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2 Preface

The Java Optimized Processor (JOP) has been created by Martin Schoeberl as part of his Ph.D.
project (2005) and is continuously being developed as an open source project. JOP is a soft-core
Java-processor written in VHDL which makes it possible to execute Java code on a field-
programmable gate array (FPGA). JOP is designed to be time predictable, and the number of Java
byte codes (JVM instructions set) can be predicted in clock cycles. It is therefore possible to build
real time Java applications.

Why use Java in embedded systems? The introduction of Java in embedded systems enables
multithreading and object-oriented programming (OOP). It is easier to create more readable and
safer coding with Java which is also platform independent. The use of JOP will facilitate the
acceptance of Java for embedded systems, and furthermore Java can broaden the use of FPGA.

Since JOP operates on a FPGA, it is easy to implement new peripheral devices to the processor. It
provides the possibility of creating custom designed hardware for specifically required
specifications. It also provides flexible boundaries between hardware and software. For example,
time consuming tasks or real time specifications which cannot be obeyed with Java can be moved
from software to hardware.
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For real-time systems, critical parts of the Java code can be optimized in terms of creating
customized Java-byte code which calls a set of implemented JOP-microcode instructions. The
alternative would be to design new JOP-microcode instructions implemented in VHDL and
executed directly in hardware. It is thereby possible to reduce e.g. math calculations written in Java
code into taking only one processor cycle and reducing the execution time by more than 1000 %.

Java combined with JOP is an interesting platform applicable for real-time embedded systems. JOP
is able to handle even hard real-time systems. A system is termed hard real-time if it has deadlines
which cannot be missed and in the event the system would fail. JOP is a deterministic platform
which is predictable when using a simple architecture. It is possible to calculate the Worse Case
Execution Time (WCET) for all critical operations. It requires knowledge of how the Java-code is
translated into Java-bytecode and JOP-microcode. In the implementation of the JOP platform, some
restrictions have been necessary to enable the fulfillment of the demand for optimal real-time
programming. As an example, the Java real-time profile for JOP has no dynamic class loading.

JOP is an open source, and the source code is available at http://www.opencores.org. Additional
information about JOP can be found at the official site http://www.jopdesign.com.

This guide will show the basic steps of how to set up JOP from a Windows platform and start it on a
Xilinx Spartan 3 starter kit. It contains an example of how to write a simple “Hello World” Java
application running on the JOP platform.

JOP requires basic knowledge of Java. Basic VHDL knowledge is required if new peripheral
devices have to be added. The standard JOP package for spartan3 starter kit has a serial interface
and a watchdog output. JOP is available with a number of different Java and VHDL examples;
however some requires the adding of hardware to JOP. This guide will also present the basic
procedure of adding hardware to JOP, written in VHDL.

A version of JOP with added button, switch and seven-segment-display driver, for the Spartan 3
starter kit, can be downloaded at the same webpage as this guide.

This guide includes the use of the following items:

Hardware:
e Xilinx Spartan 3 Starter Kit board

Software:

e Xilinx ISE 9.21

e Java SE Development Kit (JDK) update 6
e (Cygwin version 2.573.2.2

e JOP open source project.

Copyright © 2008 Danish Technological Institute Page 2 of 16
16/06/2008



D DANISH
TECHNOLOGICAL
Java on FPGA INSTITUTE

3 Windows set-up of required programmes

All required tools are free of charge and available from their respective websites.

3.1 Cygwin

Cygwin is used by software developers to migrate applications from a Linux platform to Windows
platform.

Install Cygwin environment from http://www.cygwin.com/

_loix

Cygwin Net Release Setup Program

Thiz setup program ig uzed for the initial inztallation of the
Cyawin environment az well az all subzequent updates. Make
zure ko remember where you saved it

The pages that follow will guide vou through the installation.
Fleaze note that Cygwin cansists of a large number of
packages spanning a wide variety of purpozes. We only
inztall a base zet of packages by default. You can always rin
thiz program at any time in the future to add, remove, or
updrade packages as necessany.

cC

Setup.exe verzion 257322
Copyright 2000-2007

bkt A A, cygwin, com.!

< Tlikage I M aeste » I Annller

Figure 1 Cygwin Setup
Use the default settings until the “Select packages” window as shown in Figure 2.
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Select Packages
Select packages to instal E
" Keep ¢ Prev = Cur  Exp View | Categony
Categony | Current | Mew | B.. | 5. | Size | F'ackalﬂ
Database &% Defaul —
Bl Devel £% Default
& Skip nfa nfa 157k ELFIO:
& Skip nfa nfa 269k OREBit-
& Skip nfa @ 2132k Swil-h
& Skip nfa nfa 104k aalib-di
& Skip nia  nfa 160k aprl: T
&¥ Skip na nfa 58k aprutii
& Skin nia_ na 142k ascida ™
1| | 3
[+ Hide obsolete packages
< Tilbage I Maeste » I Annuller |
Figure 2 Cygwin setup - Select packages
Select install “CVS”,” GCC” and “MAKE"” in the Devel sub-category.
3.2 Java SE Development kit
Install Java SE (JDK) from http://java.sun.com/
i Java(TM) SE Development Kit 6 Update 5 - Custom Setup |
Custom Setup .
Select the program Features wou want installed. %hf!!}
lava
Select optional Features ko install fram the list below, You can change vour choice of Features after
installakion by using the Add/Remaove Programs utilit'_;-' i the Control Panel
~ Feature Description
JawvalTH) 5B Di[velopment Kit &
Update 5, including private JRE &
Demos. a0l Sompiss Ipdate 5. This will require
Source Cods 300MB on wour hard drive,
Public JRE
Java DB
Install bo:
CiiProgrammer)Javaljdky.6.0_ 05, Change. .. |
= Back, I Mext = I Zancel |
Figure 3 Java SE development kit set-up
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Use default settings during installation.

3.3 Xilinx Ise

Install Xilinx web-pack from http://www.xilinx.com/

Exilinx 9.2i Software Installation - Welcome o ] [

Welcome

- F This install process consists of the steps listed in the Install Checklist to the left.
e =
——
\-_iuﬁ “You will nieed to have administrator privileges to install the software on Windows.
. : Itiz recommended that you dizable any anti-vins software before continuing in order to
reduce installation mwntime.

I you attempt to install this software into the same directary as a different version of software.
o will be farced ta either ficst uninstall the older version, or install this version to & different
directory.

|F you install this software to a directory where this version is already installed, please ensuie
that you reapply any service packs or other software updates after installation.

Hilires 9.2 Software Installation
o fcloome
Enter Registration D
Accept Software License
Select Destination Dirsctany
Select | nstallstion Opttrs
Begin Installation

Copynght (o] 1995-2007 Hilinx, Inc. Al
rights reserved.

Trademarks and Patents

%:Back | Hext > I Caneel

Figure 4 Xilinx Installation

Use default settings during installation.

3.4 Include programme paths

The folders of the following programmes have to be added to global the path: CVS.exe, GCC.exe
Javac.exe and Make.exe.

Click on “System’ in Windows “Control panel”
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Systemgendannelze I Automatizke opdateringer I Fiemfarbindelzer |
Generelt I Computernavi I Hardware Avanceret
Clu skal vaere logget pé som administrator for at kunne forstage de feste af
dizze sendringer.
vdesvne
Vizuelle effekter, proceszorplanizgning, brug af hukommelse og vituel
hukommelze
Indztillinger |
B Bl'uglslplul iler
Skrivebordsindstillinger, der vedrerer dit logon
Indstillinger |
r— Start og Genoprettelze
Oplysninger om systemstart, systemfe]l og fejlfinding
Indstillinger |
Miljavariabler I Fejrappartering |
Ok I Annller I Spwend |
Figure 5 System =» Advanced
Press “Environment variables”
Miljevariabler 2=
~Brugervariabler For M55
Variabel | Vaardi |
TEMP C:hDocuments and Setbingsi M35 Lokale ...
TMP C\Documents and SetbingsiMasiLokale ...
Tl Rediger | Slek |
—Swstemyvariabler
Yariabel | Maardi |ﬂ
MUMEER._OF_P... =2
05 windows_MT
11 PrograrnmetF 22 ven
PATHERT JZOM; EXE; BAT; CMD; VMBS; VMBE;LJS;
PROCESSOR_A... =86 =]
Tl | Rediger | Slet
(04 I Annuller |
Figure 6 Environment variables
Find and mark “Path” in the list box “System variables” and press “Edit’
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Rediger systemvariabel i |

Yariabelnawn:

Yariabelvaerdi

Figure 7 Edit System variables

Include the path to which the programs were installed.

In this guide, the installed path for Cygwin is
“C:\cygwin\bin”

The installed path for JDK is
“C:\Programmer\Java\jdkl.6.0 04
Add “\bin” to the Java path and separate each location with ”;”

Check that the paths have been correctly inserted by starting a command prompt and typing the
following commands.

® javac
e (Vs
e gcc
* make

The outcome of the commands should be like Figure 8.

Kommandoprompk

C=~rcus
Uzage: cvs [cvs—optionz] command [command—options—and—arguments]
vhere cvs—options are —g. —n,. etc.
Czpecify —help—options for a list of options)
where command iz add. admin. etc.
Czpecify —help—commands for a list of commands
or —help—synonymsz for a list of command synonyms)
vhere command—optionz—and—arguments depend on the specific command
Czpecify —H followed by a command name for command-szpecific help)
Specify —help to receive thiz message

The Concurrent Uersionsz System (CUS)> is a tool for version control.
For CUS updates and additional information. see
the CUS home page at http: swuww.cvshome.orgs or
Pascal Molli's CUS =zite at http: 2wuww.loria.fr-"molliscus—index.html

C:sgoe
gee: no input files

C:-~rmake
make: % No targets specified and no makefile found. Stop.

LR

Figure 8 Included paths
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4 Download JOP

Start a command prompt and type:
"Cvs -d :pserver:anonymous@cvs.opencores.org:/cvsroot/anonymous -z9 co -P jop"

This command will download JOP from http://www.opencores.org/ into the “\JOP” folder. When
download is completed, type “cd jop™ to enter the JOP folder and type “make tools” as shown in
Figure 9.

Notice: the version of JOP, which can be downloaded at the same webpage as this guide, is not the
same version as the one which can be downloaded at Opencores.org, and it should not be used to
follow this guide.

Javastoolsdist

Javastoolssdist-1ib

Javastoolssdist/classes

—g —d javastools-sdist-classes —classpath javaslibsbcel-5.1. Jar\,Jaua/llh/J
akarta— Pegexp—i 3. jars; javaslibs/RETHcomm. jars; j slibhs1psolveS55j. Jar\,J
log4j—1.2.15.jar —sourcepath javastools~ssrc™;javastargetssrcscommon java
oS, Jjava
Mote: Some input filez use or override a deprecated API.
Mote: Recompile with —deprecation for details.
Javac —g —d javastools-distrsclasses —classpath javarslibsbecel-5.1. jars; javarslihsj
akarta—regexp—1.3.jar~;: javaslibsRETEcomm. jars; javaslibs1lpsoluveb5j. jars; javaslihs
log4j—1.2.15.jar —sourcepath javastoolsssrch;javastargetssrcscommon javastoolsss
rcoscomsjopdes ignshuilds = java
Javac —g —d javastools-distrsclasses —classpath javarslibsbecel-5.1. jars; javarslihsj
akarta—regexp—1.3.jar~; javaslib/RETHcomm. jars; slibs1psolveS55j. jars;: java-s1ib~
log4j—1.2.15. jar —sourcepath javastoolsssrch;j stargetssrcscommon javastoolsss
rcoscomsjopdesignAstools /= java
javac —g —d javastools~sdistsclasses —classpath vaslibhshcel-5.1. jar~;:; javarslibh-j
akarta—regexp—1.3.jar~;: javaslibsRETEcomm. jars; javaslibs1lpsoluveb5j. jars; javaslihs
log4j—1.2.15.jar —sourcepath javastoolsssrch;javastargetssrcscommon javastoolsss
rcoscomsjopdes ignAsucet s ®_ Java
#imake Jjoptimizer —e TOOLS_JFLAGS="-g —d java-stools-sdist-claszes —classpath java~
libhsbcel-5.1. jar; javarslibsjakarta—regexp—1 .3 . jar~; javaslib-/RETEcomm. jars; java-s1l
ibhs1lpsolveb5j. jars; javaslibslogdj— 1 2.15.jar —sourcepath javastools~ssrow;javasta
rgetssprc/common’ TﬂﬂLE‘"JaUﬂ/tDDl“
cd javastoolsAdistrsclasszes && jar cof ../ lib/jop—tools.jar =

CisJjopr

Figure 9 JOP - make tools command

Type “cd asm” and next type “jopser”.

JOP is now ready for Xilinx ISE.
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5 JOP and Xilinx ISE.

Connect the programmer cable to the Spartan3 starter kit. Start Xilinx ISE, press “open project”, go
to “jop\xilinx\s3k\” folder, change the file type from “*.ise” to “*npl” and open the ‘“jop.npl”
project file.

Sogi I&}ﬂsk j ] ¥ El-
'E:y-:wﬁ
jnp-npl

Skrivebord

4

Drakumenter

Filnawn: j Ebn

Annuller

Filbype:

%

Figure 10 Xilinx Open project

Press “Yes” to update the project as shown in Figure 11.
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E Project Navigator il
\cf) C:iaphilined s3skijop. npl
-
This project was generated by a previous version of Project Mavigatar and must be updated
ko the new project Format, ©Once this projeck has been updated vou will no longer be able
ko open it with earlier wersions af Project Mavigatar,
The existing project will automatically be archived and stored as
Cijoplline s3skijop_iseSmigration. zip
in the event you laker decide ko return ko the older version,
Please note that Leonardo Spectrum is no longer supparted within an ISE project, and
any project configured bo use it will be reconfigured to use ®5T as the design swnthesis toal,
Yo may chanae this setting by selecting a different synthesis kool in the project
propetties dialog, IF wou wish to continue using Leonardo Spectrum For design synthesis,
vol may synthesize wour design separately, then continue using ISE with EDIF source,
flso, Leverage and Exact guide modes are deprecated in this release and will be
replaced with SmartGuide. To enable SmarkGuide, right-click on the kop level
design unit in the Source view and select Use SmartGuide, For mare information
on SmartGuide, see the online documentation.
Do o wank bo updake the projeck?
Mo
Figure 11 Xilinx ISE - Update project
Copyright © 2008 Danish Technological Institute Page 10 of 16
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[13 29
Press “Generate PROM, ACE or JTAG file” and programme the spartan3 board.
ins', 535k, jop.npl - [Design Summary] =18f x|
| 1% Elle Edit Wiew Pro]ect Source Process Window Help ;l_ﬂ_|5|
[FEEE R NS
oPEG L e X =a|Q]1% 5 5] A e 6o Sl G]IE R e[S aET e O
20 155 FRGA Design Suninay [] JOP Project Status
Sources for [ SyrtheseAmplementation | S Desian Dverview Proiactile o CilTEnCS T i
IS Summary _ ! !
g A— 310 Praperies Modulo Name: iop - Enors
o [ R 3 Tiving Constiaints Target Device: #c35200°51256 + Warnings:
! [ Pincut Report Product Version: 1SE 9202 + Updated: 7. mar 14.:38:57 2008
. O] Clock Repart
-Enors and Wamings I JOP Partition Summarp |
g ?’"““ES‘S M;SSEDES [ o patition informaion was found |
[ Trarslation Messages
[ Map Messanes =
[ Place and Floute Hessages Detalod a0/t
L3 Tinin Messages Report Name Status Generated | Errors Warnings Infos
(| Eitge; Messaéas Synthesis Report

Processes for: jop - itl

=[] AddExisting Source
[ Create New Source
Wiew Design Summary
y Design Utilities
-3 User Constraints
A€ Syrthesize - KT
-8 Implement Design
=-8)  Generate Programming File
i @ Programming File Generation Repart
[ W Ci=nerate PROM. ACE. o TAS Fils
) Cunhgure Device [MPACT)

=f Processes

- [Z] &Ml Cunent Messages
(- Detalled Feports

51 Sauzes | gy Snapshots | [ Libvatiss | 7 [l Hero
[ Translation Report -
x [} Map Report

~ [ Place and Route Repatt

Project Prapertiss
[ Enable Enhanced Design Summary
[ Enable Mezsage Fitering
- O Display Incremental Messsages
Enhanced Design Summary Contents
Show Partition Data
-~ O Show Enors
O Show 'warrings
O Show Faiing Conshaints
[ Show Clack Repart

3 Design Summary I

Translation Report

tdap Report

Place and Foute Report

Static Timing Report

Bitgen Report

!

< |
Comole | @ Enmors | o\ Wamings | {3 TelShell | g Find n s |

Figure 12 Xilinx generate PROM, ACE or JTAG file

Afterwards select the file “jop.bit” as the new configuration file as shown in Figure 13 and
download it to the FPGA. Now JOP is ready to receive a Java application and execute it.

E Assign New Configuration File

[ Ia 0P Working 53K Display Driver added YGAMidline/s3zk) + J = 1 ek IE_

] jop. it

File narne: Iiop.bit

File bype: I All Design Files (" jed " hit * bt *isc " nky *mos *exo * mpm ".S\j Cancel |

* Mone
= Enable Programming of SPI Flash Device Sttached ba this FPGA
~ Enable Pragramming of BRI Flazh Device Attached ta this FPGA

Figure 13 Assign New Configuration File
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6 JOP applications

This section shows how to download and run a JOP application. Open “makefile” in the “\JOP”
folder with a text editor such as WordPad. Find “COM PORT=COM]1”. If you are using a comport
other than “COM1”, change the number to match your comport. Connect the Spartan 3 Starter kit to
the comport.

6.1 “Hello World” Application

Start a command prompt in the “\JOP” folder and type “make java_app”. This will compile the
Java application, default is set to a “Hello World” application.

After compiling is complete, type “make download”. The Java application will be downloaded
through the serial port to the Spartan 3 starter kit. The Java application is downloaded to JOP’s
main memory, in this case the memory (RAM) on the Spartan 3 starter kit.

S WINDOWSh system32 cmd.exe

C:wjoprmake download

down —e JjavastargetsdiztsbinsHelloWorld. jop COM1
4768 words of Java hytecode <18 KB>

7291 words external RAM <36 KB>

download complete

JOP start U 20080304
LA MHz,. 1824 KB RAHM
Hello World from JOP?

Figure 14 JOP response

When downloading is completed, JOP will respond with a “Hello World from JOP!” - see Figure
14. To download another Java application, the Spartan 3 starter kit has to be reconfigured
(programmed again) from Xilinx ISE again.

If another application other than “Hello World” is required, open the “makefile” again and find:

Pl=test

P2=test

P3=HelloWorld‘

These lines show where to locate the .java file we wish to compile. P1 and P2 are folders; P3 is the
application that will be compiled. The path starts in the folder “\jop\java\target\src”.

Copyright © 2008 Danish Technological Institute Page 12 of 16
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6.1.1 Example: “how to use the watchdog 1/0”

e Reconfigure the FPGA in Xilinx ISE.
e Create a file and name it “TestWD.java” in the folder “\JOP\java\target\src\test\test\”.

e Change “P3” from “HelloWorld” to match the new name “TestWD” in “makefile” in the
“\JOP” folder:

Pl=test
P2=test
P3=TestWD

e Open “TestWD.java” with your preferred Integrated Development Environment (IDE) and
write:

package test;

import com.jopdesign.sys.Const;
import com.jopdesign.sys.Native;

public class TestWD {
public static void main(String[] args) {

System.out.println("Hello World from JOP!");
Native.wr. (1, Const.IO WD);
}

e Open a command prompt in the “\JOP” folder and type “make java_app”. The Java
application is now compiled.

e Type “make download”. The application will now be downloaded to the Spartan 3 starter
kit.

The application starts, writes “Hello World from JOP!” to the UART and turns the led “LD0” on.
“LDO0” is default the watchdog (WD) output, and it is defined in the JOP Xilinx project.

Copyright © 2008 Danish Technological Institute Page 13 of 16
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7 Adding new Hardware
Adding new hardware to JOP requires basic VHDL knowledge.

SimpCon is the system on a chip (SoC) interconnect standard which JOP uses to connect to
peripheral devices. SimpCon is a point to point connection between a master and a slave where the
master starts read and write transactions.

With default settings, JOP may have up to 8 peripheral devices, each with 16 addresses, and be able
to transfer up to 32bit data. The first 3 peripheral device address areas are reserved for JOP to
System, UART and USB.

A version of JOP with added button, switch and seven-segment-display driver, for Spartan 3 starter
kit, can be downloaded at the same webpage as this guide. This version can be used as an example
of how hardware can be added.

7.1 VHDL part

When starting a new project, it is advisable to make a copy of “scio_min.vhd” from the folder
“\jop\whdl\scio\” and name it after the specific project. For instance, when using Xilinx Spartan 3

starter kit, name it “scio_xs3sk.vhd”. Afterwards remove the “scio_min.vhd” from the project and
add “scio_xs3sk.vhd”.

The “scio_xs3sk.vhd” defines the address range for each peripheral module, and 16 standard
addresses are passed on.

The address range starts from the base address which by convention is Oxffffff80.

For instance: “sc_sys.vhd” is device number 0. It starts at the base address and is given the first 16
addresses (Oxffffff80 to Oxffffff8f). “sc_uart.vhd” has device number 1 and is given the next 16
addresses (Oxffffff90 to OxffffffOf) and so on (these values are used for the address mapping in
Java).

The constant “SLAVE CNT” in “scio_xs3sk.vhd” specifies the number of peripheral devices
connected to JOP. JOP uses the first 3 device numbers for basic operations (System, UART and
USB).

“constant SLAVE CNT : integer := 3,”

The constant “DECODE BITS” in “scio_xs3sk.vhd” specifies the number of bits required to decode
the number of slaves (2APFCOPEBITS > SLAVE CNT).

“constant DECODE BITS : integer := 2;"
The “scio_xs3sk.vhd” instantiate all the peripheral modules and is instantiated by the top-module.
When adding new peripheral devices, it is advisable to make a copy of “sc_test _slave.vhd” from the
folder “\jop\vhdl\scio\” and rename the copy “sc. XXXX.vhd”. The “XXXX” is the name of the

specific peripheral device. For instance the Uart device is named “sc_uart.vhd”.
Clean up the file by deleting the entries to “cnt” and “xyz”. Rename “sc_test slave” associations in

Copyright © 2008 Danish Technological Institute Page 14 of 16
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the module to match your new file name. Add the specific VHDL code for the peripheral device.
There are two 4 bit multiplexers in this module, one for writing data and one for reading data. It is
where the exact address is being connected from Java to VHDL. Here it is possible to get data from
Java to hardware and vice versa. The read multiplexer may look like this:

elsif rising edge(clk) then
if rd='"1"then
case address(3 downto 0) is
when "0000" =>
rd_data(7 downto 0) <= 10 SlideSwitch_internal;
rd_data(31 downto 8) <= (others =>'0');
when "0001" =>
rd_data(3 downto 0) <= 10 _PushButton_internal;
rd_data(31 downto 4) <= (others =>"0');
when others =>
-- do nothing
end case;
end if;
end if;

13

In this read multiplexer code, the signals “IO_SlideSwitch_internal” or “1O_PushButton_internal”
are read into Java when accessing the specific address. Please notice that there are 8 slide switches
and 4 push buttons in the Spartan 3 starter kit. Since it is possible to transfer 32bit, the unused bit is
set at 0.

First add the 10’s to the top layer of the Xilinx XS3 project (“jop xs3.vhd’). Then map the 10’s to
“scio_xs3sk.vhd”. Map the 10’s from “scio_xs3sk.vhd’ to “sc_ XXXX.vhd” together with the
required SimpCon connection:

cmp XX: entity work.sc XXXX

generic map (
addr_bits => SLAVE _ADDR_BITS

)

port map (
clk => clk,
reset => reset,
--SimpCon
address => sc_io_out.address(SLAVE _ADDR_BITS-1 downto (),
wr_data => sc_io_out.wr_data,
rd => sc_rd(X),
wr => sc_wr(X),
rd_data => sc_dout(X),
rdy cnt => sc_rdy cnt(X),

-- Your mapping here:

(13
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Notice that X has to be changed to match the device number, for instance the System (“sc_sys.vhd™)
has device number 0.

7.2 Java part

Accessing hardware from Java requires the VHDL address (from “sc_ XXXX.vhd”) to be defined in
“const.java” which can be found in the folder “Jop\java\target\src\common\com\jopdesign\sys™.
Open this file with a text editor or your preferred IDE.

The base address for hardware mapping is by convention 0xffffff80. Since there are 16 (same as the
hex value 0x10) addresses to a peripheral device, the second peripheral device start address is
Ox ffffff80 + 0x 10.

For instance: The system (“sc_sys.vhd’) has device number 0 which means that it starts at the base
address. The watchdog has the address number 3 in the write multiplexer in “sc_sys.vhd”, the
“const.java” address mapping for the watchdog may be like this:

“public static final int IO BASE = Oxffffff80;”
“public static final int IO WD = IO BASE+3;”

As an example the Spartan 3 starter kit push buttons have been added as device number 3. The push
buttons have address 1 in the read multiplexer, in “sc XXXX.vhd” VHDL file:

“public static final int IO PUSHBUTTON S3SK = IO BASE+0x30+1;
//Pushbutton Input 3 downto 0”7

In the Java file specified in “JOP\makefile” is it now possible to access the hardware — for example
by writing:

“Native.wr (1, Const.IO WD) ;”

The watchdog output is set high.

By writing:
“Native.rd(Const.IO PUSHBUTTON S3SK);”

The value of push buttons is returned.
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