 •) is composed of four main steps: (i) merging redundant links, (ii) transfer type

determination, (iii) communication support and protocol determination and (iv) transfer mode determi-

nation. In the sequel each step of the interface synthesis flow in described.

• Merging redundant links

Merging redundant links performs a preliminary hardware resource minimization. Communica-

tion edges representing data transfers between nodes can only be merged under several conditions: (i)

There is a common source node, (ii) There is a single functional unit implementing destination nodes

(Fig. 5 •). These edges represent the diffusion of the same data from a functional unit (associated to the
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Fig. 4 • Interface synthesis flow
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source node) to another functional unit (associated to destination nodes). However destination nodes are

scheduled at different times since their computations are performed on the same functional unit. If these

edges are merged, the transferred data must be memorized in order to be read again at the right times. The

Fig. 5 •a depicts hardware resources required if data transfers between nodes are duplicated. Since only

one edge among the three communication edges can be synchronous, two FIFOs are required. In Fig. 5

•b merging redundant links is performed. Only one synchronous transfer is handled, but transferred data

are memorized. Hence, the total amount of communication resources decreases. Consequently, this pre-

liminary step allows local optimizations in order to minimize hardware resources.

• Transfer type determination

Transfer type determination constitutes the major step of the interface synthesis flow. The aim

of this step is that each communication edge is labelled with a synchronous or an asynchronous transfer

type. This determination is performed in order to maximize the use of synchronous communications,

since in that case additional hardware cost is reduced. The communication resources in the final architec-

ture hardly depends of that step. In order to define the set of synchronous communications, local resched-

uling are performed. The local rescheduling notion allows to control if the delay due to a synchronization

associated with a node respects timing constraints. If constraints are met then a synchronous communi-

cation is considered, otherwise an asynchronous communication is needed. The example described in

Fig. 6 • illustrates the local rescheduling notion. The Fig. 6 •a presents a scheduling where the transfer of

data between nodes 3 and 4 is performed through an asynchronous communication. In this solution, to

ensure a correct transfer a memorization unit (FIFO) is required. This scheduling provides a correct com-

munication sequence but hardware resources are not optimized. Another solution is shown Fig. 6 •b, in

that case the transfer is performed through a synchronous communication. When computations associat-

ed with node 3 are completed, a request signal is activated and node 3 begins a synchronization loop until

node 4 is ready to receive data. An acknowledge signal is emitted and the transfer takes place. Execution

time of node 3 is increased due to the synchronization loop which represents the real execution behavior.

This temporal dilatation of node 3 is called local rescheduling as illustrated in Fig. 6 •c. Note that the use

of synchronous communications may involve overstepping of timing constraints (Fig. 7 •). In such case,

the transfer of data is supported through an asynchronous communication.

In order to determine transfer type of each communication edge, two main functions are consid-

ered in the proposed algorithm: Node_characterization and Edge_characterization. For each node Vi of

the application graph, Node_characterization computes the mobility interval ∆M_Vi which is defined as
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the interval between the ASAP starting time ts(ASAP)i and the ALAP ending time te(ALAP)i of the consid-

ered node: ∆M_Vi = [ts(ASAP)i,te(ALAP)i]. Computations of interval mobilities take into account timing con-

straints. This parameter represents all the instants where one node can be scheduled without overstepping

timing constraints.

Edge_characterization computes for all the communication edges their mobility interval ∆Mei,j

and their mobility value Mei,j. The mobility interval represents all the instants where a communication

between two nodes Vi and Vj can take place:

∆Mei,j = [ts(ASAP)j,te(ALAP)i]. The value ts(ASAP)j represents the ALAP starting time of the node that re-

ceives data and the value te(ALAP)i represents the ASAP ending time of the node that sends data. The mo-

bility value Mei,j represents the length of the interval mobility: Mei,j = te(ALAP)i - ts(ASAP)j. If ts(ASAP)j >

te(ALAP)i then Mei,j is negative and the communication is asynchronous since there is no timing overlap

between the sender and the receiver. Otherwise the communication in considered as potential synchro-
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nous. The example presented in Fig. 8 • illustrates the potential synchronous notion. In Fig. 8 •a all com-

munications are potential synchronous, this is due to interval mobilities associated with communication

edges. Fig. 8 •b and c describe two cases for which potential synchronous communications become asyn-

chronous. For example, in Fig. 8 •b the communication associated with edge e6,7 becomes asynchronous

due to the temporal dependence between nodes 5 and 7 (these two nodes share the same functional unit).

Consequently, the fact that initially all communications can be implemented with synchronous protocol

does not involve that in the final solution all the communications will be effectively synchronous.

The Edge_characterization function also provides a cost function ξei,j. This function is computed for each

edge with a potential synchronous communication and represents the ratio between the amount of data

that is transferred through this edge (volume of communication Vei,j) and its mobility value: ξei,j = Vei,j

/ Mei,j. Edges that have the highest cost function are considered first since if communications associated

with these edges are synchronous a better hardware minimization is expected.

The algorithm is defined as follows: firstly, all nodes and edges of the graph are characterized.

Edges supporting asynchronous communications (ts(ASAP)j > te(ALAP)i i.e., Mei,j <0) are labelled and are

not considered for the remainder. An edge ei,j is labelled when a transfer type (synchronous or asynchro-

nous) is assigned. For other edges (they are potential synchronous) an ordered list L according to the cost

function ξei,j is created. Sender and receiver nodes corresponding to the first non labelled edge ei,j of L

are preliminarily scheduled. Before validating this schedule, the impact of that solution on other commu-

nication edges is analyzed (the local rescheduling notion is considered). All nodes and edges are again

characterized taking into account the preliminary scheduling performed on the edge ei,j. If any transfer

of data associated with communication edges becomes asynchronous the solution is convenient. The edge

ei,j is definitively scheduled and is labelled in the list L with a synchronous transfer. If at least one com-

munication becomes asynchronous another non labelled edge ei,j from L is considered in order to find a

better solution. The process is iterated until all the communication edges that have no impact on other

edges are labelled, i.e., their transfer type does not reveal asynchronous communications. After labelling

an edge the list L is reordered since a local rescheduling may restrained mobilities of other edges.

If after this step it remains potential synchronous edges in L, each of them involves at least one

asynchronous communication.

Let ζi,j be the cost function associated with the edge ei,j of L defined as the ratio of the total vol-

ume of data associated with non labelled edges of L that became asynchronous and the total volume of

data associated with non labelled edges of L that remain synchronous: ζi,j = ∑ data of asynchronous edges

/ ∑ data of synchronous edges. The edge ei,j of L with ζi,j minimum is labelled with a synchronous trans-

fer since the objective is to minimize the area dedicated to FIFO structures. Edges with asynchronous

communications, resulting from this choice are removed from the list L. The list is reordered according

to the cost function ξei,j and the whole process is iterated until all communication edges are not labelled.

• Communication support and protocol determination

The FIFO size associated with a communication edge is defined in order to be sufficient to mem-

orize the whole data transferred through this edge. Protocols associated with communications are deter-

mined in order to avoid resource access conflicts. Since synchronous communications are supported

through a rendez-vous mechanism, protocols associated with senders and receivers are blocking. For

asynchronous communications, since transfers have associated FIFOs, protocols associated with senders

are non blocking. Furthermore, the above algorithm ensures that when the receiver reads from the FIFO,
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all the data written by the sender are available. Hence, a non blocking protocol is associated with each

receiver.

• Transfer mode determination

Generally, a transfer of an array of data is performed either by a direct memory access (DMA)

or by memory mapped I/O move operations. The selection of the transfer mode depends on the capabil-

ities integrated in the target processor. For example, the Motorola DSP56002 does not integrate a real

DMA protocol, i.e., the DMA controller is located outside of the DSP and each value is transferred

through an interrupt mechanism. Thus, on the DSP56002, CPU operations and DMA transfers are exclu-

sive. On the TMS320C40 they may be overlapped but modelling the behavior of this DSP is more com-

plex since numerous conflicts may occur due to movements of instructions and data that may conflict on

buses. In Table 1• approximate models of the total execution times on these DSPs for a transfer of N val-

ues and C cycles of CPU operations (C ≥ 0) are depicted. Note that for DMA transfers these two tasks

Transfer mode TMS320C40 (40ns) DSP56002 (25ns)

DMA ext->int: Max(N+14,C)
int->ext: Max(2N+14,C)
ext->ext: Max(3N+14,C)

C>8N => C+4N+4
C ≤ 8N => 12N + 4

Move ext->int: N+4+C
int->ext: 2N+4+C
ext->ext: 3N+4+C

int/int: C+4N+8
int/ext: C+6N+8
ext/ext: C+8N+8

Table 1• Number of clock cycles for N I/O operations and C CPU operations

While all the communication edges are not labelled do

For each potential synchronous communication edge in the list L do

 Preliminarily schedule the next edge ei,j that is not labelled;
Analyze the impact of that solution on other communication edges;

If no asynchronous communication edges is revealed then
Schedule definitively the edge ei,j;
Label the edge ei,j with a synchronous transfer;
Reorder the list L;

End if;

End for;

// Each potential synchronous communication edge of L that is still not specified reveals at least one asynchronous
communication edge //

Definitively schedule the edge ei,j that have the lowest cost function ζi,j;
Label the edge ei,j with a synchronous transfer;

// The schedule of the edge ei,j reveals at least an asynchronous communication edge ek,l. Thus ek,l must be removed
from the list L //

Remove asynchronous communication edges from the list L;
Reorder the list L;

End while;

Algorithm for the determination of transfer types
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overlap and models are very different due to the disparate architectures of the DSPs. Notation ext->int

represents a transfer from an external data memory to an internal data memory of the TMS320C40. In-

teractions between data and instruction flows are not modelled here. Execution time on the DSP56002

depends on the location of instructions and data. One extremity of the I/O transfer is necessary external

to the DSP. Notation int/ext about the DSP56002 means that move instructions are located in the internal

program memory and the other extremity of the transfer concerns an external data memory. The method

is based on the evaluation of data transfer speeds for the DMA and I/O memory mapped technique. The

solution that provides an efficient trade-off between the additional hardware cost (due to communication

controls) and the communication speed (in order to meet constraints) is considered.

At this step of the interface synthesis flow, each communication of the application is character-

ized i.e., transfer type, transfer support, sender and receiver protocols as well as transfer mode are de-

fined. Consequently, these interface features can be taken into account in the following steps in order to

generate a compact code for the software unit and to synthesize an efficient target architecture.

4. Experiment: an acoustic echo canceller

Our experiment is the implementation of the GMDFα (Generalized Multi-delay frequency Do-

main Filter) algorithm which is used to perform echo cancellation in order to improve the quality of hand-

free telephones. The acoustic coupling between the loudspeaker and the microphone of each terminal is

a significant operating difficulty. The GMDFα algorithm is a frequency-domain block adaptive algo-

rithm which allows to meet application constraints and to reduce arithmetic complexity. A detailed de-

scription is given in [5].

The data flow graph of the GMDFα [7] algorithm is given in Fig. 9 • (R=64, N=128, K=8, α=2).

On each arc, the name and the volume of data are given. A dotted line means that this data will be used

at the next iteration of the algorithm. Node 0 computes a FFT on the input signal (XT). Node 1 is the

normalization block. The output of node 2 gives the estimated output in the frequency domain (Qx de-

notes arrays Qr and Qi of complex values) by a convolution product, and after an FFT-1 (node 3), we ob-

tain the estimated output in the time domain (Ytest). The difference between the desired output (YT) and

the estimated output is calculated in node 4. Node 5 provides the echo (YF). Node 6 transforms the error

signal (Et) in the frequency domain (Ex) by one FFT. In nodes 7.i and 8.i, (i=1..K) filter coefficients are

computed by FFT and FFT-1 operations of each elementary cells. Hardware resources that can support

the application are: one DSP (DSP56002 from Motorola), several specific functional units (FFT, FFT-

1,...) and some glue logic. Several hardware-software partitionings are possible, but two solutions are of
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Fig. 9 • Flow graph of GMDFα



12

Interface Synthesis in Embedded Hardware-Software Systems

special interest. In the first one nodes 0, 6 and 8.i (i=1..K) are implemented in hardware. This solution

minimize hardware area. The second partitioning (nodes 2, 3, 4, 5, and 7.i in hardware) provides an effi-

cient trade-off between execution time and hardware area. The volume of HW/SW communication re-

quired in both partitioning is respectively V1 = 4864 words and V2 = 4992 words.

• First partitioning

In the first partitioning, mobilities of nodes enable to use only synchronous communications.

Hence, no memorization resource is required. Hardware cost is due to control associated with synchro-

nization mechanisms. Execution scheme (Fig. 10 •) is supported with DMA and I/O memory mapped

technique in order to respect total execution time. Note that software to hardware data transfers after

nodes 4 and 7.i (i<8) use different modes even if some parallelism exists between HW and SW units: the

volume of computations of node 5 is too limited to exploit efficiently the DMA transfer mode of the DSP

(see Table 1•). The DMA transfer in node 7.i has a duration of 25µs and overlaps during 74µs with com-

putations of node 7.i+1. Each node 7.1 to 7.7 has an execution time of 574µs including the DMA transfer.

At the end of node 7.8 the transfer is performed with explicit move instructions and requires 54µs. Con-

sequently, the total elapse time due to hardware/software communications is 411µs and the total execu-

tion time of the GMDFα algorithm is 6.25ms that is less than the limit of 8ms imposed by the sampling.

The ratio of HW/SW communications represents less than 7% of the total execution time. Utilization of

the DMA mode allows to improve execution time of 2% compared to an execution with only a I/O mem-

ory mapped technique.

• Second partitioning

Mobilities of nodes and dependencies between nodes do not allow to only use synchronous com-

munications. The volume of asynchronous communication is 128 words what represent 2,56% of the total

amount of communications. One memorization unit is needed in order to support all asynchronous data

transfers and two bus for the synchronous ones. DMA and I/O memory mapped techniques are exploited.

This second partitioning involves an extra hardware area compared to the first one. This overcost is main-

ly due to communication resources. The solution that will be considered for the following steps in the

design flow (code generation and hardware synthesis) is the first one since a lower hardware area is ob-

tained and timing constraints are met.
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5. Conclusion

Interface synthesis represents one of the main step in the hardware-software system synthesis

flow. Its aim is to define an interface supporting all the communications between heterogeneous resourc-

es. The interface determination takes place after hardware-software partitioning in order to be indepen-

dent of partitioning heuristics even if communication estimations can be handled during the partitioning

task. The communication interface must be adapted to the target architecture in order to obtain an effi-

cient hardware-software implementation. In our case the target architecture is composed of asynchronous

functional units since this computation model is well adapted to considered applications i.e., telecommu-

nication and multimedia which are mainly data flow. The considered communication model is based on

bufferized (through FIFOs) and non bufferized (bus) resources that allows to adjust the communication

resources according to the transfer requirements. Furthermore, DMA and I/O memory mapped tech-

niques are handled in order to take benefit of computation and transfer overlapping. Hence, the proposed

method produces an interface that minimizes hardware area and respects timing constraints. Following

steps in the codesign flow take into account the interface features to generate compact code and to syn-

thesize efficient target architecture. But to achieve this result other tasks remain such as the construction

of communication control sequences, which define the order of communications associated with a func-

tional unit implementing several nodes and the optimization of communication links, which takes benefit

of the times associated with data transfers in order to share communication resources (FIFOs or buses).
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