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Abstract— A virtual interface betweenJava andFPGA for net-
workedreconfigurationis presented.Thr oughthe Java/FPGA in-
terface,Java applications can exploit hardwareacceleratorswith
FPGAs for both functional flexibility and performanceaccelera-
tion. At the sametime, the interface is platform independent. It
enablesthe networked application developersto designtheir ap-
plications with only one interface in mind when considering the
interfacing issues. The virtual interface is part of our work to
build a platform-independentdeploymentframework for the net-
worked services. In the framework, both the software and hard-
ware componentsof servicescan be platform independently de-
scribedand deployed.

I . INTRODUCTION

With theplatformindependentfeatureprovidedby theJava
technology[1], applicationswritten in Java can”write once,
andruneverywhere”.Java technologyis thusconsideredto be
an ideal way to do networked software reconfiguration.But
sincethe extra interpretationwork that Java virtual machine
(JVM) shoulddo, Java programsnormally run slowly com-
paredto their function-equivalentC programs.Currently, two
differentwayshavebeenproposedto improvetheperformance
of Java applications. One way is to implementthe JVM in
hardware[2] [3], theotherway is to useFPGAsto accelerate
the computation-intensive part of the Java applications. The
topic discussedin this paperfalls in theseconddomain.

To give you an idea of one of the possiblehardware ac-
celeratedJava applications,we will usethe serviceof ”Web
Movie” (seefig. 1) asan example. Supposethereis a client
who wantsto watchwebmovies.But hehasneitherthe”Web
Movie Player” nor the movie files installedon his side. He
goesto thewebpageof thewebmovie serviceprovider, where
he finds a list of movies that are available. The client then
pointshis mouseto oneof the itemsandchooseshis favorite
movie. Upon receiving this requestfrom the client, the ser-
viceproviderfirst detectsthattheclientdoesnot haveamovie
player. As aresult,it first automaticallysendsthemovie player
servicebytefile to the client. After the servicebytefile has
beensuccessfullyinstalled,theclientcanuseit to playbackthe
movie files providedin thesameor anotherserviceprovider’s
site.

The web movie servicebytefile is the combinationof soft-

ware and hardware bytecodesthat realizesthe web movie
player. Normally, the software bytecodesdescribethe user
interface,hardware/software interface,and all the computa-
tionally non-intensive functionsof the player. The hardware
bytecodesdescribetheFPGAreconfigurationinformationthat
implementsthecomputationallyintensive functionslike video
decoding.By preparingthe reconfigurationinformationin an
abstractbytecodeformatwhich is abstractenoughto beimple-
mentedon a wide variety of fixed hardware(processors)and
reconfigurablehardware(FPGAplatforms),the”WebMovie”
serviceprovider only needsto write theservicebytefileonce,
andit canrunon any clientplatform.
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Fig. 1. Deploymentof thewebmovie servicein avirtual framework.

To developsucha platform-independentandSW/HW com-
bined serviceas ”Web Movie”, we needto build a virtual
framework. In the framework, both the software and hard-
warecomponentsof a servicecanbeabstractlydescribedand
platform independentlydeployed. Two issuesarisewhenwe
are building the framework [5] [6]. First, the hardware de-
sign should be describedand deployed in an abstractway.



Thatcouldbesolvedby theintroductionof a hardwarevirtual
machine[4]. Second,theinterfacebetweentheJavaandFPGA
shouldalsobevirtual. Thatenablesthenetworkedapplication
developersto designtheir applicationwith only oneinterface
in mind whenconsideringthe interfacingissues.The second
issueis thefocusedtopic of this paper.

In thenext section,we will first introducethe functionality
andcomponentsof thevirtual JavaFPGAinterface.In thesec-
tion 3, designflow of thevirtual interfaceis described.Finally,
the experimentalresultsfor a driving example- web MPEG
playerarediscussedin thesection4.

I I . V IRTUAL JAVA /FPGA INTERFACE

A software hardware interfacegenerallysits betweenthe
applicationsoftwareandhardware,andmakesthe datacom-
municationbetweenthempossible.An exampleof a normal
software hardware interfaceis shown in the fig. 2(a), where
theuserbus(UBUS) is platformdependent.It mayvary from
client to client. For instance.the UBUS may be PCI bus, or
be ISA bus. This uncertaintybringsdifficulty for networked
applicationdesigners.Becausewhenthey begin adesign,they
don’t know whatkind of interfacesthat their applicationmay
encounteron theclient side.
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Fig. 2. Overview of normalandvirtual softwarehardwareinterface(a)
normalinterface, (b) virtual interface.

To enablenetworkedapplicationdevelopersdesigntheirap-
plicationswith only one interfacein mind whenconsidering
theinterfacingissues,a virtual interfaceis necessary. Thevir-
tual interfacesitsbetweentheactualphysicalinterfaceandthe
applicationhardwareblock. As you could seefrom fig. 2(b),
the applicationhardware block only communicateswith the
virtual interface. That liberatesthe applicationhardwarede-
veloperfrom knowing differentbusdetailsof differentclients.
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Fig. 3. Theproposedvirtual JavaFPGAinterface.

To practicallyusethe virtual interface,it is not enoughto
only provide the interfacehardware. Interfacesoftware like
device driversusedto accessthe local FPGA boardsshould
alsobe provided. At the sametime, they shouldbe platform
independent.Thanksto theJava technology, we canachieve it
by writing FPGA API. The Java written FPGA API contains
native C methodsthat can actually accessthe FPGA board
throughthe native boarddevice drivers. In otherwords, the
outlookof theFPGAAPI is uniform like theotherJava APIs
(image,sound),which areplatform independent,but the im-
plementationof thoseAPIsareplatformdependent.

Our proposedimplementationof virtual interfaceis shown
in fig. 3. Sincein our casethesoftwareis Java, andthehard-
wareblock is implementedin FPGAs,we alsocall thevirtual
interfaceasvirtual Java FPGAinterface(VJF). Theproposed
VJF interfaceconsistsof two main parts. The virtual inter-
facehardwareandJava FPGA API software. The virtual in-
terfacehardwareconsistsof thevirtual port access,thevirtual
internalbus(VBUS) andits interface(BUSI). TheJavaFPGA
API softwareconsistsof the Java native driver interface. We
will discusstheirfunctionsin thefollowingsubsectionsrespec-
tively.

A. Virtual PortAccess

When locally implementingapplication hardware in FP-
GAs, the I/O portsof the hardwareblock usually are bound
to specificFPGA pins. The pin schedulingis madebasedon
the systemphysicalconstraints(e.g. PCB board)and avail-
ableFPGApins. Thehardwareblockscommunicatewith the
outsidethroughthoseboundpins. But in networkedreconfig-
uration, it is very difficult for applicationdesignersto know
beforehandthe availability of specificFPGA pins. A virtual
way to accesstheapplicationportsis necessary.
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Fig. 4. Registerallocationfor portsof theapplicationhardwareblock.

A flexible solution is adoptedto solve this problem. It is
a layeredapproachto accessthe applicationports. The ap-
plicationportsarenot directly boundto FPGApinsanymore.
Instead,they arefirst mappedto FPGAinternalregisters,and
thenaccessedfrom thosemappedregisters.TheFPGAinter-
nal registerscanbeaddressedby thevirtual buswhich will be
introducedlater. Fig.4 showsanexampleof registerallocation
for portsof theapplicationhardwareblock.

In the layeredapproach,a control entity CTRL anda glue
entity LINK arecreated(asin fig.3). The CTRL entity does



virtual bus communicationsandmapsthe incomingandout-
goingdatato theright applicationvirtual I/O ports.TheLINK
then gluesthe CTRL’s virtual ports to the user’s application
port. In fig. 5 andfig. 6, theVHDL files for CTRL andLINK
aregivenfor theexamplehardwareblock. Thehardwareblock
is theonethathadbeenusedasanexamplein fig. 4.

In the LINK code,CTRL andAPP-HW arehooked up by
instantiatingacomponentof eachandmappingthemin sucha
waythattheportsof APPLareconnectedto thecorresponding
portson CTRL.

B. BusInterface/FPGAInternalBus

Differentclientsmayusedifferentkindsof busesto commu-
nicatebetweenhostPCsandperipheralboards.To abstractthe
bus conceptandhide their platform dependentdetails,a vir-
tual internalbus (VBUS) is built. The VBUS definesits own
addressanddatabuses,readandwrite commands.Throughit,
arbitraryregisterin theLINK entity canbeaddressed,soasto
accesstheI/O portsof theapplicationhardwareblock. Thebus
interface(BUSI) translatestheuserbussignalsinto theVBUS
signals.TheVBUS andandBUSI areshown in fig. 7.

C. Java NativeDriver Interface

Device driversarepiecesof software that act as the entry
points for the communicationbetweenapplication’s software
andhardware.Sincethey areeasilyinfluencedby thechanges
of either software or hardware platforms,device drivers are
normally very platform dependent.In this work, we write a
portabledevicedriverusingtheJavaNativeInterface(JNI)[8].

As shown in fig. 8, JNI is a glueto link theC andJava lan-
guage.Java programmercanuseit to write Java native meth-
odsthatareimplementedby C, soasto utilize someplatform
dependentfeatures.

Deployed togetherwith the Java Virtual Machine,a stan-
dardJava classlibrary is enclosedin theJavadevelopmentKit
(JDK) package. ExampleJava applicationprogrammingin-
terfaces(API) in thestandardlibrary includeSoundAPI, Im-
ageAPI. In thoseAPIs, someof themethodsarewritten in C
(throughJNI) insteadof pureJavalanguage,becausethey need
to accessthelocalhardwareresources.

Similarly, a Java FPGA APIs had beendevelopedfor the
Java FPGA interfaces(as shown in fig. 9). The declaration
of the Java FPGA API is platform independent,andwith the
sameoutlook acrossthe platforms. But the real implementa-
tionsof thoseFPGAAPIs aredifferentfrom platformto plat-
form. They arewritten in C languagewith thehelpof JNI.

D. ApplicationLevel Handshaking

Sincethe applicationsoftwareandhardwarenormally run
with differentclock speed,handshakingprotocolis necessary
whencommunicatingdatabetweenasoftwareprocessoranda
hardwareprocessor(seefig. 10). Handshakingprotocolmay
vary from applicationto application.But sincethehandshak-
ing protocol is developedtogetherwith the hardware block,

entity CTRL is
port(clk : in std_logic;

reset : in std_logic;
address : in std_logic_vector ( 7 downto 0 );
data : inout std_logic_vector ( 7 downto 0 );
chip_select : in std_logic;
io_read : in std_logic;
io_write : in std_logic;

appl_in : out std_logic_vector ( 7 downto 0 );
appl_clk : out std_logic;
appl_reset : out std_logic;
appl_done : in std_logic;

appl_out : in std_logic_vector ( 5 downto 0 ));
end CTRL ;

architecture BEHAVIOR of CTRL is

CONSTANT REGISTER_0 : integer := 0;
CONSTANT REGISTER_1 : integer := 1;
CONSTANT REGISTER_2 : integer := 2;

SIGNAL ReadEnable : std_logic;
SIGNAL WriteEnable : std_logic;

SIGNAL C_Buffer0 : std_logic_vector (7 downto 0);
SIGNAL C_Buffer1 : std_logic_vector (2 downto 0);
SIGNAL C_Buffer2 : std_logic_vector (5 downto 0);

begin

-----------------------------------------------------------
ReadEnable <= io_read AND chip_select;
WriteEnable <= io_write AND chip_select;
----- Assign signals ...
appl_in <= C_Buffer0;
appl_clk <= C_Buffer1(0);
appl_reset <= C_Buffer1(1);

C_Buffer1(2) <= appl_done;
C_Buffer2 <= appl_out;

-----------------------------------------------------------
----- Writing to signals...

writeaccess: PROCESS ( clk )
begin

IF ( clk=’1’ AND clk’EVENT ) THEN
IF ( WriteEnable = ’1’ ) then

case ( conv_integer(address) ) is
when REGISTER_0 => C_Buffer0 <= data(7 downto 0);
when REGISTER_1 => C_Buffer1 <= data(2 downto 0);

when others => null;
end case;

END if;
END if;

END process writeaccess;
-----------------------------------------------------------

----- Reading from signals...
readaccess: process ( clk )
begin

IF ( clk=’1’ AND clk’EVENT ) THEN
if ( ReadEnable = ’1’ ) then

case conv_integer(address) is
WHEN REGISTER_1 => data(2 downto 0) <= C_Buffer1;
WHEN REGISTER_2 => data(7 downto 0) <= C_Buffer2;

when others => data <= (7 downto 0 => ’Z’);
end case;

else
data <= (7 downto 0 => ’Z’);

END if;
END if;

END process readaccess;

end BEHAVIOR;

Fig. 5. ExampleVHDL codeof CTRL.



entity LINK is
port(clk : in std_logic;

reset : in std_logic;
address : in std_logic_vector ( 7 downto 0 );
data : inout std_logic_vector ( 7 downto 0 );
chip_select : in std_logic;
io_read : in std_logic;
io_write : in std_logic;

);
end LINK;

architecture STRUCTURE of LINK is
...
signal APPL_in : std_logic_vector ( 7 downto 0 );
signal APPL_clk : std_logic;
signal APPL_reset : std_logic;
signal APPL_done : std_logic;
signal APPL_out : std_logic_vector ( 5 downto 0 );

...

CTRL port map
(
...
appl_in => APPL_in,
appl_clk => APPL_clk,
appl_reset => APPL_reset,
appl_done => APPL_done,
appl_out => APPL_out
);

APPL port map
(
in => APPL_in,
clk => APPL_clk,
reset => APPL_reset,
done => APPL_done,
out => APPL_out
);

end STRUCTURE;

Fig. 6. ExampleVHDL codeof LINK.
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thatapplicationspecificfeaturewill not influencetheplatform
independentimplementationof thevirtual interface.
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Fig. 10. Applicationlevel handshaking.

I I I . INTERFACE DESIGN FLOW

To makethevirtual JavaFPGAinterfacework, boththeser-
viceproviderandclientshoulddosomework. But mostof the
work is applicationindependent,they normally only needto
bedonefor once.Theinterfacedesignflow will befirst intro-
ducedfor theserviceproviderside,andthentheclient side.

A. On theserviceproviderside

Thereare four major steps(shown in fig. 11) on the ser-
vice provider side to deploy an applicationusing the virtual
Java/FPGAinterface.First, theapplicationsoftwareandhard-
wareblocksshouldbeco-designed.The resultsof this phase
arethesoftwareJava sourcecodeandhardwareVHDL code.
Then, ports of the hardware block will be allocatedto their
mappedregisterby runninga programor doingmanually(see
descriptionsin thesection2A). Eachhardwareport is assigned
to one or more registersin the CTRL entity, basedon how
many bits it is wide. As a result, the port is thenaccessible
throughcorrectaddressingof the virtual internalbus. When
theregisterallocationresultshadbeenobtained,accordingto
requirementsof thehardwareblock,handshakingprotocolcan
be written (seedescriptionsin the section2D) to do the data
communicatebetweentheJava softwareandFPGA.Finally, a
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FPGAacceleratedJavaclassis ready, whichworksseamlessly
with othersoftwareJavaclasses.
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Fig. 12. Designflow on theclient side.

Theprocedureto enablethevirtual Java FPGAinterfaceon
theclient sideincludes:first, designthebusinterfaceto trans-
late the userbus signal into virtual bus signals(seedescrip-
tions in thesection2B). Thebitstreamof bus interfacedesign
is thendownloadedto the interfaceFPGA for configuration;
second,write thenative C codefor the implementationof the
Java FPGAAPI (seedescriptionsin thesection2C); third, in-
stall theJava FPGA API on your hostPC.All the threesteps
aretotally applicationindependent.They only needto bedone
whenyour installingtheFPGAboardat thefirst time.

IV. EXPERIMENTAL RESULTS

Thevirtual Java FPGAinterfacehadbeenexperimentedfor
a Java MPEG videoplayeron the APS-X208board[7]. The

APS-X208boardis amultipurposeFPGAdevelopmentboard,
whichcanbepluggedinto thePCISA bus.Theboardconsists
of two FPGAs,the interfaceFPGA and the test FPGA. The
interfaceFPGAactsasthebusinterfaceandhandlesinterfac-
ing betweenthe PC ISA bus andvirtual bus. The testFPGA
is reconfiguredto realizethe customfunctionsof application
hardwareblocks.A standardLinux characterdevicedriver [9]
is writtenasa loadablemodulefor theboard.

A MPEG-1videoplayer[10] writtenentirelyin Java is used
asthestartingpointof ourexperiment.TheJavasourcecodeof
this playerwasfirst studied,andpartof its inversediscreteco-
sinetransform(IDCT) decoderwaschosento beimplemented
in theFPGA.BecauseIDCT is normallyconsideredto bethe
mostcomputationintensive part of the decoder. This part of
Java sourcecodeof theIDCT wasthenrewritten in C andfed
into a C++ hardwaresystemdesignenvironmentOCAPI [11].
In OCAPI, an untimedfloating-pointdescriptionis gradually
refined into a cycle-truefixed-pointdescription,which later
is automaticallytranslatedinto synthesizableRT-level VHDL
codes. The datacommunicationbetweenJava MPEG player
andFPGAIDCT block is gonethroughthevirtual JavaFPGA
interface. A snapof the FPGA acceleratedMPEG-1 video
playeris shown in fig. 13.

Fig. 13. FPGAacceleratedJavaMPEG-1videoplayer.

Sincethe limited capacityof the test FPGA (XC4028EX)
on theAPS-X208board,it is unlikely to implementthewhole
IDCT algorithm into the test FPGA. Therefore,only part of
the IDCT was implemented.Becausewe are experimenting
thevirtual JavaFPGAinterface,insteadof designinghighper-
formanceIDCT block, thecurrentversionof MPEGplayeris
still a goodreferenceexampleto show how a networked ap-
plication canbe deployed. Basedon the obtainedknowledge
on APS-X208board,we will migratethesameapplicationto
a prototypingboardcontainingbig FPGAs(like Xilinx Virtex
series).Performanceoptimizationof this interfacewill alsobe
furtherexplored.



V. SUMMARY AND CONCLUSIONS

In this paper, we presenteda virtual Java/FPGAinterface
which is suitablefor networkedreconfiguration.Throughthe
useof virual portaccess,virtual businterfaceandJNI-enabled
virtual device driver, the new interfacehelpsthe Java appli-
cation designersto utilize FPGA in the networked environ-
ment. Creatingthe Java/FPGA interface is part of our ef-
forts to build a platform independentdeployment framework
for networked services. In the framework, both the software
and hardwarecomponentsof servicescan be platform inde-
pendentlydescribedanddeployed.
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