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RESUME. Cef article inbrodwst une approche orienddc-objed powr ma modeélisaton d'ntedfaces. dans
un envirannemeni e codesign, Le bul de cefle approche est daffrir @ fuifisadeur la pessbiité de
concesair san applcation sans avor a se préoccuper des details de bas niveau de (opération de
syrihisse de |la communicaton. En affel, Ie conceptewr a simplamant 8 chaisir les composants de
l'architeciure cible, les protoooies. die communication ef éverdislemant des sysiémes o exploitation
dans une bibliothéque puis fopération de synihiese se faf automatiguement par I'msertion du code
{partez logicielie] el des cicuds (parte matérelle) nécessaines a la communicabon entre |es
compasants processeus

ABSTRACT. Thes paper describes an object orented approach far inf=rface modeling in a codesign
enviranmenl The aim of this work is 1o offes the wmer e oppodunity fo design his appication
withaut beting wormied with |lovw kevel details of the synihesis aperation. In fad, the designer has just
o pick target archilecture companerds, communicalion probocols and operating systems
necessary, and then synibesis operotion subomalically fakes place by inseding the code [=ofiwaee
par) and the ciculry (hardware part] needed by the communicalion behvesn processor
components.
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1. Introduction

Codesign s a echnigue that allows o design mised svstems (containing both
hardware and software paris) in o unique process that allows reducing integration
probleme and, consequently, time-to-market delays. The different parts of such systems
are, generally, independent from a processing point of view. However, it Trequently
happens that they have o exchange information through mechanisms that are dedicated
1o egarimiunbeation. These mechanigingg include boab hardwiare (eses, comtrollers. ) o
software (devers). In order o communicate, these different parts must use a comimsn
protoecol that defines the rules used 1o exchange information through a communication
channel,

Differemt communicaiion prodocels are vsed in the repored work dealing with
codesign. Some authors recomimend  wsing “standasd” (or & least well knownj
protocols, while others develop their own ones.

I arder 1o design such systems, designers are often confronted with the difficuliy of
finading efficient design teols for building comples systema. The tsks that ane the most
proie 1o errors and the most consuming in design time are the processes consisting of
interfacing  hardware and software components in order 0 Insure  communication
between them. This is due o the fact that the commmunication mechanisms can be
complex in managing the hasdware part (that can require o Manage ilerrupl syslems as
well s different controllers), and the software part {managing synchronization, device
drivers... ),

This paper presents an aulomatic modeling approach for interface parts, in
applications built using codesign. This approach takes advantage of the object-orienied
paradigm and offers the user the opportunity o deseribe his applicaion using classical
C++ fanguage. 11 dispenses users o masier the lowe-level details of the interfasce
components, He just lkas to choose a target architectune, a communication prodocol in a
library, wsing an imteractive tool, amd then lwnches the anomatic interface
communication synthesis process, The different steps of the symlesis operation are
thien totally transparent. The presented appeoach neither aims at presenting a formal
model, mor using 1w do formal proof. I rther aims ar uniformizing all the entities
handbed by the designer (software and hardware components), as well as the processes
ran on them {specification of the system wsder design), Section 2 of the paper briefly
presents some of the most important works reported in the domain of interface synihesis
for codesign.  In Section 3, a generic model for the component of the library is
introduced, as well as the way fo specialize it for the main compenent types ina mixed
application [conlaining hardware and sofiware), The two follewing sections present the
AllCcessive alepa i oar approach for compumication inferface awomatic synthesss,
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2. Previous works

It ia possible w classify the different works repored thar deal with imerface
synthesis in the following categories: some of them implement standard protocols |1, 2,
3] such as communicagion through shared memories, communication by message
exchange [4] or by “rendez-vous™ [5-7], Some other works propose the implementation
of non-standard  communication peotocols [4, B-10] or approaches for message
scheduling [13]. The use of real-time operating svatems s proposed by [11], while [12]
peoposes the we of imernept systems, The works of [13] deal with the specification of
communication peotocols by users and several works propose the wse of library
components [3, 7, 9, ld-16]. The lasi class includes works that develop specification
langueages for bus interface synthesis [8, 14, 18, 19],

[t appears that more and moee research feams are interested in communication
interface synilesis for codesign, However, no one seems io have fully tackled all the
problems related w this sctivity, and only few implementation details are given [17).
MNumber of these efforts gither does pot consider the global properties  of
communication links, or perform the allocation wsing  exclusively  non-standand
protocols [4). In the following section, the approach proposcd for the synthesis of taeget
architecture and asutomatic communication mechanism (beoween the different paris of
an a codesign application) s introduced.

3. Presentation of the component generic model

Owr approach [20]. following the example of several other works, wses a library of
gencric components that allow deriving all the objects handled by the eaviecmment. n
this section, the model and the manner to specialize it for application objecis (specified
in C4++) is intrsduced. The specialization procedure is also presented For architeciural
and communication ones as well, allowing to synthesize the farget architecture and its
behavior from a processing amd a communication peint of view. The library comtains
reusable components, that can be instantiated to compose a target architecture on which
mixed applications can be ran. 11 is imegrated inoan interactive environment that
inclades a tool allowing the composition of mixed aschitectures and a second tool
fallowing the administration of the libeary), The latest one allows o “tailor™ the
components thar the user wants o include in the library. Starting from a basic generic
compeanent, it is the possible w modify cach of the three pans of the component {figune
Iy The mixed system design tool proposes the use of a component model on which all
the components of the environment {corresponding o the unique model described in
figure 1) ase stacked. To be adapted to all the components, variations are done on the
diffepent units of the nitial model.
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1o the units of the components s deseribed in Ggure 2 { processing, stormge and
interfise units),

clwss TComponcnt

{ privire!
- checiarariom af e storomge il armd (19 paraneleres;
2 descriprion of the storage wil foambral parl
i- claciararion aad descrimion of privare s of i processineg will
- A avelararion ad descriprioras e paere arid el pareameners,
“ebeclercifioe of e corilrod T af e fferface il foomiimimiodion pratacal . )
panbfie:

o checlarusion o description of the oocess paints bo i companest

ferammaricalian Priiiee | send o receivg)

Fhgure 2. Descripiion of 8 gehens componsnt,

The parameters characterizing the different units comtain, for example: information
conceming the size of the storage unit, the communication ports, the processing (ivpe
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of processor, clock frequency, number of interrupt levels., .k These information anz
stored in the libeary and linked to the concerned component, In the majority of codesign
approaches, it exists three ypes of compenents; the objects composing the application,
the processing components (hardware processors and general purpose processors), and
communication compotents, The remainder of this section presents the different
generic components as owell as instantiation and  adapiation examples of these
A e,

3.1. Modeling of the software components of the application

The software Compents al the u|1|'|-|||.':l|.i|:r|| e classical |.'|hI|E1.."'I:\. {im 4+, T|:'||:_'|-' ane
considered a8 & box encapsulating data reachable only through poris that are
muterialized by the methods. nis thus easy to stack these objects on the generic class,
in erder 1o create a software components: the storage unil includes the data of the
object; the processing unil represents the processes execuied by the different private
miethods {infernal  behavior of the object) and the bdy of public methods. The
interface wnil represents the enry poimts. o the object (declasation of “calling” s
“called™ public methods detected in the object during the analysis siep of C++ code).
The public methods (that constitute the entry poinds o the object) as well as the
miethods wsed by the object o call oher obgects, are converted into porls and
communication primitives, as described in section 4,

3.2. Modeling of processing components

The processing components are used 10 compose the targel architecture on which
the user application is executed. These components msterialive the different processors,
The processing unit can be a general purpose processor or @ hardware processor
(FPGA, ASIC.. ) Inthe fllowing, the specialization step of the different units, used o
realize a processing component, is introduced,

3.2.1. Processing units

It implements the processes realized by the processor, It is composed of a control
part and parameters that guide the synthesis operation. In the case of o general purpose
processor, that aims at executing the software part of the application, the processor is
charactenzed by a data path and an instruction set, Caly the characterisics are stored i
the model, since the control part {behavioml description of the processor) s weful only
during the simulntvon step, In the case of dedicated hardware processors, the contnol
part 15 definitely known only afier the paritioning step (that consist of splitting the
different enmities  of the application onto the target architecthure processars), because
these processors are meant o mealize the hardware pans of the mixed application
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(eontaining bodh hardware and software). Afer the symhesis step, the control par s
automatically dranskated m VHDL. The new description is the provided, during the
syrithesis step, to 4 hardware symthesis wol, The parameters of the processing unit
inchude, among oilers, the processor type, the tmimg charpctenstics of the inairuction
sl (number of cveles for execution], s space charactenstics, the clock frequency, the
aipe of the differemt buses, the pumber of interrupt lines, the wpe of each line
(vectorized, mon programmahle, maskable or nol... ).

3.2.2. Storage units

It represents the cells of a memory Block, inthe case of an instruction=set processor,
of @ register file in the case of a dedicated processor. [t can require the use of a control
peart that deseribes the decoding logic and the memory controller, The paramieters of the
storage unil are, csscntially, the memory capacity (number of memory words), the size
of o memory word, the mean access tme, the infermal memory space dedicated o code
{for programs) or the external memory space (case of peripherals considered as memory
addresses by soime insmchion-5eL processors). ..

3.2.3. Interface unils

An interface can include for essential pars: a bus interface (se1 of pors with their
characteristics), a register file, a deseription of e behavior of te device and aocess
primitives o the component. The inferface unit is parameterized by the number of poris,
the size and direction of each port, the tvpe of the protoeol used, the transfer speed, the
tranafer delays, ete. It i automatically synthesized during the symthesis siep, according
1 the results of the partitioning step and the parameters provided by the user through a
graphical interface for target architeciune parameterization,

The inerrupt system i also @ken o account, For noa-programmable interrugps,
all that is necessary is o connect the ports of the interrupt signals of the processing unit
(processor) directly to the poris of the interface unit, Conceming the veronzed
interrupis (i the modelbed processor allows i), the adimimstrator can program them by
inserting (in the storage unit) procedures corresponding to the ek o execute and
aforing the staming address of the procedures in the mterrupt vector, He also has 1o
establizh a conmection between each such intermupd ponl and the communication port
allocated 1o it n the snterface umt, [noour model, the component uses the interface unit
ports o send o receive a data, However, the instruction set of the processor or the
wired functions consfitute the set of private metheds of the processing unit that are non-
reachable from ouwtside the component.
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3.3. Modeling the communication components

Tos ansure the communication betwesn 1w componeils, 1S somelines necessary 1o
have the use of specinlized communwcation componesis (bus, comirollers... ) I is
possible, thanks o the genernc models, w0 crente auch components by specializing a
generic processor madel, in order (o compose a commumication clannel. For examphe,
in the case of Direct Memory Access (DMAJ, the storage unit comains the component
inverial regasters: registers Tor data, command, state; specific registers... The processing
it implements the contral parnt of & compoment (descaption of the behavior ad the
dialog with the concurrent processor that competes for the access o the memory ), The
interface unit, implements the controller communication ports,

3.4, Description of communication protocols

Orur approach [20] allows the designer to choose and implement one of the stambard
profocols contained in the library, or o describe himsell his own protocel. These
profwcols are written in O oand use “send” and “receive™ viruwd primitives o
communicale throwgh cirfual poris, 11 s thus easy W integrate them in & component by
specializing, during the svothesis step, the available ports on the chosen processing
compenent or communication compenent, The proposed approach allows as well w
deseribe new protocels by simply modifving the generic component corresponding o
the protecol deseribed O+ in the processing unit (zimply by changing the code of the
twir primitives, as well as the virtual poris used), The Gdlowing section deseribed the
procedure that stacks the T+ objects (of the initial specification of the application
uncer design) onto genence software components of the Tbrry i order o gel an
homogeneous intermal modeling of the differemt components.

4. Application object modeling step

Ohur interface synthesis approach proceeds by successive steps. In the Tirst step, he
user has w choose processing and commuication compoenents  for the larget
architecture, and precise their parameters. He then has, during the second step, 10
ehoose the commuticaiion prolocolis), describing the development of commumication
operations. The third step 15 automatic, and consists of associating, 1o each object of the
original applicaton O+ specification, a software object component of the generic
miodel. These objects correspond 1o the model deseribed 0 section?, Virtual pors are
declared and sdjusted according to the needs i communication of the ofgect, The
headers of the object methods and the calls o other objects (usual communication wols
of O+ objects), are replaced, in the model, by vinual communication primitivies
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(“send™ and “receive™) that are refined along the synthesis process, The partitioning
slep determines the objects that must be implemented in sofiware and those that must be
realized in hordware, For the interface modeling  siep, we wanted 1w ouse a
corminumcation approsch that albows startig with the C++ high level specificatson, and
aubematically refining it in a transparent way Tor the user, until low level detals are
reached. From this poimt of view, the model of Remaote Procedure Calls (RPC) [6, 8, 21]
is a mechanism that allows w communicste through commumication chamels, The
connection mechansms  are  tramsparent o e users and the access w the
commumcation components are controlled by a sel of prinntives called methods or
services, As in an object oriented appreach, the communication can be done only
theeugh the sceess 1ooa method. The rest of the component is transparent to the user and
consist of a set of ports linking the parameters of the method 1o the channel controller,
A component can, thus, activate a method in an other component. The advantage of ihe
RPC approach lies in the encapsulation of the processes and the fact that the user does
ol have 1o know the implementation details of the communication components. |1 s
this approach thar we decided o inplement in our environment. In our approach, the
interface unit of each component, implements the communication facilities through
send and receive primilives that allow pormalizing the communication through the
different architectural and communication components of the library. The proweol uses
these primitives Tor exterial commimicatson in order o link the external poris of the
compantents o the mternal ports of the processor (processing and storage units) and
describe the behavior of the commumication layer, Besides, the software components
that model the objects of the mitial specification of the applicstion, communicate
through public metlsds that constinute the only access poinis o the mternal data of the
objects, To insure the correspondence berween the primitives of the interface umit of the
architeciural component on the one hand, and the metheds used by the application C++
ebject on the other hand, it is pecessary o operate transfommations in the source code of
the application objects. These modifications. aim at normalizing the communication
peinis i oeder o let them directly stack on the viral primitives and ports of the unit
interfaces of the target archifectune components. This s made possible by the adoption
of the ebject appeoach from beginning o end of the codesign process, The object
ngtions allow io asolate and cleasly locate the communication operations between the
application objects, that can be done only through public method calls, The RPC
nedions allow keeping the asdion of encapsulation, and avoid the user “immersing” in
lovw bevel implementation details.

4.1. Modeling and inserting virtual ports and primitives

For e insertion of viral pors, one have o perform an analysis of the objects in
the O+ code thar allows o build the communication graph between the objecis. An
ingtance of software object component of the generic madel 15 created Tor sach object.
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Besides, the method calls between the application objects are located and the analvsis
of calling or called methods allows exiracting all the characieristics of the
communication such as inpul and data, or the sizge of the emitted or received data.
Theses characteristics allow determining the needs i ports and vl primitves of the
miodel object convponents, The first step of the virual port insertion process consisis of
aeROciating a4 virtual port to each method header, The amalysis of the 1vpe of parametens
provcided in the call of the method allows deciding on the type of port o insert: nput
(Port_Ti); oatpat (Part_ Outy or gt output §Por_InCan

For a calling method, the calling object provides s parameters and sends an
activation signal 1 the method of the called object, Generally, it waits then for a return
parameter. In the same way, for o called obpect, it receives, al least, an activalion signal
for ity method that is often sccompanied with inpul parameters, It then anawers by
cEpul porameters, One must take inte account the low level dinlog lines i order o
implement the sdopted commuication protocol,

The second step consists of inserting “send" and “receive™ virtml communication
primitives, The approach proceeds by successive refinements. In this way, al each
analysis step, the extracted parameters are inserted in the port and  primitive
deseripiions, The tool autematically modifies the pramitives o add different parameters
(For example; port size, transfer direction, . ), becoming closer, al ench transformation,
to the physical level,

4.1.1. Case of called objects

1% ease: the ealled objeet is in software
— IT the method iz called only by other seftware objects, there is no handware-
softwane communication, and the method does not undergo any change;

= If the method 5 called only by hasdware objects, it s auiomatscally modified
without keeping an initsal copy of it for software communication;

— Il the method iz called by both object tvpes (hardware and sofiware )
= Cremte a genenc component copy of the ohgect;

. {:-:w the asethod i order W use the over-defrintion angd allow the two 1'”!& il
communication quoted above;

« Eliminate the header porameters from the new copy of the method for the
hardware/software communication and insert virual pors;

« Insert o RECEIFE {parardtre_i, size i...) primitive in the metlod input;

« Insert a SEND {paraméine §, size j...) primifive in the method output {before
the "retern™) and eliminate the parametess of the return if there exist,

Figure 5 presents am example of methad i oa called software object,
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Methodl (Parl, Poarl, Pard) / pard 15 an input and Pard, Pard are outputs
| e retum {Parlk

The method is copicd, its copy is replaced by:
Mathod ()
| Aprivate declarations Parl. Parl, Pard,. |
Jpublic declorations of the ports sccording io the parameters Pari;
RECEIVE FParl;
e M Body of the methaod;
SEND Pari, Pari;
Hetumi i,

Figure 3. A method in a called solftware object.

2" ease: the called object is in hardware

The object underpoes the same process, but there 5 no duplication mor over-
definition, since the hardwarehardware communication uses the same communication
mechamsm if the two methods are on diflerent processing components, and the miemal
communication is transparent 1f the methods e on the same component,

4.1.2. Case of calling objects

1" case; the calling object is in Hardware:

The modification 15 awlometic whistever the commumnication type 15 {hardware-
hardware or hardware-software] and the modifications are the following:

— The method ¢all = replaced by
SEMD (called_object_name, method_name, param_i, size_i..}
RECEIVE (called_ohject_mame, method_name, param_j, siee_j.. b

— Yirtual ports pre msened and an RPC primitive in msened for the activotion of the
called method,
2" case: the called object is in Software:

The moedificotion = performed only if the called object 15 i a different parition (the

communication between soltware ohjects of a same processor does not require (o fransit
by 0 a communmication chanmel). The modification is the spme ps the preceding case,
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5. Conclusion

This paper presented an automatic modeling approach for the interfaces in
application designed using the codesign method. This approach takes advantage of the
object-oriented paradigm. In fact, there s no need, for the wser, o master a new
language, nor a complex syniax. He does nof have to know much of the interface details
cither. He just kas 1o specify his application in classical object oriemted C++, and the
ool automatically replaces all the communication operations. The generic component
mindel presemted here, allows o model in a quite homegeneeus way all the entities
hiandled by the cnvironment, @l (o stose them in a libeary of components: ranging Trom
processing companents of the target architecnure, o the software components of the
user application and the communication profocols, One of the advantages of this model
is that it allows the encapsulation of the processes and ihe data inside the model,
isolating the different units, preventing from untimely modifications and making casier
to locate the differemt aceess points 1o the components. The environment takes in charge
thee aubomatic generation of the C++ classes corrcsponding to the differcnt objects
miodeling both architeciure and application,

The approsch prescited here B imegrated in oo codesion envirenmient called
CECOOC (Codesign Environment from O+ Object Oriented Cospecifications) [20,
211
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