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Abstract — In this contribution we shav how the object ori-
ented programming language Java can be used for the specifi-
cation of synthesizablehardware. In this context the JavaBeans
component model plays an important role. We shav an inte-
gration of the JavaBeansmodel which allows the specificationof
hardware fr om differ ent views and on differ ent levels of abstrac-
tion. Furthermor e we point out restrictions of the languagenec-
essaryto perform high level synthesis.

|. INTRODUCTION

Recentyearshave broughta considerablancreasein the
compleity of integratedcircuits which canonly be handled
by description®n higherandhigherlevelsof abstractionThe
compleity is transferredrom modelingto synthesisandsim-
ulation. Thus,rapid simulationand,above all, reuseconcepts
becomeof decisve importanceandshouldbe supportediy an
appropriatedescriptionlanguage.This languageshouldbe at
leastobjectoriented.

Quite mary approachesre basedon object orientedpro-
gramminglanguages. One of the bestknown candidateds
C++. It hasits specialadvantagesvhenit is usedfor simu-
lation becausef its high performancd3]. Also Java hasre-
cently gainedmore and more popularityin the field of hard-
waredesign[1, 2]. Fromthe view of modelingandsynthesis
we alsoconsiderJava a suitablelanguage.

Futuresystemawill becharacterizethy embeddedystems.
Thesesystemgonsistof a structuralcompositionof hardware
andsoftware partswhich arethemselesspecifiedon register
transfer algorithmic and systemlevel. With a suitablelan-
guageit mustbe possibleto describeall partsof suchsystems.
We thereforeshav how Java canbe appliedon differentlev-
elsof abstractiorandviews. After thatwe presenour design
methodology This methodologyallows us to reducesimula-
tion andsynthesi®ffort significantlyby supportingeusetech-
nigues.Finally we will discusghe mainsynthesigproblem.
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Il. SPECIFICATION PROCESS

A. SpecificatiorandSimulationLibrary

For the specificationof hardwarewith objectorientedpro-
gramming languagesclasslibraries play an importantrole.
During specificationit mustbe possibleto expressfunction-
ality on register transferlevel aswell as on algorithmicand
systemlevel. It mustalsobe possibleto usehardwarespecific
datatypesandoperationdik e bit vectors portsor booleanop-
erations,respectiely. For this reasona classlibrary hasto
provide all the necessaryunctionalities. Fig. 1 shavs anex-
ampleof sucha classlibrary. The main classesare RTHWO

simulator

Fig. 1. Specificatiorandsimulationlibrary for Java basechardware
descriptions.

and HWO. By subclassingRTHWO a register transferlevel
componentis specified.By subclassinddWO an algorithmic
or systemlevel components specified.The portsof acompo-
nentare specifiedin accordancéo the JazaBeansomponent
modelwith set andget methods An inputportis specifiecby a
set method,andan outputport by a get method.If bothmeth-
odsaregivenabusis generated.

The width of operandss specifiedby usinganappropriatebit
vector from the given library or by extendingthe operands



identifier The following codesequenceshavs how a circuit
on algorithmiclevel is specified:

i nport JavaSpecification. ASL. *;
cl ass Dct Bl ock_Skel et on extends HWO {
/1 Properties

private final Bitvector2 function;
private final Bitvectorl start;
private final Bitvectorl ready;
private final Bitvectorl valid;
private final int opl [];

Dct Bl ock_Skel eton() { // reset code

function = new Bitvector2();
valid = new Bitvector1();
r eady = new Bitvectorl();

ready.wite(0); valid.wite(0);

}

public void run() {
/1 main method of thread
ready. wite(0);
int func_2 = function.read();
Dct Bl ock obj 1 = new Dct Bl ock();
switch (func_2) {

case 1: obj1.dct(opl); break;

}

public void setFunction
(Bitvector2 bhv) {
bv. cl oneTo(functi on)

Function is an input port. For simulationreasonghe argu-
mentof a call to the correspondinget methodcopiesthe ar-

gumentinto aninternalproperty This techniquesimulatesa
call-by-value with the Java call-by-referencemethodcalling

mechanisnin orderto ensurea portlike behaior of theinter-

face.Thelocal variablefunc_2 demonstratethe possibility to

declarevariablesof arbitrary bitwidth. The synthesissystem
explainedin the next sectionrecognizeghatfunc is a variable
of width 2. With the sametechniquea mappingof arraysinto

internalor externalRAM componentganbe specified.

The distinction betweenclassesinheretedfrom RTHWO or

HWO allows to describestructureand behaior completely
analogously The classescan be treatedidentically and thus
structure (RTHWO and HWO classes)and behavior (other
classesfanbe combinedvery easily Furthermorethe event
handling mechanismof JavaBeansallows to combinestruc-
tural componentdy establishingconnectiongyraphicallyus-
ing oneof theavailablevisualbuilder tools.

B. LanguageRestrictions

No restrictionsto the languageare necessaryn order to
specify for simulation. However, for synthesisvery few re-

strictionsregardingthe supportedsubsetf the Jasa language
have to be noted:

1. Java ClassLibrary . Only a few selectedclassef the
Java ClassLibrary are synthesizable. But for none of
the classesdt is reasonableo synthesizethem because
of their specifiedmethods.For example,letslook at the
start () methodof athread.It makessenseo usethis
methodin a specification but the contentsof the imple-
mentationmustnot be usedfor synthesis.Thereforewe
introducethe conceptof semantic methods. Our analysis
andsynthesigool hasa list of known semantic methods.
If they areusedin aspecificatiorthey aretreatedik e ab-
stractmethodswhoseimplementatiorwill besubstituted
by the synthesisubsystem.

2. Method calls. Any methodcallswith arny parameterare
allowed. However the calls mustnot containary cycles;
particularlyrecursionsarenot possible.

3. Instantiation. Every instantiationof an objectneedsto
be staticallydeterminable For this reasorthe generation
of objectinstanceswithin loopsareforbidden. Dynamic
datastructuresarealsonot possible.

4. Correctness. All specificationawvith Java have to meet
the Java Standardandneedto be compilablewith anor-
dinary Javacompilet

I1l. SYNTHESIS

The main problemof synthesisfrom object orientedlan-
guagesn generalandfrom Java specificationsn particularis
handlingof polymorphism.Polymorphismis one of the most
importantobjectorientedconcepts.Dueto polymorphismthe
controlflow of anobjectorientedspecificatioris notexplicitly
givenbut resultsfrom the valuesof variableswhile executing
the program. Thusthe main synthesigproblemconsistsof the
constructiorof a controlflow graph.

In our approachwe’ve developeda control dataflow analysis
techniqueto statically determineall possiblereferencesvari-
ablescanhave during runtime. This techniquewas extended
by aniterative approactto alsoanalyzedataand control de-
pendenciebetweenconcurrenthreadsin systemlevel spec-
ifications. In afirst phaseall threadsof a given specification
areanalyzedteratively. With theresultsof this analysisphase
eachthreadcanbe rewritten asa controlflow graph.

Now its possibleto print out the control flow graphsin dif-
ferentlanguagesAll objectsarerepresentetdy symbolicval-
ues.Polymorphicmethodcallsareresohedusingswitch/case-
statementsFig. 2 givesa brief overview of the system.The
controlflow graphsarerewritten in a procedurakind of Java
(Java without ary objects)andbehaioral VHDL. This allows
to verify thecorrectnessf theanalysisandtransformatiorstep
and to use commerciallyavailable high level synthesissys-
temsto producethe desiredcircuit. Eachcontrol flow graph
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Fig. 2. Controlflow generatiorandoutputprocessindor multithreaded
JavaBeans.

is transformednto its own VHDL process.All the synchro-
nization mechanismsre mappedonto sequencesf semanti-
cally equivalentVHDL languageconstructsVariablesaritten

by differentthreadsare mappedonto VHDL signals. Write

accesgo thesesignalsis given by a bus arbiter component
[4] which is insertedinto the resultinghardware. The same
componentwith additionallogic, of course)is usedto real-

ize the semantiaof synchronized methodsn conjunctionwith

wait/notify methodcalls.

Beyond it, the control flow graphscan also be rewritten for

examplein C++ (e.g. usingthe SystemdQibrary [3]). This al-

lows fastsimulationby executionwhile preservinglava asa

specificationanguage.

IV. EXPERIMENTAL RESULTS

We've specifiedseveral circuits in Java (e.g. JPEGcodec,
fuzzy controler GSM speechranscodecgtc.). They werepro-
cessedandtransformedo VHDL with the systemmentioned
above. Theresultsof the high level synthesisshavedthatthe
areaof the circuits increasedy approximately5% compared
to handwritten VHDL code. The delay estimatedoy a com-
mercial register transferand logic level systemincreasedy
approximatelyl5%.

V. SUMMARY AND CONCLUSIONS

In this contribution we presented classlibrary in orderto
useJavafor the specificatiorof hardwareon differentlevelsof
abstractiormandfrom differentviews (e.g. structuralandbehar-
ioral). Along with theintegrationof the JavaBeansomponent
modelit is possibleto specifystructureaswell asbehaior as
well asa mixture of structureandbehaior with commercially
availablevisualbuildertools.

We alsogave a brief overview over our synthesisapproach A

staticdataflow analysistechniqueallows to generatecontrol
flow graphsfrom multithreadedlaraBeanspecificationsThey

canberewrittenin differentlanguagege.g. VHDL, C++ etc).
Thusa very powerful systemis available wich allows to use
Javaasaspecificatiodanguagewithout having to abandorthe
benefitsof otherlanguagege.g.fastsimulationwith C++).
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